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FOREWORD

Tne need for time-of-year information with millisecond, 
micro-

,,,Oo and nanosecond resolution by data handling ana instrumentation
, g systems makes the use of parallel time codes highly desirable

correlation of data with time. The intent of this document is to
.Covrre Qround rules for maximum compatability between present and

*.jre time generating equipment and the user interface (spaceborne

dC ground systems).

All timing equipment for new installations where parallel tinie is

.e,,ired snall follow this standard. For those ranges and facilities

. ere large investment in parallel time generating equipment has

r deady been made, the changeover to the new standard parallel time

ccCes can be made over a period of years as equiprment is replaced or

as new equipment is installed to meet timing requirements.

Tre designations or nomenclatures for the codes in this standard

'e'e selected so as to minimize the impact on existing documentation

*-c to conform to what has become standard notation. This standard

s-culd be adhered to even though use of the parallel time codes may be

* r~C initially to the selection of one code or even particular
' rtons of a code because of a lack of equipment to generate the
._f, tte code.
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FOREWORD

The need for time-of-year information with millisecond, micro-
second and nanosecond resolution Dy data handling ana instrumentation
timing systems makes the use of parallel time codes highly desirable
for correlation of data with time. The intent of this document is to
provide ground rules for maximum compatability between present and
future time generating equipment and the user interface (spaceborne
and ground systems).

All timing equipment for new installations where parallel time is
required shall follow this standard. For those ranges and facilities
where large investment in parallel time generatiny equipment has
already been made, the changeover to the new standard parallel time
codes can be made over a period of years as equipment is replaced or
as new equipment is installed to meet timing requirements.

The designations or nomenclatures for the codes in this standara
were selected so as to minimize the impact on existing documentation
and to conform to what has become standard notation. This standard
should be adhered to even though use of the parallel time codes may be
limited initially to the selection of one code or even particular
portions of a code because of a lack of equipment to generate the
complete code.
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AdBREV IAT IONS

Abbreviation Term

y y eadr

h io u r

M m flnu te

sec on a

F11 s rwilisecond (10u' 3 s)

4s ~microseconda (1U-0 s)

ns nanosecona (10-9 s)

p s p ic os ec on 1U'sU

pp S pul ses per second

JOD Jul ian Day (Date)

MJ D Modified Julian Day (Date)

T iU Truncatea Julian Day (dote)

M o 1.1o n t h

JoY Ddy-of-yedr

D o N D a y -of -ino n t h

HoD Hours-of-day

Mu H Minutes-of-hour

SoD SecofidS-ot-ddy (bb.4A1O3)

MOD Milliseconds-of-day (db .4IxIU0

M i o D Microsecond s-of-djay Th.<j

NoD Nanoseconds-of-day (db.4x1~jIZ

~I"oS Mu i 1i se coun ds -ofs ec )n u.u u

M i o1N Mlicrosec.onds-of-millisecond .u u Ims

N ovi i ~~Na n os ec n u s -of - ir o st:cr o ~ mi j

N om~% I



Code N ame

PB1 Parallel Binary Nillisecona Time Coce

PB1-A Parallel Binary Microsecond Time Code

PB1-B Parallel Binary Nanosecond Time Code

PB3 Parallel Grouped Binary Microsecona
Time Code

PB3-A Parallel Grouped Binary Nanosecond
Time Code

PB4 Parallel Grouped Binary Millisecond/
Microsecond Time Code

PB4-A Parallel Grouped Binary Millisecond/
Microsecond/Nanosecond Time Code

A PB5 Parallel Grouped Binary TJD
Nanosecond Time Code

PBCDI Parallel Binary Coded Decimal
millisecono Time Coae

PBCDI-A Parallel Binary Coded DecimalI Microsecond Time Code

PBCDI-B Parallel Binary Coded Oecimal
Nanosecond Time Code
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% % NSM.



SUMMARY OF PARALLEL TIME CODES

PB TIME CODES

PB1 Day-of-Year, Nilli seconu s-of-jay

PB1-A Day-of-Year, Microseconds-of-Day

Po1l.B Day-of-Year, Ndnosecond s-of-Day

PB2 Open fur future codes

PB3 Day-of-Year, Seconds-at-Day, Nill iseconus-of .Second,
Microsecond s-of-M'illisecona

P63-A Day-of-Year, Seconds-of-Day, Mill, seconos-of-Second,
Microseconds-of-Millisecond, Nanoseconds-of-Microsecona

PB4 Day-of-Yedr, Milliseconus-ot-Day, Microsecorius-ot-
Mill isecond

P64-A Day-of-Year, Milliseconds-of-Day, Microseconds-of-
Millisecond, Nanoseconds-of-Microsecond

PB5 Truncated Julian Day, Seconds-of-Day, Nilliseconds-or-
Second, Microseconds-of-Millisecond, Nanoseconds-of
Microsecond

PbCD TINAE CODES

P8CD1 Day-of -Year, Hours-of-Day, Minutes-of-Hour, Secirlas-or-
Minute, Milliseconds-of-Second

PBCDI-A Day-of-Year, Hours-of-Day, Niinutes-of-Hour, Seconds-ol-
Minute, Millisecondis-of-Seconda, 1Microseconds-or-
Millisecond

P bC D I-b Ddy-of -Year, Hours-of -Day , Mi nutes-of -Hour, Secon s -of -
Minute, Milliseconds-of-Second, Microseconds-of-
Hillisecond, Nanusecono s-of-Microsecond

x i
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N,. DEFINITIONS

The following terms are used in this document:

ACCURACY -- Systematic uncertainty (deviation) of a measures value
with respect to a stanaard reference.

BINARY CODED DECIMAL (BCD) -- A numbering system which uses decimal
digits encoded in a binary representation (8n 4n 2n In) where n=l,
10, I00, IK, IOK ..N. Time code digit values less than N are
considered zero and are encoded as a binary "0" (see tables III and
IV, appendix B).

BINARY NUMBER SYSTEM -- A numbering system which has two ds its base
and uses two symbols, usually denoted by 0 and I (see tables 11 and
IV, appendix B).

BIT (element) -- An abbreviation of binary or binary codeo decimal
digits of which a word or subword is composed.

dBIT TRANSITION TIME -- The tiwe required for a bit in the time code or
subword to change from one logic level to the next, that is, a logic U
to a logic I or vice versa.

. IDENTIFICATION BITS (ID) -- Bits with a fixed state (logic levelj
*used for time code identification.

INHIBIT/READ BIT -- A bit generated with the time code whicri pr ,luit
a user from reading the code during the time code update.

INSTRUMENTATION TIMING -- A parameter serving as the funuarientul

independent variable in terms of which data may be correlated.

LEAP SECUND -- See appendix A.

LEAP YEAR -- See appendix A.

LSB Least siyni ricant Di t.

MSB - Most significant bit.

xii
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ON-TIE -- The state of any bit being coincident with the Standard
Time Reference (U. S. Naval Observatory or National Bureau of
Standards).

PARITY BIT -- Confidence bits derived from and generated with tne bits
in the time code word or subword.

PRECISION -- An agreement of measurement with respect to a defined
val ue.

RESOLUTION (of a time code) -- The snial lest increment or tiine or Ieas
significant bit which can be defined by a tire code word or subword.

SECOND -- Basic unit of tinie or time interval in the :nternationaI
SyLtein of Units (SI) which is equal to 9 192 b31 770 periods of
radiation corresponding to the transition between tne two nyperfine
levels of the ground state of Cesium 133.

SUBWORD -- A subdivision of the time code word contanin g only one
type of time unit, for example, days, milliseconds or microseconds.

TIME CODE -- A system of symbols used for identi fyiny speci 1c
instants of time.

TIME CODE WORD -- A specific set of time code symbols wnicn iden ir,
one instant of time. A time code word may be subdivided into ;jDwGr ;.

TIME REFERENCE -- The basic repetition rate chosen as tne crmon " .e
reference for all instrumentation tiraing (,;suallv I pps).

Truncated Jul ian Day (TJD) -- The TJD is used by the scienti rc
community for recording astronomical and historical events ani for
archival data storage and is useful in the space sciences ir i.
TJD has an epocn of 24 Nay 1968 with a repeti tion per oo d re, / ie
time) of 1),000 days (27.37j years) arid will recycle j JCtu ,"
(see table I, appendix B).

T -- The initial time dn Um s 1 January.

il -- Logic 1 or true (bit nijn).

V -- Logic 0 or false (bit low).

'V -- Pe!k-to-peak transition of vol tage betwetn 'o' in<i , . r ,
as (;V -v ).

xiii
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GLOSSARY OF SELECTED TIME TERMS

These definitions of time-relatea terms are useful in under-
standiny the text of the standard and the relationship Uetween various
time scales.

EPOCH -- signifies the beginning of an event or era.

TIME INTERVAL -- is the duration between two instants read on the same
time scale.

TIME SCALE -- is a reference system for specirying occurrences wltri
respect to time.

'p.

'p SOLAR TIME -- is based on the rotatiun of the eartn about tne sun.

SIDEREAL TIME -- is determined and defined by observations of the
earth with respect to the stars. A mean sidereal day is approximately
2 3 h 5 6 m 4.09

S .  A solar year contains 366.24 sidereal days.

EPHE;iERIS TIME (ET) -- is oDtained from observations of the motion o
the moon about the earth.

UNIVERSAL TIME (UT) -- is the mean solar time of the prime meridian
plus 1 2 n, determined by measuring the angular position of the edrtn
about its axis. Tne UT is sometimes desiyjnated GT, Out this desi.na-
tion should be avoided. Communicators use the designation "Z" or LuIJ
tor UT.

uTu -- measures UT with respect to the observer's meridan positiun )n
earth) which varies because of polar motion.

jTI -- is UTO corrected for variations in the polar motion and is
proportional to the rotation of the earth in space. In their mont l
Circular-D," tne Oureau Interndtional de l-Heure ( IH) publisnes tne

current values ot UTI with respect to International Atomic Time T >.

UT2 -- is UTI correctedi empirically for annual ano semi inual v '
tions in tne rotation rate of the earth. The maximum correct;cn i,
aoout 3U hs.

S xiv
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TIME UNIVERSAL COORDINATED kUTC) -- is maintained by the bureau
International ae 1'reure (BIh) wnicn forhis tne basis of a coorjinat-,

dissemination of stanoard frequencies and time signals. A uTC clocK

nas the same rate a TAI cloi-k does but differs by an integral numuer

of seconds. The step-tie ddjustioents are called "leap seconds."

Leap seconds are suotrdcted or auded to UTL to keep in syncnroni si
with UTI to within +0,9 second (see appendix A).

DOuTI -- is the predicted differences between UTI ana UTC ana is g , veii
by DUTI = UT1-UTC.

:NTERNAT:UNAL ATOMIC TIME (TAI) -- An atomic time scale based on 1jt.a
from a worldwide set of clocks and is the internationally agreed To
tiwe reference. Tne TAI is maintained by BIH, Paris, Frdnce. ItS
epoch was set such that TAI was in approximate agreement with ,T1 on

1 January 1958.

INTERNAT IONAL ATOMIC T1IME (TAI) TIiIE CODE -- The TAI time code
represents a binary count of the elasped time in seconds since the

I January 1i5o epocn. The bureau International de l'Heure (BIH> , the
,. United States Naval Observatory (USNO) and other national observa-

tories and laboratories maintained this count which is a very larje
." number accumulating at 86,4UU seconds per day.

JJLIAN JAY NUIBER (JDN) -- A nuhjLier of a specific day fro, a contin-

uous day count having an initial epoch of 12 hours UT on I january

4713 B.C.--tne start of Julian Day zeru.

Example: Tne day extendaing from 19U January U.5 days JT to IjOU
janudry 1.5 days uT nds tne numuer 24,o6U.

i.oDIFIED J'JL:AN DATE (MJUf -- is the Julian Day less 2 4U0 Uuu.5 days.

TRJNCATED ;UL !AN DAY (TJD) -- Tne JDN 2 44U UOU .5 occurred on 2'd 0.a/

1' l8 and defines the orijin of the TJD time scale used in tne Pb5 tme
-- Code.
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INTRODUCTION

Present and proposed communication systems, missile and
spacecraft tracking, arid data hdandling systems require real-time
parallel formatted time that will efficiently interface between the
ti mi ny system ( tire source) and the users. Standardization of
parallel time codes is necessary to meet the needs of automatea
(computer controlled) data nandling equipment, to provide reliable
time tagginy of events in a binary format, and to ensure system
compatibility among spacecraft projects, ground networks, data
processing facilities, and the various international cooperative
projects.

Tnis standard defines the characteristics of tne parallel Dinar'.'
and parallel binary coded decimal time codes. Trie selected .odes
contain most, if not all the features, of tne various parallel binary
time codes presently in use. Only those portions of a code requireu
for existing application need be used. This point is important
because it permits simplifying the code and its use and allows the use
of various portions (resolution) of the cooes as desired.

The task of standardizing parallel binary time codes was assijneu
to the Telecommunications Group (TCG) of the Range Comimanders Council
(RCC) by the Executive Committee in June 1972. The first document,
"RIG Standard 128-73, contained PB1, PB2, and PB3 time codes. Time
code PB4 was adoea to the family of parallel codes in IRIG Str dard
205-77 (formerly 12b-77).

The present addition of codes to document 2U5-77 includes four

parallel binary time codes, PBI-B, PB3-A, PU4-A and PB5, and three
parallel binary coded decimal time codes, PBCD1, PBC0I-A and PBLDI-B.
Tne addition of these codes gives millisecond, rmicrosecond and
nanosecona resolutions in parallel binary and parallel Diriary code
decimal formats.

NOTE: Tne PB2 time code nomenclature is redesignated PBI-A so trlt

the RB1 family of codes include ms, 4s and ns resolutions. The PB2
designation snall remain open for a possible family of future codes.

This standard reflects the state-of-the-art and is not intendeo to
constrain research and development in tire area. The stanOdrd will be
revised as required.

I%-



1.0 GENERAL DESCRIPTION OF TIME CODE

This standard describes three parallel binary time codes, five
parallel grouped binary time codes and ttoree parallel hindry coueu
decimal time codes. All contain day-of-year information with various
resolutions incluainy hours, minutes, seconds, m iiseconds, rilro.
seconds, and nanoseconds.

1.1 PARALLEL BINARY MILLISECOND rIME CODE (PBI)

The 36-bit parallel binary time code word contains binary day-or-
year and binary mil liseconas-of-day information.

1.2 PARALLEL BINARY MICROSECOND TIME CODE (PB1-A)

4The 4o-bit pdral lel binary time code word contiins binary day-cf-
year and binary microseconds-of-day information.

1.3 PARALLEL BINARY NANOSECOND TIME CODE (PB1-B)

The 56-bit parallel binary time code word contains binary dav-or-
year and binary nanoseconds-of-day intorriation.

1.4 PARALLEL GROUPED BINARY MICROSECOND TIME CODE (PB3)

The 4u-bit parallel grouped binary time coue word contains binari
day-of-year, binary seconds-of-day, binary mil liseconds-of-second
(.U01s) and binary microseconds-of-mil lisecond (.UoLins) inforriatiun.

1.5 PARALLEL GROUPED BINARY NANOSECOND TIME CODE (PB3-A)

The 56-bi r paral lel yrouped binary time code word contjins oinar.
V day-of-year, binary seconds-of-day, binary mil l iseconds-of-second

(.0U s), binary i,icroseconds-o-mi 1 1 i second (.UbIrs) and ai narl
nanoseconds-of-microsecond (.001 As) information.

1.6 PARALLEL GROUPED BINARY MILLISECOND/14ICROSECOND TIME CODE (PB4)

The 46-bit parallel grouped binary time code word contains binar,
day-of-year, binary mi 1 iseconds-of-day and binary raicroseconds-of-

- millisecond (.001ms) information.

1.7 PARALLEL GROUPED BINARY MILLISECOND/MICROSECOND/NANOSECOND TIME
-. CODE (P84-A)

The 5u-bit paral lel grouped binary time code word contjins binary
day-of-year, binary mril l iseconds-of-day, binary microseconds-of-
iii I I i second (.JUInis), and Dinary narioseconds-of-micrusecono .UuI ;information.

1.8 PARALLEL GROUPED BINARY TJD NANOSECOND TIME CODE (PB5)

The bi-bit paral lel grouped binary time code cuntdins Truncate(i
Julian Day, binary seconus-ot-day, oinary ri I I is conds-or-secuno

3
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(.O01s), binary microseconos-of-millisecond (.OUlms), arid binary

nanoseconds-of-microsecond (.UU14s) information.

1.9 PARALLEL BINARY CODED DECIMAL MILLISECOND TIME CODE (PBCDI)

The 42-bit parallel binary coded decimal time coae word contains
day-of-year, hours, minutes, seconds, and milliseconds-of-second
(.U0ls) information.

1.10 PARALLEL BINARY CODED DECIMAL MICROSECOND TIME CODE (PBCDI-A)

The 54-bit parallel binary coded decimal time code word contains
day-of-year, hours, minutes, seconds, milliseconds-of-second .UUIs),
and riiicrosecons-of-iillisecond (.001ms) information.

1.11 PARALLEL BINARY CODED DECIMAL NANOSECOND TIME CODE (PBCDI-B)

The 66-bit parallel binary coded decimal time code word contains
day-of-year, hours, minutes, seconds, milliseconds-of-secona (.UOts),
and microseconds-of-millisecond (.001ms), and nanoseconds-of-micro-
second (.001 s) information.

2.0 FORMATS (GENERAL)

An overview of the parallel time codes is described below.

2.1 TIME CODE WORD STRUCTURE

The basic time code word is comiposed of subwords. Each suDword
is formed by binary uits (elements) which determine the granularity

(resolution) of the time code subword. Each subworo represents a
particular resolution of the time being identified. For example, tne
P61 family of codes contains as part of their basic woru structure,
suDword composed of 9 bits for binary day-of-year information. P31
also contains 27 bits for binary milliseconds-of-day. PBI-A and P I-6
extend PBI to microsecond and nanosecond resolution.

The parallel grouped binary codes PB3 and PB3-A both contain
9-oits day-of-year, 17-bits seconds-of-day, 1l-bits milliseconds-of-
secona, and lU-bits microseconds-of-millisecond. PB3-A extenus Pbj to

0 nanosecond resolution. The PB5 time code is identical to PB3-A ecept
that it contains TJU rather than boY in its format.

The family of PBCDI codes all contain 1L-bits BCD day-of-yedr
1/ information with hours (o-bits BCD), minutes (7-bits BCJ), seconds

(7-bits BCD), and 12-bits milliseconds-of-second (.001s) information.
7 he P 3BG -A ana P BC D1 -B ex tenda P BC D to m ic rousec o nd a3nu n d fl se onji

E resol ution.

A feature of the nanosecond cooes (excluding PB1-3 1 s tnait t:I.
can all be truncated at any desirable resolution. For example, ti)(n

"PB4-A ti ie code wnich has nanosecond resolution can be truncdteu at
microseconds to provide milliseconds-of-day resolution.

I'.



2.2 INHIBIT/READ BIT

An innioit/read bit (pulse) is generated with each coae for
optional use by external equipment interfacing with the time code
source and is not propagated beyond the first interface. The purpose
of the inhibit/read pulse is to prevent the user of the tine coue fr ,i
reading the code immeuiately prior to and Just after the time coje
update. The inhibit pulse occurs at the appropriate rate for tne
various codes, usually at the cooe upoate rate.

2.3 PARITY BIT

Parity bits are generated with each time code for optional use )v
external devices when users desire a degree of confidence in tne
correct transmission of the time code (see table VI, appendix 6).

2.4 CODE IDENTIFICATION BITS

Identification (ID) bits are established for each time code for

optional use by external devices when users desire to distinguish one
time code from anotner (within a family) by noting the fi xeu state
(logic level) of the ID bits (see table V, appendix B).

2.5 TIME CODE WURD BIT DESIGNATION

The LSB in the time code word forraat is the lowest granularity
bit within a subword. The MSB is the highest granularity bit withlin
eacn subword. For example, the LSB for the binary codes is tne ( 2
bit and the MSB is the (2

n ) bit. Each subword, therefore, contairs
(n+l) bits. in a pictorial presentation of the codes, tie MS3 is
shown on the left and the LSB on tne right of each subwor .

3.0 SIGNAL CHARACTERISTICS

For each parallel time code, the signal ntis the following
cnaracteristics.

3.1 BIT LEVEL (TRUE/FALSE CONVENTION)

Positive logic is standard. If the voltage level of an output
data bit is high, the indication is true. For the binary codes, lQiJ
1 is true and logic U is false. The same is true for the 3CD codes.
The true voltage level (V1 ) is always more positive than tne t* ls
vol tage level V0  (see figure 1).

3.2 VOLTAGE LEVEL TULERANCE

... Tne vol tage level tolerdnce at eitner logic I ( V or i i
shall not exceed 15 percent of the di tference between logic 1 ,cvel-

V.- (A"/i .
'v
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V1 (LOGIC 1) TRUE

AV

V 0 (LOGIC 0) FALSE

wV

AV = V 1 - V0

Figure 1. Bit voltage level transition.

3.3 BIT TRANSITON

Overshoot ana undershoot during each bit transition snall not
exceed 10 percent of the final steady-state value.

3.4 BIT TRANSITION TIME

The voltage level change of all bits from the time code *enerator
(rise and fall time) of the parallel data from true to false or vic-
versa shall occur within 2U0 picosecondsl for the nanosecond coies,
within 200 nanoseconds for the microsecond codes and witnin I micro-
second for tne mill isecond codes.

*: 3.5 CODE RIPPLE-DOWN TIME

The total counter ripple-down time (update) in a time code jern-
erator from LSd to the MSB fr the nanosecond codes shall not be
greater than 30U picoseconds and 30u nanoseconds for the microsecon(i
and mill isecond codes.

une nundred picosecond rise times or sub-nanosecond code update of the parjlltfl _ime

word LSB for the nanosecond codes may not be within the practical state-of-the-ar
for many haraware/software systems/logic families. However, update of the ndnoscOslC
codes could be at other intervals such as ions or lUMns. Sub-nanosecond innibit, read
pulses may also be difficult to generate. These pulses can also occur dt 3 luns or
aOns rate to be compatible with the code update rate. As the state-o-the-irt
advances for hiyh speed logic, higher data rates can be achieved.

4 6



3.6 INHIBIT/READ BIT PULSE CHARACTERISTICS

The inhibit/read pulse for the nanosecond codes shall not exCee.
5uu picoseconds1 . The inhibit/read pulse for the microsecona codes
shall not exceed 500 nanosecunds, and the inhibit/read pulse for the
m llisecono cooes shall not exceed luu microseconds.

The leading edge of the inhibit/read pulse is coincident witn or
sli gntly anead of the on-time bits, For the innibi t corui t on, tri

bit is hiyn. For the read condition, the bit i s low as shown in tn.
various time code timing charts, (For examples, see fi*sures 3,
and ).

3.7 PARITY BIT LOGIC LEVEL

uda parity is adopted in tnis standard; that is, a parity bit is,
true (logic 1) when the code bits it spans have an even number of : '

*. true.

4.0 FORM4ATS (SPECIFIC)

A detailea description of inri vioual time codes is aescriue,- in
the following paragraphs.

. 4.1 PARALLEL BINARY MILLISECOND TIME CODE (PBI)

Tne PB1 time code format is snown in figure 2A. The time .oce
word is composed or two subworos.

Subwora one contains 9 bits for binary day-of-year DoY). Te
LSB is tie 20 bits and tne ;,iSd is tne 28 bit. The range of Do{ is
I through 3o5 (3o6 for leap year).

Subword two contai ns 27 bi ts for bi nary nii 1 1 i seconus - r i_.,
SB is tne 20 and tne MS8 is the 220 bit. The range of mi 1 I iseconjs-

* or-aay s U throu n co '9j9 399.

% Two odo parity bits (PI and P2 ) are generated. P 1 is ) ener ze,'
from the 93-bit LOY and the 27-bit milliseconds-of-day. PZ is 3ener-
ateu from tne 27-uit millisecond-of-day (see table IV, appendix ,.

Three :D bits iU, 0, 1) are generated for code identificition
(see parayrapn 2.,.

Figure 2B snows time code di sp lays for times Cj (CoY 1) 3 n,j
(DoY 3b5,. Also shown is the state (level s) of the parity DiIs . r
eacn time displayea and tne 1D bits.

V : igure 3 shows the PBI time code L, d confiuradtiun (1o,(ic e
for IJoY and mi l iseconas-of-day starting at ti re t u  fol owen c, ,

3...tI n (JoY 3o4) ano tn (JoY jo ). Tne innlci t/rea d (1 t tlI e
* position is al so shown.

6 7
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4.2 PARALLEL BINARY MICROSECOND TIME CODE (PB1-A)

The PBI-A time code format is shown in figure 4A. The time coce
o word is made up of two suoworos.

Subword one contains 9 bits for binary DoY. Tne L~b is the 20
bit and the MSB is the 2 bit. The range of DoY is I througn 3u5 13 o

for leap year).

Subwora two contains 37 bits for binary microseconus-or.oay. 7,.e

LSB is the 20 bit and the MSB is the 2 36 bit. The range of micro,
seconds-of-day is 0 tnrough 8o 399 999 999.

Two odd parity bits (P and P2 ) are generated. P 1  is generatei
from tne 9-oi t DoY ana the 7-bit microseconds-of-day. P4 is jeqte -
ated from the 37 bit microseconds-of-day (see paragraph 3.7).

Three ID bits (0, 1, 1) are generated for code ideritificatiun
-see paragra ph 2.4).

Figure 48 snows tirie code aispilays for times tU  (JoY i) and tn
-oY 365). Also shown is the state of the parity bits for each t ieie
displayed and tne ID bits.

Figure 5 shows tne Pbl-A time code LSB cunfiyuratiori loyic
levels) for DoY and microseconds-of-day starting at the time tj
fol 1 owed by tj, t4, t3 ...tn 1  (DoY 3b4) and tn  (DoY 3o5). Tte
innibit/read bit time position is also shown.

4.3 PARALLEL BINARY NANOSECOND TIME CODE (PB1-B)

The PBI-B time code format is shown in figure uA. The tiwe cooc
word is made up of two subwords.

Suuword one contains 9 bits for binary DoY. Tne LSB is tie
bit and the MSB is the 2d bit. The range DoY is 1 through 3b5 o
for l eap year).

Subword two contains 47 bits for binary nanoseconus-of-day. 7he

LSB is the 20 bit and the MSB is the 246 bit. The range or fldno-

* seconds-of-day is 0 through 86 399 999 999 999.

Two odd parity bits (P and P2 ) are generated. p
from tne 9-bi t DoY ana the 7-oi t nanoseconds-of-day. P2 i S en e (It'
from tne 47 bit nanoseconds-of-aav.

SThree LD bits (1, U, i are gjenerated for cooe ide,1ii ra i on.

Figure 63 snows time code displays for times to  (Dof nd t,
(Doe 36 ) Also snow is tne state (level) or tihe pir V Di V V u
tine displayed and the ID bits.

Figure 7 snows ttie PU1-B time cone LSB con ti urit i ] ni ,
levels) for UoY and nanoseconds-of-day starting at time t, to] low ,':

.. . - . . \. ..- , N
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t , t2, t (DoY 3b4) and tn  (DoY 365). The inhibit/read oit

tlme pos ion is also Shown.

4.4 PARALLEL GROUPED BINARY MICROSECOND TIME CODE (PB3)

The PB3 time code format is shown in figure 8A. Tiie time code
wora is made up of four subwords.

Subword one contains 9 bits for binary UoY. Tne LSo is tn 20

bit and the MSB is the 28 bit. The range of DoY is I through 3o5
(366 for leap year).

is.Subword two contains 17 bits for binary seconds-of-aay. Tne $S

is the 20 bit ana the MSB is the 210 bit. The range of seconds-of-i3
is 0 through dO 399.

Subword three contains 10 bits for mill i seconds-of-second
S(. s01s). rhe LSB is the 20 bit and the MSB is the 29 bit. Tne range
of milliseconds-of-secona is U tnrough 999.

Subword four contains 10 bits of microseconas-of-millisecond
•UO Iins). The LS6 is the 20 bi. and the MSB is tne 29 bit. Tne rjnge

of microseconds-of-iillisecond is 0 through 999.

Three odd parity bits (PI, P2 , P3 ) are generatea. P1  is gen-
erated from the 9-bit DoY, 17-bit seconds-of-day, 10-bit milliseconas-
of-second, and the 10-bit microseconds-of-mi lii seconu . P2  is yen -

erated from the 17-bit seconds-of-cay and 10-bit milliseconds-of-
second. P3  is generatea from the lu-bit milliseconds-of-secono and
the 10-bit microseconds-of-millisecond.

Three ID bits (u, 1, 1) are generated for coae identi ficdtion.

Figure 8B shows time code lisplays for times t (DoY 1) and 9
.(D Y 365). Also snown is the state of tne Ddri t t) i ts tor each tifedisplayed and the 1D Dits.

-.' rFigure 9 shows the PB3 time code LSB configurdtion (logic level
.%for DoY, seconds-of-day, milliseconds-ot-second and micrOSeconas-or-

0 millisecond starting at time to  fol lowed by t1 , t2 , t3 ... tn.- (joY
i 364) and tn (DoY 365). The inhioit/redo oit ime position is al o

shown .

4.5 PARALLEL GROUPED BINARY NANOSECOND TIME CODE (PB3-A)

O.- The PB3-A time code format is snown in figure .AJA. Int ti.ne c :;e
.or' is made uu of five subworjs.

Suowora one contains 9 b1tS for Dlnary 'Do(. The LS6 6 '"

bit and the ASB 1is tne 2d  Lit. Tne ranje of r o is tnroun : ro
for leap yedr).

u..Subwora two contains 17 bits for birar / econu of- c/, nj r_- f
.is the 2O  bit and tne MSB is the 2 bit. The range of ;econh-.r-. .

is 2 througjh 6 399.

O0 9
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,ubword ciree contains 10 bits for milliseconds-of-second
.. U0Is). The LSB is tne 2 U bit and the MSB is the 29 bit. The range
of milliseconds-of-second is 0 throuyh 999.

Subword four contains 10 bits for microseconds-of-millisecona
(.001ms). The LSB is the 20 bit and the MSB is the 29 bit. The range
of microseconds-of-millisecond is 0 through 999.

Subword five contains 10 bits for nanoseconds-of-microsecond
(.001us). The LSB is the 20 bit and the MSB is tne 29 bit. The range
of nanoseconds-of-microsecond is 0 through 999.

Four odd parity bits (P 1 , P2  P3 , and P4 ) are generated. P 1 is

generated from the 9-bit DoY, 17-bit seconds-of-day, 10-oit Mil -
seconds-of-second, 10-bit microseconds-of-millisecond, and lu-bit
nanoseconds-of-microsecond. P2  is generated from 17-bit seconds-of-
day and iU-bit milliseconds-of-second. P3  is generated from 1U-bit
milliseconds-of-second and 10-bit microseconds-of-millisecond. P4  15

generated from 10-bit nanoseconds-of-microsecond

Three ID bits (1, 1, 1) are generated for code identification.

Figure lUB shows time code displays for times t o  (DoY 1) and tn

(DoY 365). The state of the parity bits and ID bits are also shown.

Figure 11 shows the PB3-A time code LSB configuration (logic
levels) for DoY, seconds-of-day, milliseconds-of-second (.UOls),
microseconds-of-millisecond (.OOlms), and nanoseconds-of-microsecond
(.O014s) starting at time t followed by tj, t 2 , t3...tnl (DoY 364)
and tn (DoY 365). The inhi it/read bit time position is also shown.

4.6 PARALLEL GROUPED BINARY MILLISECOND/MICROSECOND TIME CODE (PB4)

The PB4 time code format is shown in figure iZA. The code wora
is composed of three subwords.

uoword one contains 9 bits for binary DoY. The LS6 is tne -'
bit and the MSB is the 2 d bit. The range of DoY is 0 through 3b5 'oo

for leap year).

* Subword two contains 27 bits for binary milliseconds-of-day. Tne

LSB is the 20 bit and the MSB is the 2 2b bit. The range of milli-
.-* seconds-of-day is 0 through 6b 399 999

Subword three contains 10 bits for microseconds-of-millisecond
.UUIms .) The LSB is tne 20 bit and the 1SB is tne 2) bit. Tne range

of microseconds-of-millisecond is 0 tnrough 999.

Two odd pdrity bits (P and P2) are generated. P1 is generateui
from tne 9-bit DoY and 27-bit milliseconds-of-day. P2  1 generated
from the 27-bit milliseconas-or-day and lu-bit microseconds-of-
mi 11 isecond.

Four :D bits (u, 1, U, U) are generated for code identi tlCdtiB1.

10



Figure 12B shows time code displays for times tn  (DoY 1) and tn

(DoY 3b5). Also shown is the state of the parity ana ID bits

Figure 13 snows the PB4 time code LSB configuration (logic

levels) for DoY, milliseconds-of-day and microseconds-of-milliseconu

* starting at time t- followed by t 1 ,  t2, l t .. tn- I  (Doy 3b4) and tn
DoY 365). The inhibit/read bit ime position is also shown.

4.7 PARALLEL GROUPED BINARY MILLISECOND/MICROSECOND/NANOSECOND TIME

CODE (PB4-A)}

The PB4-A time code format is shown in figure 14A. The time code

word is composed of four subwords.

Suowora one contains 9 bits for binary DoY. The LSL is the 2J

bit and the MSB is the 28 bit. The range of DoY is I through 3b5

(366 for leap year).

% Subworc two contains 27 bits for binary milliseconds-of-day. The

%. LSB bit is the 20 and the MSB is the 226 bit. The range of milli-

seconds-of-day is 0 through 86 399 999.

-1 Subword three contain 10 bits for microseconds-of-mill second

.U01ms) The LSB is the 2 bit and the MSB is the 29 bit. Tne range

of microseconds-of-millisecond is 0 through 999.

Subword four contains 10 bits for nanoseconds-of-microsecond

(.UOl1 s). The LSB is the 2U and the MSB is the 29 bit. The range of

nanoseconcs-of-microsecond is 0 through 999.

Three odd parity bits (P 1  P2 , P ) are generated. P1  is gen-

erated from the 9-bit DoY, 27-bit mil iseconds-of-day, id-bit micro-

seconds-of-millisecond and 10-bit nanoseconds-of-microsecond. P2  is
generated from 27-bit milliseconds-of-day and 10-bit microseconds-of-

millisecond. P 3  is generated from 10-bit microseconds-of-millisecond
and IU-bit nanoseconds-of-microsecond,

Four ID bits (1, 1, 0, 0) are generated for code identification.

a
Figure 14B shows the time code displays for times t0  (DoY 1) and

tn  (DoY 365). Also shown is the state of the parity and ID bits.

Z Figure 15 shows the PB4-A time code LSB configuration (loyic
% levels) for DoY, milliseconds-of-day, microseconds-of-millisecond ana
% nanoseconds-of-microsecond starting at time t followed by t,, t ,

* t4 . .tn I  (DoY 364) and tn (DoY 365). The inhibit/read bit ime
position is also shown.

4.8 PARALLEL GROUPED BINARY TJD NANOSECOND TIME CODE (PBS)

The PBS time code uses Truncated Jullan Day (TJD) rather tnan

[ IDay-of-Year.

The PB5 time code format is shown in figure IbA. The time c(tot
word is composed of five subwords.

%
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Subworcl one contains 14 bits for binary TJU. The LSB is the 20
bit and the MSB is the 2 3  bit. The range of TJD is from an epocn of
24 May 1968 repeated every 10,UUU days or 27.379 years.

Subworcl two contains 17 bits fQr binary seconds-of day. The LSB
is the 2U  bit and the MSB is the 210 bit. The range of seconas-of-day
is 0 through 86 399.

%. .Subwora three contains 10 bits for binary milliseconds-of-secono
(.001s). The range of milliseconds-of-second is from 0 through 999.

.• Subword four contains 10 bits for binary microseconds-of-milli-

second (.O01ms). The range of nicroseconds-of-millisecond is U
through 999.

Subworu five contains 1U bits for binary nanoseconds-of-micro-
second (.0014s). The range of nanoseconds-of-microsecono is J trhrougn
999.

Four odd parity bits (P PP, P4 )are generated. P is
generated from the 14-bit TJ I -i seconds-of-day, 1U-bi milli-
seconds-of-second, 10-bit microseconds-of-millisecond, and 1U-bit ndnf -

*seconds-of-microsecond. P 2 is generated from 17-bit seconds-of-day
and IU-bit milliseconds-of-second. P3  is generated from 10-bit mailii-

- seconds-of-second and iU-bit wicroseconds-of-millisecond. P4  is jen-
erated from 10-bit nanoseconds-of-microsecond.

Three ID bits (1, 0, 1) are generated for code identification.

and Figure 16b shows the time code displays for times tU  (TJD o431

and tn (TJD 6795). Also shown is the state of the parity and ID bits.

Figure 17 shows the P65 time code LSB configuration (logic
levels) for TJD, seconds-of-day, milliseconds-of-second (.UU1S),
microseconds-of-millisecond (.Uulms), and nanoseconds-of-microsecond
(.OUlus) stdrting at time to followed by tI , t2 , t3 ...tn -I, and
.ti .... The innibit/read bit time position is also shown.

4.9 PARALLEL BINARY CODED DECIMAL MILLISECOND TIME CODE (PBCDI)

The PBCDI time code format is shown in figure 18A. The time code
word is composed of five subwords. Each subword is made up of BCD
oits following standard notation of (1, 2, 4, 6)...(in, 2n, -In, 6n;
numbering system where n is 1, IU, 100, IK ....

SuDword one contains lu BCD bits for DoY. The LSB is tne OCD bit
I and tne MSB is the BCD bit 20U. The range of DoY is 1 throu,jn Jb h

Soo for leap year).

, ZuDwori two contjins o BCD bits for hours-of-dai. The L U ; n,
BCD b i t ' and the MSB is tne BCD bit 2U. The range of hours-of-day, is
, tnroujn 23.

%
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Subword three contains 7 BCD oits for winutes-of-hour. Tne LJ5
is the BCD bit 1 and the MSB is the BCD bit 40. The range of minutes-
of-hour is 0 tnrouyn 59.

SLOword four contains 7 BCD bits for seconds-of-minute. The LSb
is the BCD bit I and the MSB is the BCD bit 40. The range of stconas-
of-minute is U tnrough 59.

Subwora five contains 12 BCD bits for mi 1 1 i seconas.of-secono
.0 1s). The LSB is the BCL bit I and the NSB is the BCD bit d O.

Tne range of mil liseconds-of-second is 0 through 999.

Four odd parity bits (P , P 2 , P 3 , P4 ) are generated. P1  is
generated froi the lu-bit DoY, o-bit hours-of-day, 7-bit minutes-or.
hour, 7-bit seconds-of-minute, and 12-bit milliseconds-of second. Pz
is .enerateu from b-bit hours-of-day and 7-Dit minutes-of-nuur. P3 is

. generated from 7-bit minutes-of-hour and 7-bit seconds-of minute. PK
" is generated from 12-oit wil I i second s-of-secono.

Three ID bits (U, 0, 1) are generated for code identification.

Figure 18B shows the time code displays for times tU  (Doy I anu

. tn (DoY 365). Also shown is the state of the parity and ID Dits.

Figure 19 snows the PBCDI time code LSb configuration (logic
levels) for DoY, hours-of-day, minutes-of-hour, seconds-of-minute, and
mil liseconds-of-second starting at time to  followed by t I  t 2 ,
t3...t.n.1 (DoY 364) and tn (DoY 365). The inhibit/read bit time
position is also shown.

4.10 PARALLEL BINARY CODED DECIMAL MICROSECOND TIME CODE (PBCD1-A)

The PBCDI-A time code format is shown in figure 2UA. The tiiie
coae word is composed of six subworus. Each sucword is wade uu of j
bits fol lowing stanaard notation of ( 1, 2, 4, 8)o,1 n, 2n, Ln, on'
nurmoeri ng sys term where n is 1, LU, LUU, 1K

Subword one contains 10 BCD bits for DoY. The LSB is the iCD Dit
I and the NISB is tne 6CO bit 2UO. The range of DoY is I tnrougn 3o:
(366 for leap year).

Subwora two contains 6 BCD bits for hours-of-day, The LUS is tne
3CD bit I and the MSB is the BCD bit 20. The range for hours-of- 3'
i s 0 through 23.

Subword three contdi ns 7 3CD bits for hinutes-of-nour. The
is the BCD bit i and tne MSB is the BCD oit -10. Tne ran e of -n nutr s-
of-hour is U tnrougn 59.

Suoworq four contains 7 BCD bits for seconoS-ot-winut,_. _
is tne BCD bit I and the MISB is the BCD o1 t 4U. The range or n's
of-mi nute is u tnrough 59.

-W.V W..-V



Subworo five contains 12 BCD bits for milliseconos-of-se2ond

(.OUls) The LSB is the BCD bit I and the MSB is the BCD oit oUu
The range of nii lli seconds-of-second is 0 through 999.

Subword six contains 12 BCD bits for microseconds-of-milliseconi
"Ol0ms). The LSB is the BCD bit I and the MSb is the CJ Dit 6( .
The range of microseconds-of-millisecond is 0 through 999.

Four odd parity bits (PI, P2, P3 , P4 ) are generated. P, is

generated from the lu-bit DoY, -bit hours-of-day, 7-bit minutes-or-
hour, 7-bit seconds-of-minute, 12-bit milliseconds-of-second, and 12-

bit microseconds-of-millisecond. P2  is generated from 6-bit nour-or-
day, 7-bit minutes-of-hour and 7-bit seconds-of-minute. PQ is gen-
erated from 7-bit minutes-of-hour and 12-bit milliseconds-of-secong.
P4 is generated from 7-bit seconds-of-minute and 12-oit microseconis-
of-millisecond.

Three ID bits (0, 1, 1) are generated for code identification.

Figure 20B shows the time code displays for times to (DoY 1)
and tn  (DoY 3o5) . Also shown is the state of parity anu '1U bits.

0 Figure 21 shows PBCDI-A time code LSB configuration (logic
levels) for DoY, hours-of-day, minutes-of-hour, seconds-of-minute,
milliseconds-of-second, and microseconds-of-millisecond starting at
time t followed by t t2 , t3 .. n (DoY 364) and tn (DoY 3bb).
T he i n ibit/read bit ime position is also shown.

4.11 PARALLEL BINARY CODED DECIMAL NANOSECOND TIME CODE (PBCD-)

The PBCD1-B time code format is shown in figure 22A. The timecode word is composed of seven subwords. Each subword is made up Qf
BCD bits following standard notation of (1, 2, 4, 8)...( In, 2, 4, n)
numbering system wnere n is i, 1L, 1OU, IK ....

,. Subword one contains lu BCD bits for DoY. The LSB is the 3C" Dit
I and the MSO is the BCD oi t value 20u . The range or DoY is tnrju r
3b5 (36o for leap year).

Subworu two contains b B3CD Di ts for heurs-of-day. The LS< is tne
,. BCD Dit I and the MSB is the CD o it 20. The range for nours-,or-l.3

is U tnrough 23.

SuDwora tnree contains 7 BCD bits tor rlqiuteS-ot-nour. ie
is the BCD bit I ana the MSB is the BCD Dit 4U. The rinje )f nne-
of-hour is U tnrough 59.

Subword four contjins 7 UCU 01 t, for L in .,j r-;ln . , . .
is the BCD bit I and tne ISB i s the B3 oi 4g. -he r j r ,
of-minute is u througn 59)

Subword five contains 12 bCD Di ts tor i!o 11 1 1 s o e , .)r. , .
UOIs The LSB is the 3C D bit I and tne 'jiA ; t'e :> ,; -

Terange of m IIi secondoso un (; i tfnr,)ugf n%
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'

Subword six contains 12 BCD bits for microseconds-of-millisecona
(.OIms). The LSB is the BCD bit I and the MSB is the BCD bit dUU.

4. The range of microseconds-of-mill second is U through Y99.

Subword seven contains 12 BCD bits for nanoseconds-of-
microsecond (.001as). The LSb is the BCD bit I dnd trie MSB is tne
"CD bit 800. The range of nanoseconds-of-microsecond is 0 through
999.

Four odd parity b'ts (P , P2  P3 , P4 ) are generated. P is
generated from the 10-bit Do , 6-bit hour-of-day, 7-bit minuies-of-
hour, 7-bit seconds-of-minute, 12-0it milliseconds-of-second, 12-bit
microseconds-of-millisecond, and 12-bit nanoseconds-of-millisecond.
P is generated from 6-bit hours-of-day, 7-bit minutes-of-hour dfld 7

bit seconds-of-minute. P3  is generated from 7-bit minutes-of-hour.
12-bit milliseconas-of-second, and 12-bit microseconois-of-milliseconc.
P4  is generated from 7-bit seconds-of-minute, 12-bit milliseconas-of-
second and 12-bit nanoseconds-of-microsecond.

Three ID bits (1, 0, 1) are generated for code identification.

Figure 228 snows the time code displays for times to  2DoY 1 and
tn (DoY 365). Also shown is the state of the parity and ID Dits.

Figure 23 shows the PBCDI-B time code LSB configuration (logic
levels) for DoY, hours-of-day, minutes-of-hour, seconds-of-minute,
milliseconds-of-secona, riicrseconds-of-millisecond, and nanoseconds.
of-microsecond starting at time tQ followed by t1 , t 2 , t3 ..'tn-I
(DoY 364) and tn (DoY 3b5). The nnibit/redu bi time position is
also shown.
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LEAP YEAR/LEAP SECOND CONVENTION

LEAP YEAR:

K> The lenyth of a year is not an even mul tiple of days. The year
is about 365.25 days. Thus, every four years there is an extra day,
29 February, provided the year is divisible Dy 4. If thie year is
divisible by 100, it is not a leap year. Years divisible by 400 are
leap years. Consequentl-y, the years 1988, 1992, 1996, and 2UUU are
l eap years. The year 2100 wi 1 not be a leap year because it is not
divisible by 400. With the addition of leap years, the calendar stays
in step with the seasons.

ACCUMULATED LEAP SECOND:

Since 1 January 1972, the relationsnip between International
Atomic Time (TAI) and Time Universal Coordinated (UTC) has been 2iven

by a simple accumulation of leap seconds occurring approxiriately once
per year.

At any instant (i) , Ti  = TAI time

U i  = UTC time expressed in seconds
Ti = U i  + Li,

where (Li) is the accumulated leap second additions between tne
epoch and the instant (i). The following table contains a refer-
ence list of the accumulated leap second additions (Li) between

1972.0 and 1986.0:

Time Period Li

1972 Jan 1 - 1972 Jul 1 1U. U U UU U s
1972 Jul I - 1973 Jan I 11.000 000 0 s
1973 Jan 1 - 1974 Jan 1 12 Ouu 0 U u s
1974 Jan 1 - 1975 Jan 1 13 .000 000 0 s

0 1975 Jan 1 197b Jan 1 14 .0UU uU U s
1 1976 Jan I - 1977 Jan 1 15.000 00 0 s
1977 Jan I - 1978 Jan 1 1o. U0U UUU J S
1978 Jan 1 - 1979 Jan 1 17. UU0 000 s
1979 Jan 1 - 1980 Jan 1 1 O U 0U0 U s

k:u. 1980 Jan 1 - 1981 Jul 1 19 .000 000 U s
1981 Jul I1 1982 Jul 1 2 '0. UO U U s
1982 Jul I - 1983 Jul 1 21 .U00 UO U s
1983 Jul 1 - 1985 Jul 22 UUU OUU s
1985 Jul I - 1986 Jan 1 23 U O 00U U S
1966 Jan 1 -

NOTE: Time changes are made on 31 December and 30 June at 24ju .
As of the date of pub1 ication, there has not been a leap secuni
i since 30 June 1985.
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T A 1,LE T .JIJ 1 r \N CA L END.AR F,) 1'T r) 'O.\VFR> _S 1

DATE TJD TJD DATE
Yr Mo Day Yr Mo Day

88 05 24 0 0 68 05 24

200 68 12 10
69 01 01 222

600 70 01 14
70 01 01 587

800 70 08 02
71 01 01 952

1200 71 09 06
72 01 01 1317

1400 72 03 24
73 01 Ol 1683

1800 73 04 28
74 01 01 2048

2000 73 11 14
75 01 01 2413

2400 74 12 19
* 76 01 01 2778

7 1 32600 75 07 07
,77, 01 01 3144

3000 76 08 10
78 01 01 3509

3200 77 02 26

79 01 Ol 3874
3600 78 04 02

80 01 01 4239
3800 78 10 19

81 01 01 4605
4200 79 11 23

82 01 01 4970 4400 80 06 1O

83 01 01 5335
4800 81 07 15

84 01 01 5700
5000 82 01 31

85 01 01 6066
1. 400 83 03 07

86 01 01 6431
5600 83 09 23

"."87 01 01 6796
8 

6000 84 10 27
= 88 01 01 7161

6200 85 05 15
89 01 01 7527

6600 86 06 19

90 01 01 7892
6800 87 01 05

91 01 01 8257
7200 88 02 09

92 01 01 8622
7400 88 08 27

93 01 01 8988
?800 8v 10 01

94 01 01 9353
8000 90 C4 19

95 01 ol 9718 4

8400 9 1 60
95 10 10 0

8600 91 12 10

9000 93 01 13

9200 93 08 01

9600 94 09 05

B-2
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TABLE II. BINARY (OLNT (+fl)

Decimal Number Binary Number Decimal Number Binary Number

n 2 n  2n

0 1
1 2 26 671 08864
2 4 27 1342 17728
3 8 28 2684 35456
4 16 29 5368 70912
5 32 30 10737 41825
6 64 31 21474 83648

128 32 42949 67296
8 256 33 85899 34592
9 512 34 1 71798 69184

10 1024 35 3 43597 38368
11 2048 36 6 87194 76736
12 4096 37 13 74389 53472
13 8192 38 27 48779 06944
14 16384 39 54 97558 13888
15 32768 40 109 95116 27776
16 65536 41 219 90232 55552
17 1 31072 42 439 80465 11104
18 2 62144 43 879 60930 22208
19 5 24288 44 1759 21860 44416
20 10 48576 45 3518 43720 88832
21 20 97152 46 7036 87441 77664
22 41 94304 47 14073 74883 55328

-\ 23 83 88608 48 28147 49767 10656
,r., 24 167 77216 49 56294 99534 21312

25 335 54432 50 112589 99068 42624

EXAMPLE- 216 212 28 24 20

86,400 s/d = 321323 ( 17 BINARY BITS

S B-3



TABLE IIl.BCD COUNT
(8n 4n 2n in)

Decimal Number n BCD Bits

1 1 1
5 1 3

10 10 5
15 10 5

150 100 9
1 500 1K 13

15 000 10K 17
150 000 100K 21

1 500 000 IM 25
15 000 000 10M 29

150 000 000 100M 33
1 500 000 000 IB 37

15 000 000 000 lOB 41
150 000 000 000 100B 45

1 500 000 000 000 IT 49
15 000 000 000 000 10T 53

150 000 000 000 000 100T 57

WHERE K = thousand, M = million, B = billion, T trillion

'I.

"A'. 8 1 8 1
EXAMPLE: 0 0 8 1 0 0 8 1

K K K K 1)A 0 42 1
86,400 s/d S (: g 8O C= O C O 20 BCD BITS

SB-4



TABLE IV. NUMBERING SYSTEm EQUIVALENTS

Parallel Parallel Binary
Quantity Decimal Digit Binary Bits Coded Decimal Bits

y I or 2 4 or 7 4 or 8
MJ D 5 17 20
TJD 4 14 16
Mo 2 4 5

-- DoY 3 9 10
DoM 2 5 6
HoD 2 5 6
MoH 2 6
S oM 2 6 7
SoD 5 17 20
MoD 8 27 32
M oD I 1 37 44
NoD 14 47 56
NIoS 3 10 ) 2
IMi oS 3 10 12
NoMi 3 10 1 2

%"B-

d.e.
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," TABLE V. PARALLEL TIIE CUbE IDENTIFICATIUN (:D) BITS

NUMBER OF ID BIT ID BIT
TIME CODE ID BITS "WEIGHTING" CONFIGURATION

PBI 3 B, A, 20 0 0 0 (0,0,i

PBI-A 3 B, A, 20  0 * 0 (0,1,1)

B_1P8 -B 3 B, A, 2 0  S U 0 (1 , i,

P63 3 A, 21, 20 0 S 0 u,1,1)

PB3-A 3 A, 21, 20  0 0 9 (1,1,1)

PB4 4 A, 22, 21, 20 U S 0 u (U i,0,u
"° '"

PB4-A 4 A, 2 , 21, 20 0 S 0 0 (1,1,0,u

Pb5 3 22, 21, 20 S u I (1,0,>

PBCD1 3 B, A, 20 0 0 S (0 0,1

PBCOi-A 3 B, A, 20  U a S (Uai,

PBCDI-B 3 B, A, 20 S 0 S (1,, 1)
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TAbLE VI. EXAMPLES OF PARITY BIT DETERMINATION

PARITY TIME CODE SUBWORD ERROR
TIME CODE BITS SUBWORDS INDICATION

P81 P1  1 2 P .1

P2  2 P1 P2

PB3 P1 1 2 3 P 1=

P2  2 3 P1 +P2 =2

P 3  3 4P -P3=4

PB4 P1  1 2 P1 =i

P 2  2 3PI+P2

P =3

PBC1 Pi 1 2 3 4 5 P =1

P2  2 3 P1 +P2 =2

P3  3 4 PI+P 2 +P 3 =3

P4  P1 +P3=4

Pj:P4=

! !NOTE: In the column labeled "SUBWORD ERROR INDICATION," SUDwor,]s are

•i g ven 1in which errors are impliled by tne al1l1owablIe coijibi nati ons. of
>,>pari ty bit error-indications. These examplIes are onlIy valIi d for
,, single-error conditions.
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