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SMPTE STANDARD

SMPTE 12M-1999

Revision of
ANSI/SMPTE 12M-19985

for Television, Audio and Film — N
., Time and Control Code _\SMPTE

N

1 Scope

This standard specifies a digital time and control
code for use in television, film, and accompanying
audio systems operating at 30, 25, and 24 frames per
second.

Clauses 4, 5, and 6 specify the manner in which time
is represented in frame-based systems. Clause 7
describes the structure of the time address and control
bits of the code, and sets guidelines for storage of user
data in the code. Clause 8 specifies the modulation
method and interface characteristics of a linear time
code (LTC) source. Clause 9 specifies the modulation
method for inserting the code into the vertical interval of
a television signal. Clause 10 summarizes the rela-
tionship between the two forms of time and control
code.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions of
this standard. At the time of publication, the editions
indicated were valid. All standards are subject to
revision, and parties to agreements based on this
standard are encouraged to investigate the possibility
of applying the most recent edition of the standards
indicated below.

ANSI/SMPTE 125M-1995, Television — Component
Video Signal 4:2:2 — Bit-Paraliel Digital Interface

ANSI/SMPTE 240M-1995, Television — Signal Pa-
rameters — 1125-Line High-Definition Production
Systems

ANSI/SMPTE 258M-1993, Television — Transfer of
Edit Decision Lists
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ANSI/SMPTE 262M-1995, Television, Audio and Film
— Binary Groups of Time and Control Codes —
Storage and Transmission of Data

SMPTE 170M-1999, Television — Composite Analog
Video Signal — NTSC for Studio Applications

SMPTE 260M-1999, Television — 1125/60 High-Definition
Production System -— Digital Representation and
Bit-Parallel interface

SMPTE 309M-1999, Television — Transmission of
Date and Time Zone Information in Binary Groups of
Time and Control Code

SMPTE RP 159-1995, Vertical Interval Time Code
and Longitudinal Time Code Relationship

SMPTE RP 164-1996, Location of Vertical Interval
Time Code

SMPTE RP 169-1995, Television, Audio and Film
Time and Control Code — Auxiliary Time Address
Data in Binary Groups — Dialect Specification of
Directory Index Locations

ISO/IEC 646:1991, Information Technology — I1SO
7-Bit Coded Character Set for Information Inter-
change

ISO/IEC 2022:1994, Information Technology —
Character Code Structure and Extension Tech-
niques

ITU-R BT 470-4 (1994) Annex, Television Systems
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3 Definitions

3.1 Linear time code (LTC)

The acronym LTC refers to the linear time code modu-
lation system (previously referred to as the longitudi-
nal track application of time and control code).

3.2 Vertical interval time code (VITC)

The acronym VITC refers to the modulation system
used to insert the time code signal in the vertical
blanking interval of a television signal.

3.3 Source

A time and control code source is any device which
generates a time and control code signal, or regener-
ates a time and control code signal from a recorded
medium or transmission channel. An original source
refers specifically to the device which is generating
the time and control code signal.

3.4 Binary coded decimal (BCD)

The binary coded decimal (BCD) system is a means
tor encoding decimal numbers as groups of binary
bits. Each decimal digit (0-9) is represented by a
unique four-bit code. The four bits are weighted with
the digit's decimal weight multiplied by successive
powers of two. For example, the bit weights for a units
digit would be 1x20, 1x 21, 1x 22, and 1 x 23, while
the bit weights for a tens digit would be 10 x 2°,
10x2',10x 22 and 10x 25,

4 Time representation in 30-frame systems

4.1 Definitions of real time and NTSC time

4.1.1 In a system running at a frame rate of 30
frames per second, exactly one second of real
time elapses during the scanning of 30 frames.
An example of such a system is an 1125/60
high-definition system.

4.1.2 In an NTSC television system running at a
vertical field rate of 60/1.001 fields per second
(= 59.94 Hz) , one second of NTSC time elapses
during the scanning of 60 television fields or 30
television frames. Because of the difference in
vertical scanning rates, the relationship between
real time and NTSC time is:
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4.2 Time address of a frame

Each frame shall be identified by a unique and com-
plete address consisting of an hour, minute, second,
and frame number. Refer to ANSI/SMPTE 258M for
standard formats used to display frame-based time.

The hours, minutes, and seconds follow the ascend-
ing progression of a 24-hour clock beginning with 0
hours, 0 minutes, and O seconds to 23 hours, 59
minutes, and 59 seconds. The frames shall be num-
bered successively according to the counting mode
{drop frame or nondrop frame) as described below:

4.2.1 Nondrop frame — Uncompensated mode

Frames shall be numbered 0 through 29, succes-
sively, with no omissions.

4.2.2 Drop frame — NTSC time compensated mode

Because the vertical field rate of an NTSC television
signal is 60/1.001 fields per second (= 59.94 Hz),
straightforward counting at 30 frames per second will
yield an error of approximately +108 frames (+3.6
SecREAL) in one hour of running time.

To minimize the NTSC time error, the first two frame
numbers (00 and 01) shall be omitted from the count
at the start of each minute except minutes 00, 10, 20,
30, 40, and 50.

When drop-frame compensation is applied to an
NTSC television time code, the total error accumu-
lated after one hour is reduced to —=3.6 ms. The total
error accumulated over a 24-hour period is —-86 ms.

4.3 Color frame identification in 525/60 television
systems

If colorframe identification in the time code is required,
the even units of frame numbers shall identify color
fields | and If, and the odd units of frame numbers shall
identify color fields Il and IV.

5 Time representation in 25-frame systems

5.1 Definition of real time

In a system running at a frame rate of 25 frames per
second, exactly one second of real time elapses
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during the scanning of 25 frames. An example of such
a system is a 625/50 television system.

5.2 Time address of a frame

Each frame shall be identified by a unique and com-
plete address consisting of an hour, minute, second,
and frame number. The hours, minutes, and seconds
follow the ascending progression of a 24-hour clock
beginning with O hours, 0 minutes, and O seconds to
23 hours, 59 minutes, and 59 seconds. The frames
shall be numbered successively 0 through 24.

5.3 Color frame identification in 625/50 television
systems

If identification of the eight-field color sequence in
the time code is required, the time address shall
bear a predictable relationship with the eight-field
color sequence (as specified in ITU-R BT.470). This
relationship can be expressed using either logical or
arithmetic notations as given in 5.3.1 and 5.3.2,
respectively.

5.3.1 Logical relationship

Given that the frame and second numbers of the time
address are expressed as BCD digit pairs, the value of
the logical expression (AlB) A C A D A E A F shall be:

1 for fields 1, 2, 3, and 4;
O forfields 5,6,7,and 8

where:

A equals the value of the 1’s bit of the frame number;
B equals the value of the 1's bit of the second number;
C equals the value of the 2's bit of the frame number;
D equals the value of the 10’s bit of the frame number;
E equals the value of the 2's bit of the second number;
F equals the value of the 10’s bit of the second
number;
| represents the logical OR operation;
A represents the logical EXCLUSIVE OR operation.

5.3.2 Arithmetic relationship

The remainder of the quotient:

(S+P)
4

shall be:
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0 for fields 7 and 8;
1 for fields 1 and 2;
2 for fields 3 and 4;
3 for fields 5 and 6

where S equals the decimal vaiue of the seconds
digits of the time address, and P eguals the decimal
value of the frames digits of the time address.

6 Time representation in 24-frame systems

6.1 Definition of real time

In a system running at a frame rate of 24 frames per
second, exactly one second of real time elapses
during the passing of 24 frames. An example of such
a system is a film system.

6.2 Time address of a frame

Each frame shall be identified by a unique and com-
plete address consisting of an hour, minute, second,
and frame number. The hours, minutes, and seconds
follow the ascending progression of a 24-hour clock
beginning with O hours, 0 minutes, and 0 seconds to
23 hours, 59 minutes, and 59 seconds. The frames
shall be numbered successively 0 through 23.

7 Structure of the time address and
control bits

7.1 Digital code

The digital code consists of sixteen 4-bit groups, eight
groups containing time address and flag bits, and
eight 4-bit binary groups for user-defined data and
controf codes.

7.2 Time address

The basic structure of the time address is based upon
the BCD system, using units and tens digit pairs for
hours, minutes, seconds, and frames. Some of the
digits are limited to values that do not require all four
bits to be significant. These bits are omitted from the
time address and include the 80s and 40s of hours,
80s of minutes, 80s of seconds, and the 80s and 40s
of frames. Thus, the entire time address is coded into
26 bits.
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7.3 Flag bits

Six bits are reserved for the storage of flags which
define the operational mode of the time and control
code. Adevice which decodes a time and control code
may utilize these flags to interpret propetly the time
address and binary group data.

7.3.1 Drop frame flag (525/60 television system
only)

This flag shall be set to one when drop-frame com-
pensation is being performed as specified in 4.2.2.
When the count is not drop-frame compensated, this
flag bit shall be set to zero.

7.3.2 Color frame flag (525/60 and 625/50 tele-
vision systems only)

If color frame identification has intentionally been
applied to the time and control code by the original
source, as defined in 4.3 or 5.3, this flag shall be set
to one.

Color frame identification may be forced by an original
source of time and control code by halting the time
address until the color field to time code relationship
is satisfied, after which the time address is incre-
mented normally each frame. As long as neither the
time address counting sequence nor the color field
sequence is changed, the relationship will remain
satisfied.

7.3.3 Binary group flags

Three flags provide eight unique combinations which
specify the use of the binary groups (see 7.4). Three

combinations of these flags also specify the time
address reference as an external precision clock time
reference (see 7.5) and these also select subsets of
the binary group applications.

7.3.4 Modulation method specific flag

The remaining flag bit is reserved for use by each
modulation method. This flag is defined in 8.2.5 and
924

7.4 Use of the binary groups

The binary groups are intended for storage and trans-
mission of data by the users. The format of the data
contained in the binary groups is specified by the
value of three binary group flag bits BGF2, BGF1, and
BGFO. The following clauses define the current
assignments of the binary group flag states. Table 1
summarizes the present assigned combinations.

7.4.1 Character set not specified and unspecified
clock time (BGF2=0, BGF1=0, BGF0=0)

This combination of binary group flags signifies that
the time address is not referenced to an external clock
and that the binary groups contain an unspecified
character set. If the character set used for the data
insertion is unspecified, the 32 bits within the eight
binary groups may be assigned in any manner without
restriction.

7.4.2 Eight-bit character set and unspecified
clock time (BGF2=0, BGF1=0, BGF0=1)

This combination signifies that the time address is not
referenced to an external clock and that the binary

Table 1 - Binary group flag assignments

BGF2 BGF1 BGFO Time address Binary group Reference
0 0 0 Unspecified Unspecified 7.41
0 0 1 Unspecified 8-bit codes 7.4.2
1 0 0 Unspecified Date and time zone 7.4.3
1 0 1 Unspecified Page/line 7.4.4
0 1 0 Clock time Unspecified 7.4.5, 7.5
0 1 1 Unassigned Reserved 7.4.6
1 1 0 Clock time Date and time zone 747,75
1 1 1 Clock time Page/line 7.4.8,7.5
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groups contain an eight-bit character set conforming
to ISO/IEC 646 or ISO/IEC 2022. If the seven-bit ISO
codes are being used, they shall be converted to
eight-bit codes by setting the eighth bit to zero.

Four ISO codes may be encoded in the binary groups,
each occupying two binary groups. The first ISO code
is contained in binary groups 7 and 8, with the least
significant four bits in binary group 7 and the most
significant four bits in binary group 8. The three re-
maining ISO codes are stored in binary groups 5/6,
3/4, and 1/2 accordingly.

7.4.3 Dateftime zone and unspecified clock time
(BGF2=1, BGF1=0, BGF0=0)

This combination signifies that the time address is not
referenced to an external clock and that the binary
groups contain date and time zone encoding as de-
scribed in SMPTE 309M.

7.4.4 Pagelline multiplex system and unspecified
clock time (BGF2=1, BGF1=0, BGF0=1)

This combination signifies that the time address is not
referenced to an external clock and that the binary
groups contain information formatted according to the
page/line multiplex system described in ANSI/SMPTE
262M. This multiplex system defines a hierarchy that
can be used to encode large amounts of data in the
binary groups through the use of time multiplexing.
Applications for this encoding scheme include control
codes, text data, and production information.

7.4.5 Clock time specified and unspecified
character set (BGF2=0, BGF1=1, BGF0=0)

This combination specifies that the time address is
referenced to an external clock and signifies an un-
specified character set. If the character set used for
the data insertion is unspecified, the 32 bits within the
eight binary groups may be assigned in any manner
without restriction (also see 7.5).

7.4.6 Unassigned binary group usage and un-
assigned clock time (BGF2=0, BGF1=1,
BGF0=1)

This combination is unassigned and is reserved for
future definition by SMPTE and should not be used.
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7.4.7 Dateftime zone and clock time (BGF2=1,
BGF1=1, BGF0=0)

This combination specifies that the time address is
referenced to an external clock and specifies date and
time zone encoding as desctibed in SMPTE 309M
(also see 7.5).

7.4.8 Specified clock time and page/line multi-
plex system (BGF2=1, BGF1=1, BGF0=1)

This combination specifies that the time address is
referenced to an extemal clock and specifies the
page/line multiplex system described in ANSI/SMPTE
262M. This multiplex system defines a hierarchy that
can be used to encode large amounts of data in the
binary groups through the use of time multiplexing.
Applications for this encoding scheme include control
codes, text data, and production information (also see
7.5).

7.5 Clock time reference — Binary group flag com-
binations

One of three flag combinations shall be set true when
the time code time address has been reterenced toan
external precision clock time reference and the time
address is maintained within a tolerance of + 0.5
second. These flag combinations also define subsets
of the available binary group applications (see 7.4.5,
7.4.7,and 7.4.8). One of these combinations may also
define the encoding of the time zone and the date in
the binary groups (see 7.4.7).

NOTE — Additional information relating to time precision is
included in annex A.

8 Linear time code application

8.1 Codeword format

Each LTC codeword consists of 80 bits numbered O
through 79. The bits are generated serially beginning
with bit 0. Bit 79 of the codeword is followed by bit 0
of the next codeword. Each codeword is associated
with one television or film frame.

8.2 Codeword data content

Each LTC codeword contains the time address of the
frame, flag bits, binary groups, biphase mark polarity
correction bit, and a synchronization word.
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8.2.1 Time address

The time address bits of the frame as defined in 7.2.
The lowest numbered bit of each group corresponds
to the least significant bit of each BCD digit. The bit
positions are tabulated in table 2.

Table 2 — LTC time address bit positions

Bit Definition

0-3 Units of frames

8-9 Tens of frames
16-19 Units of seconds
24-26 Tens of seconds
32-35 Units of minutes
40-42 Tens of minutes
48-51 Units of hours
56-57 Tens of hours

8.2.2 Flag bits

The drop frame, color frame, and binary group flag
bits, as defined in 7.3. The bit positions are listed in
table 3. Note that not all flag bits are used by all
systems, as designated by the symbol “—." Unused
flag bits should be set to zero by original sources and
ignored by receiving equipment.

Table 3 - LTC flag bit positions

30-frame 25-frame 24-frame

bit bit bit Definition

10 — — Drop frame flag

11 11 — Color frame flag

27 59 27 Polarity correction

43 27 43 Binary group flag
BGFoO

58 58 58 Binary group flag
BGF1

59 43 59

Binary group flag
BGF2

8.2.3 Binary groups

Eight 4-bit binary groups as defined in 7.3. The lowest
numbered bit of each group corresponds to the ieast
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significant bit of that group. The positions of the bits
are listed in table 4.

Table 4 — LTC binary group bit positions

Bit Definition

4-7 First binary group
12-15 Second binary group
20-23 Third binary group
28-31 Fourth binary group
36-39 Fifth binary group
44-47 Sixth binary group
52-55 Seventh binary group
60-63 Eighth binary group

8.2.4 Synchronization word

The synchronization word is a static combination of
bits which can be used by receiving equipment to
accurately identify the bit position of the serial code.
The LTC synchronization word is unique in that the
same combination cannot be generated by any combina-
tion of valid data values in the remainder of the code.

Bits 65-78 form a unique pattern that is symmetrical
about the center of the synchronization word, allowing
detection in either direction. Bits 64 and 79 are com-
plements of each other, allowing a receiver to deter-
mine the direction of the code.

Table 5 — LTC synchronization word bit
positions and values

Bit Sync word bit value

64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

U > JP G QG G G U QPO W G o o |

R@DE Exhibit 1039
R@DE Microphones, LLC, et. al v. Zaxcom, Inc.
Page 6 of 21



STD.SMPTE L2M-ENGL 1999 mM 8357401 000373k 876 HE

8.2.5 Biphase mark polarity correction

This flag bit is specific to the LTC modulation method
described in 8.3. The position of this flag is listed in
table 3.

Because of the nature of the modulation method, the
polarity of the first clock transition of the first bit of the
synchronization word may differ from code word to
code word depending on the number of logical zeros
in the data.

Applications which switch between two sources of
time and control code require the polarity of the two
sources to be stable during the synchronization word.
In order to stabilize the polarity of the sync word, the
biphase mark polarity correction bit shall be put in a
state so that every 80-bit word will contain an even
number of logical zeros. This requirement is summa-
rized as follows:

If polarity correction of the code word is desired and
the number of logical zeros in bit positions 0 through

tr |40 us

ya

=

J 5% MAX
f

SMPTE 12M-1999

63 (exclusive of the polarity correction bit itself) is odd,
then the polarity correction bit shall be set to one, else
the polarity correction bit shall be set to zero.

8.3 Modulation method

The NRZ unmodulated signal is biphase mark en-
coded according to the following coding rules (see
figure 1):

1) A transition occurs at each bit cell boundary,
regardless of the value of the bit.

2) A logic one is represented by an additional tran-
sition occurring at the bit cell midpoint.

3) A logic zero is represented by having no addi-
tional transitions within the bit cell.

The biphase mark encoded signal has no dc compo-
nent, is amplitude and polarity insensitive, and in-
cludes transitions at every bit cell boundary from
which the clock may be extracted.

e 1/2 1/Fe

30% —/\
100% P-P

N "

5% MAX —}

NOMINAL VALUES:

1/2 1/Fe:
2085 us 30 FRM/sec
. - 1 /Fe ——lw——— 1/fe ——= 250.0 us 25 FRM/sec
260.4 us 24 FRM/sec
1/Fe:
" 1 (T "ONE" BIT ——w= 417.1 us 30 FRM/SEC
e—— "ZERQ" BIT ——wpr— 500.0 us 25 FRM/sec
(NO TRANSITION) (TRANSITION) 520.8 us 24 FRM/sec
. 1 J
CLOCK CLOCK CLOCK
TRANSITION TRANSITION TRANSITION

Figure 1 — Linear time code
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source output waveform
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8.4 Bit rate

The bits shall be evenly spaced throughout the
address period, and shall occupy fully the address
period which is one frame or two television fields.
Consequently, the nominal frequency, Fe, at whichthe
bits are generated shall be:

Fe=800 Ff

where Ft is the frame rate of the television or film
system.

If an original source is generating an LTC signal
referenced to a television signal, the bit clock shall be
phase locked to the television signal. If an original
source is generating an LTC signal without a refer-
ence, the frequency tolerance shall be + 100 ppm.

8.5 Timing of the codeword relative to a television
signal

8.5.1 525/60 television systems

The first transition of bit 0 of the codeword shall occur
at the beginning of line 5 of the frame with which it is
associated. The tolerance shall be + 1% lines (see
figure 2a).

8.5.2 1125/60 television systems

The first transition of bit 0 of the codeword shall occur
at the vertical sync timing reference of the frame with
which it is associated. The tolerance shallbe *1 line
(see figure 2b).

8.5.3 625/50 television systems

The first transition of bit 0 of the codeword shall occur
at the beginning of line 2 of the frame with which it is
associated. The tolerance shall be = 114 lines (see
figure 2¢).

8.6 Linear time code interface electrical and me-
chanical characteristics

All measurements shall be made at the interface while
driving a resistive load of 1 k Q.
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8.6.1 Rise/fall time

The rise and fall times of the clock and one transitions
of the time code pulse train shall be 40 pus + 10 us,
measured between 10% and 90% amplitude points
on the waveform.

8.6.2 Amplitude distortion

Any combination of overshoot, undershoot, and Hilt
shall be limited to 5% of the peak-to-peak amplitude
of the code waveform.

8.6.3 Timing of the transitions

The time between clock transitions shall not vary more
than 1.0% of the average clock period measured over
at least one frame. The “one” transition shall occur
midway between the two clock transitions within 0.5%
of one clock period. Measurement of these timings
shall be made at half-amplitude points on the wave-
form.

8.6.4 Interface connector

The preferred connector for double-ended or bal-
anced outputs shall be 3-pin XLR (MALE) and inputs
shall be 3-pin XLR (FEMALE). Pin 1 is signal ground,
pins 2 and 3 carry the double-ended or balanced
signals. The preferred connector for single-ended
or unbalanced outputs or inputs shall be BNC
(FEMALE).

8.6.5 Output impedance

The output impedance of a single-ended, balanced or
unbalanced source shall be no greater than 50 Q. The
output impedance of a double-ended output shall be
no greater than 25 Q for each output side.

8.6.6 Output amplitude

A preferred output is between 1 and 2 volts peak to
peak. The allowable range of amplitudes is 0.5t0 4.5
volts peak to peak.
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Figure 2a — 30-frame linear time code example
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Figure 2b — 30-frame linear time code example
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9 Vertical interval application —
Television systems

9.1 Codeword format

Each codeword shall consist of 90 bits numbered 0
through 89, organized as nine groups of ten bits. Each
ten-bit group starts with a synchronization bit pair,
which is a one bit followed by a zero bit. The synchro-
nization bit pair is followed by eight data bits.

The first eight groups contain the sixty-four time and
control code data bits, the ninth contains a cyclic redun-
dancy check (CRC) code usedto detect errors inthe data.

The boundaries of the word are defined as the leading
edge of the first bit (bit 0) and the trailing edge of the
last bit (bit 83). Since bit 0 is the first synchronization
bit of the codeword, it shall always have the value of
one. Thus there will always be a rising transition at the
leading edge of bit 0 to signal the start of the word.

9.2 Codeword data content

Each VITC codeword consists of a time address, flag
bits, binary groups, field mark flag, CRC code, and
synchronization bits. Refer to figures 3a, 3b, and 3¢
for examples of the VITC signal.

9.2.1 Time address
The time address bits of the frame as defined in 7.2.
The lowest numbered bit of each group corresponds

to the least significant bit of each BCD digit. The
positions of these bits are listed in table 6.

Table 6 — VITC time address bit positions

Bit Definition

2-5 Units of frames
12-13 Tens of frames
22-25 Units of seconds
32-34 Tens of seconds
42-45 Units of minutes
52-54 Tens of minutes
62-65 Units of hours
72-73 Tens of hours

9.2.2 Flag bits

The drop frame, color frame, and binary group flag bits
as defined in 7.3. The positions of these flags are

COPYRI GHT Soci ety of Mtion Picture & Tel evision Engi neers
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listed in table 7. Note that not all flag bits are used by
all systems, as designated by the symbol “—". Un-
used flag bits should be set to zero by original
sources, and ignored by receiving equipment.

Table 7 - VITC flag bit positions

30-frame 25-frame
bit bit Definition
14 — Drop frame flag
15 15 Color frame flag
35 75 Field flag
55 35 Binary group flag BGFO0
74 74 Binary group flag BGF1
75 55 Binary group flag BGF2

9.2.3 Binary groups

Eight 4-bit binary groups are definedin 7 4. The lowest
numbered bit of each group corresponds to the least
significant bit of that group. The positions of these bits
are listed in table 8.

Table 8 — VITC binary group bits

Bit Definition

6-9 First binary group
16-19 Second binary group
26-29 Third binary group
36-39 Fourth binary group
46-49 Fifth binary group
56-59 Sixth binary group
66-69 Seventh binary group
76-79 Eighth binary group

9.2.4 Field mark flag
The position of this flag is listed in table 7.
9.2.4.1 525/60 television system

Field identification shall be recorded as follows: A
zero shall represent monochrome field 1 and color
field I or I1l. A one shall represent monochrome field 2
or color field ll or IV. Color fields | through IV are
defined in SMPTE 170M.
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9.2.4.2 1125/60 television system

Field identification shall be recorded as follows: A
zero shall represent field 1. A one shall represent field
2. Field 1 contains lines 1 through 563 inclusive; field
2 contains lines 564 through 1125 as defined in
ANSI/SMPTE 240M.

9.2.4.3 625/50 television system

Field identification shall be recorded as follows: A
zero shall represent color fields 1, 3, 5, and 7. Aone
shall represent color fields 2, 4, 6, and 8. Color fields
1 through 8 are defined in ITU-R BT.470 annex.

9.2.5 Synchronization bits

A synchronization bit pair consisting of a one fol-
lowed by a zerois inserted preceding every eight data
bits. Bits 0, 10, 20, 30, 40, 50, 60, 70, and 80 are coded
as one; bits 1, 11, 21, 31, 41, 51, 61, 71, and 81 are
encoded as zero.

9.2.6 Cyclic redundance check code

Eight bits, 82 through 89, are encoded with a CRC
code to provide for error detection by cyclic redun-
dance.

The generating polynomial of the cyclic redundance
check, G(X), is defined as G(X) = X& + 1 with an initial
condition of all zeros.

The generating polynomial shall be applied to all bits
from O to 81 inclusive. The remainder is then encoded
in bits 82 through 89 as shown in table 9.

Applying the generating polynomial to the received
data bits 0 through 89, inclusive, shall result in a
remainder of all zeros when no error exists.

9.3 Modulation method

The NRZ unmodulated signal is time compressed and
inserted as a burst within the nonblanked interval of a
selected television line in the vertical interval (see
figure 4). Signal level to logic level specifications are
listed in 9.8.1.

Since an NRZ code has no self-clocking reference,
the signal must be sampled at periodic intervals based
on known bit cell timing. The sample period can be
adjusted at any available one~zero or zero—one transi-
tion. Because of the insertion of fixed-value synchro-

SMPTE 12M-1999

nization bits, a transition is guaranteed to occur at
least every ten bits.

9.4 Bit timing

Each bit of the code word shall have a uniform period,
Te, related to the horizontal line frequency, Fn, as
expressed below:

;
= —— DO
Te 115-Fh_2/

NOTE - Previous definitions of the bit timing for 525/60 and
625/50 television systems are different from that given here,
but do lie within the tolerance range given.

In 1125/60 television systems, if the reference clock is
used to generate the bit timing, then Te shall be equal to
19 times the reference clock as defined in ANSI/SMPTE
240M.

9.5 Timing of the codeword relative to the televi-
sion signal

9.5.1 525/60 television system

The half-amplitude point of bit 0 shall occur no earlier
than 10.0 s following the half-amplitude point of the
leading edge of the line synchronizing pulse. The
half-amplitude point of the trailing edge of bit 89
(logical 1) shall occur no later than 2.1 us before the
half-amplitude point of the leading edge of the follow-
ing line synchronizing pulse.

Table 9 -~ CRC bit positions

Bit CRC code bit
82 x8
83 X7
84 X8
85 x5
86 x4
87 x3
88 X?
89 X1

9.5.2 1125/60 television system

The half-amplitude point of bit 0 shall occur no earlier
than 2.7 us (200 reference clock periods) following the
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Figure 4- Vertical interval time code waveform

midpoint of the line synchronizing transition. The half-
amplitude point of the trailing edge of bit 89 (logical 1)
shall occur no later than 1.5 us (111 reference clock
periods) before the midpoint of the following line syn-
chronizing pulse.

9.5.3 625/50 television system

The half-amplitude point of bit 0 shall occur no earlier
than 11.2 us following the half-amplitude point of the
leading edge of the line synchronizing pulse. The
half-amplitude point of the trailing edge of bit 89
(logical 1) shall occur no later than 1.9 ps before the
half-amplitude point of the leading edge of the follow-
ing line synchronizing pulse.

9.6 Location of the address code signal in the
vertical interval

The VITC codeword shall be inserted on the same line
{or lines) in all fields for a given recording. Line num-
bers shown in parentheses correspond to the equiva-
lent line in field two.
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9.6.1 525/60 television system

Insertion of the address code shall not be earlier than
line 10(273) or later than line 20(283). The preferred
placement of the VITC code word is outlined in
SMPTE RP 164.

9.6.2 1125/60 television system

Insertion of the address code shall not be earlier than
line 7(569) or later than line 40(602).

9.6.3 625/50 television system

{nsertion of the address code shall not be eatrlier than
line 6(319) or later than line 22(335).

9.7 Redundancy

The address code may be inserted in multiple lines
of the vertical interval provided all lines contain the
same time address, drop frame, and color frame
data.
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Redundancy of the binary group data is depend-
ent on the binary group flags and the require-
ments of the encoding system which their values
indicate.

9.8 Vertical interval time code waveform charac-
teristics

This clause specifies the waveform characteristics of
the VITC signal (refer to figure 4).

9.8.1 Logic level

The tolerance ranges specified for logical one and
logical zero states are listed in table 10.

Table 10 - VITC logic level ranges

Television Logical Logical
system one zZero
525/60 70-90 IRE 0-10 IRE
1125/60 500-600 mV 0-25 mV
625/50 500-600 mV 0-25 mv

9.8.2 Rise/fall time

The rise and fall times of the code shall be 200 ns
+ 50 ns for 525/60 and 625/50 television systems, and
100 ns £ 25 ns for 1125/60 television systems. These
measurements shall be made between 10% and 80%
amplitude points on the waveform.

9.8.3 Amplitude distortion

Amplitude distortion, such as overshoot, undershoot,
and tilt, shall be limited to 5% of the peak-to-peak
amplitude of the code waveform.

10 Relationship between LTC and VITC

10.1 Time address data

Because of the relative timing of the two time code
modulation methods, direct interchange of time
address bits is not possible in real time. In order to
generate a linear time code from a vertical interval
time code, or vice versa, the time address of one
frame is incremented by one and used as the time
address of the next frame. Drop frame and color frame
flag bits (if applicable) are maintained.

COPYRI GHT _Soci ety of Mtion Picture & Tel evision Engineers
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This method will produce a one-to-one correspon-
dence between the time address and flag bits of the
linear time code and the vertical interval time code
as long as the counting sequence is continuous
and ascending. Discontinuities will propagate to the
second time code after one frame of delay.

10.2 Binary group data

When transferring binary group data, a one-frame
update, similar to that used in time address data
transfer, may be applied if the nature of the binary
group data format lends itself to being predictable. If
this is not the case, then no update shall be applied
to the data and the transfer will result in a one-frame
delay.

The guideline for transferring binary group data be-
tween linear and vettical interval time codes shall be
as follows:

10.2.1 Transferring vertical interval binary group
data to linear binary group data

The binary group data and flag bits from the first line
in field | of the vertical interval time code shall be
transferred to the corresponding bits in the linear time
code of the next frame.

10.2.2 Transferring linear binary group data to
vertical interval binary group data

The binary group data and flag bits from the linear
time code shall be transferred to the corresponding
bits in the vertical interval time code of the next
frame.

It the binary group data format, as identified by
the binary group flag bits, supports line or field
independence, then the binary group data and
flags of the remaining lines in the verttical interval
code for that frame shall be set to zero. If the
binary group data format is redundant, then the
redundant lines in the frame shall contain identical
data.

10.3 VITC and LTC code word comparison

Table 11 summarizes the correspondence between
the VITC and LTC codewords for 30-, 25-, and 24-
frame systems.
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Table 11 — Summation of VITC and LTC codeword bit definitions

E

€0-AELD SO0—-FIELD 24-FRANE LTe
TELEMISION TELEVISION LM

WTC WLUE

8T No, (WEIGHT) ASSIGNWENT 81T NO.
0 1 VITC SYNC BT
1 (] WITC SYNG WY
2 O] TV FRAME UNTTS [
3 (2) TV FRAME UNITS 1
4 4) TV FRAME UNITS 2
[ (O] TV FRAME UNITS 3
[ Lse) PRST BIRARY GROUP 4
? FIRST BINARY GROUP 5
[ FIRST BINAXY GAOUP s
? (us®) PIRST BINARY GROUP 7
10 ' MVITC SYNC BT

" ] VITC SYNC BT

12 m TV FRAME TENS [
12 (2) TV FRAME TENS 9
14 AG FUG DRCP FRAME FLAG UNUSED 8T UNUSED T 10
15 s UG COLOR FRAME FLAG COLOR FRANE FING UNUSED @IT "
18 (LsB) SECOND BINARY GROUP 12
17 SECOND BINARY GROUP 13
19 SECOND BINARY GROUP 1“*
19 (MSB) SECOND BINARY GROUP 15
20 1 VITC SYNC BIT

21 0 VITC STNC T

22 O] TV SECONOS UNITS 18
2 3] TV SECONOS UNTS 17
24 (4) TY SECONCS UNITS 18
25 () TV SECONOS UNITS 19
26 (Ls9) THRD BINARY GROUP 20
4] THIRD BINARY GROUP 2
28 THIRD BINARY CROUP 22
29 (MSB)  THIRD BINARY GROUP 23
k) 1 VITC SYNC 87

h ]| 0 VITC SYNC 87

32 (O] TV SECONDS TENS 24
3 @) TV SECONDS TENS 2
M (4) TV SECONDS TENS 26
3s G G FIELD/PYASE BINARY GROUP FUAG 0 PMASE 27
38 (Ls8) FOURTH BINARY GROUP 28
37 ] FOURTH BINARY GROUP 2
38 FOURTH BINARY GROUP 30
3 (ms8) FOURTH BINARY GROUP 3
7] 1 VITC SYNC BT

4 0 WVITC SYNC BT

42 (1) IV MINUTES UNITS ki3
PY] (2) IV MNUTES UNITS 3
“ 4) TV MINUTES UNTS 34
45 (8) TV MINUTES UNITS 35
Y] (se) FIFTH BINARY GROUP 38
47 FIFTH BINARY GROUP 3
'] FIFTH BINARY GROUP 38
9 (usB) FIFTH BINARY GROUP »
%0 H WITC SYNC BIT

5 0 WVITC SYNC BT

82 ) Tv MINUTES TENS 40
[\] (2) TV MNUTES TINS 4
4 (0] W MNUTES TENS 42
58 ANG G BINARY GROUP FLAG 0 BINARY GROUP FLAG 2 BINARY CROUP FLAG 0 43
58 (Ls8) SITH BINARY GROUP 4
57 SIXTH BINARY GROUP as
8 I SIXTH BINARY GROUP a8
30 (mss) SDXTH BINARY GROUP 47
s0 ' MITC SYWC BT

81 o WITC ST B

62 O] TV HOURS UNITS 43
[ 2 TV HOURS UNITS 4
& 24) TV HOURS UNITS 50
) 8) TV HOURS UNITS si
[1] (Lse) SEVENTH BIRARY GROUP 82
67 SEVENTH BINARY GROUP 83
[ | SEVENTH BMNARY GROUP 54
] (use) SEVENTH BINARY GROUP L)
0 ! VITC SYNC BIY

kAl 4 WVIIC SYNC BV

n m TV HOURS TENS 56
73 ) TV HOURS TENS 87
74 UG AG BINARY GROUP FLAG 1 BINARY GROUP FLAG 1 BINARY GROUP FLAG 1 s8
73 FLAG UG BINARY GROUP FLAG 2 FIELD/PHASE BNARY GROUP FLAG 2 39
76 (L58) EIGHTH BINARY GROUP €0
b EIGHTH BINARY GROUP €
7 I EIGHT BINARY GROUP 82
k] (us®) EIGHTH BINARY GROUP €3
00 1 VITC SYNC BT

(3] [ VITC SYNC BT

ar-99 VITC CRC CODE

LTC SYNC WORO 64-79
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Annex A (informative)
Explanatory notes

A.1 Time precision

The precision of the clock time in the time code may be
subject to variances due to the video phase relative to
midnight rollover, the use of color field identification, cyclic
drift associated with drop frame compensation, systematic
drift associated with noninteger frame rates, the reference
video frequency accuracy, and the precision of the clock
reference. Itis the responsibility of the system implementers
to take appropriate measures to ensure satisfactory system
operation.

SMPTE 309M provides a method of signaling the degree of
time precision that is intended. This standard also provides
for indicating the date and time zone to which the time
applies.

A.2 Leap second corrections

Because of small differences between atomic time (UTC)
and time based on the rotational speed of the earth (UTCI),
periodic adjustments to atomic time are made in increments

Annex B (informative)
Bibliography

SMPTE RP 188-1996, Transmission of Time Code and Con-
trol Code in the Ancillary Data Space of a Digital Television
Data Stream
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of one second. These adjustments, when required, are
made at the end of June 30, or preferably December 31,
universal time so that UTC never deviates by more than 0.9
second. The last minute of the day on which an adjustment
is made has 61 or 59 seconds. It could happen that leap
seconds would need to be removed (negative leap sec-
onds); however, all leap seconds so far have been positive.

The occurrence of a positive leap second time correction
results in a second of time being added. It may not be
possible to create or display a second with the value of 60
to identify uniquely this second due to the design of existing
SMPTE time code devices. For uniformity in adding a leap
second, it is suggested that at the end of the hour, the last
second with a value of 59 seconds should be repeated.

For 625/50 systems that are also implementing color field
identification, the occurrence of a leap second adjustment
may result in a time shift of one or three frames depending
on the method of adjusting time to identify the color frame
seguence. Systems implementers should be aware that this
may change the intended time precision of the system.

SMPTE RP 196-1997, Transmission of LTC and VITC Data
as HANC Packets in Serial Digital Television Interfaces
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