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Foreword

SMPTE (the Society of Motion Picture and Television Engineers) is an internationally-recognized standards
developing organization. Headquartered and incorporated in the United States of America, SMPTE has
members in over 80 countries on six continents. SMPTE’s Engineering Documents, including Standards,
Recommended Practices and Engineering Guidelines, are prepared by SMPTE’s Technology Committees.
Participation in these Committees is open to all with a bona fide interest in their work. SMPTE cooperates
closely with other standards-developing organizations, including 1SO, IEC and ITU.

SMPTE Engineering Documents are drafted in accordance with the rules given in its Standards Operations
Manual.

SMPTE Standard ST 12-1 was prepared by Technology Committee 33TS.

Intellectual Property

At the time of publication no notice had been received by SMPTE claiming patent rights essential to the
implementation of this Engineering Document. However, attention is drawn to the possibility that some of the
elements of this document may be the subject of patent rights. SMPTE shall not be held responsible for
identifying any or all such patent rights.
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Introduction
This section is entirely informative and does not form an integral part of this document.

This standard is one of the oldest SMPTE Standards. It was first adopted in 1975, and it has been widely
used for many systems outside SMPTE’s normal area of purview. It was developed for analog television
recording systems and thus dealt only with interlaced television systems operating with frame rates up to 30
frames per second. It is, however, flexible enough in design to be used in digital television systems, both
standard definition and high definition. The actual transport of the codewords for digital systems varies
significantly from the transport methods defined for analog systems, and is defined in the associated
document, SMPTE ST 12-2.

Progressive video systems with frame rates above 30 frames per second are described in this document,
documenting what have become “de facto” implementations. Since the frame rate of these 50 and 60 frames-
per-second progressive systems exceeds the frame count capacity of the time address, counting is done on
frame pairs, which results in an edit resolution of two frames using traditional linear time code.

For applications of time code to film, SMPTE Recommended Practices RP 135 and RP 136 (see Annex C,
Bibliography), which are similar to, but not the same as this standard, may be applied, in particular for in-
camera optical recording.

Sections 5, 6, and 7 specify the manner in which time is represented in frame-based systems. Section 8
describes the structure of the time address and control bits of the code, and sets guidelines for storage of
user data in the binary groups of the code. Section 9 specifies the modulation method and interface
characteristics of a linear time code (LTC) source. Section 10 specifies the modulation method for inserting
the code into the vertical interval of an analog television signal (VITC). Section 11 summarizes the
relationship between the two forms of time and control code, LTC and VITC. Section 12 has been added to
document time code implementations for video formats with frame per second rates greater than 30 fps.

The reader’s attention is drawn to the following documentation changes from the prior SMPTE 12M:1999:
Two SMPTE Recommended Practices — RP 164:1996, Location of Vertical Interval Time Code, and RP
159:1995, Vertical Interval Time Code and Longitudinal Time Code Relationship — have been
consolidated into this document. The LTC reference datum has been relocated to the beginning of
Vertical Sync from a location one horizontal line later. This change includes a widening of the tolerance
interval to include the previous location tolerance interval

The time code documents have been restructured and organized into a suite of documents:
SMPTE ST 12-1 (previously SMPTE 12M), including the revisions described above.

SMPTE ST 12-2 (previously SMPTE RP 188), Ancillary Time Code.
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1 Scope

This Standard specifies a time and control code for use in television and accompanying audio systems
operating at nominal rates! of 60, 59.94, 50, 48, 47.95, 30, 29.97, 25, 24, and 23.98 frames per second. This
standard defines a time address, binary groups, and flag bit structure. The standard also defines a binary
group flag assignment, a linear time code transport, and a vertical interval time code transport.

This standard defines primary data transport structures for Linear Time Code (LTC) and Vertical Interval Time
Code (VITC). This standard defines the LTC modulation and timing for all video formats. This standard also
defines the VITC modulation and location for 525/59.94 and 625/50 analog composite and component
systems only.

Note: The digital representation of analog VITC (D-VITC) is specified in SMPTE ST 266 and is defined for 525/59.94 and
625/50 digital component systems only. High Definition formats, such as those documented in SMPTE ST 2048-2,
SMPTE ST 274, and SMPTE ST 296, use Ancillary Time Code (ATC) as specified in SMPTE ST 12-2 (formerly SMPTE
RP 188) for transport of time code in the digital video data stream. For future implementations of time code for digital
Standard Definition formats, the use of ATC rather than D-VITC is encouraged.

2 Conformance Notation

Normative text is text that describes elements of the design that are indispensable or contains the
conformance language keywords: "shall”, "should"”, or "may". Informative text is text that is potentially helpful
to the user, but not indispensable, and can be removed, changed, or added editorially without affecting

interoperability. Informative text does not contain any conformance keywords.

All text in this document is, by default, normative, except: the Introduction, any section explicitly labeled as
"Informative” or individual paragraphs that start with "Note:”

The keywords "shall" and "shall not" indicate requirements strictly to be followed in order to conform to the
document and from which no deviation is permitted.

The keywords, "should" and "should not" indicate that, among several possibilities, one is recommended as
particularly suitable, without mentioning or excluding others; or that a certain course of action is preferred but
not necessarily required; or that (in the negative form) a certain possibility or course of action is deprecated
but not prohibited.

The keywords "may" and "need not" indicate courses of action permissible within the limits of the document.

The keyword “reserved” indicates a provision that is not defined at this time, shall not be used, and may be
defined in the future. The keyword “forbidden” indicates “reserved” and in addition indicates that the provision
will never be defined in the future.

A conformant implementation according to this document is one that includes all mandatory provisions
("shall) and, if implemented, all recommended provisions ("should") as described. A conformant
implementation need not implement optional provisions ("may") and need not implement them as described.

IThe reader is cautioned that non-integer values are abbreviated. These abbreviations may be seen throughout this
document. See Section 5.1.2 for additional information.
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3 Normative References

Note: All references in this document to other SMPTE documents use the current numbering style (e.g.
SMPTE ST 170:2004) although, during a transitional phase, the document as published (printed or PDF) may
bear an older designation (such as SMPTE 170M-2004). Documents with the same root number (e.g. 170)
and publication year (e.g. 2004) are functionally identical.

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.

ISO/IEC 646:1991, Information Technology — ISO 7-Bit Coded Character Set for Information Interchange
ISO/IEC 2022:1994, Information Technology — Character Code Structure and Extension Techniques

Recommendation ITU-R BT.1700 (2005), Characteristics of Composite Video Signals for Conventional
Analogue Television Systems, Annex 1 Part B, PAL Signal Format and Specification

SMPTE ST 170:2004 (Archived 2010), Television — Composite Analog Video Signal — NTSC for Studio
Applications

SMPTE ST 262:1995 (Archived 2011), Television, Audio and Film — Binary Groups of Time and Control
Codes — Storage and Transmission of Data

SMPTE ST 309:2012, Transmission of Date and Time Zone Information in Binary Groups of Time and Control
Code

SMPTE RP 168:2009, Definition of Vertical Interval Switching Point for Synchronous Video Switching

4 Definitions

4.1

Time and Control Code

The term “time and control code” encompasses all aspects of the time address, flag bits, and binary groups
for user-defined data codes, as well as two methods of modulation of the resulting codewords. It is commonly
abbreviated to simply “time code” (note that some users spell this “timecode”).

Note: The time address and binary group (“user data”) payload is attached to a particular frame or frame pairs either
directly or by reference within the user’s system. For frame-based systems the time address that forms part of the time
code is primarily intended as a label to identify discrete frames. It also may imply that a particular frame has had, has now,
or will have, a temporal relationship to something else, such as the frame's position in a sequence of frames or
synchronization to a reference signal.

4.2

Linear Time Code (LTC)

The acronym LTC refers to Linear Time Code, a codeword format and modulation system which is normally
used to record the time code signal on a linear recording medium or to transport the serial signal over an
interface independent of any video signal.

Note: LTC was, in earlier editions of this standard, referred to as the longitudinal track application of time and control
code. The LTC codeword data is also used in digital television systems as Ancillary Time Code (see below).
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4.3

Vertical Interval Time Code (VITC)

The acronym VITC refers to the codeword format and modulation system used to insert the time code signal
in an active line within the vertical blanking interval of an analog Standard Definition television (SDTV) signal.

Note: The VITC codeword data is also used in digital television systems as Ancillary Time Code (see below).

4.4

Ancillary Time Code (ATC)

The acronym ATC refers to ancillary packets carried in the Ancillary space (VANC or HANC) of a digital
television data stream, as described in SMPTE ST 12-2 (formerly SMPTE RP 188), and payloads of these
packets convey LTC or VITC codeword data.

Note: ATC may also be used to carry other user-defined information, such as real time clock, film transfer
information, or tape timer information. ATC is a data transport applicable to both High Definition television (HDTV)
and SDTYV digital video formats.

4.5

Frame

A frame contains all of the lines of spatial information of a video signal required to make up one complete
picture (including any necessary associated synchronization lines). For progressive video, these lines contain
picture samples, captured at one time instant, starting from the top of the frame and continuing through
successive lines to the bottom of the frame.

4.6

Field

For interlaced video, a frame consists of two fields. One of these fields will commence one field period later
than the other.

Note: See SMPTE ST 170 for an example of such a system. Composite television standards might require multiple fields
in a “color sequence,” but that does not alter this document’s nominal terminology.

4.7

Time Code Source/Original Source

A Time Code Source is any device which generates a time and control code signal, or regenerates a time and
control code signal from a recorded medium or transmission channel.

An Original Source refers specifically to a device which is generating the time and control code signal in
synchronization with its associated video and/or audio.

Note: An example of such an Original Source is a video server or a videotape transport at play speed only. A videotape
transport in shuttle would not qualify by this definition as an “Original Source.”

4.8

Binary Coded Decimal (BCD) System

A means for 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.

Note: For example, the bit weights for a "units" digit would be 1 x 2°, 1 x 2%, 1 x 22, and 1 x 283, while the bit weights for a
"tens" digit would be 10 x 2°, 10 x 2%, 10 x 22, and 10 x 23.

4.9

Frame Rate

Frame rates are either an integer number of frames per second or an integer number divided by 1.001 per
second.

4.10
Frame Pair
Two time-consecutive frames of a video signal for which there is a first frame and a second frame.
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5 Time Representation in 30 and 60 Frames-Per-Second Systems
5.1 Definitions of Real Time and NTSC Time
5.1.1 Definition of real time

In a system operating at a frame rate of 30 frames per second, exactly one second of real time elapses during
the duration of 30 frames. In a system operating at a frame rate of 60 frames per second, exactly one second
of real time elapses during the duration of 60 frames.

5.1.2 Definition of NTSC time?2

In an NTSC television system operating at a frame rate of 30/1.001 frames per second (a field rate of
60/1.001 fields per second), one second of NTSC time elapses during the duration of 30 television frames.
Because of the difference in scanning rates, the relationship between real time (trear)) and NTSC time (tnrsc))
is:

tintsc) = 1.001 * treaL),

Note: There are other television systems (such as some HDTV systems) which operate at 24/1.001, 30/1.001, 48/1.001,
or 60/1.001 frames per second. The term “NTSC time” is used to indicate its historical origins and to describe the common
frame time base of all of these systems.

Note: The results of dividing the integer frame rates by 1.001 do not result in precise decimal numbers, for example,
30/1.001 is 29.970029970029... (to 12 decimals). This is commonly abbreviated as 29.97. In a similar manner, it is
common to abbreviate 24/1.001 as 23.98, 48/1.001 as 47.95, and 60/1.001 as 59.94. These abbreviations are used
throughout this document. Sufficient precision is necessary in calculations to assure that rounding or truncation operations
will not create errors in the end result. This is particularly important when calculating audio sample alignments or when
long-term time keeping is required.

5.2 Time Address of a Frame

Each frame shall be identified by a unique and complete address consisting of an hour, minute, second, and
frame number. For systems operating at 60 frames per second, each frame pair shall be identified by a
unique and complete address consisting of an hour, minute, second, and frame number.

Note: Refer to SMPTE 258M for standard character data formats.

The hours, minutes, and seconds follow the ascending progression of a 24-hour clock beginning with 00
hours, 00 minutes, and 00 seconds to 23 hours, 59 minutes, and 59 seconds. The frames shall be numbered
successively according to the counting mode (drop frame or non-drop frame) as described below.

Note: See Section 12 for additional information regarding television systems which operate at 60 frames per second.

5.2.1 Non-drop frame — Uncompensated mode

Frames shall be successively numbered 00 through 29, with no omissions.

5.2.2 Drop frame — NTSC time compensated mode

Because the frame rate of an NTSC-time related 30 frames-per-second television signal is 30/1.001 frames
per second (= 29.97 Hz, which also is a field rate of 60/1.001 fields per second, = 59.94 Hz), monotonically
counting at 30 frames per second will yield a deviation of approximately +108 frames (+3.6 s) in one hour of
elapsed time. counting at 30 frames per second will yield a deviation of approximately +108 frames (+3.6 s) in
one hour of elapsed time.

2 This term is chosen to indicate its historical origins, not to be proscriptive.
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To minimize the NTSC time deviation from real time, 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.

Because the frame rate of a progressive NTSC-time related 60 frames-per-second television signal is actually
60/1.001 frames per second, and each time code count references a frame pair, the same counting
mechanism may be applied as well. See § 12 for additional information on this subject.

Note: When drop-frame compensation is applied to an NTSC television time code, the total deviation accumulated after
one hour is reduced to approximately —3.6 ms. The total deviation accumulated over a 24-hour period is approximately
—2.6 frames (-86 ms).

5.3 Color Frame Identification in NTSC Analog Composite Television Systems

If color frame identification in the time code is required, the even units of frame numbers shall identify color
fields I and Il, and the odd units of frame numbers shall identify color fields Il and 1V, as specified in SMPTE
170M.

Note: Even though a component system does not have a color sequence, the time code may carry color sequence
information from an original video source so that recoding of a composite signal into a component signal and back can
preserve the original color sequence relationship.

6 Time Representation in 25 and 50 Frames-Per-Second Systems
6.1 Definition of Real Time

In a system running at a frame rate of 25 frames per second, exactly one second of real time elapses during
the duration of 25 frames. In a system running at a frame rate of 50 frames per second, exactly one second of
real time elapses during the duration of 50 frames.

Note: In rare instances, such as standards conversion, some systems use an NTSC-time related timebase, resulting in a
frame rate of 25/1.001 (24.9750...3).

6.2 Time Address of a Frame

Each frame shall be identified by a unique and complete address consisting of an hour, minute, second, and
frame number. For systems operating at 50 frames per second, each frame pair shall be identified by a
unique and complete 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 00
hours, 00 minutes, and 00 seconds to 23 hours, 59 minutes, and 59 seconds. The frames (or frame pairs for
50 frames-per-second systems) shall be numbered successively 00 through 24.

There is no counting mode such as drop frame (which is applicable only to 30-frame counting) that is
applicable to 25-frame counting.

Note: See Section 12 for additional information regarding television systems which operate at frame rates of 50 frames
per second.

6.3 Color Frame Identification in PAL Composite Television Systems

If identification of the eight-field color sequence in the time code is required, the time address shall bear a
deterministic relationship with the eight-field color sequence (as specified in ITU-R BT.1700). This relationship can
be expressed using either logical or arithmetic notations as given in Section 6.3.1 and Section 6.3.2,
respectively.

3 Please see the Note in Section 5.1.2 regarding rounding errors.
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Note: Even though a component system does not have a color sequence, the time code could carry color sequence
information from an original video source so that recoding of a composite signal into a component signal and back can
preserve the original color sequence relationship.

6.3.1 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 (A|B) * C ~ D * E " F shall be:

"1" for fields 1, 2, 3, and 4;
"0" for fields 5, 6, 7, and 8;

where:

equals the value of the 1's bit of the frame number;
equals the value of the 1's bit of the second number;
equals the value of the 2's bit of the frame number;
equals the value of the 10's bit of the frame number;
equals the value of the 2's bit of the second number;
equals the value of the 10's bit of the second number;
represents the logical OR operation;

represents the logical EXCLUSIVE OR operation.

>TTmMmOoOO >

6.3.2 Arithmetic relationship

The remainder of the quotient of the division (S + P) / 4 shall be:

0O 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 value of the seconds digits of the time address, and

P equals the decimal value of the frames digits of the time address.

7 Time Representation in 24 and 48 Frames-Per-Second Systems

7.1 Definitions of Real Time and NTSC Time

7.1.1 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 duration of 24 frames. In a system operating at a frame rate of 48 frames per second, exactly one second

of real time elapses during the duration of 48 frames.

7.1.2 Definition of NTSC time

In a NTSC-time related television signal operating at 24/1.001 frames per second (approximately 23.984),
straightforward counting at 24 frames per second will yield a deviation of approximately 86 frames (3.6
seconds) in one hour of elapsed time.

Where it is desired to maintain a correspondence with 30 frame per second systems the 30 non-drop frame
count mode should be used. For additional details refer to Annex B.1.

4 please see the Note in Section 5.1.2 regarding rounding errors.
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7.2 Time Address of a Frame

For systems operating at 24 or 24/1.001 frames per second, each frame shall be identified by a unique and
complete address consisting of an hour, minute, second, and frame number. For systems operating at 48 or
48/1.001 frames per second, each frame pair shall be identified by a unique and complete 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 00 hours, 00 minutes, and 00 seconds to 23 hours, 59 minutes,
and 59 seconds. The frames (or frame pairs for 48 or 48/1.001 frames per second systems) shall be
numbered successively 00 through 23.

There is no counting mode such as drop frame (which is applicable only to 30-frame counting) that is
applicable to 24-frame counting.

8 Structure of the Time Address and Control Bits
8.1 Numeric Code

The numeric code consists of sixteen groups, eight four-bit groups containing time address and flag bits, and
eight four-bit binary groups for user-defined data and control codes.

8.2 Time Address

The basic structure of the time address is based upon the BCD system, using units and tens in 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 shall be omitted from the time address and include the "80’s" and "40’s" of hours,
"80’s" of minutes, "80’s" of seconds, and the "80’s" and "40’s" of frames. Thus the entire time address is
coded into 26 bits.

8.3 Flag Bits

Six bits shall be reserved for the storage of flags which define the operational mode of the time and control
code. A device which decodes a time and control code may utilize these flags to properly interpret the time
address and binary group data.

8.3.1 Drop frame flag

This flag shall be set to logical one when drop-frame compensation is being performed as specified in Section
5.2.2. When the count is not drop-frame compensated, this flag bit shall be set to logical zero.

8.3.2 Color frame flag (NTSC and PAL composite color systems)

If this flag is set to logical one it shall indicate that color frame identification has been applied to the time
address as defined in Section 5.3 or Section 6.3. If this flag is set to logical zero then there is no implied
relationship between the color frame sequence and the time address.

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

8.3.3 Binary group flags

Three flags provide eight unique combinations which signify the use of the binary groups (see Section 8.4).
Three combinations of these flags also specify that the time address count is referenced to a time-of-day
clock reference (see Section 8.5) and these flag combinations also identify subsets of the binary group
applications.
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Note: The term Binary Group Flags represents its historical origins, however these flags now also signal time address
count parameters.

8.3.4 Modulation method specific flag

The remaining flag bit is reserved for use by each modulation method. This flag is defined in Section 9.2.5 and
Section 10.2.4.

8.4 Use of the Binary Groups

The binary groups are intended for storage and transmission 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
BGFO0. The following sections illustrate the assignments of the binary group flag states. The relevant
documents cited in each subsection provide the definitions for the use of each Binary Group flag assignment.
Table 1 summarizes the present assigned combinations.

Note: The binary groups are commonly referred to as "user bits".

Table 1 — Binary group flag assignments

BGF2 | BGF1 | BGFO Time address Binary group Reference Section
reference
0 0 0 Unspecified Unspecified Section 8.4.1
0 0 1 Unspecified 8-bit codes Section 8.4.2
0 1 0 Clock time Unspecified Section 8.4.3, Section 8.5
0 1 1 Reserved Reserved Section 8.4.4
1 0 0 Unspecified Date and time zone | Section 8.4.5
1 0 1 Unspecified Pagelline Section 8.4.6
1 1 0 Clock time Date and time zone | Section 8.4.7, Section 8.5
1 1 1 Clock time Page/line Section 8.4.8, Section 8.5

Note: SMPTE RP 135, which specifies the use of binary groups for Motion Picture applications, specifies Binary Group
flag combinations which are applicable only to the time code specified in SMPTE RP 136 for Motion Picture applications.
The two time codes specified in SMPTE RP 136 are similar to the time code specified in this document, but have
significant differences in their overall structure.

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

When used, this combination of binary group flags shall signify that the time address reference is undefined
and that the binary groups contain an unspecified character set. The 32 bits within the eight binary groups
may be assigned in any manner without restriction.

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

When used, this combination shall signify that the time address reference is undefined and that the binary
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 0.

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 remaining ISO codes are stored in binary groups 5/6, 3/4, and
1/2 accordingly.
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