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Information on coded timing

The information below is a supplement Recommendation ITU-R TF.583 “Time codes”.
Coded timing information is conveyed in a variety of formats and transmission media. In many cases such information is disseminated in a broadcast mode either on dedicated time and frequency services or as a part of other types of broadcasts primarily intended for other purposes. Time code broadcasts are currently available using amplitude modulation, frequency modulation and phase modulation techniques. Other forms of time codes have been developed and are in wide use for transmitting time information directly from one piece of equipment to another via hardwired or other types of connection.

In the remainder of this Annex some specific examples are provided for both the broadcast and the instrumentation time code types. While these codes are all currently available and widely used in at least some parts of the world, they are only representative of the total variety of codes that are in use.

Examples of broadcast codes include those transmitted by the time services of WWV/WWVH, WWVB, MSF, JJY, DCF 77, CHU and RBU, and the code generated by INRIM and disseminated on the AM and FM networks by the Italian broadcasting company RAI (see Figs. 1 to 9).

To illustrate the instrumentation type of codes, several of the specific formats recommended by the United States of America Inter-Range Instrumentation Group (IRIG) are shown in Fig. 10. IRIG serial time code formats have been described by the Timing Committee, Telecommunications and Timing Group, Range Commanders Council and were published by the Secretariat, Range Commanders Council, U.S. Army White Sands Missile Range, New Mexico 88002-5110.

An example of telephone time codes which shows the format of the code generally referred to as the European Telephone Time Code is given in Fig. 11. This code is now available from the primary timing centres of the following countries: Austria, Belgium, Germany, Italy, Malaysia, the Netherlands, Poland, Spain, Sweden, Switzerland, Turkey and the United Kingdom.

The information is available for download from the web site of Study Group 7 (Science services) of the ITU Radiocommunication Sector at: http://www.itu.int/oth/R0A08000004/en
Updated: 5 October 2022
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FIGURE 1

WWV/WWVH time code format
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Time frame: 1 min (index count: 1 s)

Tens of year

UT1

 correction

0.8 s

Sign (  ) for

UT1 correction

 1.03 s

hole

Units 

of year
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Days

Leap second warning

 

Note 1 - Beginning 

of pulse is represented by positive-going edge.

UTC at point A: 1990, 173 days, 21 h, 10 min

UT1  at point A: 1990, 173 days, 21 h, 10 min, 0.3 s

P

0

-P

5

: position identifiers (0.770 s duration)

W:     weighted code digit (0.470 s duration)

Duration of index markers, unweighted code, and unweighted control elements: 0.170 s

DST indicator No. 2 (see text)

DST 

indicator No. 1

Modified IRIG H format is composed of the following:

1 ppm frame reference marker R = (P

0

 and 1.03 s “hole”)

Binary coded decimal year and time-of-year code word

6 ppm position identifiers (P

0

 through P

5

)

1 pps index markers
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FIGURE 2

WWVB time code format

Minutes

Hours

Days

UT1

sign

UT1 correction

Year

Daylight savings

 

 

time bits 

(see text

 for interpretation of bits)

Leap year indicator bit

“0”: non leap year

“1”: leap year

Time frame: 1 min (index count: 1 s)

On time point A

Add

Sub

Add

0.8 s

0.2 s

0.5 s

0.8 s

Leap second

warning bit

1 ppm frame reference markers

Binary coded decimal year and time-of-year code word (31 bits)

6 ppm position identifier markers (P

0 

through P

5

)

   (reduced carrier 0.8 s duration + 0.2 s duration pulse)

W: weighted code digit (carrier restored in 0.5 s, binary one)

U:  unweighted code digit (carrier restored in 0.2 s, binary zero)

UTC at point A: 1990, 258 days, 18 h, 42 min

UT1  at point A: 1990, 258 days, 18 h, 41 min, 59.3 s


FIGURE 3

MSF time code format





† Most minutes have seconds numbered 00-59; second 60 is a positive leap second in UTC

The MSF 60 kHz signal carries a time and date code which is summarised in the diagrams above. Simple on-off carrier modulation is used, with the fall of the carrier at the start of each second providing the time marker, which is controlled to Coordinated Universal Time (UTC). Every UTC second is marked by an 'off' preceded by at least 500 ms of carrier, and this second marker is transmitted with an accuracy better than (1 ms.

The first second of the minute begins with a period of 500 ms with the carrier off, to serve as a minute marker. The other 59 (or, exceptionally, 60 or 58) seconds of the minute always begin with at least 100 ms 'off', followed by two 100 ms data bits, and end with at least 700 ms of carrier. The time and date code information is always given in terms of UK clock time and date, which is UTC in winter and UTC+1h when Summer Time is in effect, and it relates to the minute following that in which it is transmitted.

Bits 01A-16A and bits 17B-51B are currently set to '0', but may be used in the future for third-party services. 

Bits 01B-16B carry information for the current minute about the difference DUT1 between UT1 and UTC.

Bits 53A-58A are all set permanently at '1', and are always preceded by bit 52A at '0', and followed by bit 59A at '0'. This sequence 01111110 never appears elsewhere in bit A, so it uniquely identifies the following second 00 minute marker.

	Binary-Coded-Decimal Year (00-99)

	80
	40
	20
	10
	8
	4
	2
	1

	17A
	18A
	19A
	20A
	21A
	22A
	23A
	24A


	BCD  Month (01-12)
	BCD Day-of-Month (01-31)
	Day-of-Week †

	10
	8
	4
	2
	1
	20
	10
	8
	4
	2
	1
	4
	2
	1

	25A
	26A
	27A
	28A
	29A
	30A
	31A
	32A
	33A
	34A
	35A
	36A
	37A
	38A


† 0=Sunday to 6=Saturday

	BCD  Hour (00-23)
	BCD Minute (00-59)

	20
	10
	8
	4
	2
	1
	40
	20
	10
	8
	4
	2
	1

	39A
	40A
	41A
	42A
	43A
	44A
	45A
	46A
	47A
	48A
	49A
	50A
	51A


Bit 54B-57B provide parity checks on the time and date information.

When UK civil time is subject to a one-hour positive offset during part of the year, bit 58B is set to to '1'.  Bit 53B is set to '1' during the 61 consecutive minutes immediately before a change, the last being minute 59, when bit 58B changes.





FIGURE 5

DCF77 Time Code
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The carrier amplitude is reduced to 15% for 0.1 s (binary zero) or 0.2 s (binary one) for transmission of coded time information. The information emitted during minute n is valid for the minute n+1. The carrier amplitude reduction is omitted in the last second of each minute.

Details of the code:

M: 

minute marker (second marker No. 0): 0.1 s

R: 

second marker No. 15 indicates service request to the DCF77 signal generation system

A1: 

announcement of a forthcoming change from CET to CEST or vice versa

Z1, Z2: 

zone time indication: 
UTC:

Z1 0.1 s, Z2 0.1 s







UTC+1 h: 
Z1 0.1 s, Z2 0.2 s (referred to as Central European Time CET)







UTC+2 h 
Z1 0.2 s, Z2 0.1 s (referred to as Central European Summer Time CEST)







UTC+3 h

Z1 0.2 s, Z2 0.2 s 

A2: 

announcement of a leap second

S: 

starting bit of the coded time information, 0.2 s

P1, P2, P3: 
parity check bits

The information transmitted using the second markers No. 1 to 14 is provided by third parties. Currently weather data are transmitted, which are supplied by the firm MeteoTime which is a subsidiary of EFR GmbH. The initial idea that these bits should be used for the purpose of public warning under the responsibility of the German Bundesamt für Bevölkerungsschutz und Katastrophenhilfe (BBK, Federal Office for Civil Protection and Disaster Relief) was later abandoned.
A forthcoming change from CET to CEST or from CEST to CET is indicated during one hour before the change by second marker No. 16 being 0.2 s. Similarly, the second marker No. 19 is 0.2 s during the hour preceding the introduction of a leap second. 

When a positive leap second (the normal case) is inserted, second marker No. 59 is emitted for 0.1 s and in the following second No. 60 of that particular minute the amplitude reduction is omitted. 

The three parity check bits P1, P2, and P3 complete the preceding information words (7 bits for the minute, 6 bits for the hour and 22 bits for the date, including the day of the week) to form an even number of binary ones. 

To achieve a more accurate time transfer and a better use of the frequency spectrum available an additional pseudo-random phase shift keying (PSK) of the carrier is transmitted during each second. A normal PSK sequence corresponds to binary 0, an inverted PSK sequence to binary 1. During the seconds 15 to 58 the same information is coded as described for the case of the amplitude modulation. During the seconds 0 to 9 binary 1 is transmitted, during seconds 10 to 14 binary 0. 
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FIGURE 10

CHU time code format

Announcement:

Announcement:

31.133

32.500

31.010

31.000

31.133

31.317

31.500

31.510

32.010

32.000

32.133

32.317

32.500

32.510

Code 1

Code 1

Code 2

Code 2

CHU FSK Time Codes (UTC): 1 Code 1 and 8 Code 2 groups.

Decoded with Bell 103 compatible modem (in “originate” mode, 300 bit/s,

8 data bits, no parity, 1 start bit and 2 stop bits), most computers would

receive this Code 1 as the string (in hexadecimal) 10, 91, 39, 72, 00, EF, 6E,

C6, 8D, FF; and would receive this Code 2 as 06, 21, 31, 95, 23, 06, 21, 31,

95, 23. The end of the last stop bit of the group is transmitted at the

half-second. Each group is preceded by 0.01 s of 1 000 Hz and 0.123 s

of 2 225 Hz carrier, and is followed by 0.01 s of carrier. Set modem carrier

detect on, or set modem carrier detect time to 0.1 s or less.

Station and time

announcement

Station and time

announcement

Pulse at 29 s

omitted

Normal seconds

Pulses 300 periods

of 1 000 Hz

Normal seconds

Pulses 300 periods

of 1 000 Hz

Minute pulse

500 periods of

1 000 Hz

Example of DUT1 code:

one split pulse indicates

DUT1 = + 0.1 s

Hour pulse

1 000 periods of

1 000 Hz

9 seconds pulses omitted

following each hour pulse

10 periods of 1 000 Hz

10 periods of 1 000 Hz

5 byte

Code 1:

5 byte

Code 2:

9 Code groups:

Second 31: Code 1

Seconds 32-39: Code 2

Leap second information

Gregorian

year

Canadian Daylight Time

Pattern’s Serial Number

LSB: sign of DUT1

Day

Sign of DUT1 (0 = +)

1 for + leap second scheduled

1 for – leap second scheduled

Even parity bit for this nibble

DUT1

(0.1 s)

First byte of Code 1

in second 31

Start

bit

2 stop

bits

Last byte of Code 2

in second 32

Start

bit

2 stop

bits

CHU FSK Code groups:

Time (s)

Time (s)

CHU broadcast codes: example for the period 13:58:46 to 14:00:13 UTC on 12 January, 1993 (day 012 of the year):

(DUT1 = + 0.1 s, TAI-UTC = 27 s, no leap second this quarter, Canadian Daylight Time first Sunday of April to last Sunday of October.)

 DUT1   (0.1 s)
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b) RBU time code format

A:         first 0.1 s interval

B:         second 0.1 s interval

D

UT1:

 

the difference between the universal time and the UTC (SU)

Y:         a year of century

dUT1:

  (

resolution 0.02 s)

DUT1

: 

(resolution 0.1 s)

M:        a month of the current year

d

w

:        a day of the week

d

m

:        a day of the month

Parity bits

Reserved intervals

Reserved intervals

FIGURE 11

RBU broadcast and time code format
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Minute marker
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PM - sine phase modulation with 0.698 index

PM
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a) RBU broadcast format
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312.5 Hz modulation

100 Hz modulation
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FIGURE 15

IEN/RAI time code format

ID: code segment identifier

HR: hours (tens and units)

MI: minutes (tens and units)

ST: “0” solar time, “1” summer time (DST)

P

1

: odd parity bit of the first information group (from bit 2 to 15)

MO: month (tens and units)

DM: day of the month (tens and units)

DW: day of the week

P

2

: odd parity bit of the second information group (from bit 17 to 30)

First date

code

segment

Second

date code

segment

ID: code segment identifier

YR: year (tens and units)

WS: warning on change: solar time/DST

 111 no change in the next 7 days

 110 

 change foreseen within 6 days

 001 change foreseen within 1 day

 000 at 0200 switches to DST or at 0300 to solar time

WL: warning on leap second

 00 no leap second within the month

 10 1 s delay at the end of the month

 11 1 s advance at the end of the month

P

A

: odd parity bit

Acoustic reference pulses

0.96

0.48

0.1 s

f

 = 2.5 kHz
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FIGURE 14

IRIG  specific  formats  
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FORMAT  B
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0

 

European telephone time code format

 

Terms related to local time

 

A: Year

 

B: Month

 

C: Day

 

D: Hour

 

E: In some countries there is a requirement to mark the hour when switching from daylight saving time (DST) to standard t

ime (ST), 

 

 

therefore the following option exists: the delimiter “:” normally used may change to “A” during the last hour of DST and to “

B”

 

 

during the first hour of ST.

 

F: Minute

 

G Second

 

H: The local time identifier reveals the time zone and which l

ocal time (ST or DST) is currently in use.

 

I: Day of week (1 to 7 starting on Monday).

 

J: Week of the year

 

K: Day of the year

 

L: Month/next change of local time from DST to ST or vice versa

 

M: Day

 

/next change of local time from DST to ST or vice ver

sa

 

N: Hour

 

/next change of local time from DST to ST or vice versa

 

Terms related to UTC

 

O: Year

 

P: Month

 

Q: Day

 

R: Hour

 

S: Minute

 

 

The minutes of UTC and local time may differ, because the offset between them does not have to be an integer number 

of hours.

 

T: Modified Julian date (MJD)

 

 

MJD is a continuous counting of days since 17 November 1858.

 

U: DUT1 in tenths of seconds

 

 

DUT1 is the difference between Universal Time and Coordinated Universal Time (UT1 

–

 

UTC).

 

V: Announcement of leap secon

d (sign and month)

 

 

At the end of the last day of the month the leap second will be introduced with the required positive (+) or negative (

–

) sign.

 

 

Three zeroes on these places indicate, that no leap second is announced.

 

Messages and time reference

 

W:

 

Delay compensation in milliseconds

 

 

Indicates the value the code is advanced with respect to the time scale of the laboratory operating the generator (see Z).

 

X: Message sequence number (0 to 9). Indicates the line number of the message (see Y).

 

Y: Mes

sage

 

 

Up to a maximum of 10 lines, 14 characters each, contains a laboratory dependent message.

 

Z: Visible time marker

 

 

Usually this character is “*”, but it changes to “#” if the code is advanced according to a delay measurement made by the

 

 

generator

.

 

a: Time marker

 

 

The time reference is the leading edge of the start bit of <LF>. All time information collected during the preceding second b

ecomes

 

 

valid at this moment.

 

Each second a string of 80 ASCII characters is sent containing date and time in

formation for the next second. The example below

 

 

shows the time code (line 3) and marks the character position (lines 1 and 2) as well as the items described later on (lines 

4 and 5).

 














Second 00





0 ms





0 ms





100 ms          200 ms            300 ms





     Carrier off





Carrier on





500 ms





bit A





bit B





Two bits, numbered xxA and xxB for second xx


Bit polarity: carrier on = 0, carrier off = 1





Minute marker





Seconds 01-60 †





Second marker





Exact time (s)





Exact time (s)





Exact time (s)





Exact time (s)





b) Format B





c) Wave form





Space





Space





Space





10% of amplitude





Mark: binary zero





Mark: binary one





Mark: M, P0-P5 





JST at point A: 269 day of 1999, 15th, 15 h 45 min, Sunday





information





maintenance





Station





Parity





Call sign





Minutes





Hours





Days





U: 0.8 s





W: 0.5 s





0.2 s





On time point A





Frame reference marker





U: 0.8 s





W: 0.5 s





0.2 s





information





Leap second





Reserved





Parity





the week





Day of





Year





Minutes





Hours





Days





a) Format A





Time frame: 1 min (index count 1 s)





SU1 and SU2 are reserved to deal with future expansions concerning time information





JST at point A: 269 day of 1999, 15 h 35 min, Sunday, no leap second is planned within one month





"0": always binary zero





PA2: even parity for minutes





500 ms





800 ms





200 ms





8





2





20





10





4





8





80





40





100





200





M





"0"





P1





20





10





4





2





1





10





8





4





1





P2





40





20





P3





2





1





PA1





PA2





SU1





P4





SU2





80





40





20





10





8





4





2





1





P5





4





2





1





LS1





LS2





P0





M





"0"





"0"





"0"





"0"





"0"





"0"





"0"





"0"





"0"





"0"





"0"





"0"





0





10





20





30





40





50





0





8





2





20





10





4





8





80





40





100





200





M





"0"





P1





20





10





4





2





1





10





8





4





1





P2





40





20





P3





2





1





PA1





PA2





P4





P5





P0





M





"0"





"0"





"0"





"0"





"0"





"0"





"0"





"0"





"0"





"0"





"0"





"0"





0





10





20





30





40





50





0





FIGURE 4





JJY  time code format





Frame reference marker





Time frame: 1 min (index count 1 s)





On time point A





M, P0-P5: position markers (carrier of 0.2 s duration)





W: weighted code digit (carrier of 0.5 s duration)





U: unweighted code digit (carrier of 0.8 s duration)





PA1: even parity for hours





0583-05











100% of amplitude

















time code format B is transmitted.





The time code format A is transmitted except in the 15th and 45th minutes when the 





Note 1 - 





FIGURE 6











FIGURE 7











Bits 1 to 15 reserved for third party services





FIGURE 8











INRIM/RAI time code format





FIGURE 8











FIGURE 9











FIGURE 9 (continued)











FIGURE 9 (continued)











FIGURE 9 (continued)
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 shows the time code (line 3) and marks the character position (lines 1 and 2) as well as the items described later on (lines 4 and 5).







Each second a string of 80 ASCII characters is sent containing date and time information for the next second. The example below







 valid at this moment.







 The time reference is the leading edge of the start bit of <LF>. All time information collected during the preceding second becomes







a: Time marker







 generator.







 Usually this character is “*”, but it changes to “#” if the code is advanced according to a delay measurement made by the







Z: Visible time marker







 Up to a maximum of 10 lines, 14 characters each, contains a laboratory dependent message.







Y: Message







X: Message sequence number (0 to 9). Indicates the line number of the message (see Y).







 Indicates the value the code is advanced with respect to the time scale of the laboratory operating the generator (see Z).







W: Delay compensation in milliseconds







Messages and time reference







 Three zeroes on these places indicate, that no leap second is announced.







 At the end of the last day of the month the leap second will be introduced with the required positive (+) or negative (–) sign.







V: Announcement of leap second (sign and month)







 DUT1 is the difference between Universal Time and Coordinated Universal Time (UT1 – UTC).







U: DUT1 in tenths of seconds







 MJD is a continuous counting of days since 17 November 1858.







T: Modified Julian date (MJD)







 The minutes of UTC and local time may differ, because the offset between them does not have to be an integer number of hours.







S: Minute







0583-16







1993-06-07







08:23:58







CEST 12315809260319930607062349145-3 + 060501







*







XXX







<CR> <LF>







1







10







20







30







40







50







60







70







80







A







B







C







D







E







F







G







H







I







J







K







L







M







N







O







P







Q







R







S







U







V







Y







T







W







X







Z







a







Local time







UTC







Infos and time marker







FIGURE 10







European telephone time code format







Terms related to local time







A: Year







B: Month







C: Day







D: Hour







E: In some countries there is a requirement to mark the hour when switching from daylight saving time (DST) to standard time (ST), 







 therefore the following option exists: the delimiter “:” normally used may change to “A” during the last hour of DST and to “B”







 during the first hour of ST.







F: Minute







G Second







H: The local time identifier reveals the time zone and which local time (ST or DST) is currently in use.







I: Day of week (1 to 7 starting on Monday).







J: Week of the year







K: Day of the year







L: Month/next change of local time from DST to ST or vice versa







M: Day







/next change of local time from DST to ST or vice versa







N: Hour







/next change of local time from DST to ST or vice versa







Terms related to UTC







O: Year







P: Month







Q: Day







R: Hour














