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67 ABSTRACT

Asystem is provided for maintaining an edit decision list for
an audio/video reproducer so as to maintain synchronization
across discontinuous position references, such as timecode.
Discontinuities are detected, measured and the edit decision
list maintained with one pass in real time. The system may
be implemented into separate nodes of an asynchronous
network. The system generally operates by first receiving a
timecode. A discontinuity is detected within the timecode
and the edit decision list is searched for a corresponding
timecode discontinuity. If a corresponding timecode discon-
tinuity is not found in the edit decision list, the edit decision
list is maintained by creating and adding a timecode corre-
sponding to the detected timecode discontinuity. Dropouts
and errors in the timecode are detected and corrected and a
sequential timecode is generated. A selected segment of
digital audio/video is opened using the sequential timecode
and a continuous audio/video stream is created from the
maintained edit decision list.

22 Claims, 4 Drawing Sheets

10
46
34 /
< TN
EDL Data Access dit
Modifying > Dec_|s|on
36 Program 4 38 12 List
S/ /2y
Timecode Timecode Ly Edit Timecode Timecode EDL Audio )Audio
with Edits Receiver Identifier Generator | |Sequential Receiver Player Out
42 A A Timecode T
20 Audio
Resolver ~ Files
40
Digital Audio Reproducer
Initializer
EDL Modifier

RODE Exhibit 1057

RADE Microphones, LLC, et a. v. Zaxcom, Inc.
|PR2025-00230

Page 1 of 9



U.S. Patent Aug. 3, 2004 Sheet 1 of 4 US 6,771,881 B1

Continuous
Timecode
10
\ 28 4 Edit "
\ Timecode (—12 Decision 1T
26\ 16 Receiver List
S A 4 \ o4 ¢
Audio utput | / |eoLAudio| |22
Out ~ Draw < Buffer < » Player
Circuit / >
30 —32 T
Buffer [€ Audio | } 20
14~ | Maintainer Files

Digital Audio Reproducer

FIG. 1
(PRIOR ART)

RODE Exhibit 1057

RADE Microphones, LLC, et a. v. Zaxcom, Inc.
|PR2025-00230

Page 2 of 9



US 6,771,881 Bl

Sheet 2 of 4

Aug. 3, 2004

U.S. Patent

¢ 'Old
18lJIpolN 11a3
lozienu| [ ——
Jaonpoiday oipny [eubig
_
ov
s9jld4 19Aj0S9Y j[———
olpny H
6 epooawll | Y ay
Jokeld lanpooy [enuanbeg| | iojeisusn Jsynuep| JoAl00Y
olpny 1ad dpodoswil ] < opodsul| ip3 AR Spodawl]
T / / $\ v N
1817 ot 8e wesboid 9
uolsioag Burkyipoy
1p3 SS8%0Y Eled 1a3
\\
[ o
ot

SHIp3 yim
8poosLul|

1%

|PR2025-00230
Page 3 of 9

RG@DE Exhibit 1057

RADE Microphones, LLC, et a. v. Zaxcom, Inc.



U.S. Patent Aug. 3, 2004 Sheet 3 of 4 US 6,771,881 B1

END 01:00:10:00 02:00:10:00 02:00:15:00
| ] | 1
I T i

1
START 01:00:00:00 02:00:00:00 02:00:11:00

TIMECODE TO EDL MODIFIER

FIG.3
EDIT DECISION LIST
START DURATION
FIG 4 01:00:00:00 00:00:10:00
02:00:00:00 00:00:10:00
02:00:11:00 00:00:04:00
END 01:00:24:00
Ir |

|
START 01:00:00:00

TIMECODE TO EDL PLAYER

FIG.5

RODE Exhibit 1057
RADE Microphones, LLC, et a. v. Zaxcom, Inc.

IPR2025-00230
Page 4 of 9



US 6,771,881 Bl

Sheet 4 of 4

Aug. 3, 2004

U.S. Patent

9'9Ol4

0¢
sa|ld
opny
[44
\
1ofeld |« >
olpny a3 (
81
| s
uoisinaq — pus juoi4
up3 1efeld 1q3
14%
A 4
~.
%_m‘_mo‘_n_ Jsynuepi
UIKIPo [« up3
103 -

14 pu3 yoeg Jayipo 1a3

NIOM]BN

paziexoed

nno

4

i ™~ pu3 oed
. |1ourelurey soheld 103
71 ieyn
i WVNm 0¢
\ oIy
» layng meiq
ndino
/wF A /
lonleoay 9z
epooauwi] [
x ct 8z
J8Aj0SeY
1
44
lojelausy) P
opooBwlL < 19ZI/eIU| ¢
8t 0¥ 19A1809Y
apooswl ]
\
og

pu3 juoi4 JBipoN 103

» 1afeld
143

SHP3 uim
apooaw |

RG@DE Exhibit 1057

RADE Microphones, LLC, et a. v. Zaxcom, Inc.

|PR2025-00230

Page5of 9



US 6,771,881 B1

1
METHOD FOR MAINTAINING EDIT
DECISION LISTS FOR DIGITAL AUDIO/
VIDEO REPRODUCERS TO MAINTAIN
SYNCHRONIZATION ACROSS TIMECODE
EDITS

BACKGROUND OF THE INVENTION

This invention relates to digital audio/visual reproducers
or EDL players. More particularly, the present invention
relates to a method for maintaining edit decision lists of
digital audio/video reproducers to maintain synchronization
across timecode edits.

Picture and sound editorial work for movies and televi-
sion is currently done, for the most part, on digital work-
stations. These workstations may use a “flat file” format in
which all of the elements are grouped into a single and
relatively long file. When sound editorial work is done on
physical media, such as film, the sounds are cut with blank
film, called leader, between film. The result is equivalent to
a flat file. Modifying the sound track requires splicing the
film. This is often called destructive editing.

Another workstation format is known as “edit decision
list” (EDL) using an EDL digital audio reproducer (EDL
player). In the EDL format, a small file of text information
references a number of elements in individual audio files by
the elapsed time. The entries in the EDL describe the
attributes of each edit and the file name of the new clip. The
digital audio/video reproducers that use EDL’s reproduce
audio/video locked to a continuous stream of timecode
imprinted on the film by playing segments of audio/video in
a seamless sequence. The length and location of these
segments is determined by entries in the EDL. The method
of joining the segments may be either a programmed cross-
fade or a hard splice. Typically, in audio editing, the entries
are cross-faded to avoid audible pops and clicks caused by
sudden steps at edits.

Once the editorial work is done, the results may then be
stored in a flat file. This may be done directly for video or
sound. In the case of film editorial done on AVID or similar
systems, a negative cutting list is generated. The film nega-
tive is cut to match the EDL. In a typical EDL player, sounds
are buffered for some time in advance, perhaps several
seconds. When a segue from one sound clip to another is
done, a cross-fade is computed and the incoming cross-
faded sound clip is appended to a buffer in the EDL player.

EDL’s are known as a non-destructive editing format. By
manipulating a list, two distinct advantages are gained over
the flat file format. First, changing reference files allows
quick and easy editing. Second, by not copying files to
perform edits, time and storage space are saved.

Position information and rate information are required to
play back digital audio in synchronization with the video.
Once the position in the EDL is established, the EDL player
opens the appropriate sound clip on the appropriate sample.
The rate information determines the rate at which samples
are drawn from the file, Thus, EDL’s allow large amounts of
data to be manipulated by modifying only a small list, saving
time and storage space during editorial work

However, implicit in the design of an EDL player is that
the position information, i.e. timecode, will be sequential.
Behavior at timecode discontinuities is unpredictable. Dis-
continuities in position are dealt with in an unspecified
manner, for example, a likely result of timecode position
discontinuity could be a momentary mute of indeterminate
length while the current clip or file was closed and the
appropriate clip was opened.
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Thus, although EDL player’s present several advantages,
position information such as timecode must be continuous
for their proper operation. Digital audio/video reproducers
that use EDL’s are therefore not appropriate for use in
applications where timecode is discontinuous. Subsequent
splicing or other damage to the film can disrupt the conti-
nuity of the positional timecode and cause the momentary
mutes described. One such instance is theatrical exhibition
of timecoded films having trailers and splices.

Systems have been devised to address this and similar
problems. For example, one method of playing back audio
to discontinuous timecode essentially uses the timecode
itself as the EDL. When a discontinuity is detected, audio
from the new file is appended to the buffer according to the
new timecode. Although this method is simple, the edits are
not cross-faded. In the case of APT compressed digital audio
data, such as the DTS digital theater system, an uninten-
tional cross-fade occurs because of the nature of the com-
pressor. If this method were used with uncompressed digital
audio data it would click and pop at edits. Another system
requires a pass of the timecode to record an edit. A second
pass is required for the next edit. Thus, real time continuous
edits are not achieved.

Accordingly, there is a need for a method of maintaining
edit decision lists for EDL players to maintain synchroni-
zation across timecode edits. The present invention fulfills
this need and provides other related advantages.

SUMMARY OF THE INVENTION

The present invention resides in a system and method of
generating continuous position reference, i.e. timecode,
locked to an incoming discontinuous position reference for
input into an EDL player (audio/video reproducer). The edit
decision list of the EDL player is maintained in real time so
that the audio or video output corresponds to the discon-
tinuous incoming timecode.

The system for maintaining the edit decision list for the
EDL player includes receipt of a potentially discontinuous
position reference, an edit decision list driven audio/video
player, means for measuring position reference
discontinuities, such as an edit identifier, means for gener-
ating a continuous position reference to drive the edit
decision list driven audio/video player, such as a timecode
generator, and means for using the measurements to main-
tain the edit decision list, such as an edit decision list
modifying program. The system of the invention ensures
that the audio/video output from the player maintains proper
synchronization and proper transitions between discontinui-
ties. The discontinuities are detected, measured and the edit
decision list maintained with one pass in real time. The
system may be implemented into separate nodes of an
asynchronous network.

The system generally operates by first receiving a time-
code. A discontinuity is detected within the timecode and the
edit decision list is searched for a corresponding timecode
discontinuity. If a corresponding timecode discontinuity is
not found in the edit decision list, the edit decision list is
maintained by creating and adding a timecode correspond-
ing to the detected timecode discontinuity. The initial posi-
tion in the edit decision list is located using the received
timecode. The discontinuity is searched for by comparing
the edit decision list to the time discontinuity. Dropouts and
errors in the timecode are detected and corrected and a
sequential timecode is generated which incorporates the
corrected dropouts, errors and created corresponding time
discontinuity timecode. A selected segment of digital audio/
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video is opened using the sequential timecode and a con-
tinuous audio/video stream is created from the maintained
edit decision list.

Other features and advantages of the present invention

4

with an EDL player 10, as shown in FIG. 2. The EDL player
10, for purposes of explanation, is shown having only the
timecode receiver 12, audio files 20, edit decision list 18,
and EDL audio player 22 although it is to be understood that

will become apparent from the following more detailed 5 the EDL player may include other components as described
description, taken in conjunction with the accompanying above.
drawings which illustrate, by way of example, the principles A timecode receiver 36 of the EDL modifier 34 receives
of the invention. initial timecode potentially having edits or other disconti-
nuities. The timecode receiver 36 intercepts the potentially
BRIEF DESCRIPTION OF THE DRAWINGS 10 discontinuous timecode that would have caused an unpre-
The accompanying drawings illustrate the invention. In ~ dictable audio/video event in the EDL player 10. The
such drawings: timecode receiver 36 filters out dropouts and bit errors in the
FIG. 1 is a functional block diagram illustrating various %ncon.ling timecode. The iniﬁ‘“%l timecode is read and 10?(.16(1
components of an existing digital audio reproducer or EDL . mto timecode generator 38 with a posmble qﬁset by initial-
player; izer 4}0 to account for when the 11m§c0de is recelved.and
. . . . . certain system delays, such as the distance from the time-
FIG. 2 is a functlone.ll blO,Ck diagram 111us%rat1ng compo- code reader to the film projector gate (not shown). The speed
9“"5 9f an EDL,mOdlﬁ?r m gccordance with the, pFesent of the timecode generator 38 is locked to the speed of the
invention and its interaction with an EDL player similar to timecode receiver 36 by resolver 42 and generates sequential
FIG. 1; 20 timecode from that point on. The resolver 42 prevents the
FIG. 3 is a representation of discontinuous timecode timecode generator 38 from slipping relative to the timecode
received by the EDL modifier of FIG. 2; receiver input. The incoming timecode is self clocking data,
FIG. 4 is a representation of the EDL list that would be typically two or more frequencies of biphase. The outgoing
generated on the first pass reading of the discontinuous biphase is frequency locked to the incoming biphase. The
timecode by the invention; 25 phase relationship between of the timecode receiver 36 and
FIG. 5 is a representation of the continuous timecode the timecode generator 38 timecode frames, once
generated by the EDL modifier and which is sent to the EDL established, is ignored.
player; and Timecode receiver output is used by an edit identifier 44
FIG. 6 is a functional block diagram of the EDL modifier ., to identify dropopts ar{d b.if errors causpgi ‘by true edits and
and EDL player system in a network implementation. measure these discontinuities in the initial timecode. An
EDL modifying program 46 compares these measured time
DETAILED DESCRIPTION OF THE discontinuities to the edit decision list 18 using a data access.
PREFERRED EMBODIMENTS If a corresponding discontinuity is found in the edit decision
As shown in the drawings for purposes of illustration, the 55 list 18, tpe edi} c}ecisipn list 18.is not altered. However, if no
present invention is concerned with the creation of an EDL such edit dec15}0n h,SF entry 1s found, one is crfza.ted and
list from discontinuous timecode. The invention creates a added to the edit decision list 18. The new entry 1§ 1ns§:rted
new discontinuity entry in the EDL and outputs sequential ata point far enough Flownstream in the ?dlt decision list to
position information to the EDL player so that audio plays permit nom}a.l ope‘ratlon‘of th? EDL audio player 22. .Thus,
uninterrupted. 0 lhe t}c}lt decision list 18 is maintained to match any discon-
With reference to FIG. 1, an exemplary prior art EDL tinuities detect.eq.b . . . .
player 10, or digital audio reproducer, is shown. Such EDL Exemplary 1n1t.1a1 dlscgnllnuous.tlmecode data yecelved
players are commercially available, such as the ED-1 EDL by the EDL modifier 34 is shown in FIG. 3. The timecode
Lister from CB Electronics of Colin Broad, United King- readings under the line indicate the timecode from the
dom. In normal operation, timecode receiver 12 receives 45 HCOMING segment and in this case starts at one hour, zero
continuous timecode from a source, such as the film media. minutes, zero seconds (1:00:00:00) and ends at two hours,
When the timecode is first received, buffer maintainer 14 zero minutes and fifteen seconds (2500:15 :00), for purposes
requests corresponding edit decision list data and sequential Qf egplgnatlon. The Ilrpecode readings abovp the horizontal
timestamps to be delivered to buffer 16. The requests are a line indicate the last timecode of the outgoing segment.
linear index into the edit decision list 18. The edit decision 5o  The first edit represents a reel change at one hour, ten
list 18 indexes data from the EDL audio files 20 which is seconds (01:00:10:00) and due to the reel change, the
timestamped and sent to the buffer 16 via the EDL audio timecode shifts to two hours, zero minutes, zero seconds
playcr 22 in thc form ()f asynchronous data 24 Thc da[a and (02000000) ThlS disconlinuity WOuld most hkely already
timestamps are aligned to timecode receiver 12. Output be incorporated into the edit decision list 18 as it is antici-
draw circuit 26 is started and obtains output data clock 28 ss pated or known when the edit decision list 18 was originally
from timecode receiver 12 which derives the output data created.
clock 28 from the rate of the incoming timecode. Synchro- However, a second edit, for example a film splice within
nous EDL player data 30 is drawn from buffer 16 by output  a reel, is shown to the right of the reel change edit. This
draw circuit 26. Timestamp on data from buffer 32 is second edit is found at two hours and ten seconds and lasts
compared to timecode receiver data in order to start play of 6o for one second (02:00:10:00 to 02:00:1 1:00). This edit is
EDL data when buffers are initialized, or to stop playing identified and measured by the edit identifier 44, analyzed
EDL data when a discontinuity is found. As described above, and compared to the edit decision list 18 by the EDL
such a discontinuity can cause pauses or pops in the audio modifying program 46, and due to the fact that the edit
output. represents a film splice occurring after the creation of the
In order to resolve the interruptions in audio output 65 edit decision list 18, would most likely not be found in the

caused by discontinuities in the timecode, the present inven-
tion incorporates an EDL modifier 34 for use in conjunction

edit decision list 18. Thus, if the EDL player 10 were to
experience this-timecode discontinuity in normal operation
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5

without the invention there would be a pause during the
timecode interruption between the two hour and ten second
timecode and the two hour and 11 second timecode, possibly
creating a pop or other audio interrupt.

6

data and sequential timestamps to be delivered on pack-
etized data to buffer 16. The data and timestamps are aligned
to timecode receiver 12.

With reference to the EDL player front end of FIG. 6, the

Referring now to FIG. 4, a portion of an exemplary edit 5 EDL audio player 22 receives the requests for the packetized
decision list 18 which has been modified is shown. The edit d%ta for EDL timestamps and date} to be sent on the pack-
decision list 18 includes the start timecode reading of one ctized network. In normal operation, the requests are for
hour (01:00:00:00) and the duration of ten seconds §equeqt1al data a.nd tmestamps. The requests are a l.mear

PP . - . index into the edit decision list 18. The edit decision list 18
(00:00:10:00) until the first ed%L The reel change is shqw nat indexes data from the audio files 20, which is timestamped
two hogrs (02190200:00)' During the ﬁ.rsl pass .Of thg initial 19, 4 Sent on packetized data througt; the network to buffer
discontinuous t}meco‘de, the .EDL rr.lodlﬁer 34. 1der}t1ﬁes the 16.
§ec0nd ﬁ.lm sp.hf:e edlt and dlscoverlng that thlS.edlt was not Referring back to the EDL player back end of FIG. 6,
in thf.: edit decision list 18, add§ the edit tp the list 18 so that output draw circuit 26 is started and obtains output data
the list now reads that there is a duration of ten seconds ¢lock 28 from timecode receiver 12 which derives the output
(00:00: 10:00) until the second edit at two hours, ten seconds 5 4.1, clock 28 from the rate of the incoming timecode.
(02:00: 10:00) and for a duration of one second tq start at Synchronous EDL player data 30 is drawn from buffer 16 by
two hours and .eleven seconds. (02:00:11:00). The timecode output draw circuit 26. Timestamp data from buffer 32 is
then proceeds in normal fashion for the next four seconds compared to timecode receiver data in order to start play of
(00:00:04:00) to the end at two hours fifteen seconds EDL data when buffers are initialized, or to stop playing
(02:00:15:00). ** EDL data when a discontinuity is found. The average depth

FIG. 5 illustrates the outgoing timecode from the EDL of buffer 16 remains constant as the output data clock 28 and
modifier 34 which is sent to the EDL player 10. As the edit timecode data have identical rates. Also available on times-
decision list has been maintained and dropouts and errors tamp data 32 is the depth of information for the buffer 32.
corrected, the timecode is sequential after the first pass In the case of the timecode receiver dropouts, buffer depth
reading and represented without any edits or breaks for the *° is maintained to freewheel over the dropouts. When it is
entire twenty-four second time period (01:00:00:00 to determined that the timecode has ceased, the buffer 32 is
01:00:24:00). allowed to empty. The output is an edited audio/video stream

Referring back to FIG. 2, the sequential timecode pro- free of pauses, clicks or pops that corresponds to the
duced by the timecode generator 38 is fed to the timecode discontinuous timecode at the input to the EDL modifier
receiver 12 of the EDL player 10 and used to locate an initial timecode receiver 36.
position in the edit decision list 18 and open the selected Although several embodiments have been described in
segment of digital audio/video. The timecode generator 38 detail for purposes of illustration, various modifications may
continues to produce sequential and continuous timecode be made without departing from the scope and spirit of the
which is a linear index into the edit decision list 18. The .. invention. Accordingly, the invention is not to be limited,
output of the EDL player 10 is an edited audio/video stream except as by the appended claims.
that corresponds to the edited timecode at the input of the What is claimed is:

EDL modifier 34. 1. A method for maintaining edit decision lists for digital

FIG. 6 is a system block diagram of the invention having audio/video reproducers to maintain synchronization across
the same general components and generally functioning the ,, timecode edits, comprising the steps of:
same as that illustrated in FIG. 2, but in a network imple- receiving a timecode;
mentation. It will be noted that the EDL modifier 34 and detecting a discontinuity within the timecode;

EDL player 10 are split into two sections each, a front end searching for a corresponding time discontinuity in an edit
and a back end, at each end of the network connection. decision list; and

Referring to the EDL modifier front end, timecode receiver ,5 maintaining the edit decision list by creating and adding
36 receives potentially discontinuous timecode having edits. a timecode corresponding to the detected time
On initial reception, timecode generator 38 is started with a discontinuity, if a corresponding time discontinuity is
potentially offset value. The resolver 42 locks the rate of the not found in the edit decision list.

timecode generator 38 to the timecode receiver 36. Once the 2. The method of claim 1, including the step of locating
t@mecode generator .38 is started? it generates cor}tinuous 50 an initial position in the edit decision list using the received
timecode until the timecode receiver 36 ceases. Timecode timecode.

receiver data is sent via packelizs:d data through the networ.k 3. The method of claim 1, wherein the searching step
to the EDL modifier back end. Timecode generator outputis  jncludes the step of comparing the time discontinuity to the
sent to the EDL player back end. edit decision list.

Referring to the EDL modifier back end of FIG. 6, edit ss 4. The method of claim 1, including the step of detecting
identifier 44 receives timecode data via the packetized and correcting dropouts and errors in the timecode.
network and identifies and measures timecode discontinui- 5. The method of claim 1, including the step of generating
ties. EDL modifying program 46 maintains the edit decision a sequential timecode.
list 18 in the EDL front end to match the discontinuities as 6. The method of claim 5, including the step of opening
described above. 60 a selected segment of digital audio/video using the sequen-

Referring to the EDL player back end of FIG. 6, in normal tial timecode.
operation, timecode receiver 12 receives continuous time- 7. The method of claim 5, wherein the sequential time-
code from a source, such as the film media. However, with code incorporates corrected dropouts and errors of the
the present invention, the timecode receiver 12 receives the received timecode.
timecode data from timecode generator 38. When the time- 65 8. The method of claim 5, wherein the sequential code

code is first received, buffer maintainer 14 requests, via the
packetized data network, corresponding edit decision list 18

incorporates the created corresponding time discontinuity
timecode.
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9. The method of claim 1, including the step of creating
a continuous audio/video stream from the maintained edit
decision list.

10. A method for maintaining edit decision lists for digital
audio/video reproducers to maintain synchronization across
timecode edits, comprising the steps of:

receiving a timecode;
detecting a discontinuity within the timecode;

searching for a corresponding time discontinuity in an edit
decision list by comparing the detected time disconti-
nuity to the edit decision list;

maintaining the edit decision list by creating and adding
a timecode corresponding to the detected time
discontinuity, if a corresponding time discontinuity is
not found in the edit decision list;

generating a sequential timecode; and

creating a continuous audio/video stream from main-

tained edit decision list.

11. The method of claim 10, including the step of locating
an initial position in the edit decision list using the received
timecode.

12. The method of claim 10, including the step of opening
a selected segment of digital audio/video using the sequen-
tial timecode.

13. The method of claim 10, including the step of detect-
ing and correcting dropouts and errors in the timecode.

14. The method of claim 13, wherein the sequential
timecode incorporates corrected dropouts and errors of the
received timecode.

15. The method of claim 10, wherein the sequential code
incorporates the created corresponding time discontinuity
timecode.

8

16. A system for maintaining edit decision lists for digital
audio/video reproducers to maintain synchronization across
timecode edits, comprising:

a potentially discontinuous position reference;

an edit decision list driven audio/video player;

means for generating a continuous position reference to
drive the edit decision list driven audio/video player;

means for detecting and measuring the position reference

10 discontinuities; and
means for using said measurements to maintain the edit
decision list such that audio/video output maintains
proper synchronization and proper transitions between
discontinuities.
15

17. The system of claim 16, wherein the position refer-
ence comprises timecode.

18. The system of claim 16, wherein the means for
generating continuous position reference comprises a time-
code generator which generates sequential timecode.

19. The system of claim 16, wherein the means for
measuring the position reference discontinuities comprises
an edit identifier.

20. The system of claim 16, wherein the means for
maintaining the edit decision list comprises an edit decision
5 list modifying program.

21. The system of claim 16, wherein the discontinuities
are detected, measured and the edit decision list maintained
with one pass in real time.

22. The system of claim 16, wherein the system is
implemented into separate nodes of an asynchronous net-
work.

)
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