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Plaintiff, TIVO INC.'S COMPLAINT FOR
DECLARATORY JUDGMENT OF
Vs. NON-INFRINGEMENT AND
INVALIDITY
DIGITAL CBT LLC, a California
limited liab'ilig compang DEMAND FOR JURY TRIAL
BROOKTREE BROADBAND ‘
HOLDING, INC., a Delaware
corporation,
| Defendants.

TiVo Inc. ("TiVo") brings this action for a declaratory judgment of non-
infringement and invalidity against Digital CBT LLC ("Digital CBT") and
Brooktree Broadband Holding, Inc. ("Brooktree") as follows:

PARTIES, JURISDICTION, AND VENUE

1. TiVo is a corporation organized and existing under the laws of
Delaware with a principal place of business at 2160 Gold Street, P.O. Box 2160,
Alviso, California 95002.
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2. On information and belief, Digital CBT is a limited liability company
duly organized and existing under the laws of California with its principal place of
business at 4000 MacArthur Blvd., West Tower, Suite 1100, Newport Beach, CA
92660. '

3.  On information and belief, Brooktree is a Delaware corporation with a
principal place of business at 4000 MacArthur Blvd., Newport Beach, CA 92660.

4. Digital CBT and Brooktree are collectively referred to as
"Defendants."

5. This is an action for Declaratory Relief for which this Court has
jurisdiction under Title 35 of the United States Code, as well as under 28 U.S.C. §§
1331, 1338, 2201, and 2202. An actual controversy exists between the parties
regarding the validity and non-infringement of the U.S. Patent No. 5,805,173 (the
™173 patent") because Defendants' actions have put TiVo in the position of
pursuing an arguably infringing activity (selling its digital video recorder products)
or abandoning the activity that TiVo believes is proper. In particular, Digital CBT
has filed two complaints for patent infringement against TiVo in the cases styled
Digital CBT LLC v. TiVo Inc., C.A. No. 1:11-cv-917-SLR (D. Del.) and Digital
CBT LLC v. TiVo, Inc., Case No. SACV12-460 CJC (JPRx) (C.D. Cal.). In both
complaints, Digital CBT alleges that TiVo directly and indirectly infringes the '173
patent by making, using, selling and offering for sale the TiVo HD XL DVR, TiVo
HD DVR, TiVo Premiere, TiVo Premiere XL, Series3 HD DVR, Series2 Dual
Tuner, Series2 Single Tuner, and Series] DVR products. A true and correct copy
of the complaints filed by Digital CBT is attached as Exhibits B, C. Digital CBT
dismissed the Delaware action without prejudice on March 22, 2012. A true and
correct copy of the dismissal is attached as Exhibit D. On July 18, 2012, counsel
for Digital CBT informed counsel for TiVo that Digital CBT did not have standing
to assert the '173 patent when it filed the Central District of California action. A
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true and correct copy of the email from counsel for Digital CBT is attached as
Exhibit E.

6. On information and belief, Brooktree has retained sufficient
ownership and/or reversionary rights that it is appropriate a party to this action.

7. On information and belief, Defendants continue to believe that TiVo
directly and/or indirectly infringes the '173 patent and intends to bring an
additional actions against TiVo.

8.  Based on Digital CBT's previous lawsuits, TiVo has a real and present
apprehension that Defendants will sue TiVo against for the direct and/or indirect
infringement of the '173 patent.

9.  This Court has personal jurisdiction over Defendants pursuant to due
process and/or the California Long Arm Statute by virtue of Defendants'
substantial contacts with the Northern District of California and its ability to
foresee liability in California by, for example, suing TiVo.

10. Venue is proper in this District under 28 U.S.C. §§ 1391(c) and
1400(b). As discussed above, Defendants are subject to personal jurisdiction in
this District and venue is therefore proper.

11.  Intradistrict Assignment: TiVo is located in Santa Clara county.
Pursuant to Civil L.R. 3-2(c), this is an Intellectual Property Action and is
therefore subject to district-wide assignment.

12.  On information and belief, one or both of Defendants are owners by
assignment of the '173 patent. According to the face of the patent, the '173 patent
is entitled "System And Method For Capturing And Transferring Selected Portions
Of A Video System In A Computer System" and issued on September 8, 1998. A
true and correct copy of the '173 patent is attached as Exhibit A.
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FIRST CLAIM
(Declaratory Judgment of Non-Infringement of the '173 patent)

13.  TiVo incorporates by reference the allegations set forth in Paragraphs
1-11 above.

14. Defendants have asserted assert claims against TiVo's products for the
alleged infringement of the '173 patent. TiVo believes that Defendants intend to
file another lawsuit claiming infringement of the '173 patent against TiVo.

15. TiVo has not and does not make, use, import, sell, or offer to sell any
product, process or service that infringes any valid and/or enforceable claim of the
'173 patent.

16. TiVo has neither contributed to nor induced another party's
infringement of the '173 patent.

17.  An actual controversy has arisen between TiVo and Defendants
concerning the alleged infringement of the '173 patent.

18.  Pursuant to the Federal Declaratory Judgment Act, 28 U.S.C. § 2201,
et seq., TiVo is entitled to judgment from this Court finding that the '173 patent is

not infringed by any TiVo product, process or service.

SECOND CLAIM
(Declaratory Judgment of Invalidity of the '173 patent)

19. TiVo incorporates by reference the allegations set forth in Paragraphs
1-11 above.

20. The claims of the '173 patent are invalid and/or unenforceable for
failure to satisfy one or more of the requirements of Title 35 of the United States
Code, including without limitation 35 U.S.C. §§ 101, 102, 103, 112, 133, 200 er
seq., and 301 ef seq. For example, U.S. Patent Nos. 5,241,428, 5,561,457, and
5,731,844 render one or more of the claims of the '173 patent invalid under 35
U.S.C. § 102 or § 103.

21.  An actual controversy has arisen between TiVo and Defendants

concerning the alleged validity of the '173 patent.
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22.  As aresult, TiVo is entitled to judgment from this Court finding that
the claims of the '173 patent are invalid pursuant to 35 U.S.C. §§ 101 et seq.
PRAYER FOR RELIEF
WHEREFORE, TiVo prays for relief as follows:
A. For a Declaratory Judgment that the '173 patent, and each and every
claim thereof, is not infringed, either directly or indirectly, by TiVo;
B. For a Declaratory Judgment that the '173 patent is invalid and/or is
unenforceable;
C.  That TiVo be awarded such other relief as the Court deems appropriate.
DEMAND FOR JURY TRIAL
TiVo, under Rule 38 of the Federal Rules of Civil Procedure, requests a trial

by jury of any issues so triable by right.

Dated: July 24,2012 RUSS AUGUST & KABAT
By: A .
Y exander C.D. (;1zZ
Attorneys for Plaintiff
TiVo Inc.
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Aspects of the present invention provide a system for
selectively processing a video sigmal in accordance with
instructions from application software. The system contains
a video decoder for converting an analog video signal to
digital video data, and a controller for formatting and routing
the digital video data. A list of control structures may be
loaded into 2 memory associated with the controller. The
control structures contain formatting and routing informa-
tion used by the controller to process different portions of the
video stream. The number and content of control structures
as well as the correlation between the control structures and
selected portions of the video stream may be flexibly deter-
mined by application software. In particular, the control
structures may be configured such that certain portions of
the video stream are routed to the CPU for processing, while
other portions are routed to a display driver and output on a
display device.
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SYSTEM AND METHOD FOR CAPTURING
AND TRANSFERRING SELECTED
PORTIONS OF A VIDEO STREAM IN A
COMPUTER SYSTEM

FIELD OF THE INVENTION

The field of the present invention relates generally to
video systems, and more particularly to a system and method
for selectively processing portions of a video stream in a
computer.

BACKGROUND OF THE INVENTION

Standard video formats, such as NTSC and PAL, include
both active video data and video control information. The
active video data includes data that determines the intensity
and color of pixels displayed on a television or video
monitor. Typically, the television or video monitor uses a
cathode ray tube (CRT) to draw an image on the screen.
Active video data may be either non-interlaced or interlaced.
For non-interlaced video data, the CRT draws both even and
odd lines of active video data each time it traverses the
screen. For interlaced video data, the CRT draws only half
of the lines (either the even lines or the odd lines) each time
it traverses the screen. The video data for a screen of
interlaced video is referred to as a field, and two fields of
complete video data (which is a full screen of data) are
referred to as a frame. Interlaced video requires only half as
much active video data as non-interlaced video, and is the
standard format for modern television signals.

‘When the CRT draws an image on the screen, it typically
starts at the top left corner of the screen and moves hori-
zontally across the screen to draw a horizontal lipe of active
video. Each horizontal line of active video data is followed
by borizontal video control information. This horizontal
video control information causes the CRT to return to the
right side of the screen and drop down to the next horizontal
line. For interlaced video, the CRT would drop down two
lines to the next even or odd line as appropriate. The CRT
is blanked during this period of time (referred to as the
horizontal blanking interval), so it will not overwrite the
horizontal line it just drew. The horizontal blanking interval
terminates with a horizontal synchronization signal
(HSYNC) that causes the CRT to start drawing the next
horizontal line of active video data.

Each screen of active video data and horizontal video
control information is followed by vertical video control
information. The vertical video control information blanks
the CRT and causes it to return to the top left comer so the
next screen of active video may be displayed. This period of
time is referred to as the vertical blanking interval. The
vertical blanking interval is longer than the horizontal blank-
ing interval, because the CRT traverses the entire screen. As
aresult, hidden text or other data may be provided during the
vertical blanking interval. For instance, closed captioning
and teletext are two standard formats for providing encoded
text and related formatting information during the vertical
blanking interval.

A large variety of circuits have been designed for pro-
cessing video. Most televisions include a circuit for decod-
ing closed captioning data and displaying it on the screen
concurrently with active video data. Other circuits have been
designed for interlacing or deinterlacing video signals or for
converting analog video signals into digital form for pro-
cessing using a microprocessor. Some circuits also decode
closed captioning information and send it to a microproces-
sor or memory for subsequent digital processing while
sending active video data directly to the screen for display.
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Typical video processing systems use a separate character
ROM and circuitry for decoding closed captioning or tele-
text information. These extra components add to the cost of
the system. In addition, conventional video processing sys-
tems typically do not provide sufficient flexibility for use in
modern multimedia computers unless a separate micropro-
cessor is used for video processing. What is needed is a
system and method for real time processing of video data in
a multimedia computer system without requiring a separate
microprocessor or character ROM. Preferably, such a system
would support a variety of video formats and resolutions,
interlacing and deinterlacing, and decoding of closed cap-
tioning and teletext information using inexpensive and flex-
ible hardware. Preferably, such a system would allow appli-
cation software to determine how different portions of a
video stream are processed. Application software would
preferably control the format and resolution of the active
video data as well as the decoding of the closed captioning
and teletext information.

It is also desirable to decrease the bandwidth required for
processing video in personal computers. Bandwidth is par-
ticularly important in multimedia systems that concurrently
process graphics, video and audio data. What is needed is a
system and method for displaying active video data, while
allowing closed captioning or teletext information to be
efficiently transferred across a system bus for decoding and
processing by a microprocessor. Preferably such processing
would occur concurrently with processing of graphics and
andio data.

SUMMARY OF THE INVENTION

Aspects of the present invention provide a system for
selectively processing a video signal in accordance with
instructions from application software. The system contains
a video decoder for converting an analog video signal to
digital video data, and a controller for formatting and routing
the digital video data. A list of control structures may be
loaded into 2 memory associated with the controller. The
control structures contain formatting and routing informa-
tion used by the controller to process different portions of the
video stream. The number and content of control structures
as well as the correlation between the control structures and
selected portions of the video stream may be flexibly deter-
mined by application software. In particular, the control
structures may be configured such that certain portions of
the video stream are routed to the CPU for processing, while
other portions are routed to a display driver and output on a
display device.

It is an advantage of the above aspects of the present
invention that the video processing hardware may be rela-
tively simple and the formatting and routing of video data
may be flexibly determined by application software. A
variety of video formats can be supported and a separate
microprocessor is not required.

Aspects of the present invention may also be used to
capture text-based (e.g., closed captioning or teletext) data in
a memory associated with the controller. For instance,
closed captioning data for multiple frames of video may be
captured and stored in a buffer in the memory. An interrupt
signal is generated when a desired amount of data has been
captured (such as closed captioning data from 30 consecu-
tive frames which may be a full second of video). The CPU
can then retrieve the data for processing and new closed
captioning data may be continuously captured using double
buffering techniques.

As a result, the CPU can be used to process closed
captioning or teletext data with infrequent interrupts and
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reduced bus traffic. In particular, high speed block transfer
commands may be used to transfer the captured data rather
than transferring the data piecemeal as it is received. Active
video data may be continuously displayed without interrup-
tion from this capture process. These aspects of the present
invention are particularly useful in multimedia systems
where bandwidth and processing power are at a premium,
because a large amount of audio, graphics, and video data
may need to be processed and transferred across the system
bus.

Another aspect of the present invention allows the con-
troller to capture selected portions of the video data for
subsequent processing by the CPU, in addition to sending
the video data to the display driver. Control structures are
created for selected portions of the video stream with
instructions that tell the controller how to process and route
each portion. These control structures cause the controller to
interrupt the CPU when a threshold amount of data has been
captured. The CPU then processes the captured video data
without interfering with the ongoing display of active video.

These and other aspects and advantages of the invention
may be understood by referring to the following description
taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a drawing showing a video system according to
an exemplary embodiment of the present invention.

FIG. 2 is a simplified block diagram of a multimedia
system incorporating an embodiment of the present inven-
tion.

FIG. 3 shows a media stream controller used in the system
of FIG. 2.

FIG. 4 is a block diagram of a portion of the media stream
controller that incorporates aspects of the present invention.

FIG. 5 is a schematic illustrating how closed captioning
data is captured in an embodiment of the present invention.

FIG. 6 is a block diagram of a controller according to an
exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 11is a block diagram of a system 100 according to an
exemplary embodiment of the present invention. System
100 comprises a video stream decoder 102, a central pro-
cessing unit (“CPU”) 104, system memory 106, a video
controller 108, display memory 110, a display driver (such
as a RAMDAC) 112, and a display unit 114. Basically,
system 100 performs the following operations: (i) accepts an
analog video signal on line 128; (if) converts the video signal
to a stream of digital video data; (iif) formats and stores
active video data and/or text-based data, such as closed
captioning or teletext data, in the display memory and
captures selected portions of the data in a separate buffer in
the display memory; (iv) processes and displays the video
and/or text-based data that is stored in the display memory;
and (v) sends the separately captured portions to CPU 104
or system memory 106 for further processing. The sepa-
rately captured portions of data may be sent to the CPU or
system memory after a threshold amount of data has been
captured. Use of a threshold to trigger this transfer reduces
the interrupt frequency and bandwidth required to process
the captured data.

Any variety of processing may be applied to the selec-
tively captured data after it is transferred to the CPU or
system memory. For instance, the selectively captured data
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may comprise multiple frames of closed captioning or
teletext information. The CPU may search through this data
for selected words or phrases. The data may also be modified
and returned to the display memory for subsequent display.
The video data that was not separately captured (in this case,
active video) may be continuously displayed without inter-
ruption by this processing.

Altematively, selected portions of the active video data
may be captured and sent to the CPU. The active video
stream may also be buffered in the display memory for
subsequent display. In some embodiments, the selected
portions of the active video may be included in the stream
of data that is displayed and in other embodiments the
selected portions may be removed. In embodiments where
selected portions are both captured and displayed, copies of
the selected portions may be captured and transferred to the
CPU for subsequent processing.

The operation of the components of system 100 will now
be described. Controller 108 provides an interface to display
memory 110 for sources of graphics and video information.
For instance, CPU 104 may send graphics data from system
memory 106 to the display memory 110 for subsequent
display using conventional memory mapped I/O. A portion
of the virtual address space of CPU 104 is sct aside for the
display memory. CPU 104 asserts an address corresponding
to the display memory 110 on the address lines of the system
bus 120 and asserts the graphics data on the data lines of the
system bus 120. The system bus is preferably a local bus,
such as a VESA local bus or PCI bus, altbough other bus
architectures may be used as well. When CPU 104 transfers
a block of graphics data, conventional high speed block
transfer commands may be used. Controller 108 detects
addresses corresponding to display memory 122 and routes
the graphics data to display memory 110 over bus 122. The
addresses received by controller 108 are converted to dis-
play memory addresses. For instance, the controller 108 may
use only the least significant bits from the virtual memory
address received on system bus 120 fo address the display
memory over bus 122, although other addressing techniques
may be used as well. CPU 104 may also read data from
display memory 110 using similar techniques.

A particular address range in display memory 110 may be
set aside for data to be displayed. This address range defines
a buffer 111 set aside for display data. Data loaded into the
buffer may be sent to the display driver 112 sequentially,
converted to analog form, and output on the display device
114 at a desired pixel clock rate. It will be readily understood
that buffer 111 may comprise two portions 1114 and 1115 so
double buffering techriques may be used. Double buffering
aliows data to be loaded into one portion of buffer 111 while
it is being read out of another portion without interruption.

Display data may also be provided by sources other than
the CPU. In particular, an input analog video signal may be
provided on input line 128. The input analog video signal
may be obtained from TV tuners, VCRs, cameras, or other
video sources. Video stream decoder 102 converts the input
analog video signal into a desired digital format. The output
of video stream decoder 102 is a stream of digital video data
in one of several digital formats (e.g., RGB or 4:2:2 YCrCb).

The stream of digital video data generated by video
stream decoder 102 is transferred to controller 108. The
digital video data may be transferred across an external bus
129 or the video stream decoder and controller 108 may
reside on a single integrated circuit device. Controller 108
formats the digital video data and routes it to desired
locations in the display memory 110. The formatted digital
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video data may be routed to buffer 111 for subsequent
display. The general flow of data is from decoder 102 to
controller 112 to display memory 110 to display driver 112
to display unit 114. Portions of the stream of digital video
data may also be captured in separate buffers, such as buffers
116 and 117, for separate processing.

Although the general flow of data does not require pro-
cessing by CPU 104, the operation of controller 108 may be
flexibly determined by application software executed by
CPU 104. In particular, 2 memory space 113 may be set
aside in display memory 110 for storing a control structure
list 130 which controls the operation of controller 108. The
control structure list 130 may be downloaded to memory
space 113 by the application software in advance of the
processing of video input data. The application software also
stores a pointer to memory space 113 in a video address
register in controller 108. Since the control structure list 130
is downloaded in advance, application software can flexibly
determine the operation of controller 108 without requiring
traffic on system bus 120 during the actual processing of
video input data.

An exemplary structure for control structure Iist 130 is
shown in FIG. 1. At the top of list 130 is an “Init Structure”
133, which contains initialization information for the con-
troller 108. The control structure list 130 also contains a
plurality of control structures 134-138, each of which cor-
responds to a portion of the stream of digital video data input
to controller 108. The contents of these control structures
determine the manner in which the stream of digital video
data (including active video and video control information)
is processed.

Each control structure comprises three DWORDs in the
exemplary embodiment. The bits in each DWORD may be
set to select a wide variety of video processing options. Each
control structure has settings that determine the portion of
each field of video data that should be processed using the
information in the current control structure. For instance, the
starting vertical line in a field and the number of vertical
lines to be processed may be indicated in each control
structure 134-138. The control structure also has a one bit
flag that indicates whether the control structure corresponds
to an even or odd field. Other settings determine how the
video data corresponding to the control structure should be
formatted (i.e., 4:2:2 resolution, 4:1:1 resolution, mono-use
luminance values only, or 4:2:2 at one quarter resolution for
video icon), whether the data should be stored in the display
memory 110 or discarded, and where in the display memory
the data should be stored. Importantly, different portions of
the stream of digital video data may be sent to different
buffers in the display memory 110 for separate processing.

Any variety of formats (e.g., number of bits and the
specification for each bit) may be used for init structure 133
and control structures 134, 135, and 138. A detailed descrip-
tion of a format used for an exemplary control structure list
130 is shown in the technical specification for Brooktree
Corporation’s BtV2115 integrated circuit, entitled “Medi-
aStream Controller,” dated Feb. 3, 1995 in the section
describing the Video Input Subsystem at pages 265-280,
which is hereby incorporated herein by reference in its
entirety. This technical specification is incorporated herein
by reference.

The controller 108 loads the values from the first control
structure 134 into internal registers that determine the opera-
tion of the controller 108. The controller 108 then processes
the corresponding portion of the stream of digital video data.
After that portion has been processed and routed to the
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display memory (or alternatively discarded), the next control
structure 135 from the control structure list 130 is loaded.
This process continues until the last control structure 138 is
loaded. The last control structure 138 has a flag set that tells
the controller 108 to return to the top of the control structure
list 130 for further processing.

The control structures have a variety of other settings that
control the detailed processing and routing of digital video
data. For instance, a pause flag may be set to halt processing
after the video data corresponding to the current control
structure has been processed. An interrupt flag may be set to
cause the controller to generate an interrupt for the CPU 104
after the video data corresponding to the current control
structure has been processed. Yet another flag causes the
controller to toggle between buffers in display memory
(such as buffers 111a and 1115) for outputting digital video
data to display driver 112. This allows double buffering to be
used to process the data. The controller causes data to be sent
from one of the buffers (e.g. 111a) to the display driver 112,
while storing a new frame of video data in the other buffer
(e.g. 1115). Another setting in the control structures deter-
mines the line pitch to use when storing data in the display
memory 110. The line pitch determines the number of
addresses in the display memory 110 to advance after each
line of video data is stored. This setting can be used fo
deinterlace video data. For deinterlacing, separate control
structures may be used to capture active video data from
even and odd ficlds. The control structure for the even active
video data would indicate that the data should be stored
starting at the first even line address of a buffer in the display
memory (such as buffer 111a or 111)) using a line pitch
equal to two Hines of active video data. The even data will
then be stored in every other line of the buffer. The control
structure for the odd active video data indicates that the data
should be stored starting at the first odd line address of the
same buffer using a line pitch equal to two lines of video
data. This fills in the odd active video data so the buffer
contains a complete frame of deinterlaced active video data.

Thus, to process and deinterlace active video, a control
structure list having two control structures may be loaded
into the display memory in advance. The first control
structure captures active video data from an even field using
a line pitch equal to twice the number of DWORDs in a line
of active video data. The second control structure captures
active video data from an odd field using a line pitch equal
to twice the number of DWORDs in a line of active video
data. The controller 108 loops through the list, continnously
processing and deinterlacing active video without the use of
CPU 104. The last structure in the list toggles the buffer
being used to store the data for double buffering and causes
the controller to return to the top of the list to process the
next frame.

Application software can simply load a different control
structure list to flexibly alter the way video imput data is
processed. For instance, the application software may use
two control structures to display video data in CIF resolu-
tion. The first control structure is set up to wait for an even
field and discard the video data for that field. The second
control structure is set up to wait for line 22 of an odd field
(the start of the odd active video data) with a 4:1:1 format
mode. The second control structure is set up to process 240
lines which is a field of odd active video. The line pitch is
set to the number of DWORD:s in a line of active video. The
second control structure also has a flag set that causes the
controller 108 to loop to the top of the control structure list
to process the next frame. Thus, the controller loops through
the control structure list to repetitively process frames of
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video data for display in CIF resolution. Double buffering
may be used, but is not required. When double buffering is
not used, controller 108 must coordinate the input of data to,
and the output of data from, a circular buffer in display
memory 110.

The above system allows video data to be flexibly and
efficiently processed using relatively simple hardware. CPU
104 does not have to be actively involved in processing the
video. It may be desirable, however, to route certain infor-
mation to the CPU for additional processing. The application
software may set the video interrupt flag to allow the CPU
to retrieve and process selected data. The video interrupt flag
causes the controller 108 to generate an interrupt when the
corresponding portion of the stream of digital video data has
been processed. CPU 104 can then access the captured data
using memory mapped I/O and load it into system memory
106 for subsequent processing.

As an example, text-based information (such as closed
captioning or teletext data) that is provided during the
vertical blanking interval may be routed to a buffer (such as
buffer 116 or 117) in the display memory separate from the
buffer 111 used to store active video data for subsequent
display. In particular, a control structure may be configured
to capture closed captioning information which is encoded
on line 21 of the odd field of a standard television video
signal. To process such a video signal, the control structure
list 130 may contain three control structures for processing
the stream of digital video data: a first structure (e.g.,
structure 134) for processing the active video in each even
field, a second structure (e.g., structure 135) for processing
text-based data in the vertical blanking interval of each odd
field, and a third structure (e.g., structure 138) for processing
the active video in each odd field. For capturing closed
captioning data the second control structure 135 would have
a starting vertical line of twenty one and the number of
vertical lines would be set to one. This captured vertica] line
from the blanking interval would be sent to buffer 116 or 117
(or toggled between the two for double buffering). The
active video data, on the other hand, would be routed to
buffer 111 for subsequent display. Controller 108 would loop
through the control structures continuously, capture the
closed captioning information, and separately process the
active video without interruption.

In the above example, the video interrupt flag may be set
in the third control structure so the controller generates an
interrupt each time it loops through the list. CPU 104 may
then retrieve the closed captioning data for further process-
ing. The closed captioning for each odd field may comprise
up to two characters in seven bit ASCII format with odd
parity. CPU 104 may convert the closed captioning to
graphics format and download it to display memory 110
using memory mapped 1/O for subsequent display. Thus,
closed captioning data may be overlaid on the active video
data without a separate microprocessor or character lookup
table in controller 108. In addition, CPU 104 may perform
other digital processing on the closed captioning data. For
instance, the CPU 104 may secarch for certain words or
phrases in the closed captioning data.

Capturing the closed captioning data after each field or
frame, however, is not desirable due to the high interrupt
frequency (which may be 30 times a second for 30 frame per
second video) and the increased bus traffic on system bus
120. To reduce the interrupt frequency and decrease bus
traffic, the control structure list 130 may be extended. For
instance, a list of control structures is preferably set up to
process thirty frames of video (which is a full second of
video at thirty frames a second) when capturing closed
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captioning data in the exemplary embodiment. Each frame
may be processed by three control structures: a control
structure to capture the even field of active video data, a
control structure to capture closed captioning data from line
21 of the odd field, and a control structure to capture the odd
field of active video data. The even and odd active video data
may be sent buffer 111 (or alternatively to buffers 111z and
1116 for double buffering) for subsequent display. The
closed captioning data from all thirty frames may be sent to
buffer 116.

When this configuration is used, only the last control
structure has the video interrupt flag set, so only one
interrupt is generated for every second of video. CPU 104
can then retrieve and process a full second of closed cap-
tioning data from buffer 116 (which may be as much as sixty
ASCII characters, although typically data is not sent at the
maximum rate). The controller 108 then loops to the begin-
ning of the list of control structures to continue processing
the stream of digital video data. The last control structure
138 may be configured to cause the controller 108 to toggle
to buffer 117 for capturing closed captioming data. This
technique allows new closed captioning data to be captured
in buffer 117, while the CPU retrieves the previous second
of closed captioning data from buffer 116. Each time the
controller 108 loops through the list of control structures the
controller may toggle between buffers 116 and 117 to
provide double buffering.

With the above technique for capturing closed captioning
data, only one interrupt is generated every second, and all of
the captured data may be transferred in a single block. As a
result interrupt frequency, system bus traffic, and the amount
of CPU processing time required is decreased. Usually,
much less than sixty characters a second of closed caption-
ing are received in a television signal. Im most
circumstances, CPU 104 can convert the closed captioning
to graphics form and send it to display memory 110 for
display with acceptable synchropization with the active
video.

It will be readily apparent that any variety of thresholds
may be used to control the frequency of interrupts. A shorter
or longer list of control structures (such as 15 frames or 45
frames) could be used. The list could be set up to correspond
to portions of video of a variety of lengths (such as half a
second or one and a half seconds). What is desired is a list
of control structures that processes multiple frames of video
for each interrupt generated. By processing multiple frames
before generating an interrupt, the interrupt frequency and
system bus traffic is reduced.

It will also be readily apparent that the above technique
may be used in conjunction with different formatting. For
instance, only two control structures per frame would be
required for QCIF resolution (one for the closed captioning
and one for the odd active video); the even field of active
video would not be captured. Alternatively, interlaced video
may be produced by sending the even active video and odd
active video to two separate buffers. For instance, the even
active video may be sent to buffer 111g and the odd active
video may be sent to buffer 1115. The controller 108 would
cause the display memory 10 to alternatively output even
active video data from buffer 111a and odd active video data
from buffer 1116 for display on an interlaced monitor. In
each of the above configurations, however, the closed cap-
tioning data may be separately captured while active video
is continuously processed and displayed.

Another embodiment of the present invention allows
selected portions of active video to be separately captured
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and processed, in addition to sending the complete frames to
display driver 112 for display on display unit 114. In this
embodiment, separate control structures are included in the
control structure list for the portions to be separately cap-
tured. The selected portions of active video data may be sent
to separate buffers (such as buffers 116 and/or 117) as
described for closed captioning data. In addition, the con-
troller could be configured to also send the selected portions
to buffer 111 for display along with the other active video
data. Controller 108 loops through the control structures as
described above and processes the video data accordingly.
An interrupt may be generated when a threshold amount of
data is captured in buffer 116 or 117 (such as 15 or 30 frames
worth, or after one half second or a full second of video has
been processed). CPU 104 then retrieves and processes the
selected portions as instructed by application software.

The above aspects of the present invention allow video
data to be flexibly processed in accordance with instructions
from application software. Active video may be continu-
ously displayed and selected portions of the video stream
may be separately captured for processing by CPU 164. A
relatively simple controller 108 is used and a separate
microprocessor is not required. FIG. 6 shows a block
diagram of the portion of controller 108 that formats and
routes the digital video data from the video stream decoder
102. Controlier 108 contains a formatter 254 that initially
accepts input from video stream decoder 102 of FIG. 1
through a line 251. Formatter 254 converts the incoming
digital video data into a desired format. In the exemplary
embodiment, four formats are supported: (1) 4:1:1 format
which has four luminance values for each pair of Cr and Cb
chrominance values; (2) 4:2:2 format which has four Iumi-
nance values for every two pairs of Cr and Cb chrominance
values; (3) mono which has only luminance values; and (4)
an iconized format which is 4:2:2 format downscaled by a
factor of four (three of every four pixels are discarded).
Formatter 254 simptly discards extra chrominance values for
cach of the formats (all of which are discarded in mono) and
for the iconized also discards three out of every four pixels.
The formatted pixels are then packed into DWORDs for
subsequent storage in display memory 110. As each
DWORD 1s formed, it is inserted into a FIFO 256. The
DWORD:s are then sent fo a memory bus controller 258 and
routed to display memory 110 via a memory bus 266.

Controller 108 contains control logic 260 which controls
the video processing. The control logic 260 has an internal
counter that counts the pixels as they are received on line
251 and keeps track of the current video line number. The
control logic 260 also has a set of state registers. The control
logic traverses control structure list 130 and retrieves each
control structure in turn. The values in each control structure
are loaded into the staie registers via memory bus interface
258. A finite state machine in the control logic controls the
operation of formatter 254, FIFO 256, and memory bus
interface 258 according to the internal counter and state
registers. After the finite state machine determines that the
portion of video data indicated in the current control struc-
ture has been processed (which may be determined from the
internal line counter), the next control structure is loaded. As
described above each control structure can have a unique
capture format or can be marked to drop specific lines of a
field. In addition, each control structure contains values that
determine where the corresponding portion of video data
will be stored in the display memory. The finite state
machine uses these values to control memory bus interface
258 so the DWORD:s of video data from FIFO 256 are sent
to the correct location in the display memory 110.
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Controller 108 may operate in two clock domains. Digital
video data may be received on line 251, formatted by
formatter 254 and stored in FIFO 256 according to the video
pixel clock rate. The control logic 260 and memory bus
interface 258 may operate at a higher memory clock rate
(which may be 50 MHz for example). The memory clock
allows data to be transferred to and from memory at 2 much
higher rate than is provided by the pixel clock.

Embodiments of the present invention may be used
advantageously in a novel multimedia system. FIG. 2 is a
simplified block diagram illustrating such a system, gener-
ally indicated at 400, for processing audio, graphics, and
video in a personal computer. Referring to FIG. 2, this
system includes a central processing unit (CPU) 402 and a
main memory 404 for storing both executable commands
and data for the system. In the system of FIG. 2, the CPU
402 and the main memory 404 are connected to a local bus
406. System 400 also includes peripheral bus controller 408
connected to the local bus 406. In system 400 the peripheral
bus controller 408 provides a PCI bus system although other
bus systems may be supported. A peripheral bus 410 has a
common connection with the peripheral bus controller 408,
with a peripheral 1/O interface 412 and with media stream
controller 414. While the peripheral bus 410 is coupled to
the local bus using peripheral bus controller 408 in this
system, other systems may be adapted to support other
methods of connecting to the local bus, such as direct
connection, buffered connection or connection through a
combined cache/bridge. Examples of alternative embodi-
ments have been disclosed in a copending patent
application, Ser. No. 08/337,350 filed Nov. 10, 1994 and
entitled “System and Method for Generating Video in a
Computer System,” which is incorporated herein by refer-
ence.

Referring to FIG. 2, the peripheral I/O interface 412 is
connected to peripheral equipment 416. The peripheral bus
410 in this system may be a PCI bus which provides a data
bandwidth of thirty two bits in parallel and which may in the
future provide sixty four bits in parallel. The peripheral
equipment 416 may illustratively be a printer or disk drive
which is operated in accordance with commands from the
CPU 402. One of ordinary skill in the art will appreciate the
interconnection and operation of these components.

The peripheral bus 410 shown in FIG. 2 is coupled to a
media stream controller 414 shown as a single block in FIG.
2 and as a simplified block diagram in FIG. 3. The media
stream controller 414 may be disposed on an integrated
circuit chip. Referring to FIG. 2, the media stream controller
414 receives inputs from a video input controller 418. The
video input controller 418 receives video inputs through a
bus 420 from a video source 422 which may be constructed
in a conventional manner. Video input controller 418 of FIG.
2 corresponds generally to video stream decoder 102 of FIG.
1.

The media stream controller 414 also receives inputs
from, and provides outputs to, an audio I/O controller 424
which may be construcied in a conventional manner. The
audio J/O controller 424 may provide sound output to
speakers or some other sound output device (not shown) or
receive inputs from a speaker or other sound input device
(pot shown). Preferably, a standard AES/EBU serial audio
interface is used for communication between the media
stream controller 414 and audio I/0 controller 424.

The audio subsystem and related portions of system 400

are described in further detail in co-pending application Ser.
No. 08/337,924 filed Nov. 10, 1994 in the names of Paul B.
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Wood and Marc M. Stimak as joint inventors, titled “System
and Method for Command Processing and Data Transfer in
a Computer Systern for Sound or the Like,” assigned of
record to the assignee of record of this application, and
which is incorporated herein by reference.

A random bus 426 is common with the media stream
controller 414 and a display memory 428. Preferably, ran-
dom bus 426 allows for a high rate of data transfer between
the media stream controller 414 and the display memory
428. In system 400, random bus 426 supports a data transfer
rate of approximately 100 megabytes/sec. (100 MBs) and
includes a thirty two bit wide data bus.

The display memory 428 has different portions for storing
data and control information related to various media sub-
systems. For example, the display memory 428 has a portion
430 designated as a “GUI FIFO memory” for storing com-
mands on ar overflow basis. The GUI FIFO memory portion
430 and related portions of the system are disclosed in detail
in co-pending application Ser. No. 08/337,939 (attorney’s
file D-2793) filed on Nov. 10, 1994 in the names of David
C. Baker and Michael D. Asal as joint inventors, titled
“System for, and Method of, Processing in Hardware Com-
mands Received from Software without Polling of the
Hardware by the Software,” assigned of record to the
assignee of record of this application, and which is hereby
incorporated herein by reference. The display memory 428
also has an audio memory portion 432 for storing informa-
tion related to digital sound I/O. The audio memory 432 is
described in further detail in the above described co-pending
application Ser. No. 08/337,924. The display memory 428
also includes a graphics frame buffer memory 434 for
storing graphics data, and a video input memory 436 for
storing incoming video data. The video input memory 436
corresponds generally to buffer 111 in FIG. 1. A system for
storing graphics data and video data in different portions of
a display memory is disclosed in detail and claimed in U.S.
Pat. No. 5,406,306, assigned of record to the assignee of
record of this application, and which is hereby incorporated
herein by reference. It will be recognized that not all
portions of the display memory 428 need be active or
resident at the same time.

The system shown in FIG. 2 uses a video random access
memory (VRAM) for display memory 428. While other
memories (such as 2 DRAM) may be used in some
embodiments, video random access memory has certain
advantages when used for display memory 428 because it
operates at a relatively high serial output clock speed and
because it includes a serial output register for shifting out
digital data taken from different positions in the display
memory.

The outputs from the graphics frame buffer memory 434
and the video input memory 436 may be provided on a line
438 designated as “Display Data to PACDAC”. The output
on the line 438 is provided to PACDAC 140 and may include
both data and control information from display memory 428.
The term “PACDAC” refers to a packet based digital-to-
analog converter (DAC). APACDAC and related portions of
the system are described in detail and claimed in co-pending
application Ser. No. 08/214,787 filed Mar. 16, 1994, in the
names of David C. Baker and Jonathan I. Siann, titled
“Multimedia Graphics System,” assigned of record to the
assignee of record of this application, and which is hereby
incorporated herein by reference. The PACDAC uses a
first-in/first-out buffer (FIFO) to buffer video, graphics or
control related packets received from display memory 428.
The video or graphics related packets may be converted to
analog form and output to a video or graphics device.
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Preferably line 438 allows for a high rate of data transfer
between display memory 428 and PACDAC 440. In system
400, line 438 supports a data transfer rate of approximately
two hundred megabytes/sec. (200 MBs) and includes a thirty
two bit wide data bus.

In addition to receiving data and control information
across line 438, PACDAC 440 receives control information
from media stream controller 414 across line 460, also
designated as “Packet Type” in FIG. 2. This control infor-
mation indicates the type of packet (video, graphics, control
information, etc.) that is being sent to the PACDAC 440 at
any given time. PACDAC 440 also provides certain infor-
mation to media stream controller 414. The PACDAC pro-
vides a video ready signal (VRDY) to the media stream
controller 414 across line 450, also designated as “VRDY”
in FIG. 2. The video ready signal indicates to the media
stream controller 414 that PACDAC 440 is ready to receive
video related data from display memory 428. The PACDAC
440 also provides media stream controller 414 with certain
status information across a bus 470, which is preferably a
standard I°C bus.

Clocking information may also be generated in the PAC-
DAC 440 of the first embodiment. In one embodiment, clock
signals having frequencies of approximately 16.9344 Mega-
hertz (MHz) and 24.576 MHz are generated. These clock
signals may be provided to the media stream controller 414
across line 472. The 24.576 MHz clock signal may be
divided in half by media stream controller 414 to produce a
12.288 MHz clock signal. This provides a 12.288 MHz
clock signal in addition to the 16.9344 MHz clock signal.
Both the 12.288 MHz and 16.9344 MHz clock signals are
used for audio processing in system 400. The 24.576 MHz
clock signal may also be doubled (to almost 50 MHz) or
quadrupled (to almost 100 MHz) to provide for high speed
clocking inside the media stream controller 414. The
16.9344 MHz and 24.576 MHz clock signals are also used
in PACDAC 440 to control video and graphics processing.

The PACDAC 440 of the first embodiment may have a
random access memory (RAM) and digital-to-analog con-
verters for graphics. For graphics, the binary information in
the graphics frame buffer memory 434 may represent posi-
tions in a RAM look-up table and these positions may have
binary indications representing pseudo colors. These binary
indications are converted to analog values by digital-to-
analog converters to provide the colors at the different pixel
positions on the graphics display monitor through ports 444
labeled RGB. As disclosed in U.S. Pat. No. 5,406,306, video
information from video input memory 436 may also be
converted to a form compatible with the graphics informa-
tion for the graphics frame buffer memory 434 and this
converted video information may be shown in a display
monitor through ports 444.

The primary coordination among the various media com-
ponents of system 400 is provided by media stream con-
troller 414. Portions of media stream controller 414 are
shown in additional detail in FIG. 3. Referring to FIG. 3, the
media stream controller 414 communicates with the periph-
eral bus 410 through a main bus interface 500. The main bus
interface 500 is comnected to an internal 3-state Hbus 502
allowing communication with various functional modules
attached to the Hbus. These modules may include, among
other things, a video input interface 503 for receiving video
data (which corresponds generally to the portion of control-
ler 108 shown in FIG. 6), a VGA controller 504 for graphics,
an audio module 506 for sound, an NTSC/PAL video out
module 507 for outputting video data, a memory refresh
module 508 for controlling the refresh of the display
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memory 428, and a media buffer access controlier 509 which
may allow data to pass through the media stream controller
to the display memory via an Mbus 510 and media buffer
memory controller 512. A GUI accelerator 514 may also be
provided as shown. Other modules such as flash ROM or
Yamaha OPL support may also be added to the Hbus.

Each of these modules is connected to an internal Mbus
510 which provides communication with media buffer
memory controller 512. The media buffer memory controller
512 is a memory controller for display memory 428, and
communicates with the display memory across random bus
426. Each of the modules may transfer packets of data to
and/or from the display memory via Mbus 510, media buffer
memory controller 512, and random bus 426. It is highly
desirable to reduce traffic on Mbus 510 and random bus 426
because they are shared by multiple, high bandwidth mul-
timedia components.

A PACDAC controller 518 is also provided in the media
stream controller 414. The PACDAC controller provides
control information to PACDAC 440. The PACDAC con-
troller 518 is connected to Mbus 510 and may transfer
packets of PACDAC control data to media buffer memory
controller 512 over Mbus 510. In addition, the PACDAC
controller 518 may send other PACDAC control information
to media buffer access controller 512 across line 524.
Control information for the PACDAC may then be sent
through the display memory 428 to the PACDAC 440. The
PACDAC controller 518 also provides signals to PACDAC
440 on line 460, also designated as “Packet Type” in FIG. 2,
which indicate whether a packet received by the PACDAC
440 from the display memory 428 contains control infor-
mation or video or graphics related information.

The VGA controller 504, NTSC/PAL video out 507,
PACDAC controller 518, and an I°C controller 520 are
connected to, and may communicate across bus 522. The
media stream controller 414 may communicate with other
portions of the multimedia system of the first embodiment
through the video input interface 503, audio module 506,
media buffer memory controller 512, PACDAC controller
518, and PPC interface 520. Preferably, standard interfaces
such as AES/EBU and I°C are supported.

The video input processing used in the above system will
now be described. Video source 422 provides an analog
video signal to video input controller 418 over line 420.
Video input controller 418 converts the analog video signal
into a stream of digital video data. The stream of digital
video data preferably comprises a series of sixteen bit values
representing video pixels. The video pixel data comprises 8
bits of lnminance data and 8 bits of chrominance data in
puisc code modulated format. The video input controller 418
can output the video pixel data in one of two formats—a
Synchronous Pixel Interface (SPI) that uses an 8 bit wide
data path and an Asynchronous Pixel Interface (API) that
uses a sixteen bit wide data path. In order to support an 8 bit
wide data path for SPI, the video pixel data is transferred
synchronously: i.e., 8 bits of chrominance data are output on
one clock cycle and 8 bits of luminance data are output on
the next clock cycle for each pixel. In order to support
scaling to lower resolutions by video input controller 418
while maintaining synchronization, invalid pixel values may
be sent for pixels that will be stripped out when the video is
displayed at the lower resolution. Two clocks are required to
output one pixel in SPI mode, so a 2xclock (twice the pixel
clock frequency) is used to output the data. One of the
advantages of this mode of operation is that the pin counts
on the video input controller 418 and media stream control-
ler 414 can be reduced. An exemplary video input controller
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418 for system 400 is the BtV2811 integrated circuit avail-
able from Brooktree Corporation, the assignee of the present
patent application. The technical specification for the
BtV2811 entitled “VideoStream Decoder” dated Feb. 3,
1997 is hereby incorporated herein by reference in its
entirety. The 8 bit SPI is preferred in system 400, although
both the SPI and API are supported.

The controller of the present invention resides in video
input interface 503 of media stream controller 414. FIG. 4 is
a block diagram illustrating the internal structure 200 of a
portion of video input interface 503. Video data generated by
video input controlier 418 of FIG. 2 is preferably received
on an 8-bit bus, shown as line 419 in FIG. 4. The 8 bit stream
of video data is provided at twice the input pixel frequency
(since each pixel requires two serial bytes to be transferred).
This data is fed to a Byte Stream Decoder (BSD) 203 for
decoding the data stream on line 419, i.e., putting the video
pixel data back into a parallel 16 bit luminance/chrominance
format. When the API format is used, the video pixel data is
provided on a 16-bit bus (from line 419 and line 204a) to a
different decoder 205 (called “other type decoder” or OTH).

In both SPI and API modes, an additional 8 bits of control
information is provided from the video input controller 418
to the video input interface 503 of media stream controller
414. The control information indicates the start of a new
field, whether the current field is even or odd, and the start
and end of a line of video. In SPI mode escape sequences are
used to provide this control information on the same 8 bit
line 419 used to transfer video pixel data. As a result, only
8 pins are required for SPI. The BSD 203 receives the
control information when SPI is used and outputs the control
information on a separate 8 bit line. Thus, while 8 bits are
used to interface between the video input controller 418 and
media stream controller 414, the output from BSD 203 is
asserted on a 24 bit wide bus 206a (16 bits for video pixel
data and 8 bits for control information). API requires 8
additional pins (corresponding to line 204b) to pass the
control information from the video input controller 418 to
the media stream controller 414, so a total of 24 pins are
used for API. The OTH 205 receives the data from these pins
and outputs it on a 24 bit wide bus 2065.

A multiplexer (MUX) 207 is connected to both BSD 203
and OTH 205. The MUX 207 simply chooses between the
BSD 203 and OTH 265. MUX 207 passes the selected 16 bit
video pixel data to Formatter (FMT) 214. MUX 207 passes
the 8 bit control information to control logic 209 (shown as
a dashed box in FIG. 4). In particular, the control informa-
tion is sent to a line and pixel counter block (CNT) 208 in
control logic 209 which keeps a count of the line and pixel
being processed. The control logic 209 will be discussed
further below.

Formatter (FMT) 214 receives a stream of 16 bit video
pixel data from MUX 206 and converts the data into one of
four formats (as determined by the control logic described
below). The formatter of system 100 supports the following
four formats: (1) 4:1:1 format which has four luminance
values for each pair of Cr and Cb chrominance values; (2)
4:2:2 format which has four luminance values for every two
pairs of Cr and Cb chrominance values; (3) mono which has
only luminance values; and (4) an iconized format which is
4:2:2 format downscaled by a factor of four (three of every
four pixels are discarded). Formatter 214 simply discards
extra chrominance values for each of the formats (all of
which are discarded in mono) and for the iconized format
also discards three out of every four pixels. Formatter 214
also discards any invalid pixel values that have been inserted
into the stream of digital video data to support scaling to
lower resolutions by video input controller 418.
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The formatted pixels are then packed into DWORDs for
subsequent storage in display memory 428 As each
DWORD is formed, it is inserted into a video FIFO (VFIFO)
216. In ope embodiment of the present invention, VFIFO
216 uses FIFO logic and a 16x32 memory array, although a
conventional FIFO may be used as well. The video pixel
data is loaded into the VFIFO 216 at the video pixel
frequency. When the video pixel data is removed from
VFIFO 216, however, it may be transferred to display
memory 110 using a separate clocking domain (in this case,
a 50 MHz memory bus clock or “MCLK” domain). The
MCLK domain allows high speed data transfer from the
media stream controller 414 to display memory 428 which
provides additional bandwidth for use by other multimedia
modules (e.g., VGA Controller 504, Audio Module 506,
etc.) within the media stream controller 414. The DWORDs
of video pixel data are removed from VFIFO 216 and
transferred across MBUS 510 through media buffer memory
controller 512 (shown in FIG. 5) and into the desired storage
location in display memory 428.

Control logic 209 controls the formatting and routing of
the digital video data in portion 200 of the video imput
interface 503. In particular, control logic 209 determines the
format used by formatter 214 as well as the rate that data is
retrieved from VFIFO 216 and the destination of that data in
the display memory. Control logic 209 includes CNT 208, a
bank of state registers (REG) 212 which hold a variety of
control values, and a Finite State Machine (FSM) 210. CNT
208 receives control information from video input controller
418, and keeps track of the line and pixel being processed.
CNT 208 also determines whether an even or odd field is
being processed. The REG 212 hold control values, many of
which are loaded from control structures stored in the
display memory. The function and format of some of the
registers in REG 212 are described in Tables 14 below.
Table 1 shows the contents of an exemplary video control
register which contains various control bits for the finite
state machine 212.

TABLE 1

Video Contro] Register

Bit Field Name Description

7 Enable Video  0=Reset video subsystem

1=Enable video input processing. This bit should be
held at zero until after clock selection is made in
accordance with bit 6 of this register. This bit is
reset by the pause function in the control structures
0=Use 50 MHz MCLK

1=Use video input clock.

Set this bit to one if a BtV2811 is known to be
present from I°C inquiries. Once the clock bit is
set then the enable video bit (bit 7 of this register)
can be set on a subsequent I/O operation.

6  Clock Select

5:3 Reserved
2  Enable Paralle] PCI-Bus only
Decoder 0=BtV2811 interface (SPI)
1=Panallel decoder interface (APT)
1:0 Reserved

Tables 2 and 3 show the contents of an exemplary video one
register and video two register respectively.

16

TABLE 2

Video One Register

5 Bi Description

7:1 Reserved

0  Select PACDAC Controller Video FIFO 1 B. This bit can be set or
reset by the control structures.
0=Use video buffer A on video FIFO 1 at the top of next frame
1=Use video buffer B on video FIFO 1 at the top of next frame

TABLE 3

Video Two Register

Bit Description

7:1 Reserved

0  Select PACDAC Controller Video FIFO 2B. This bit can be set or
reset by the control structures.
0=Use video buffer A on video FIFO 2 at the top of next frame
1=Use video buffer B on video FIFO 2 at the top of next frame

20

The media stream controller 414 and PACDAC 440 support
two double buffered video windows. A separate portion of
video input memory 436 is used for each window (referred
1o as video window 1 and video window 2). Each window
has two portions (referred to as buffer A and buffer B) to
support double buffering. PACDAC 440 may have separate
video FIFOs (referred to as video FIFO 1 and video FIFO 2)
to receive video data from each video window in the display
memory. The single bit in the video one register and video
two register indicates whether buffer A or buffer B of the
respective video window should be used for the next frame.
The PACDAC Controller 518 (shown in FIG. 3) will then
cause data from the selected buffer to be sent to the selected
PACDAC video FIFO for the next frame. This allows direct
software control of double buffering for video transfer from
display memory 428 to PACDAC 440.

Table four shows the contents of an exemplary video
address register.

25

40
TABLE 4

Video Address Register

Bit(s) Field Name Description

31:22 Current Tag Read Only view of tag field of control structure
in process. Reset to zero by chip reset. Not
defined when enable video (bit 7 of video
control register) is not set.

VRAM DWORD address of first structure in
the control structure list. Note: this always
points to an INIT STRUCTURE followed by a
variable number of control structures.

21:2  Structure Address
50

1:0  Reserved

s The structure address field in this register is used at the end
of every list of control structures to determine where to
begin the next list of control structures.

The finite state machine (FSM) 210 uses the information
from CNT 208 and the state registers 212 to control the
formatting and routing of digital video data in accordance
with a list of control structures stored in the display memory.
FSM 210 is controlled by values loaded into REG 212. The
application software loads some of these values at initial-
ization over HBUS 502. Most values are loaded from control
structures that are stored by the application software in
display memory 428. The software sets up a list of control
structures in display memory 428, and each control structure
tells the video input interface how to treat a corresponding

=
(=)
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portion of the stream of digital video data (what format,
where to buffer it in display memory, etc.). The software can
load the list of control structures into display memory 428 in
advance of video processing using memory mapped I/O.
FSM 210 traverses the list of control structures and loads
values from the control structures into REG 212 to control
video processing. By varying the control information in the
control structures, complex and flexible video input process-
ing can be achieved with the simple circuit shown in FIG. 4.

The address of the list of control structures in display
memory 428 is initially loaded into the video address
register (see Table 4) in REG 212. The application software
can set this register via HBUS 510. As was discussed in
connection with FIG. 1, the list of control structures starts
with an init structure and is followed by a list of control
structures. For each control structure, a specified amount of
data is captured and formatted according to the information
in the control structure. The last control structure has a flag
that indicates that the list has been exhausted. FSM 210 then
goes back to the address pointed to by the video address
register at the top of the list. Note that by changing the video
address register, the FSM 210 can be caused to switch to a
different list of control structures to process the next portion
of the video stream.

The format of the init structure and control structures used
in system 100 is set forth in Tables 5-8 below. Table 5 shows
the format of control information in the init structure.

TABLE 5

Init Structure”

Bit(s) Field Name Description

31:30 Reserved

29:20 BLANK SRC PIXELS  Max number of video source pixels that
can be captured on a vertical blanked
line.

Max number of video source pizels that
can be captured on a vertical active
line.

Vertical line Counter reload value.

19:10 ACTIVE SRC PIXELS

9:0  VERT RELOAD

The init structure contains maximum values for the number
of pixels that may be captured for a single blanked or active
line of video. These values are used to safeguard against
capturing too much data on a line (which may overflow the
buffer in the display memory) in the event that video is being
received in a fast forward format or other unexpected
format.

Each control structure in system 100 contains three
DWORDs. Note that the overall contro] of the video imput
is determined by sequentially reading in a list of these
structures into REG 212 and/or as direct inputs to the FSM
210. The control structure (which comprises a DWORDO, a
DWORD1, and a DWORD?) is described in Tables 6-8.

TABLE 6
Capture Control Structure DWORDO
Bit(s) Field Name Description
31 END_OF_LIST 0= Process the next sequential control
structure.
1= This is the Jast control structure in the
list. Find the next one to process by
following the Video Address Register
pointer.
30 SET VIDEO 1= Set the video interrupt fiag at the end
INTERRUPT of processing this control structure.
29 PAUSE 0= Continue video list processing at end

of processing this structure.
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TABLE 6-continued

Capture Control Structure DWORDO

Bit(s) Field Name Description

1= Reset the enable _video bit, VCR[7]
at the end of processing this structure
and after all data has been stored in
VRAM.

28:27 FORMAT 00=4:2:2
01=  4:1:1
10=  mono (Y only)
11=  iconized format (4 to 1 decimation of

4:2:2)

26 SCAN 0= Even field only
1= Odd field only

25 DROP 0= Normal operation, write to VRAM
1= Drop this field

24 CHROMA_MODE PCI-Bus only
1= Enable chroma keying on luminance

LSB (see “Paralle]l Decoder Inter-
face” on page 278 of technical
specification for BtV2115)
0= Pass LSBY through to BtV2487
23 V2 SELECT 0=  No change in buffer selection
ENABLE 1= DWORDO0[21] selects video 2 A/B
buffer

22 V1 SELECT 0= No change in buffer selection

ENABLE 1= DWORDO[20] selects video 1 A/B
buffer

21 V2SELECT 0= Video 2 use buffer A for next frame
1= Video 2 use buffer B for next frame

20 VI1SELECT 0= Video 1 use buffer A for next frame
1= Video 1 use buffer B for next frame

19:10 Reserved

9.0 STARTING Matched against byte stream decoder

VERTICAL LINE  vertical line count to determine when
to start data transfer for this control
structure.

TABLE 7
Capture Control Structure DWORD1

Bit(s)  Field Name Description

31:20  Reserved

28:11 DWORD LINE PITCH Number of DWORD:s to add to

address of start of line capture.

The 2 LSBs of this address must be
zero, i.e., this pointer should point
to 2 4 DWORD (16 byte) aligned
location in VRAM.

10 Reserved

9:0 VERTICAL LINE Number of vertical lines to be
EXTENT transferred by the control structure.
TABLE §
Capture Control Structure DWORD2

Bit(s) Field Name Description

31:22 TAG This tag field is visible in the video address
register when this control structure is being
processed.

21:2 MBUS ADDRESS VRAM DWORD address pointer to location
in VRAM to store data captured by this
control structure. The 2 LSBs of this
address must be zero, ie., this pointer
must point to a 4 DWORD (16 byte)
aligned location in VRAM.

1:0  Reserved
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Among other things, the control structure includes the
starting vertical line (Table 6) for the capture (which tells the
FSM which vertical line to start capturing data according to
the format and other information in the control structure)
and the vertical line extent (Table 7) (which tells the FSM
how many lines of data to capture and transfer into VRAM
using settings from the current control structure before
moving onto the next control structure in the list). In Table
6, the scan bit (bit number 26) indicates whether the control
structure corresponds to an even or odd field. If the next field
received by the video input interface 503 is of the wrong
type, FSM 210 causes formatter 214 to discard the field; the
capture will not begin until the pext field is received. In
Table 6, the format bits (bits 27-28) are used to control
which of the four supported formats is applied by formatter
214. As discussed above with reference to the exemplary
embodiment of FIGS. 1 and 6, the formatter 214 may discard
chrominance data (or entire pixels for iconized format) from
the video stream to achieve the desired compression. In
addition, a drop bit (bit 25 in Table 6) may be set to cause
formatter 214 to discard all of the lines of video data
corresponding to the current control structure. The address
used to store the resulting formatted video data in the display
memory is indicated by the MBUS address (bits 2-31 in
Table 8). The lines of video data corresponding to the control
structure are stored sequentially starting at the MBUS
address. After each line, the address is incremented by the
number of DWORD:s indicated by the DWORD line pitch
(bits 11-28 in Table 7).

The above control structures may be used to process video
in a manner similar to that described for the exemplary
embodiment of FIGS. 1 and 6. A further example will now
be described with reference to FIG. 5. FIG. 5 is a block
diagram illustrating how active video data and closed cap-
tioning data may be captured in accordance with an exem-
plary List of control structures 602. The list of control
structures 602 comprises an init structure 604 followed by
pinety control structures (6052-635¢). Three control struc-
" tures are used to process each frame of video data and the list
of control structures is set up to process thirty sequential
frames. The first control structure for each frame is set up to
capture closed captioning data from line 21 of the odd field.
Exemplary settings in the control structure would be
FORMAT=mono, SCAN=o0dd, STARTING VERTICAL
LINE=21, DWORD LINE PITCH=number of DWORDS in
a line, VERTICAL LINE EXTENT=pumber of video lines
to capture (in this case 1), and MBUS ADDRESS=the
address of a corresponding line in closed captioning buffer
250. Each control structure corresponding to closed caption-
ing data has an MBUS address pointing to a different line in
closed captioning buffer 250, so the lines containing closed
captioning data are accumulated in buffer 250 in display
memory 428. The second control structure for each frame is
set up to capture active video data from the odd field.
Exemplary settings in the control structure would be
FORMAT=4:1:1, SCAN=0dd, STARTING VERTICAL
LINE=32, DWORD LINE PITCH=twice the number of
DWORDs in a line, VERTICAL LINE EXTENT=number of
lines to capture, and MBUS ADDRESS=the address of the
first odd line address in buffer 252A or B (the VISELECT
bit in the last control structure for each frame will be set to
cause the frames to alternate between buffer A and B for
double buffering). The third control structure for each frame
is set up to capture active video data from the even field.
Exemplary settings in the control structure would be
FORMAT=4:1:1, SCAN=even, STARTING VERTICAL
LINE=32, DWORD LINE PITCH=twice the number of
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DWORD:s in a line, VERTICAL LINE EXTENT=number of
lines to capture, and MBUS ADDRESS=the address of the
first even line address in buffer 252A or B (the VISELECT
bit will be set to cause the frames to alternate between buffer
A and B for double buffering). In addition to the above
settings, the last control structure 635¢ may have the END__
OF_LIST and SET VIDEO INTERRUPT bits set.

FSM 210 loops through the list and processes the corre-
sponding portions of the video stream accordingly. After
each frame of video data is processed, closed captioning
buffer 250 contains the closed captioning data from the
frame, and either buffer A or B contains the deinterlaced
active video for the frame. While one of the buffers A or B
is being loaded, the other buffer may be sent to the PACDAC
for display. This process continues until the last control
structure 635c is completed after which the FSM 210
generates an interrupt to the CPU. For the exemplary list
shown in FIG. 5, 30 frames of video data are processed
before the interrupt is generated. For video streams with 30
frames per second, one second of closed captioning data is
captured before an interrupt is generated. The CPU may then
retrieve the closed captioning data for further processing.

The last control structure may have the pause bit set, so
the FSM 210 does not loop to the top of the list and
overwrite the closed captioning data in buffer 250 until the
CPU has read the closed captioning data. Alternatively, a
double buffering system can be used for the closed caption-
ing data. While the CPU is reading the closed captioning
data from one buffer, a list of control structures may be
capturing more data into a second buffer for incoming closed
captioning data. This may be accomplished by loading the
address of the second list into the video address register
when the first list has been completed. Alternatively, a single
list of control structures that is twice as long may be used.
The first thirty control structures for capturing closed cap-
tioning data would have addresses corresponding to a first
closed captioning buffer, and the second thirty control struc-
tures for capturing closed captioning data would have
addresses corresponding to a second closed captioning
buffer. The SET VIDEO INTERRUPT bit would be set in
the middle of the list after the first thirty frames have been
processed as well as at the end of the list after the second
thirty frames have been processed. After the first interrupt
the CPU would retrieve data from the first closed captioning
buffer and after the second interrupt the CPU would retrieve
data from the second closed captioning buffer. This double
buffering allows continuous video processing with infre-
quent interrupts for processing closed captioning data (or
other selected portions of the video stream).

Thus, the control structures allow closed captioning to be
buffered separately while live video may be sent to PAC-
DAC 440 for display. An interrupt is only generated when a
desired threshold amount of closed captioning data has been
captured. This reduces interrupt frequency and system bus
traffic. The CPU may use efficient block transfer commands
to retrieve the entire closed captioning buffer at once, rather
than retrieving each line of closed captioning data piece-
meal. The amount of closed captioning data that is captured
before an interrupt is generated is determined solely by the
list of control structures and, as a result, may be flexibly
determined by application software at run time. For instance,
if the application software downloads a list of control
structures that is half as long, an interrupt will be generated
twice as often. Alternatively a higher interrupt frequency can
be achieved by setting the interrupt bit in a control structure
in the middle of the list as well as at the end.

In another embodiment of the present invention, a list of
control structures can be used to capture closed captioning
data while displaying a small icon sized video window.
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The CPU can search the closed captioning data for
specific words or phrases (such as the name of a specific
company or news event) while a small video icon is dis-
played in the corner of the display screen. When the word or
phrase is detected by the CPU, application software may
automatically load a new list of control structures into
display memory 428 and change the value in the video
address register. The new list of control structures may
change the video format and enlarge the display so a viewer
can observe the broadcast that used the selected word or
phrase.

The above application may be implemented using a
relatively long list of control structures and very small
buffers in the display memory for the closed captioning and
iconified video. A list of control structures may be setup to
process 30 frames of video as described above with the last
control structure configured to generate an interrupt. Each
frame is processed by a set of two control structures (3
DWORD:s in each structure). The first structure corresponds
to the closed captioning data and has settings as described
above. The second structure corresponds to the active video
data for the odd field and has an MBUS ADDRESS pointing
to a single small buffer in the display memory. The FOR-
MAT in the second control structure is set to iconized format
(4 to 1 decimation of 4:2:2).

Each closed captioning structure points to a different line
in a closed captioning buffer while each icon structure points
to the same video buffer. The CPU will be interrupted once
per second to process an entire second’s worth of closed
captioning information. This requires approximately 181
DWORDs to hold the structure list, 4K DWORDs to hold
the closed captioning and 256 DWORDs to hold the video
icon.

To allow for interrupt latency in the CPU, the actual
structure may be configured to process closed captioning
data in a double-buffered fashion. Two closed captioning
buffers may be used. The list of control structures may be
twice as long (i.e., capturing 60 frames) with interrupts
generated in the middle of the list (after 30 frames) and at the
end of the list (after 60 frames). In one embodiment, the
TAG (see Table 8) is set to “01h” for the control structures
used to capture the first thirty frames worth of closed
captioning data, and the TAG is set to “02h” for the control
structures used to capture the second thirty frames worth of
closed captioning data. Software can view the TAG field to
determine which second’s worth of closed captioning data is
currently being processed, and can retrieve the other sec-
ond’s worth of closed captioning data without interfering
with ongoing processing.

The foregoing description is presented to enable any
person skilled in the art to make and use the invention.
Descriptions of specific designs are provided only as
examples. Various modifications to the preferred embodi-
ment will be readily apparent to those skilled in the art, and
the generic principles defined herein may be applied to other
embodiments and applications without departing from the
spirit and scope of the invention. For instance, any variety of
data can be sent during the vertical blanking interval, such
as text data sent according to the teletext protocol. Aspects
of the present invention are easily adapted to capture such
data as well as portions of the active video data. In addition,
embodiments of the present invention may use control
structures that correspond to a certain range of pixels (rather
than vertical lines) in the video stream. Im such
embodiments, specific ranges of video pixel data may be
separately captured and processed without requiring that
entire vertical lines be captured.

While this invention has been described and illustrated
with reference to particular embodiments, it will be readily
apparent to those skilled in the art that the scope of the
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present invention is not limited to the disclosed embodi-
ments but, on the contrary, is intended to cover numerous
other modifications and equivalent arrangements which are
included within the spirit and scope of the following claims.

We claim:

1. A system for processing an analog video signal in
accordance with instructions from an application software,
comprising:

a video decoder for converting the analog video signal fo

digital data;

a display memory for storing data for display;

a control structure list located in the display memory;

the control structure list containing a plurality of control

structures, the contents of which being supplied by said
application software; and

a controller for processing said digital data in accordance

with said control structures.

2. The system of claim 1 wherein said analog video signal
contains encoded text, wherein said controller is capable of
separating said digital data into a video portion and a text
portion, and wherein said control structure list contains at
least one control structure for controlling said video portion
and at least one control structure for controlling said text
portion.

3. The system of claim 2 further comprising:

a first buffer for storing said text portion; and

means for generating an interrupt when said first buffer is

substantially full.

4. The system of claim 3 further comprising a second
buffer, said first and said second buffers forming a double
buffering system.

5. The system of claim 4 wherein said first and said
second buffers are located in said display memory.

6. The system of claim 1 further comprising:

wherein the display memory stores said digital data

processed by said controlier;

a display driver for generating analog video signal from

said digital data stored in said display memory,

a CPU;

said control structure list containing a first type of control

structures and a second type of control structures; and
said controller storing digital data processed in accor-
dance with said first and said second types of control
structures to said display memory, said controller also
causing said CPU to further process digital data corre-
sponding to said first type of control structures.

7. The system of claim 1 wherein said analog video signal
contains encoded text, wherein said control structure list
contains at least a first control structare for controlling video
and at least a second control structure for controlling said
encoded text, and wherein said controller processes said
encoded text in accordance with said second control struc-
ture.

8. The system of claim 7 further comprising:

a first buffer for storing said encoded text; and

means for geperating an interrupt when said first buffer is

substantially full.

9. The system of claim 8 further comprising a second
buffer, said first and said second buffers forming a double
buffering system.

10. A multimedia system for digitally processing analog
video signal, comprising:

a CPU;

a display memory for storing video and graphic data;

a video decoder for converting said analog video signal to

digital data;
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means for generating a control structure list containing a
plurality of control structures, said control structures
being stored in said display memory;

a controller for generating digital video data from said
digital data in accordance with said control structures
and for storing said digital video data in said display
memory; and

a display driver for converting said digital video data
stored in said display memory into corresponding ana-
log signals.

11. A system for processing a video signal comprising a
series of frames in accordance with instructions from an
application software, comprising:

a processing unit for executing the application software;

a main memory associated with the processing unit;

a peripheral memory;

a bus system operatively coupling the main memory and
the peripheral memory; and

a video processing system associated with the peripheral
memory for processing the video signal;

wherein the video processing system includes:

a circuit for sending a selected portion of the video
signal from a plurality of frames to the peripheral
memory for storage;

a circuit for detecting when the selected portion of the
video signal for a threshold number of frames has
been stored in the peripheral memory; and

a circuit for allowing the selected portion of the video
signal for the threshold mumber of frames to be
transferred to the main memory for use by the
application software.

12. The system of claim 11 wherein the circuit for
allowing the selected portion of the video signal for the
threshold number of frames to be transferred to the main
memory for use by the application software includes means
for generating an interrupt signal.

13. The system of claim 11 wherein the video processing
system is programmable such that the application software
is capable of setting the threshold number of frames.

14. The system of claim 11 wherein the video processing
system is programmable such that the application software
is capable of setting the selected portion of video signal to
be stored in the peripheral memory.

15. The system of claim 11, further comprising a display
device;

wherein at least a portion of the peripheral memory stores
data to be displayed on the display device.

16. The system of claim 11, whercin the application
software stores control information in the peripheral
memory and the video processing system processes the
video signal in accordance with the control information.

17. The system of claim 16 wherein the control informa-
tion includes the threshold number of frames.

18. The method of claim 17 wherein the threshold number
of frames is at least thirty.

19. The system of claim 16 wherein the control informa-
tion includes information defining the selected portion of the
video signal.

20. The method of claim 19 wherein the video signal
contains encoded text and the selected portion of the video
signal is the portion containing encoded text.

21. The system of claim 11 wherein the threshold number
of frames is at least thirty.

22. The system of claim 11 wherein said video signal
contains encoded text and the selected portion of the video
signal is the portion containing encoded text.

23. The system of claim 22, wherein the encoded text is
closed captioning data and the selected portion of the video
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signal is the portion of the blanking interval containing the
closed captioning data.

24. The system of claim 22, wherein the encoded text is
teletext data and the selected portion of the video signal is
the portion of the blanking interval containing the teletext
data.

25. The system of claim 11 wherein at least a full second
of the video signal is processed before the selected portion
of the video signal for the threshold pumber of frames is
transferred to the main memory.

26. The system of claim 11 further comprising a display
device;

wherein the video processing system further comprises:

a circuit for sending a different portion of the video
signal from a plurality of frames to the peripheral
memory for storage; and

a circuit for causing the different portion of the video
signal for the plurality of frames to be transferred to
the display device for display.

27. The method of claim 26 wherein the application
software stores control information in the peripheral
memory and the video processing system processes the
video signal in accordance with the control information.

28. The method of claim 27 wherein a first portion of the
control information contains information for processing the
selected portion of the video sigpal and a second portion of
the control information contains information for processing
the different porion of the video signal.

29. In a system including a processing unit, a main
memory and a bus system operatively coupling the process-
ing unit and the main memory, a method for capturing data
from a video signal comprising a series of frames, the
method comprising the steps of:

providing a peripheral memory operatively coupled to the

bus system;

capturing data from a desired portion of each frame of the

video signal;

storing the data in the peripheral memory;

determining each time that a desired amount of the data is

captured and stored in the peripheral memory, wherein

the desired amount includes the desired portion of a

plurality of the frames of the video signal; and

transferring the desired amount of the data across the bus
system to the main memory each time the desired
amount of the data is captured.

30. The method of claim 29 wherein the step of transfer-
ring the desired amount of the data further comprises the
steps of generating an interrupt signal and uvsing interrupt
processing by the processing unit to transfer the desired
amount of the data.

31. The method of claira 29 further comprising the step of
using the processing unit to program the desired amount in
accordance with instructions from an application software.

32. The method of claim 29 further comprising the step of
using the processing unit to program the selected portion in
accordance with instructions from an application software.

33. The method of claim 29 wherein the desired amount
includes the desired portion of at least thirty frames.

34. The method of claim 29 wherein said video signal
contains encoded text and the selected portion of the video
signal is the portion containing encoded text.

35. The method of claim 29 wherein at least a full second
of the video signal is processed each time the desired amount
of the data is captured.

36. The method of claim 29 further comprising the step of:

sending a different portion of the video signal from a

plurality of frames to a display device for display.
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UNITED STATES DISTRICT COURT

DISTRICT OF DELAWARE
Digital CBT LLC,
C.A. No.
Plaintiff,
V. DEMAND FOR JURY TRIAL
TiVo Inc., | '
Defendant.

COMPLAINT FOR PATENT INFRINGEMENT
PERMANENT INJUNCTION AND DAMAGES
For its Complaint against TiVo Inc. (“TiV0”), Plaintiff Digital CBT LLC
(“CBT”) alleges as follows:
THE PARTIES
1. Plaintiff CBT is a limited liability corporation duly organized and

existing under the laws of California with its principal place of business at 4000
MacArthur Blvd, West Tower, Suite 1100, Newport Beach, CA 92660. As alleged
below, CBT is the owner of all right, title, and interest in U.S. Patent No.
5,805,173.

2. Defendant TiVo Inc. is a corporation duly organized and existing
under the laws of Delaware, with its principal place of business at 2160 Gold
Street, P.O. Box 2160, Alviso, California, 95002. TiVo is in the business of
making, selling, and distributing digital video recorders and digital video recording
services to persons in the U.S. through physical and electronic channels, including

the Internet.
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JURISDICTION AND VENUE

3. This is a civil action for patent infringement arising under the Patent
Act of the United States, 35 U.S.C. §§ 1 et seq. This court has subject matter
jurisdiction of such federal question claims pursuant to 28 U.S.C. §§ 1331 and
1338(a).

4. Venue is proper under 28 U.S.C. §§ 1391(b), 1391(c) and 1400(b) in
that the acts and transactions complained of herein were conceived, carried out,
made effective, and had effect within the State of Delaware and within this district,
among other places. TiVo resides in this judicial district by virtue of its state of
incorporation and business activities in this district and has committed acts of
infringement in this judicial district.

U.S. PATENT NO. 5,805,173

5. On September 8, 1998, the United States Patent & Trademark Office

duly and legally issued United States Letters Patent No. 5,805,173 (“the ‘173

Patent™), entitled “System and Method for Capturing and Transferring Selected
Portions of a Video Stream in a Computer System.”

6. The 173 patent claims, among other things, a system for processing a
video signal in accordance with instructions from application software. In certain
of the claimed embodiments, the systems comprise a processing unit for executing
the application software, a main memory associated with the processing unit, a
peripheral memory, a bus system operatively coupling the main memory and the
peripheral memory, and a video processing system associated with the peripheral
memory for processing the video signal. The video processing system includes a
circuit for sending a selected portion of the video signal to the peripheral memory
for storage, a circuit for detecting when the selected portion of the video signal for

a threshold number of frames has been stored in the peripheral memory, and a
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circuit for allowing the selected portion of the video signal to be transferred to the
main memory for use by the application software.
FIRST CLAIM FOR RELIEF
AGAINST DEFENDANT TIVO INC. FOR DIRECT, CONTRIBUTORY
AND INDUCING INFRINGEMENT OF U.S. PATENT NO. 5,805,173

7. Plaintiff incorporates herein by reference the allegations set forth in

paragraphs 1-6 of the Complaint as though fully set forth herein.

8. A true and correct copy of the ‘173 Patent is attached as Exhibit A and
incorporated herein by reference. Defendant TiVo makes, uses, sells, offers for
sale, and/or distributes digital video recorders labeled the TiVo HD XL DVR,
TiVo HD DVR, TiVo Premiere, TiVo Premiere XL, Series3 HD DVR, Series2
Dual Tuner, Series2 Single Tuner, and Series1 DVR (collectively, the “TiVo DVR
Products™). By doing so, TiVo generates service fee or subscription revenue from
residential and/or business customers on a monthly or one-time charge basis.

9. By making, using, selling, and offering for sale the TiVo DVR
Products, TiVo has directly infringed and continues to directly infringe the ‘173
Patent, including infringement under 35 U.S.C. § 271(a) and (f).

10.  On information and belief, TiVo has also indirectly infringed and
continues to indirectly infringe the ‘173 Patent by actively inducing direct
infringement by other persons who operate methods and systems that embody or
otherwise practice one or more of the claims of the ‘173 Patent when TiVo had
knowledge of the ‘173 Patent and knew or should have known that their actions
would induce direct infringement by others and intended that their actions would
induce direct infringement by others.

11.  On information and belief, TiVo has also indirectly infringed and
continues to indirectly infringe the ‘173 Patent by contributory infringement by

providing non-staple articles of commerce to others for use in an infringing system

3
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or method with knowledge of the ‘173 Patent and knowledge that these non-staple
articles of commerce are used as a material part of the claimed invention of the
‘173 Patent.

12.  On information and belief, TiVo will continue to infringe the ‘173
Patent unless enjoined by this Court.

13.  On information and belief, TiVo’s infringement of the ‘173 Patent is,
has been, and continues to be willful and deliberate.

14.  As adirect and proximate result of TiVo’s infringement of the ‘173
Patent, CBT has been and continues to be damaged in an amount yet to be
determined.

15.  Unless a preliminary and permanent injunction are issued enjoining
TiVo and its officers, agents, servants and employees, and all others acting on their
behalf or in concert with TiVo, from infringing the ‘173 Patent, CBT will be
greatly and irreparably harmed.

PRAYER FOR RELIEF
WHEREFORE, Plaintiff CBT prays for judgment against Defendant TiVo

as follows:

(1)  For ajudicial determination and declaration that Defendant TiVo has
directly infringed, and continue to directly infringe, United States Letters Patent
No. 5,805,173;

(2) For a judicial determination and declaration that Defendant TiVo has
induced, and continue to induce, the infringement of United States Letters Patent
No. 5,805,173;

(3) For ajudicial determination and declaration that Defendant TiVo has
contributorily infringed, and continue to contributorily infringe, United States

Letters Patent No. 5,805,173;
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(4)  For ajudicial determination and decree that Defendant TiVo’s
infringement of United States Letters Patent No. 5,805,173 has been, and continues
to be, willful and deliberate;

(5) For ajudicial determination and decree that Defendant TiVo, its
respective subsidiaries, officers, agents, servants, employees, licensees, and all
other persons or entities acting or attempting to act in active concert or
participation with it or acting on its behalf, be preliminarily and permanently
enjoined from further infringement of the ‘173 Patent;

(6) For a declaration that TiVo notify all of its customers and users of the
infringing system and customers’ participation in the infringement with TiVo’s
encouragement, and that TiVo encourages customers to cease all such infringing
actions;

(7)  For ajudicial decree that orders Defendant TiVo to account for and
pay to CBT all damages caused to CBT by reason of Defendant TiVo’s
infringement pursuant to 35 U.S.C. Section 284, including enhanced damages
under 35 U.S.C. Section 285;

(8) For an award of damages according to proof at trial;

(9) For ajudicial declaration that this case is exceptional under 35 U.S.C.
Section 285 and Defendant TiVo be ordered to pay CBT costs, expenses, and
reasonable attorney’é fees pursuant to 35 U.S.C. Sections 284 and 285;

(10) For ajudicial order awarding to CBT pre-judgment and post-judgment
interest on the damages caused to it by Defendant TiVo’s infringement; and

(11) For any such other and further relief as the Court may deem just and
proper under the circumstances.

DEMAND FOR JURY TRIAL
Plaintiff hereby demands a jury trial pursuant to Rule 38 of the Federal

Rules of Civil Procedure as to all issues in this lawsuit.

5
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Dated: October 6, 2011

Filed 10/06/11 Pu _ .6 of 6 PagelD #: 6

By: /s/ Kenneth L. Dorsney

Of Counsel:

Nathaniel L. Dilger (Bar No. 196203

ndilger@onellp.com
Peter R. Afrasiabi (Bar No. 193336)
}())afras1ab1@onellp.com

NE LLP
4000 MacArthur Boulevard
West Tower, Suite 1100
Newport Beach, California 92660
Telephone: (949) 502-2870
Facsimile: (949) 258-5081

Attorneys for Plaintiff Digital CBT LLC.

Kenneth L. Dorsney (I.D. #3726)
MORRIS JAMES LLP

500 Delaware Avenue, Suite 1500
Wilmington, Delaware 19801
Telephone: (302) 888-6800
kdorsney@morrisjames.com

Attorneys for Plaintiff Digital CBT LLC.
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Nathaniel L. Dilger (Bar No. 196203)

ndilger@onellp.com
Peter R. Afrasiabi, Esq. (Bar No. 193336)
pafrasiabi@onellp.com
ONE LLP
4000 MacArthur Blvd.
West Tower, Suite 1100
Newport Beach, CA 92660 ) 2 L8 .
Phone: (949) 502-2870 } o 3
Attorneys for Plaintiff, Digital CBTLLC B R
' A
UNITED STATES DISTRICT COURT,  *5% =~ &
CENTRAL DISTRICT OF CALIFORNisA 55
: SACV12 - 0460 CJC (JPRx)
Digital CBT LLC, . ' Case No.
. COMPLAINT FOR PATENT
Plaintiff, INFRINGEMENT
. | PERMANENT INJUNCTION AND
: DAMAGES
TiVo, Inc,, .
| DEMAND FOR JURY TRIAL
Defendant.

For its Complaint against TiVo, Inc. (“TiVo”), Plaintiff Digital CBT LLC (“CBT”)

alleges as follows: ,
THE PARTIES

1. Plaintiff CBT is a limited liability corporation duly organized and existing

under the laws of California with its principal place of business at 4000 MacArthur Blvd,

West Tower, Suite 1100,.Newport Beach, CA 92660. As alleged below, CBT is the owner

of all right, title, and interest in U.S. Patent No. 5,805,173. .
2. Defendant TiVo, Inc. is a corporation duly organized and existing under the

laws of Delaware, with its principal place of business at 2160 Gold Street, P.O. Box 2160,

: 1
o COMPLAINT
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Alviso, California, 95002. TiVo is in the business of making, selling, and distributing
digital video recorders and digital video recording services to persons in the U.S. through
physical and electronic channels, including the Internet.

JURISDICTION AND VENUE

3. This is a civil action for patent infringement arising under the Patent Act of

the United States, 35 U.S.C. §§ 1 et seq. This court has subject matter jurisdiction of such
federal question claims pursuant to 28 U.S.C. §§ 1331 and 1338(a).

4. Venue is proper under 28 U.S.C. §§ 1391(b), 1391(c) and 1400(b) in that the
acts and transactions complained of herein were conceived, carried out, made effective, and
had effect within the State of California and within this district, among other places. TiVo
resides in this judicial district by virtue of its business activities in this district and has
committed acts of infringement in this judicial district.

U.S. PATENT NO. 5,805,173

5. On September 8, 1998, the United States Patent & Trademark Office duly and
legally issued United States Letters Patent No. 5,805,173 (“the ‘173 Patent”), entitled
“System and Method for Capturing and Transferring Selected Portions of a Video Stream
in a Computer System.” » |

6.  The ‘173 patent claims, among other things, a system for processing a video
signal in accordance with insﬁuctioné from application software. In certain of the claimed
embodiments, the systems comprise a processing unit for executing the application
software, a main memory associated with the processing unit, a peripheral memory, a bus
system operatively coupling the main memory and the peripheral memory, and a video
processing system associated with the peripheral memory for processing the video signal.
The video processing system includes a circuit for sending a selected portion of the video
signal to the peripheral memory for storage, a circuit for detecting when the selected
portion of the video signal for a threshold number of frames has been stored in the
peripheral memory, and a circuit for allowing the selected portion of the video signal to be

transferred to the main memory for use by the application software.
S 2
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FIRST CLAIM FOR RELIEF
AGAINST DEFENDANT TIVO, INC. FOR DIRECT, CONTRIBUTORY AND
INDUCING INFRINGEMENT OF U.S. PATENT NO. 5.805.173

7. Plaintiff incorporates herein by reference the allegations set forth in

paragraphs 1-6 of the Complaint as though fully set forth herein.

8. A true and correct copy of the ‘173 Patent is attached as Exhibit A and
incorporated herein by reference. Defendant TiVo makes, uses, sells, offers for sale, and/or
distributes digital video recorders labeled the TiVo HD XL DVR, TiVo HD DVR, TiVo
Premiere, TiVo Premiere XL, Series3 HD DVR, Series2 Dual Tuner, Series2 Single Tuner,
and Series] DVR (collectively, the “TiVo DVR Products™). By doing so, TiVo generates
service fee or subscription revenue from residential and/or business customers on a
monthly or one-time charge basis.

9.  Bymaking, using, selling, and offering for sale the TiVo DVR Products, TiVo
has directly infringed and continues to directly infringe the ‘173 Patent, mcludmg
infringement under 35 U.S.C. § 271(a) and ().

10.  On information and belief, TiVo has also indirectly infringed and continues to
indirectly infringe the ‘173 Patent by actively inducing direct mfringement by other persons
who operate methods and systems that embody or otherwise practice one or more of the
claims of the ‘173 Patent when TiVo had knowledge of the ‘173 Patent and knew or should
have known that their actions would induce direct infringement by others and intended that

|| their actions would induce direct infringement by others.

11.  On information and belief, TiVo has also indirectly infringed and continues to
indirectly infringe the ‘173 Patent by contributory infringement by providing non-staple
articles of commerce to others for use in an infringing system or method with knowledge of
the ‘173 Patent and knowledge that these non-staple articles of commerce are used as a
material part of the claimed invention of the ‘173 Patent.

12. On information and belief, TiVo will continue to infringe the ‘173 Patent
unless enjoined by this Court.

COMPLAINT
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13.  On information and belief, TiVo’s infringement of the ‘173 Patent is, has
been, and continues to be willful and deliberate.

14.  As a direct and proximate result of TiVo’s infringement of the ‘173 Patent,
CBT has been and continues to be damaged in an amount yet to be determined.

15.  Unless a preliminary and permanent injunction are issued enjoining TiVo and
its officers, agents, servants and employees, and all others acting on their behalf or in
concert v;zith TiVo, from infringing the ‘173 Patent, CBT will be greatly and irreparably
harmed. ‘

PRAYER FOR RELIEF
WHEREFORE, Plaintiff CBT prays for judgment against Defendant TiVo as

follows:

(1) For a judicial determination and declaration that Defendant TiVo has directly
infringed, and continue to directly infringe, _United States Letters Patent No. 5,805,173;

(2) For ajudicial determination and declaration that Defendant TiVo has induced,
and continue to induce, the infringement of United States Letters Patent No. 5,805,173;

 (3) For ajudicial determination and declaration that Defendant TiVo has
contributorily infringed, and continue to contributorily infringe, United States Letters
Patent No. 5,805,173; _

(4) For ajudicial determination and decree that Defendant TiVo’s infringement of
United States Letters Patent No. 5,805,173 has been, and continues to be, willful and
deliberate; _

(5) For ajudicial determination and decree that Defendant TiVo, its respective
subsidiaries, officers, agents, servants, employees, licensees, and all other persons or
entities acting or attempting to act in active concert or participation with it or acting on its
behalf, be preliminarily and permanently enjoined from further infringement of the ‘173

Patent;

4
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(6) For a declaration that TiVo notify all of its customers and users of the
infringing system and customers’ participation in the inﬁ'ingement with TiVo’s
encouragement, and that TiVo encourages customers to cease all such infringing actions;

(7)  For ajudicial decree that orders Defendant TiVo to account for and pay to
CBT all damages caused to CBT by reason of Defendant TiVo’s infringement pursuant to
35 U.S.C. Section 284, including enhanced damages under 35 U.S.C. Section 285;

(8) For an award of damages according to proof at trial;

" (9) For ajudicial declaration that this case is exceptional under 35 U.S.C. Section
285 and Defendant TiVo be ordered to pay CBT costs, expenses, and reasonable attorney’s
fees pursuant to 35 U.S.C. Sections 284 and 285;

(10) For a judicial order awarding to CBT pre-judgment and post-judgment interest
on the damages caused to it by Defendant TiVo’s infringement; and

(11) For any such other and further relief as the Court may deem just and proper

under the circumstances.

Dated: March 22, 2012 ONE LLP

ij\-ﬂ‘“ 5 { % e/
Ndthaniel L. Dilger, ﬁEg/“q/
Attorneys for Plaintifty

Digital CBT LLC.

COMPLAINT
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DEMAND FOR JURY TRIAL _
Plaintiff hereby demands a jury trial pursuant to Rule 38 of the Federal Rules of

Civil Procedure as to all issues in this lawsuit.

Dated: March 22, 2012 ONE LLP

B;f\Mle/

aniel L. Dilger, Eﬁ/
A ttbrneys for Plainti
Digital CBT LLC.

COMPLAINT
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SYSTEM AND METHOD FOR CAPTURING
AND TRANSFERRING SELECTED
PORTIONS OF A VIDEO STREAM IN A

COMPUTER SYSTEM '

FIELD OF THE INVENTION

The field of the present invention relates generally to
video systems, and more particularly to a system and method
for selectively processing portions of a video stream in a
computer. ’

BACKGROUND OF THE INVENTION

Standard video formats, such as NTSC and PAL, include
both active video data and video control information. The
active video data includes data that determines the intensity
and color of pixels displayed on a television or video
monitor. Typically, the television or video monitor uses a
cathode ray tube (CRT) to draw am image on the screen.
Active video data may be either non-interlaced or interlaced.
For non-interlaced video data, the CRT draws both even and
odd lines of active video data each time it traverses the
screen. For interlaced video data, the CRT draws only half
of the lines (either the even lines or the odd lines) each time
it traverses the screen. The video data for a screen of
interlaced video is referred to as a field, and two fields of
complete video data (which is a full screen of data) are
referred to as a frame. Interlaced video requires only half as
much active video data as non-interlaced video, and is the
standard format for modem television signals. )

When the CRT draws an image on the screen, it typically
starts at the top left comer of the screen and moves hori-
zontally across the screen to draw a horizontal line of active
videa. Bach horizontal line of active video data is followed
by horizontal video control information. This horizontal
video control information causes the CRT to return to the

. tight side of the screen and drop down to the next borizontal
line. For interlaced video, the CRT would drop down two
Iines to the next even or odd line as appropriate. The CRT
is blanked during this period of time (referred to as the
horizontal blanking interval), so it will not overwrite the
horizontal line i just drew. The horizontal blanking interval
terminates with a horizontal synchronization signal
(HSYNC) that causes the CRT fo start drawing the next
horizontal line of active video data.

Each screen of active video data and borizontal video
control information is followed by vertical video confrol
information. The vertical video conirol information blanks
the CRT and causes it 1o return to the top left corner so the
next screen of active video may be displayed. This period of
time is referred to as the vertical blanking interval. The
vertical blanking interval is longer than the horizontal blapk-
ing interval, because the CRT traverses the entire screen. As
a result, hidden text or other data may be provided during the
vertical blanking interval. For imstance, closed captioning
and teletext are two standard formats for providing encoded
text and related formatting information during the vertical
blanking interval.

A large variety of circuits have been designed for pro-
cessing video. Most televisions include a circuit for decod-
ing closed captioning data and displaying it on the screen
concurrently with active video data. Other circuits have been
designed for interlacing or deinterlacing video sigpals or for
converting analog video signals into digital form for pro-
cessing using a microprocessor. Some circuits also decode
closed captioning information and send it fo a microproces-
sor or memory for subsequent digital processing while
sending active video data directly to the screen for display.

10

30

45

50

2

Typical video processing systems use a separate character
ROM and circuitry for decoding closed captioning or fele-
text information. These extra components add to the cost of
the system. In addition, conventional video processing sys-
tems typically do not provide sufficient flexibility for use in
modern multimedia computers unless a separaie micropro-
cessor is used for video processing. What is needed is a
system and method for real time processing of video data in
a multimedia computer system without requiring a separate
microprocessor or character ROM. Preferably, such a system
would support a variety of video formats and resolutions,
interlacing and deinterlacing, and decoding of closed cap-
tioning and teletext information using inexpensive and flex-
ible hardware. Preferably, such a system would allow appli-
cation software to determine how different portions of 2
video sircam are processed. Application software would
preferably control the format and resolution of the active
video data as well as the decoding of the closed captioning
and feletext information. . B

1t is also desirable to decrease the bandwidth required for
processing video in personal computers. Bandwidth is par-
ticularly important in multimedia systems that concurrently
process graphics, video and audio data. What is needed is 2
system and method for displaying active video data, while
allowing closed captioning or teletext information to be
cfficiently transferred across 2 system bus for decoding and
processing by a microprocessor. Preferably such processing
would occur concurrently with processing of graphics and
audio data.

SUMMARY OF THE INVENTION

Aspects of the preseni invention provide a syslem for
selectively processing a video signal in accordapce with
jnstructions from application software. The system contains
2 video decoder for converting an analog video signal to
digital video data, and a controller for formatting and routing
the digital video data. A list of control structures may be
Joaded into a memory associated with the controller. The
control structures contain formatting and routing informa-
tion used by the controller to process different portions of the
video stream. The number and content of contrdl structures
as well as the correlation between the control structures and
selected portions of the video stream may be flexibly deter-
mined by application software. In particular, the control
structures may be configured such that certain portions of
the video stream are routed to the CPU for processing, while
other portions are routed to a display driver and outputona
display device.

It is an advantage of the above aspects of the present
invention that the video processing hardware may be rela-
tively simple and the formatting and routing of video data
may be flexibly determined by application software. A
variety of video formats can be supported and a separate
microprocessor is not required.

Aspects of the present invention may also be used to
capture text-based (¢.g., closed captioning or teletext) data in
2 memory associated with the controller. For imstance,
closed captioning data for multiple frames of video may be
captured and stored in 2 buffer in the memory. An interrupt
signal is generated when a desired amount of data has been
captured (such as closed captioning data from 30 consccu-
tive frames which may be a full second of video). The CPU
can then retrieve the dala for processing and new closed
captioning data may be continnously captured using double
buflering techmiques.

As a result, the CPU can be used to process closed
captioning or teletext data with infrequent interrupts and -
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reduced bus traffic. In particular, high speed block transfer
commands may be used to transfer the captured data rather
than transferring the data piecemeal as it is received. Active

video data may be continuously displayed without interrup~ -

tion from this capture process. These aspects of the present
invention are particularly useful in multimedia systems
where bandwidth and processing power are at 2 premium,
because a large amount of audio, graphics, and video data
may need 1o be processed and transferred across the system
bus.

Another aspect of the present invention allows the con-
troller to capture selected portions of the video data for
subsequent processing by the CPU, in addition to sending
the video data to the display driver. Control structures are
created for selected portions of the video stream with
instructions that tell the controller how to process and route
each portion. These control structures cause the controlier to
interrupt the CPU when a threshold amount of data has been
captured. The CPU then processes the captured video data
without interfering with the ongoing display of active video.

These and other aspects and advantages of the invention
may be understood by referring to the following description
taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a drawing showing a video system according to
an exemplary embodiment of the present invention.

FIG. 2 is a simplified block diagram of a multimedia
system incorporating an embodiment of the present inven-
tion.

FIG. 3 shows a media stream controller used in the systém
of FIG. 2.

FIG. 4is a block diagram of a portion of the medie stream
controller that incorporates aspects of the present invention.

FG. 5 is a schematic illustrating how closed captioning
data is captured in an embodiment of the present invention.

FIG. 6 is a block diagram of a controller according to an
exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1is a block diagram of a system 100 according to an
exemplary embodiment of the present invention. System
100 comprises a video stream decoder 102, a central pro-
cessing unit (“CPU”) 104, system memory 106, a video
controller 108, display memory 110, a display driver (such
as 2 RAMDAC) 112, and .a display unit 114. Basically,
system 100 performs the following operations: (i) accepts an
amalog video signal on line 128; (if) converts the video signal
to a stream of digital video data; (i) formats and stores
active video data andfor text-based data, such as closed
captioning or teletext data, in the display memory and
captures selected portions of the data in'a separate buffer in
the display memory; (iv) processes and displays the video
and/or text-based data that is stored in the display memory;
and (v) sends the separately captured portions to CPU 104
or system memory 106 for further processing. The sepa-
‘rately captured portions of data may be sent to the CPU or
system memory after a threshold amount of data has been
captured. Use of a threshold to irigger this transfer reduces
the interrupt frequency and bandwidth required 1o process,
the captured data.

Any variety of processing may be applied to the selec-
tively captured data after it is transferred to the CPU or
system memory. For instance, the selectively captured data
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may comprise multiple frames of closed captioning or
teletext information. The CPU may search through this data
for selected words or phrases. The data may also be modified
and refurned to the display memory for subsequent display.
The video data that was not separately captured (in this case,
active video) may be continuously displayed without inter-
ruption by this processing.

Alternatively, selected portions of the active video dala
may be captured and sent to the CPU. The active video
stream may also be buffered in the display memory for
subsequent display. In some embodiments, the selected
portions of the active video may be included in the stream
of data that is displayed apd in other embodiments the
selected portions may be removed. In embodiments where
selected portions are both captured and displayed, copies of
the selected portions may be captured and transferred to the
CPU for subseguent processing.

The operation of the components of system 100 will now
be described. Controller 108 provides an interface to display
memory 110 for sources of graphics and video information.
For instance, CPU 104 may send graphics data from system
memory 106 lo the display memory 110 for subsequent
display using conventional memory mapped 1/0. A portion
of the virtual address space of CPU 104 is set aside for the
display memory. CPU 104 assérts an address corresponding
to the display memory 110 on the address lines of the system
bus 120 and asserts the graphics data on the data lines of the
system bus 120. The system bus is preferably a local bus,
such as a VESA local bus or PCI bus, although other bus
architectures may be used as well. When CPU 104 transfers
a block of graphics data, conventional high speed block
transfer commands may be used. Controller 108 detects
addresses corresponding to display memory 122 and routes
the graphics data to display memory 110 over bus 122. The
addresses received by controller 108 are converted to dis-
play memory addresses. For instance, the controller 108 may
use only the least significant bits from the virtual memory
address received on system bus 120 fo address the display
memory over bus 122, although other addressing techniques
may be used as well. CPU 104 may also read data from
display memory 110 using similar techniques.

A particular address range in display memory 110 may be
set aside for data to be displayed. This address range defines
a buffer 111 set aside for display data. Data loaded into the
buffer may be sent to the display driver 112 sequentially, -
converted to analog form, and output on the display device
114 at 2 desired pixel clock rats. It will be readily understood
that buffer 111 may comprise two portions 1114 and 1115 so
double buffering techniques may be used. Double buffering
allows data to be loaded into one portion of buffer 111 while
it is being read out of another portion without interruption.

Display data may also be provided by sources other than
the CPU. In particular, an input analog video signal may be
provided on input line 128. The input analog video signal
may be obtained from TV tupers, VCRs, cameras, or other

" video sources. Video stream decoder 102 converts the input

60

analog video signal into a desired digital format. The output
of video stream decoder 102 is a stream of digital video data
in one of several digital formats (e.g., RGB or 4:2:2 YCrCb).

The stream of digital video data generated by video
stream decoder 102 is transferred to controller 108. The

" digital video data may be transferred across an external bus

65

129 or the video stream decoder and controller 108 may
reside on a single integrated circuit device. Controller 108
formats the digital video data and routes it to desired
locations in the display memory 110. The formatted digital
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video data may be routed to buffer 111 for subsequent
display. The general flow of data is from decoder 102 to
controller 112 to display memory 110 to display driver 112
to display unit 114. Portions of the stream of digital video
data may also be captured in separate buffers, such as buffers
116 and 117, for separate processing.

Although the general fow of data does not require pro-
cessing by CPU 104, the operation of controller 108 may be

: 6

display memory (or alternatively discarded), the next control
structure 135 from the control structure Iist 130 is loaded.
This process continues until the last control structure 138 is

. loaded. The last control strucrire 138 has a flag set that tells

flexibly determined by application software executed by .

CPU 104. In particular, a memory space 113 may be set
aside in display memory 110 for storing a control structure
list 130 which controls the operation of controller 108. The
control structure list 130 may be downloaded to memory
space 113 by the application software in advance of the
processing of video input data. The application software also
stores a pointer to memory space 113 in 2 video address
register in controller 108. Since the control structure list 130
is downloaded in advance, application software can fiexibly
determine the operation of controller 108 without requiring
traffic on system bus 120 during the actual processing of
video input data.
An exemplary structure for control structure list 130 is
. shown in FIG. L. At the top of list 130 is an “Init Structure”
133, which contains initialization information for the con-
troller 108. The control structure list 130 also contains a
plurality of control structures 134138, each of which cor-
" responds to a portion of the stream of digital video data input
to controlier 108. The contents of these control structures
determine the manner in which the stream of digital video
data (including active video and video control information)
is processed. '

Each control structure comprises three DWORDSs in the
exemplary embodiment. The bits in each DWORD may be
set to select a wide variety. of video processing options. Each
control structure has settings that determine the portion of
each field of video data that should be processed using the
information in the current control structure. For instance, the
starting vertical line in a field and the number of vertical
lines to be processed may be indicated in each confrol
structure 134-138. The control siructure also has a ope bit
flag that indicates whether the control structure corresponds
fo an even or odd field. Other settings determine how the
video data comresponding to the control structure should be
formatted (i.e., 4:2:2 resolution, 4:1:1 resolution, mono-use
Tuminance values only, or 4:2:2 at one guarter resolution for
video icon), whether the data should be stored in the display

memory 110 or discarded, and where in the display memory

the data should be stored. Importantly, different portions of
the stream of digital video data may be sent to different
buffers in the display memory 110 for séparate processing.
Any variety of formats (e.g., number of bits and the
specification for each bif).may be used for init structure 133
and control structures 134, 135, and 138. A detailed descrip-
tion of a format used for an exemplary control structure list
130 is shown in the lechnical specification for Brookiree
Corporation’s BtV2115 integrated circuit, entitled “Medi-
aStream Controller,” dated Feb. 3, 1995 in the section
describing the Video Imput Subsystem at pages 265-280,
which is hereby incorporated herein by referemce in its
entirety. This technical specification is incorporated herein
- by reference.
. The controller 108 loads the values from the first control
structure 134 into internal registers that determine the opera-
tion of the controller 108. The controller 108 then processes
the corresponding portion of the stream of digital video data.
After that portion has been processed and routed to the

the controller 108 to return to the top of the control structure
list 130 for further processing.

The control structures have a variety of other settings that
conirol the detailed processing and routing of digital video
data, For instance, a pause [lag may be sel to halt processing
after the video data corresponding to the current control
structure has been processed. An interrupt flag may be set io
cause the controller to generate an interrupt for the CPU 104
after the video data corresponding to the current contrel
structure has been processed. Yet another flag causes the
controller to toggle between buffers in display memory
(such as buffers 1114 and 111b) for outputting digital video
data to display driver 112. This allows double buffering to be
used to process the data. The controller causes data to be sent
from one of the buffers (e.g. 111a) to the display driver 112,
while storing a new frame of video data in the other buffer
(e.g. 111b). Another setting in the control structures deter-
miges the line pitch to use when storing data in the display
memory 110. The line pitch determines the number of
addresses in the display memory 110 (o advance after each
line of video dafa is stored. This seiting can be used to
deinterlace video data. For deinterlacing, separate control
structures may be used to capture active video data from
even and odd fields. The control structure for the even active
video data would indicate that the data should be stored
starting at the first even line address of a buffer in the display
memory (such as buffer 111a or 111b) using a line pitch
equal to two lines of active video data. The even data will
then be stored in every other line of the buffer. The control
structure for the odd active video data indicates that the data
should be stored starting at the first odd line address of the
same buffer using a line pitch equal fo two lines of video
data. This fills in the odd active video data so the buffer
contains a complete frame of deinterlaced active video data.

Thus, o process and deinterlace active video, a control
structure list having two confrol structures may be loaded
into the display memory in advance. The first control

‘structure captures active video data from an even field using

a line pitch equal fo twice the mumber of DWORDs in a line
of active video data. The second control structure captures

s active video data from an odd field using a line pitch equal

to twice the number of DWORDs in 4 line of active video
data. The controller 108 loops through the list, continuously
processing and deinterlacing active video withou! the use of
CPU 104. The last structure in the Lst loggles the buffer
being used to store the data for double buffering and canses
the controller to return to the top of the list to process the
next frame.

Application software can simply load a different control
structure list to flexibly alter the way video input data is
processed. For instance, ibe application software may use
two control structures io display video data in CIF resolu-
tion. The first conirol structure is set up o wait for an even
field and discard the video data for that field. The second
control structure is set up to wait for line 22 of an odd field
(the start of the odd active video data) with a 4:1:1 format
mode. The second control structure is set up to process 240

. lines which is a field of odd active video. The linc pitch is

set to the number of DWORDs in & line of active video. The
second control structure also has a flag set that causes the
controller 108 to loop to the top of the control structure list
to process the next frame. Thus, the controller loops through
the control structure list fo repetitively process frames of
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video data for display in CIF resolution. Double buffering
may be used, but is not required. When double buffering is
not used, controller 188 must coordinate the input of data to,
and the output of data from, a circular buffer in display
memory 110.

The above system allows video data to be flexibly and
efficiently processed using relatively simple hardware. CPU
104 does not bave to be actively involved in processing the
video. It may be desirable, however, to route certain infor-
mation to the CPU for additional processing. The application
software may set the video interrupt flag to allow the CPU
to retrieve and process selected data. The video interrupt flag
causes the controller 108 to generate an interrupt when the
corresponding portion of the stream of digital video data has
been processed. CPU 104 can then access the captured data
using memory mapped I/O and load it into system memory
106 for subsequent processing.

As an example, text-based information (such as closed
captioning or feletext data) that is provided during the
vertical blanking interval may be routed to a buffer (such as
buffer 116 or 117) in the display memory separaie from the
buffer 111 used to store active video data for subsequent
display. In particular, a control structure may be configured
" lo capture closed captioning information which is encoded
on line 21 of the odd field of a standard television video
signal. To process such a video signal, the control structure
list 130 may contain three control structures for processing
the stream of digital video data: a first structure (e.g.,
structure 134) for processing the active video in each even
field, a second structure (e.g., structure 135) for processing
text-based data in the vertical blanking interval of each odd
field, and a third structure (e.g., structure 138) for processing
the active video in each odd field. For capturing closed
captioning data the second control structure 135 would have
a starting vertical line of twenty one and the mumber of
vertical lines would be set to one. This captured vertical line
from the blanking interval would be sent to buffer 116 or 117
(or toggled between the two for double buffering). The
active video data, on the other hand, would be routed to
buffer 111 for subsequent display. Controller 108 would loop
through the conirol siructures continuously, capture the
closed captioning information, and separately process the
. active video without inferruption.

In the above example, the video interrupt flag may be set
in the third control structure so the controller generates an
interrupt each time it loops through the list. CPU 104 may
then retrieve the closed captioning data for further process-
ing. The closed captioning for each odd field may comprise
up {o two characters in seven bil ASCII format with odd
parity. CPU 104 may convert the closed captioming to
graphics format and download it to display memory 110
vsing memory mapped I/O for subsequent display. Thus,
closed captioning data may be overlaid on the active video
data without a separate microprocessor or character lookup
table in controller 108. In addition, CPU 104 may perform
. other digital processing on the closed captioning data. For

instance, the CPU 104 may search for certain words or
phrases in the closed captioning data.

Capturing the closed captioning data after each field or
frame, however, is not desirable due to the high interrupt
frequency (which may be 30 times a second for 30 frame per
second video) and the increased bus traffic on system bus
120. To reduce the interrupt frequency and decrease bus

" traffic, the comirol structure Hst 130 may be extended. For
instance, a List of control structures is preferably set up to
process thirty frames of video (which is a full second of
video at thirty frames a second) when capturing closed

40
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captioning data in the exemplary embodiment. Bach frame
may be processed by three control structures: a control
structure to capture the even field of active video data, a
control structure to capture closed captioning data from line
21 of the odd field, and a control structure to capture the odd
field of active video data. The even and odd active video data
may be sent buffer 111 (or alternatively to buffers 111a and
1115 for double buffering) for subsequent display. The
closed captioning data from all thirly frames may be sent (o
buffer 116.

When this configuration is used, only the last control
structure has the video interrupt flag set, so only onme
interrupt is generated for every second of video. CPU 104
can then retrieve and process a full second of closed cap-
tioning data from buffer 116 (which may be as much as sixty
ASCII characters, although typically data is not sent at the
maximum rate). The controller 108 then loops to the begin-
ning of the list of control structures to continue processing
the stream of digital video data. The last control structure
138 may be configured to cause the controller 108 to toggle
to buffer 117 for capturing closed captioning data. This
technique allows new closed captioning data to be captured
in buffer 117, while the CPU retrieves the previous second
of closed captioning data from buifer 116. Each time the -
controller 108 loops through the list of control structures the
controller may toggle between buffers 116 and 117 to
provide double buffering,.

With the above technique for capturing closed captioning
data, only one interrupt is generated every second, and all of
the captured data may be transferred in a single block. As a
result interrupt frequency, system bus traffic, and the amount
of CPU processing time required is decreased. Usually,
much less than sixty characters a second of closed caption-
ing are received in a television signal. In most
circumstances, CPU 104 car convert the closed captioning
to graphics form and send it to display memory 110 for
display with acceptabie synchronization with the active
video. -

It will be readily apparent that any variety of thresholds
may be used to control the frequency of interrupts. A shorter
or longer list of control structures (such as 15 frames or 45
frames) could be used. The list could be set up to correspond
to portions of video of a variety of lengths (such as half a
second or one and a half seconds). What is desired is a list
of control structures that processes multiple frames of video
for each interrupt generated. By processing multiple frames
before -generating an interrupt, the interrupt frequency and
system bus traffic is reduced.

It will also be readily apparent that the above technique
may be used in conjunction with different formatting. For
instance, only two control structures per frame would be
required for QCIF resolution (one for the closed captioning
and ore for the odd active video); the even field of active
video would not be captured. Alternatively, interlaced video
may be produced by sending the even active video and odd
active video to two separate buffers. For instance, the even
active video may be sent to buffer 1114 and the odd active
video may be sent to buffer 111b. The controller 108 would
cause the display memory 110 to alternatively output even
active video data from buffer 111a and odd active video data
from buffer 1115 for display on an interlaced momitor. In
each of the above configurations, however, the closed cap-
tioning data may be separately captured while active video
is continuously processed and displayed.

Another embodiment of the present invention allows
selected portions of active video to be separately captured
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and processed, in addition to sending the complete frames to
display driver 112 for display on display unit 114. In this
embodiment, separate control structures are included in the
control structure list for the portions fo be separately cap-
tured. The selected portions of active video data may be sent
to separate buffers (such as buffers 116 and/or 117) as
described for closed captioning data. In addition, the con-
troller could be configured lo also send the selected portions
1o buffer 111 for display along with the other active video
data. Controller 108 loops through the control structures as
described above and processes the video data accordingly.
An interrupt may be generated when a threshold amount of
data is captured in buffer 116 or 117 (such as 15 or 30 frames
worth, or after one half second or 2 full second of video has
been processed). CPU 104 then retrieves and processes the
selected portions as instructed by application software.

The above aspects of the present invention allow video'

data fo be Aexibly processed in accordance with instructions
frorn application software. Active video may be continu-

ously displayed and selected portions of the video stream

may be separately captured for processing by CPU 104. A
relatively simple controller 108 is used and a separatc
microprocessor is not reguired. FIG. 6 shows a block
diagram of the portion of controller 108 that formats and
routes the digital video data from the video stream decoder

102. Controller 108 contains a formatter 254 that initially

accepts input from video stream decoder 102 of FIG. 1
through a line-251. Formatter 254 converts the incoming
digital video data into a desired format. In the exemplary
-embodiment, four formats are supported: (1) 4:1:1 format
which has four luminance values for each pair of Cr and Cb
chrominance values; (2) 4:2:2 format which has four Iumi-
nance values for every two pairs of Cr and Cb chrominance
values; (3) monc which hes only luminance values; and (4)
an jconized format which is 4:2:2 format downscaled by a
factor of four (three of every four pixels are discarded).
Formatter 254 simply discards extra chrominance values for
- each of the formats (all of which are discarded i mono) and
for the jconized also discards three out of every four pixels.
The formatted pixels are then packed into DWORDs for
subsequent storage in display memory 110. As each
DWORD is formed, it is inserted into a FIFO 256. The
DWORDs are then sent to a memory bus-controller 258 and
routed to display memory 110 via a memory bus 266.
Controller 108 contains control logic 260 which controls
the video processing. The control logic 260 has an internal
counter that counts the pixels as they are received on line
251 and keeps track of the carrent video line number. The
control Jogic 260 also has a set of state registers. The control
logic traverses control structure list 130 and retrieves each
control structure in furn. The values in each confrol structure
are loaded into the state registers via memory bus interface
258. A finite state machine in the control logic controls the
operation of formatter 254, FIFO 256, and memory bus
interface 258 according 1o the internal counter and state
. regislers. After the finite state machine determines that the
portion of video data indicated in the current control struc-
ture has been processed (which may be determined from the
internal line counter), the next control structure is loaded. As
described above each control structure can have a unique
capture format or can be marked to drop specific lines of 2
field. In addition, each control structure contains values that
determine where the corresponding portion of video data
will be stored in the display memory. The finite state
machine nses these values to control memory bus interface
258 so the DWORDs of video data from FIFO 256 are sent
to the correct location in the display memory 110.
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Controller 108 may operate in two clock domains. Digital
video data may be reccived on line 251, formatted by
formattet 254 and stored in FIFO 256 according to the video
pixel clock rate. The control logic 260 and memory bus
interface 258 may operate at a higher memory clock rate
(which may be 50 MHz for example). The memory clock
allows data to be transferred to and from memory at a much
higher raie than is provided by the pixel clock.

Embodiments of the present invention may be used
advantageously in a novel multimedia system. FIG. 2 is a
simplified block diagram illustrating such a system, gener-
ally indicated at 400, for processing audio, graphics, and
video in a persomal computer. Referring to FIG. 2, this
system includes a central processing unit (CPU) 402 and a
main memory 404 for storing both executable commands
and data for the system. In the system of FIG. 2, the CPU
402 and the main memory 404 are connected fo a local bus
406. System 400 also includes peripheral bus controller 408
connected to the local bus 406. In system 400 the peripheral
bus controller 408 provides a PCI bus system although other
bus systems may be supported. A peripheral bus 410 has a
common connection with the peripheral bus controller 408,
with a peripheral J/O interface 412 and with media stream
controller 414, While the peripheral bus 410 is coupled to
the local bus using peripheral bus controller 408 in this
system, other systems may be adapted to support otber
methods of connecting to the local bus, such as direct
connection, buffered connection or comnection through a
combined cache/bridge. Examples of alternative embodi-
ments have been disclosed in a copending patent
application, Ser. No. 08/337,350 filed Nov. 10, 1994 and
entifled “System and Method for Generating Video in a
Computer System,” which is incorporated herein by refer-
ence.

Referring to FIG. 2, the peripheral /O interface 412 is
connected to peripheral equipment 416. The peripheral bus
410 in this system may be a PCI bus which provides a data
bandwidth of thirty two bits in paralle] and which may in the
future provide sixty four bits in parallel. The peripheral
equipment 416 may illusiratively be a printer or disk drive
which is operated in accordance with commands from the

" CPU 402. Ope of ordinary skill in the art will appreciate the
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interconnection and operation of these components.

The peripheral bus 410 shown in FIG. 2 is coupled to a
media stream. controller 414 shown as a single block in FIG.
2 and as a simplified block diagram in FIG. 3. The media
stream controller 414 may be disposed on an imtegrated
circuit chip. Referring to FIG. 2, the media stream controfler
414 receives inputs from a video input controller 418. The
video input controller 418 receives video inputs through a
bus 420 from a video source 422 which may be constructed
in a conventional manner. Video input controller 418 of FIG.
2 corresponds generally to video stream decoder 102 of FIG.
1

The media siream controller 414 also receives inputs
from, and provides outputs to, an audio I/O controller 424
which may be constructed in a conventional manner. The
andio /O controller 424 may provide sound output to
speakers or some other sound output device (not shown) or
receive inputs from a speaker or other sound input device
(oot shown). Preferably, a standard AES/EBU serial audio
interface is used for communication between the media
stream controller 414 and audio J/O controller 424.

The audio subsystem and related portions of system 400
are described in further detail in co-pending application Ser.
No. 08/337,924 filed Nov. 10, 1994 in the names of Paul B.
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Wood and Marc M. Stimak as joint inventors, titled “System
and Method for Command Processing and Data Transfer in
a Computer System for Sound or the Like,” assigned of
record to the assignee of record of this application, and
which is incorporated herein by reference.

A random bus 426 is common with the media siream
controller 414 and a display memory 428. Preferably, ran-
dom bus 426 allows for a high rate of data transfer between
the media stream controller 414 and the display memory
428. In system 400, random bus 426 supports a data transfer
rate of approximately 100 megabytes/sec. (100 MBs) and
includes 2 thirty two bit wide data bus.

The display memory 428 has different portions for storing
data and control information related to various media sub-
systems. For example, the display memory 428 has a portion
430 designated as a “GUI FIFO memory” for storing com-
mands on an overflow basis. The GUI FIFO memory portion
430 and related portions of the system are disclosed in detail
in co-pending application Ser. No. 08/337,939 (attomney’s

file D-2793) filed on Nov. 10, 1994 in the names of David 2

C. Baker and Michael D. Asal as joint inventors, titled
“System for, and Method of, Processing in Hardware Com-
mands Received from Software without Polling of the
Hardware by the Software,” assigned of record to the
assignee of record of this application, and which is hereby
incorporated herein by reference. The display memory 428
also has an audio memory portion 432 for storing informa-
tion related to digital sound J/O. The audio memory 432 is
described in further detail in the above described co-pending
application Ser. No. 08/337,924. The display memory 428
also includes a graphics frame buffer memory 434 for
storing graphics data, and a vidco input memory 436 for

storing incoming video data. The video input memory 436

corresponds generally to buffer 111 in FIG. 1. A system for
storing graphics data and video data in different portions of
" a display memory is disclosed in detail and claimed in U.S.
Pat. No. 5,406,306, assigned of record to the assiguee of
record of this application, and which is hereby incorporated
herein by reference. It will be recognized that pot all
portions of the display memory 428 meed be active or
resident at the same time. '

The system shown in FIG, 2 uses a video random access
memory (VRAM) for display memory 428. While other
memories (such as 2 DRAM) may be used in some
embodiments, video random access memory has certain
advantages when used for display memory 428 because it
operales at a relatively high serial output clock speed and
because it includes a serial output regisler for shifting out

-digital dala laken from different positions in the display
memory.

The outputs from the graphics frame buffer memory 434
and the video input memory 436 may be provided on a line
438 designated as “Display Data to PACDAC”. The output
on theTine 438 is provided to PACDAC 140 and may include
both data and control information from display memory 428.
The term “PACDAC” refers to a packel based digital-to-
analog converter (DAC). APACDAC and related portions of
the system are described in detail and claimed in co-pending
application Ser. No. 08/214,787 filed Mar. 16, 1994, in the
names of David C. Baker and Jonathan I. Siamm, titled
“Multimedia Graphics System,” assigned of record to the
assignee of record of this application, and which is hereby
incorporated herein by reference. The PACDAC uses a
first-in/first-out buffer (FIFO) to buffer video, graphics or
control related packets received from display memory 428.
The video or graphics related packets may be converted to
analog form and ontput to a video or graphics device.

[
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Preferably line 438 allows for a high rate of data transfer
between display memory 428 and PACDAC 440. In system
400, line 438 supports a data transfer rate of approximately
two bundred megabytes/sec. (200 MBs) and includes a thirty
two bit wide data bus.

In addition 10 receiving dafa and control information
across line 438, PACDAC 440 receives control information
from media stream controller 414 across line 460, also
designated as “Packet Type” in FIG. 2. This control infor-
matjon indicates the type of packet (video, graphics, control
information, etc.) that is being sent to the PACDAC 440 at
any given time. PACDAC 440 also provides certain infor-
mation to media stream controller 414, The PACDAC pro-
vides a video ready signal (VRDY) to the media stream
controller 414 across line 450, also designated as “VRDY”
in FIG. 2. The video ready signal indicates fo the media
stream controller 414 that PACDAC 440 is ready to receive
video related data from display memory 428. The PACDAC
440 also provides media stream controller 414 with certain
status information across 2 bus 470, which is preferably a
standard I°C bus.

Clocking information may also be generated in the PAC-
DAC 440 of the first embodiment. In ope embodiment, clock
signals having frequencies of approximately 16.9344 Mega-
hertz (MHz) and 24.576 MHz are generated. These clock
signals may be provided to the media stream controller 414
across line 472. The 24.576 MHz clock signal may be
divided in half by media stream controller 414 to produce a
12288 MHz clock signal. This provides a 12.288 MHz
clock signal in addition to the 16.9344 MHz clock signal.
Both the 12.288 MHz and 16.9344 MHz clock signals are
sed for audio processing in system 400, The 24.576 MEz
clock signal may also be doubled (to almost 50 MHz) or
quadrupled (to almost 100 MHz) fo provide for high speed
clocking inside the media stream controller 414. The
16.9344 MHz and 24.576 MHz clock signals are also used
in PACDAC 440 1o control video and graphics processing,.

The PACDAC 440 of the first embodiment may have a
random access memory (RAM) and digital-to-analog con-
verters for graphics. For graphics, the binary information in
the graphics frame buffer memory 434 may represent posi-

- tions in a RAM Jook-up table and these positions may have
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binary indications representing pseudo colors. These binary

indications are converted to analog values by digital-to-

analog converters to provide the colors at the different pixel
positions on the graphics display monitor through ports 444
labeled RGB. As disclosed in U.S. Pat. No. 5,406,306, video
information from video impul memory 436 may also be
converted (o a form compatible with the graphics informa-
tion for the graphics frame buffer memory 434 and this
converted video information may be shown in a display
monitor through ports 444.

The primary coordination among the various media com-
ponents of system 408 is provided by media stream con-
troller 414. Portions of media siream controller 414 are
shown in additional detail in FIG. 3. Referring Lo FIG. 3, the
media stream controller 414 communicates with the periph-
eral bus 410 through a main bus interface 500. The main bus
interface 500 is connected to an internal 3-state Hbus 502
allowing communication with various functional modules
attached to.the Hbus. These modules may include, among
other things, 2 video input interface 503 for receiving video
data (which corresponds generally to the portion of control-
ler 108 shown in FIG. 6), 2 VGA controller 504 for graphics,
an audio module 506 for sound, an NTSC/PAL video out
module 507 for outputting video data, a memory refresh

‘module 508 for controlling the refresh of the display
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memory 428, and 2 media buffer access controller 509 which
may allow data to pass through the media stream controller
to the display memory via an Mbus 510 and media buffer
memory controller 512. A GUI accelerator 514 may also be
provided as shown. Other modules such as flash ROM or
Yamaha OPL support may also be added to the Hbus.
Fach of these modules is connected 10 an internal Mbus
510 which provides communication with media buffer
memory controller 512. The media buffer memory controller
512 is 2 memory controller for display memory 428, and
communicates with the display memory across random bus
426. Each of the modules may transfer packets of data to
and/or from the display memory via Mbus 510, media buffer
memory controller 512, and random bus 426. It is highly
desirable to reduce traffic on Mbus 510 and raidom bus 426
because they are shared by multiple, high bandwidth mul-
timedia components.
. APACDAC coniroller 518 is also provided in the media
stream controller 414. The PACDAC controller provides
control information to PACDAC 440. The PACDAC con-
troller 518 -is connected to Mbus 510 and may fransfer
packets of PACDAC control data to media buffer memory
controller 512 over Mbus 510. In addition, the PACDAC
controller 518 may send other PACDAC control information
io media buffer access controller 512 across line 524.
Control information for the PACDAC may then be sent
through the display memory 428 to the PACDAC 440. The
PACDAC controller 518 also provides signals to PACDAC
440 on line 460, also designated as “Packet Type” in FIG. 2,
" which indicate whether a packet reccived by the PACDAC
440 from the display memory 428 contains control infor-
mation or video or graphics related information.

The VGA controller 504, NTSC/PAL video out 507,
PACDAC controller 518, and an I°C controller 520 are
connected to, and may communicate across bus 522. The
media stream controller 414 may communicate with other
portions of the multimedia system of the first embodiment
through the video imput mterface 503, audio module 506,
media buffer memory controller 512, PACDAC controller
518, apd IPC interface 520, Preferably, standard interfaces
such as AES/EBU and I*C are supported.

The video input processing used in the above system will
now be described. Video source 422 provides an analog
video signal to video input controller 418 over line 420.
‘Video input controller 418 converts the analog video signal
into a stream of digital video data. The stream of digital
video data preferably comprises a series of sixteen bit values
representing video pixels. The video pixel data comprises 8
bits of luminance data and 8 bits of chrominance data in
pulse code modulated format. The video input controller 418
can output the video pixel data in one of two formats—a
Synchronous Pixel Interface (SPI) that uses an 8 bit wide
data path and an Asynchronous Pixel Interface (AP that
uses a sixteen bit wide data path. In order to support an 8 bit
wide data path for SPL, the video pixel data is transferred
synchronously: i.e., 8 bits of chrominance data are cuiput on
one clock cycle and 8 bits of luminance data are output on
the mext clock cycle for each pixel. In order to support
scaling to lower resolutions by video imput controller 418
while maintaining synchronization, invalid pizel values may
be sent for pixels that will be stripped out when the video is
displayed at the lower resolution. Two clocks are required to
output one pixel in SPI mode, so 2 2xclock (twice the pixel
clock frequency) is used to output the data. One of the
advantages of this mode of operation is that the pin counts
on the video jnput controller 418 and media stream control-
ler 414 can be reduced. An exemplary video input controlier

40

i

14

418 for system 400 is the BtV2811 integrated circuit avail-
able from Brooktree Corporation, the assignee of the present
patent application. The techmical specification for the
BtV2811 entitled “VideoStream Decoder” dated Feb. 3,
1997 is hereby incorporated herein by reference in its
entirety. The 8 bit SPI is preferred in system 400, although
both the SPI and API are supported.

The controller of the present invention resides in video
input interface 503 of media siream controller 414. FIG.4is
a block diagram illustrating the internal structure 200 of a
portion of video input interface 503. Video data generated by
video input controller 418 of FIG. 2 is preferably received
on an 8-bit bus, shown as line 419 in FIG. 4. The 8 bit stream
of video data is provided at twice the input pixel frequency
(since cach pixel requires two serial bytes to be transferred).
This data is fed to a Byte Stream Decoder (BSD) 203 for
decoding the data stream on line 419, Le., putting the video
pixel data back into 2 parallel 16 bit luminance/chrominance

-format. When the API format is used, the video pixel data is

provided on a 16-bit bus (from line 419 and linc 204a) o a
different decoder 205 (called “other type decoder” or OTH).

In both SPI and APl modes, an additional 8 bits of control
information is provided from the video input controfler 418
to the video input interface 503 of media stream controller
414. The control information indicates the stari of a new
field, whether the current field is even or odd, and the start
and end of a line of video. In SPI mode escape sequences are
used to provide this control information on the same 8 bit
Tine 419 used to transfer video pixel data. As a result, only
8 pins are required for SPL The BSD 203 receives the
control information when SPLis used and outputs the control -
information.on a separate 8 bit line. Thus, while 8 bits are
used to interface between the video input controller 418 and
media stream controller 414, the output from BSD 203 is
asserted on a 24 bit wide bus 206a (16 bits for video pixel
data and 8 bits for control information). API requires 8
additional pins (corresponding to line 204b) to pass the
control information from the video input controller 418 o
the media stream controller 414, so a total of 24 pins are
used for APL The OTH 205 receives the data from these pins
and outpuls it on a 24 bit wide bus 206b.

A multiplexer (MUX) 207 is connected to both BSD 203
and OTH 205. The MUX 207 simply chooses between the
BSD 203 and OTH 205. MUX 207 passes the sclected 16 bit
video pixel data to Formatter (FMT) 214. MUX 207 passes
the 8 bit control information to control logic 209 (shown as
a dashed box in FIG. 4). In particular, the control informa-
tion is sent to a line and pixel counter block (CNT) 208 in
control logic 209 which keeps a count of the line and pixel
being processed. The control logic 209 will be discussed
further below.

Formatter (FMT) 214 receives a stream of 16 bit video
pixel data from MUX 206 and converts the data into one of
four formats (as determined by the control logic described
beiow). The formatter of system 100 supports the following
four formats: (1) 4:1:1 format which has four Juminance
values for each pair of Cr and Cb chrominancs values; (2)
4:2:2 format which has four luminance values for every two
pairs of Cr and Cb chrominance values; (3) mono which has

‘only luminance vahes; and (4) an iconized format which is

4:2:2 format downscaled by i factor of four (three of every
four pixels are discarded). Formatier 214 simply discards
extra chrominance values for each of the formats (all of
which are discarded in mono) and for the iconized format .
also discards three out of every four pixels. Formatter 214
also discards any invalid pixel values that have been inserted
into the stream of digital video data to support scaling to
Jower resolutions by video input controller 418
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The formatted pixels are then packed into DWORDs for
subsequent storage in display memory 428 As each
DWORD is formed, it is inserted into a video FIFO (VFIFO)
216. In one embodiment of the present invention, VFIFO
216 uses FIFO logic and a 16x32 memory array, although a
conventional FIFO may be used as well. The video pixel
data is Joaded into the VFIFO 216 at the video pixel
frequency. When the video pixel data is removed from
VFIFO 216, however, it may be transferred to display
memory 110 using a separate clocking domain (in this case,
a 50 MHz memory bus clock or “MCLK” domain). The
MCLK domain allows high speed data trapsfer from the
media stream controller 414 to display memory 428 which
provides additional bandwidth for use by other multimedia
modules (e.g., VGA. Controller 504, Audio Module 506,
etc.) within the media stream controller 414. The DWORDs
of video pixel data arc removed from VFIFO 216 and
transferred across MBUS 510 through media buffer memory
controlier 512 (shown in FIG. 5) and into the desired storage
location in display memory 428.

Control logic 2019 controls the formatting and routing of
the digital video data in portion 200 of the video input
interface 503. In particular, control logic 209 determines the
format used by formatter 214 as well as the rate that data is
retrieved from VFIFO 216 and the destination of that data in
the display memory. Control logic 209 includes CNT 208, a
bank of state registers (REG) 212 which hold a variety of
control values, and a Finite State Machine (FSM) 210. CNT
208 receives control information from video input controller
418, and keeps track of the line and pixel being processed.
CNT 208 also determines whether an even or odd field is
being processed. The REG 212 hold control values, many of
which are Joaded from control structures stored in the
display memory. The function and format of some of the
registers in REG 212 are described in Tables 14 below.
Table 1 shows the contents of an exemplary video control
register which contains various control bits for the finite
state machine 212. :

TABILE 1

Video Coutryl Register

Bit Field Name  Description

‘7  Enable Video  O=Reset video subsystem

’ 1=Ensble video input processing. This bit should be
held at zero until after clock selection is made in
accordance with bit 6 of this register. This bit is

. reset by the pause function in the contro] structures

6 Clock Select  0=Use 50 MHz MCLE
1=Use video input clock.
Set this bit to one if a BtV2811 is known to be
present from I%C inguiries. Once the clock bil is
sel then the ensble video bil (bit 7 of this register)

. can be sel on a subsequent O operation. ~
5:3 Reserved .
2 Enable Parzlie] PCIL-Bus only
Decoder 0=BtV2811 interface (SPI)

1=Parallel decoder interface (APL)

1:0 Reserved :

Tables 2 and 3 show the contents of an exemplary video one
register and video two register respectively.

10

20

25

35

16

TABLE 2

Video One Register

Bit Description

7:1 Reserved
0 Select PACDAC Controller Video FIFO 1 B. This bit can be set or
reset by the control struchures.
0=Use video buffer A on video FIFO 1 at the top of next frame

1=Use video buffer B on video FIFO 1 at the top of next frame
TABLE 3
_Video Two Register
Bit Description
71 Reservéd

0  Select PACDAC Conlroller Video FIFO 2B. This bil can be set or
resel by the coniro} slructures.
0=Use video buffér A on video FIFO 2 at the top of next frame
1=Use video buffer B on video FIFO 2 at the top of next frame

The media stream controller 414 and PACDAC 440 support
two double buffered video windows. A separate portion of
video input memory 436 is used for each window (referred
to as video window 1 and video window 2). Each window
has two portions (referred to as buffer A and buffer B) to
support double buffering. PACDAC 440 may have separate
video FIFOs (referred 1o as video FIFO 1 and video FIFO 2)
to receive video data from each video window in the display
memory. The single bit in the video one register and video
two register indicates whether buffer A or buffer B of the
respective video window should be used for the next frame.
The PACDAC Controller 518 (shown in FIG. 3) will then
cause data from the selected buffer to be sent to the selected
PACDAC video FIFO for the nex! frame. This allows direct
software control of double buffering for video transfer from

* display memory 428 to PACDAC 440.

45

60

65

_51:22 Cumrent Tag

Table four shows the contents of an exemplary video
address register.

TABLE 4

Video Address Register

Bit(s) Field Name Description

Read Only view of tag field of control structure
in process. Reset to zero by chip reset. Not
defined when enable video (bit 7 of video
control register) is not set.

VRAM DWORD address of first structure in
the control structure list. Note: this always
points to an INIT STRUCTURE followed by a
varsble number of control structures.

21:2  Structure Address

1:0  Reserved

The structure address field in this register is used at the end

of every list of control structures io determine where io
begin the mext list of control structures.

The finite state machine (FSM) 210 uses the information
from CNT 208 and the state registers 212 to control the
formatting and routing of digital video datz in accordance
with a list of control structures stored in the display memory.
FSM 210 is controlled by values loaded into REG 212. The
application software loads some of these values at initial-
ization over HBUS 502. Most values are loaded from control
structures that are siored by the application software in
display memory 428. The software sets up a list of control
structures in display memory 428, and each control structure
tells the video input interface how to treat a corresponding
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portion of the stream of digital video data (what format,
where to buffer it in display memory, etc.). The software can
Ioad the list of control structures into display memory 428 in
* advance of video processing using memory mapped I/O.
FSM 210 traverses the Hist of control structures and loads
values from the control structures into REG 212 to control
video processing. By varying the control information in the
control structures, complex and Hlexible video input process-
ing can be achieved with the simple circuit shown in FIG. 4.

The address of the list of control structures in display
memory 428 is initially loaded into the video address
register (see Table 4) in REG 212. The application software
can set this register via HBUS 510. As was discussed in
connection with FIG. 1, the list of control structures starts
with an init structure and is followed by a list of control
structures. For each control structure, a specified amount of
data is captured and formatted according to the information
in the control structure. The last control structure has a flag
that indicates that the list has been exhausted. FSM 210 then
goes back to the address pointed to by the video address
regisler at the top of the list. Note that by changing the video
address register, the FSM 210 can be cansed to switch to a
different list of control structures to process thc next portion
of the video stream.

The format of the init structure and control structures used
in system 100 is set forth in Tables 5-8 below. Table 5 shows
the format of control information in the init structure.

TABLE 5
Injt Structure
Bit(s) Field Name " Description

31:30 Reserved

29:20 BLANK SRC PIXELS ~ Max number of video sonrce pixels that
can be captured on a vettical blanked
line.

19:10 ACTIVE SRC PIXELS Max number of video source pixels that
cap be captured on a vertical active

- line. "~ . .
90 VERT RELOAD Vertical ine Counter reload value,

The imil structure contains maximum values for the number
of pixels that may be captured for a single blanked or active
line of video. These values are used to safeguard against
captuiing too much data on a line-(which may.overflow the
buffer in the display memory) in the event that video is being
recejved in a fast forward format or other unexpected
format.

Bach control siructure in system 100 confains three
DWORDs. Note that the overall control of the video input
is determined by sequentially reading in a list of these
structures into REG 212 and/or as direct inputs to the FSM
210. The control structure (which comprises a DWORDO, a
DWORD]1, and 2 DWORD2) is described in Tables 6-8.

TABLE 6

Capture Control Structure DWORD0
Bil(s) Field Name Description

31 END_OF_LIST 0=  Process the next sequential control
structure.
1= This is the last control stmcture in the
list. Find the next one to process by
following the Video Address Register

pointer.
30 SET VIDEO 1= Set the video interrupt flag at the end
INTERRUPT of processing this control structure.
29  PAUSE 0=  Conlinue video lisl processing al end

of processing this siructure.
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TABLE 6-continued

Capture Control Structure DWORDO

Bit(s) Field Name Description
1= Reset the enable_video bit, VCR[7]
at the end of processing this structure
and after all data has been stored in
: VRAM.

28:27 FORMAT 00= 4:2:2
01~  4:1:1
10=  mono (Y only)
1l=  jconized format {4 to 1 decimation of

. 4:2:2)
26 SCAN 0= Even fieid only
: 1= Odd field only

25  DROP 0=  Normsl operation, write to VRAM.
1= Drop this field -

24 CHROMA_MODE PCI-Bus only
1=  Enable chroma keying on luminance

LSB (see “Paraliel Decoder Inter-
face’ on page 278 of technical
specification for BtV2115)
0= Pass LSBY through to BtV2487
23 V2 SELECT 0= No change in buffer sclection
ENABLE 1= DWORDO[21] sclects video 2 A/B
buffer

22 ViSELECT 0=  No change in buffer selection

ENABLE 1= DWORDO[20] selects video 1 A/B
buffer

21 V2SELECT 0= Video 2 use buffer A for next frame
= Video 2 use buffer B for next frame

20  ViISELECT 0=  Video 1 use buffer A for next frame
1= Video 1 use buffer B for next frame

19:10 Reserved

$:0 STARTING Matched against byte stream decoder

VERTICALLINE  vertical line count to determine when *
- to start data transfer for this control
strocture.
TABLE 7
Capture Contro] Structure DWORD1

Bit(s)  Field Name Description

31:29  Reserved

28:11 DWORD LINE PITCH Number of DWORDs to add to

address of start of line capture.

The 2 1.SBs of this address must be
zero, Le., this pointer should point
to a 4 DWORD (16 byte) aligned
location in VRAM.

10 Reserved

9:0 VERTICAL LINE Number of vertical lines to be -
EXTENT transferred by the control structure.
TABLE 8
Caplure Control Structure DWORD

Bil(s) Field Nume Description

31:22 TAG This {ag field is visible in the video address
register when this control structore is being
processed.

21:2 MBUS ADDRESS VRAM DWORD address pointer to location
in VRAM to store data captured by this
control stracture. The 2 LSBs of this
address must be zero, Le., this pointer
must point to a 4 DWORD (16 byte)
aligned location in VRAM.

1:0  Reserved
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Among other things, the control structure includes the
starting vertical line (Table 6) for the capture (which tells the
FSM which vertical line to start capturing data according to
the format and other information in the control structure)
and the vertical line extent (Table 7) (which tells the ESM
how many lines of data to capture and transfer into VRAM
using settings from the current control structure before
moving onto the nexl control structure in the list). In Table
6, the scan bit (bit number 26) indicates whether the control
structure corresponds to an even or odd field. If the next field
received by the video input interface 503 is of the wrong
type, FSM 216 causes formatter 214 to discard the field; the
capture will not begin until the next field is received. In
Table 6, the format bits (bits 27-28) are used to control
which of the four supported formats is applied by formatter
214. As discussed above with reference to the exemplary
embodiment of FIGS. 1 and 6, the formatter 214 may discard
chrominance data (or entire pixels for iconized format) from
the video stream to achieve the desired compression. In
addition, a drop bit (bit 25 in Table 6) may be set to cause
formatter 214 to discard all of the lines of video data
corresponding to the current control structure. The address
used to store the resulting formatted video data in the dJsplay
mexmory is indicated by the MBUS address (bits 2-31 in
Table 8). The lines of video data corresponding to the control
structure are stored sequentially start'mg at the MBUS
address. After each line, the address is incremented by the
number of DWORDs indicated by the DWORD ].me pitch
(bits 11-28 in Table 7).

The above control structures may be used to process video
in a manner similar'to that described for the exemplary
embodiment of FIGS. 1 and 6. A further example will now
be described with reference to FIG. 5. FIG. § is a block
diagram illusirating how active video data and closed cap-
tioning data may be captured in accordance with an exem-

- plary list of control structures 602. The list of control
" structures 602 comprises an init structure 604 followed by
ninety control structures (6052—635c). Three control struc-
tures are used 1o process each frame of video data and the list
of control structures is se! up to process thirty sequential
frames. The first control structure for each frame is set up to
capture closed captionincr dara from line 21 of the odd field.
Exemplary settings in the conirol structure would be
FORMAT=mono, SCAN—odd STARTING VERTICAL
LINE=21, DWORD LINE PITCH=number of DWORDS in
a line, VERTICAL LINE EXTENT=mmber of video lines
to capture (in this case 1), and MBUS ADDRESS=the
address of a corresponding line in closed captioning buifer
250. Each control structure corresponding to closed caption~
ing data has an MBUS address pointing to a different line in
closed captioning buffer 250, so the lines containing closed
captioning data are accumulated in buffer 250 in display
memory 428. The second control structure for each frame is
set up to capture active video data from the odd field.
Exemplary seltings in the control structure would be
FORMAT=4:1:1, SCAN=0odd, STARTING VERTICAL
LINE=32, DWORD LINE PITCH=twice the number of
DWORDSs in a line, VERTICAL LINE EXTENT=number of

Y
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DWORDs in a line, VERTICAL LINE EXTENT=number of
lines to capture, and MBUS ADDRESS=the address of the

“first even line address in buffer 252A or B (the VISELECT

bit will be set to cause the frames to alternate between buffer
A and B for double buffering). In addition to the above
settings, the last control structure 635¢ may have the END__
OF__LIST and SET VIDEO INTERRUPT bits sct.

FSM 210 loops through the list and processes the corre-
sponding portions of the video stream accordingly. After
each frame of video data is processed, closed captioning
buffer 250 contains the closed captioning data from the
frame, and either buffer A or B contains the deinterlaced
active video for the frame. While one of the buffers Aor B
is being loaded, the other buffer may be sent to the PACDAC
for display. This process continues until the last control
structure 635¢ is completed after which the ESM 210
generates ap, interrupt to the CPU. For the exemplary list
shown in FIG. 5, 30 frames of video data are processed
before the interrupt is generated. For video streams with 30

. frames per second, one second of closed captioning data is
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lines to capture, and MBUS ADDRESS=the address of the

first odd line address in buffer 252A or.B (the VISELECT

bit in the last control structure for each frame will be set to
cause the frames to alternate between buffer A and B for
double buffering). The third control structure for each frame
is set up to capture active video data from the even field.
Exemplary settings in the control structure would be
FORMAT=4:1:1, SCAN=even, STARTING VERTICAL
LINE=32, DWORD LINE PITCH=twice the number of

60

65
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captured before an interrupt is generated. The CPU may then
retrieve the closed captioning data for further processing.

The last control structure may have the pause bit set, so
the FSM 210 does not loop to the top of the list and
overwrite the closed captioning data in buffer 250 until the
CPU has read the closed captioning data. Alternatively, a
double buffering system can be used for the closed caption-
ing data. While the CPU is reading the closed captioning
data from one buffer, a list of confrol structures may be
capturing more data into a second buffer for incoming closed
captioning data. This may be accomplished by loading the
address of the second Hst into the video address register
when the first list has been completed. Alternatively, a single
list of control structures that is twice as long may be used.
The first thirty control structures for capturing closed cap-
tioning data would have addresses corresponding fo a first
closed captioning buffer, and the second thirty control struc-
tures for capturing closed captioning data would have
addresses corresponding to a second closed captioning
buffer. The SET VIDEO INTERRUPT bit wouid be set in
the middle of the Iist after the first thirty frames have been
processed as well as at the end of the list afier the second
thirty frames have been processed. After the first interrupt
the CPU would retrieve data from the first closed captioning
buffer and after the second interrupt the CPU would retrieve
data from the second closed captioning buffer. This double
buffering allows continnous video processing with infre-
quent interrupts for processing closed captioning data (or

other selected portions of the video stream).

Thus, the control structures allow closed captioning to be
buffered separately while live video may be sent to PAC-
DAC 440 for display. An interrupt is only generated when a
desired threshold amount of closed captioning data has been
captured. This reduces interrupt frequency and system bus
traffic, The CPU may use efficient block transfer commands
to retrieve the entire closed captioning buffer at once, rather
than relrieving each line of closed captioning data piece-
meal. The amount of closed captioning dala that is captured
before an interrupt is generated is determined solely by the
list of control structures and, as a result, may be flexibly
determined by application software at riin time. For instance,
if the application software downloads a list of- control
structures that is half as long, an interrupt will be generated
twice as often. Alternatively a higher intermpt frequency can
be achieved by setting the interrupt bit in a control structure
in the middie of the Iist as well as at the end.

In another embodiment of the present invention, a list of
control structures can be used to capture closed captioning
data while displaying a small icon sized video window.




Case 8:12-cv-00460-CJC-JPR Document 1 Filed 03/22/12 Page 25 of 30 Page ID #:29

5,805,173

21

The CPU can search the closed captioning data for
specific words or phrases (such as the name of a specific
company or news event) while a small video icon is dis-

played in the corner of the display screen. When the wordor -

phrase is detected by the CPU, application software may
automatically load a nmew list of control structures into
display memory 428 and change the value in the video
address register. The new list of control structures may
change the video format and enlarge the display so a viewer
can observe the broadcast that used the selected word or
phrase. )

The above application may be implemented using a
relatively long list of control structures and very small
buffers in the display memory for the closed captioning and
_ jconified video. A list of control structures may be setup to
process 30 frames of video as described above. with the last
control structure confignred to generate an interrupt. Each
frame is processed by a set of two control structures (3
DWORDs in each structure). The first structure corresponds
to the closed captioning data and has settings as described
above. The second struclure corresponds to the aclive video
data for the odd field and has an MBUS ADDRESS pointing
to a single small buffer in the display memory. The FOR-
MAT in the second control structure is set to iconized format
(4 to 1 decimation of 4:2:2).

Each closed captioning structure points to a different line

in a closed captioning buffer while each icon structure points
to the same video buffer. The CPU will be interrupted once
per second to process an entire second’s worth of closed
captioning information. This requires approximately 181
DWORD:s to hold the structure list, 4K DWORDs to hold
the closed captioning and 256 DWORDs to hold the video
icon. :
To allow for interrupt latency in the CPU, the actual
structure may be configured to process closed captioning
data in a double-buffered’ fashion. Two closed captioning
buffers may be used. The list of control structures may be
twice as long (i.e., capturing 60 frames) with interrupts
generated in the middle of the list (after 30 frames) and at the
end of the Hst (after 60 frames). In one embodiment, the
TAG (see Table 8) is set to “01h” for the control structures
used lo capture the first thirty frames worth of closed
captioning data, and the TAG is set to “02h” for the control
structures used to capture the second thirty frames worth of
closed captioning data. Software can view the TAG field to
determine which second’s worth of closed captioning data is
currently being processed, and can retrieve the other sec-
ond’s worth of closed captioning data without interfering
with ongoing processing.

The foregoing description is presented to epable any-

person skilled in the art to make and use the invention.
Descriptions of specific designs are provided only as
examples. Various modifications to the preferred embodi-
ment will be readily apparent to those skilled in the art, and
the generic principles defined herein may be applied to other
embodiments and applications without departing from the
spirit and scope of the invention. For instance, any variety of
data can be sent during the vertical blanking interval, such
as text data sent according to the teletext protocol. Aspecis
of the present invention are easily adapted to capture such
- data as well as portions of the active video data. In addition,
embodiments of the present invention may use confrol
structures thal correspond to a certain range of pixels (ratber
than vertical lines) in the video stream. In such
embodiments, specific ranges of video pixel data may be
separately captured and processed without requiring that
entire vertical lines be captured.
‘While this invention has been described and fllustrated
with reference to particutar embodiments, it will be readily
apparent to those skilled in the art that the scope of the
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present invention is not limited to the disclosed embodi-
ments but, on the contrary, is intended to cover numerous
other modifications and equivaleat arrangements which are
included within the spirit and scope of the following claims.

We claim:

1. A system for processing an analog video sigmal in
accordance with instructions from an application software,
comprising:

a video decoder for converting the analog video signal to

digital data;

a display memory for storing data for display;

a control structure list located in the display memory;

the control structure list containing a plurality of control

structures, the contents of which being supplied by said
application software; and

a controller for processing said digjtal data in accordance

with said control structures. ’

2. The system of claim 1 wherein said analog video signal
contains encoded text, wherein said controller is capable of
separaling said digjtal data inlo a video portion and a lext
portion, and wherein said control structure list contaios at
ieast one control structure for controlling said video portion
and at least one control structure for controlling said text
portion.

3. The system of claim 2 further comprising:

a first buffer for storing said text portion; and

means for generating an interrupt when said first buffer is

substantially full.

4. The system of claim 3 further comprising a second
buffer, said first and said second buffers forming a double
buffering system.

5. The system of claim 4 wherein said first and said
second buffers are located in said display memory.

6. The system of claim 1 further comprising:

wherein the display memory stores said digital data .

processed by said controller; ’

a display driver for generating apalog video signal from

said digital data stored in said display memory;

a CPU; . )

said control structure list containing a first fype of control

structures and a second type of control structures; and
said controller storing digital data processed in accor-
dance with said first and said second types of control
structures to said display memory, said controller also
causing said CPU to further process digital data corre-
sponding lo said first type of control structures.

7. The system of claim 1 wherein said analog video signal
contains encoded text, wherein said control structure list
contains at least a first control structure for controlling video
and at least a second control structure for controlling said
encoded text, and wherein said controller processes said
encoded lexl in accordance with said second conirol struc-
ture,

8. The system of claim 7 further comprising:

a first buffer for storing said encoded text; and

means for generating an interrupt when said first buffer is

substantially full.

9. The system of claim 8 further comprising a second
buffer, said first and said second buffers forming a double
buffering system.

10. A multimedia system for digitally processing analog
video signal, comprising: .

a CPU; ‘

a display memory for storing video and graphic data;

a video decoder for converting said analog video sigmal to

digital data;
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means for generating a control structure list containing a
plurality of control structures, said contro] structures
being stored in said display memory;

a confroller for generating digital video data from said
digital data in accordance with said control structures
and for storing said digital video data in said display
memory; and

a display driver for converting said digital video data
stored in said display memory into corresponding ana-
log signals.

. transferred to the main memory.

10

11. A system for processing a video signal comprising 2

series of frames in accordance with instructions from an
application software, comprising:

a processing unit for executing the application software;

a main memory associated with the processing unit;

a peripberal memory;

a bus system operatively coupling the main memory and

the peripheral memory; and

a video processing system associated with the peripheral

memory for processing the video signal;

wherein the video processing system includes:

a circuit for sending a selected portion of the video
signal from a plurality of frames to the peripheral
memory for storage,; . ,

_a circuit for detecting when the selected portion of the
-video signal for a threshold number of frames has
been stored in the peripheral memory; and

a cireuit for allowing the selected portion of the video
signal for the threshold mumber of frames to be
transferred to the main memory for use by the
application software.

12. The system of claim 11 wherein the circuit for
allowing the selected portion of the video signal for the
threshold number of frames to be transferred to the main
memory for use by the application software includes means
for generating an interrupt signal.

13. The system of claim 11 wherein the video processing
system is programmable such that the application software
is capable of setting the threshold number of frames.

14. The system of claim 11 wherein the video processing
system is programmable such that the application software
is capable of setting the selected portion of video signal to
be stored in the peripheral memory.

15. The system of claim 11, further comprising a display
device; o )

wherein at Jeast a portion of the peripheral memory stores

data to be displayed on the display device.

16. The system of claim 11, wherein the application
software stores control information in the peripheral
memory and the video processing system processes the
video signal in accordance with the control information.

17. The system of claim 16 wherein the contro} informa-
tion includes the threshold oumber of frames.

18. The method of claim 17 wherein the threshold number
of frames is at least thirty.

19. The system of clzim 16 wherein the control informa-
tion includes information defining the selected portion of the
video signal.

20. The method of claim 19 wherein the video signal
contains encoded text and the selected portion of the video
signal is the portion containing encoded lext.

21. The system of claim 11 wherein the threshold number
of frames is at least thirty.

22. The system of claim 11 wherein said video signal
contains encoded text and the selected portion of the video
signal is the portion containing encoded fext.

. 23, The system of claim 22, wherein the encoded text is
closed captioning data and the selected portion of the video
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signal is the portion of the blanking interval containing the
closed captioning data.

24. The system of claim 22, wherein the encoded fext is
teletext data and the selected portion of the video signal is
the portion of the blanking interval containing the teletext
data.

25. The system of claim 11 wherein at least a full second
of the video signal is processed before the selected portion
of the video signal for the threshold number of [rames is

26. The system of claim 11 further comprising a display
device;

wherein the video processing system further comprises:

a circuit for sending a different portion of the video
signal from a plurality of frames to the peripheral
memory for storage; and

a circuit for causing the different portion of the video
signal for the plurality of frames to be transfeired to
the display device for display.

.27. The method of claim 26 wherein the application
software stores control information in the peripheral
memory and the video processing sysiem processes the
video signal in accordance with the control information. -

28. The method of claim 27 wherein a first portion of the
control information contains information for processing the
selected portion of the video signal and a second portion of
the coatrol information confains information for processing
the different porion of the video signal. B

29. In a system including a processing umit, a main
memory &nd a bus system operatively coupling the process-
ing unit and the main memory, a method for capturing data
from 2 video signal comprising a series of frames, the
method comprising the steps of:

providing a peripheral memory operatively coupled o the

bus system;

capturing data from a desired portion of each frame of the

video signal; :

storing the data in the peripheral memory; .

determining each time that 2 desired amount of the data is

" captured and stored in the peripheral memory, wherein

the desired amount includes the desired portion of a

plurality of the frames of the video signal; and
transferring the desired amount of the data across the bus
system to the main memory each time the desired

amount of the data is captured. .

30. The method of claim 29 wherein the step of transfer-
ring the desired amount of the data fuither comprises the
steps of generating an interrupt signal and using interrupt
processing by the processing unit to transfer the desired
amount of the data. '

31. The method of claim 29 further comprising the step of
using the processing unit to program the desired amount in
accordance with instructions from an application software.

32. The method of claim 29 further comprising the step of
using the processing unit to program the selected portion in
accordance with instructions from an application software.

33. The method of claim 29 wherein the desired amount .
includes the desired portion of at least thirty frames.

34. The method of claim 29 wherein said video signal
contains encoded text and the selected portion of the video
signal is the portion containing encoded text.

35. The method of claim 29 wherein at least a full second
of the video signal is processed each time the desired amount
of the data is captured.

36. The method of claim 29 further comprising the step of:

sending a different portion of the video signal from a

plurality of frames to a display device for display.

* % ¥ ¥ &




F‘;ase 8:12-cv-00460-CJC-JPR Document 1  Filed 03/22/12 Page 27 of 30 Page ID #:31

UNITED STATES DISTRICT COURT
CENTRAL DISTRICT OF CALIFORNIA

NOTICE OF ASSIGNMENT TO UNITED STATES MAGISTRATE JUDGE FOR DISCOVERY

This case has been assigned to District Judge Cormac J. Carney and the assigned
discovery Magistrate Judge is Jean P. Rosenbluth.

The case number on all documents filed with the Court should read as follows:
| SACV12- 460 CJC (JPRx)

Pursuant to General Order 05-07 of the United States District Court for the Central
District of California, the Magistrate Judge has been designated to hear discovery related
motions.

All discovery related motions should be noticed on the calendar of the Magistrate Judge

NOTICE TO COUNSEL

A copy of this notice must be served with the summons and complaint on all defendants (if a removal action is
filed, a copy of this notice must be served on all plaintiffs).

Subsequent documents must be filed at the foliowing location:

[] Westen Division [X] Southern Division Eastern Division
312 N. Spring St., Rm. G-8 411 West Fourth St., Rm. 1-053 3470 Twelfth St., Rm. 134
Los Angeles, CA 90012 Santa Ana, CA 92701-4516 Riverside, CA 92501

Failure to file at the proper location will result in your documents being retumed fo you.

CV-18 (03/06) NOTICE OF ASSIGNMENT TO UNITED STATES MAGISTRATE JUDGE FOR DISCOVERY




Case 8:12-cv-00460-CJC=JPR Document 1 |Filed 03/22/12 Page 28 of 30 Page ID #:32
Name & Address:

Nathaniel L. Dilger (ndilger@onellp.com)
Peter R. Afrasiabi (pafrasiabi@onellp.com)
'ONELLP 4000 MacArthur Blvd
Suite 1100, Newport Beach, CA 92660
‘P (949) 502-2870 . F (949) 258-5081

UNITED STATES DISTRICT COURT
CENTRAL DISTRICT OF CALIFORNIA

Digital CBT LLC, CASE NUMBER

. SACV12 - 0460 CIC (JPRx)
PLAINTIFF(S) o

TiVo, Inc.
SUMMONS

DEFENDANT(S).

TO: DEFENDANT(S): TiVo, Inc.

A lawsuit has been filed against you.

Within _ 21 days after service of this summons on you (not counting the day you received it), you

must serve on the plaintiff an answer to the attached ljcomplaint O amended complaint

[ counterclaim [ cross-claim or a motion under Rule 12 of the Federal Rules of Civil Procedure. The answer
or motion must be served on the plaintiff’s attorney, Nathaniel L. Dilger , whose address is
4000 MacArthur Blvd, West Tower, Suite 1100, Newport Beach, CA 92660 . If you fail to do so,

judgment by default will be entered against you for the relief demanded in the complaint. You also must file
your answer or motion with the court. ’ :

" Clerk, U.S. District _Cdurt W

HAR 22 207 _ DODJIE LAGMA
Dated: ‘ By

Deputy Clerk

(Seal of the Court)

[Use 60 days if the defendant is the United States or a United States agency, or is an officer or emplayee of the United States. Allowed
60 days by Rule 12(a)(3)].

CV-01A (12/07) } SUMMONS
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(b) List the County in this District; California County outside of this District; State if other than Califomia'; or Foreign Comntry, in which EACH named defendant resides.

County in this District:*

[1__ Check here if the government, its agencies or employees is a named defendant. Ifthis box is checked, go to item (c).

California County outside of this District; State, if other than Caljfomia.; or Foreign Country

Santa Clara County

(¢) Listthe County in this District; California County outside of this District; State if other than Californis; or Foreign Country, in which EACH claim ‘arose.
Note: In land condemnation cases, use the Iocation of the tract of land involved. )

County in this District:*

California County outside of this District; State, if other than California; or Foreign Country

Orange County

* Los Angeles, Orange, San Bernardinoe, Riverside, Ventura, Santa Barbara, or Sap Luis Obispo Counties
Note: In land condemnation cases. use the location of the tract of land involved }

X. SIGNATURE OF ATTORNEY (OR PRO PER):

L M A/) / pate March 22,2012 L

Notice to Counsel/Parties: The CV-71 (JS-44) Civil Cov*h\w e information contained herein neither replace nor supplement the filing and service of pleadings
or other papers as required by law. This form, approved by the Judici nference of the United States in September 1974, is required pursuant to Local Rule 3-1 is not filed
but is used by the Clerk ofthe Court for the purpose of statistics, venug and initiating the civil docket sheet. (For more detailed instructions, see separate instructions sheet.)

Key to Statistical codes relating to Social Security Cases:

Nature of Sunit Code

861

862

863

863

864

865

Abbreviation

HIA

BL

DIWC

DIWW

SSID

RSI

Substantive Statement of Cause of Action

All claims for health insurance benefits (Medicare) under Title 18, Part A, of the Social Security Act, as amended.
Alsq, include claims by hospitals, skilled nursing facilities, etc., for certification as providers of services under the
program, (42 U.S.C. 1935FF(b))

All claims for “Black Lung™ benefits under Title 4, Part B, of the Federal Coal Mine Health and Safety Act of 1969.
(30 U.S.C. 923)

All claims filed by insured workers for disability insurance benefits under Title 2 of the Social Security Act, as
amended; plus all claims filed for child’s insurance benefits based on disability. (42 U.8.C. 405(g))

All claims filed for widows or widowers insurance benefits based on disability under Titie 2 of the Social Security
Act, as amended. (42 U.S.C. 405(g))

All claims for supplemental security income payments based upon disability filed under Title 16 of the Social Security
Act, as amended.

All claims for retirement (old age) and survivors benefits under Title 2 of the Social Security Act, as amended. (42
US.C.(g) .

CV-T1 (05/08)
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Case 1:11-cv-00917-SL.» Document 12 Filed 03/22/12 Pay< 1 of 1 PagelD #: 44

IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE

DIGITAL CBT, LLC,
Plaintiff,
V. C.A. No. 11-cv-00917 SLR
TIVO INC,,

Defendant.

NOTICE OF DISMISSAL

Pursuant to Rule 41(a)(1)(A)(i) of the Federal Rules of Civil Procedure, Defendant
having not yet answered the Complaint for Patent Infringement, Permanent Injunction and
Damages (D.I. 1) nor having moved for summary judgment, Plaintiff Digital CBT, LLC
voluntarily dismisses this action without prejudice.

Dated: March 22, 2012

By: /s/ Kenneth L. Dorsney
Kenneth L. Dorsney (I.D. #3726)

Of Counsel: MORRIS JAMES LLP

. . 500 Delaware Avenue, Suite 1500
ﬁtﬁ?@loﬁé%%gn(lsar No. 196203 Wilmington, Delaware 19801
Peter R. Afrasiabi (Bar No. 193336) Telephone: (302) 888-6800
pafrasiabi@onellp.com kdorsney@morrisjames.com
ONE LLP
4000 MacArthur Boulevard Attorneys for Plaintiff Digital CBT LLC

West Tower, Suite 1100
Newport Beach, California 92660
Telephone: (949) 502-2870
Facsimile: (949) 258-5081

Attorneys for Plaintiff Digital CBT LLC.




EXHIBIT E




From: Nate Dilger <ndilger@onellp.com>
Subject: Standing Issue
Date: July 18, 2012 12:39:12 PM PDT
To: Alexander Giza <agiza@raklaw.com>
Cc: Peter Afrasiabi <pafrasiabi@onellp.com>

Alex:

Further to our call today, please let me know whether TiVo will oppose
DCBT's anticipated request pursuant to 41(a)(2) to dismiss its
complaint against TiVo. The reason for this request is to correct a
potential standing issue with the pending complaint. The pertinent
facts are:

" Conexant Systems, Inc. ("Conexant") had previously assigned to
Agranat IP Licensing LLC ("Agranat") all right title and interest in

the asserted '173 patent.

" Agranat thereafter assigned the '173 patent to Plaintiff

Digital CBT LLC.

" Having obtained what it believed to be all necessary rights in

the ‘173 by operation of the above agreements, Digital CBT filed the
original Delaware complaint and then - in March of 2012 - the current
CD Cal complaint.

" Digital CBT recently learned facts indicating that the '173

patent was in fact not held in the name of Conexant, but was instead
held in the name of a wholly-owned Conexant subsidiary, Brooktree
Broadband Holding, Inc. (“Brookiree”). Digital CBT and Conexant had
previously understood that Conexant had acquired all rights in the
‘173 patent

through its earlier acquisition of Brooktree and all Brooktree’s patent assets.

In light of the above facts, there is a question regarding whether

Digital CBT has sufficient standing to maintain the present lawsuit.

To correct this potential issue, Digital CBT has obtained a

confirmatory assignment from Brooktree confirming that Digital CBT has
all necessary rights in the '173 patent to maintain this lawsuit.

Digital CBT will thus request that the court dismiss the original CD

Cal complaint in favor of a newly filed complaint. This will cure any
potential standing defect and prevent any resources being spent




unnecessarily on this issue.

Please let me know if TiVo has reason to oppose this proposed course
of action. | am currently on vacation through next Monday, but am
available at 714.381.9350 to discuss live.

Best regards,

Nate

One LLP

Los Angeles e Orange County

4000 MacArthur West Tower, Suite 1100
Newport Beach, CA. 92660
949-502-2874 / 714-381-9350




