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5.1.4 External Date and Time Formats

A collectionof functionsconvertfrom thepsTime typesto variousexternalformats.NotethatISO8601format
is ”YYYY -MM-DDThh:mm:ss,sZ”

psF64 psTimeToJD(const psTime *time);
psF64 psTimeToMJD(const psTime *time);
char *psTimeToISOTime(const psTime *time);
timeval *psTimeToTimeval(const psTime *time);

5.1.5 Date and Time Parsing

A relatedcollectionof functionsconvert from externalformatsto apsTime type.

psTime *psTimeFromJD(psF64 input);
psTime *psTimeFromMJD(psF64 input);
psTime *psTimeFromISO(const char *input);
psTime *psTimeFromTimeval(const timeval *input);

5.1.6 Date and Time Math

psTime *psTimeAdd(const psTime *tai1, psF64 delta);
psF64 psTimeSubtract(const psTime *time1, const psTime *time2);
psF64 psTimeDelta(const psTime *time1, const psTime *time2);

psTimeAdd addssometime to apsTime. psTimeSubtract subtractstwo times.psTimeDelta gives
theabsolutetimedifferencebetweentwo times.

Timemathis only doneon thepsTime TAI type.

5.1.7 Time Tables

Theoffsetof UTC from UT1, ∆UT = UT1-UTC, aswell asthepolarmotion,xp andyp, maybedetermined
from tablelookups.Tablesareavailablecoveringdifferenttime periodsandwith differenttime resolution,and
soit is importantto beableto utilisemultiple tables.Sometablesmaybefoundat:

• ftp://maia.usno.navy.mil/ser7/ser7.dat

• ftp://maia.usno.navy.mil/ser7/finals.all with explanatory guide at
ftp://maia.usno.navy.mil/ser7/readme.finals . See also the web page
http://maia.usno.navy.mil/.

• http://hpiers.obspm.fr/eoppc/eop/eopc01/eopc01.1900-2004 (containsestimates
prior to 1972).

The tablesshall resideon local disk in known locations(i.e., thereis no needthat they aredownloadedfrom
the internetandparsedby PSLib). The format of thesefiles shall be simple,for speedin reading:Eachline
shallcontaintheMJD, xp (in arcseconds),yp (in arcseconds)and∆UT (in seconds)separatedby whitespace;
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blanklinesandlinescommencingwith thecommentcharacter(thehashsymbol,#) asthefirst charactershall
beignored.For example:

# Bulletin A, 9 September 2004.
# ftp://maia.usno.navy.mil/ser7/ser7.dat
# MJD XP(") YP(") UT1-UTC(s)
53258 0.1715 0.4774 -0.45092
53259 0.1734 0.4757 -0.45039
53260 0.1753 0.4741 -0.45012
53261 0.1770 0.4724 -0.45015
53262 0.1787 0.4708 -0.45045

Thelocationof thesefiles, their priority order, andthe“from” and“to” datesof applicabilitywill bespecified
throughmetadata(§5.1.7.1).

Whenavalueis required,thetablesshallshallbecheckedin priority orderto seeif thedateis within therange
of applicability for the table. If a tableis found that is applicable,thentheappropriatevalueshall bederived
from linear interpolationbetweenthe nearestentriesin the table. If no tableis found that is applicable, and
the requireddateis later thanthosecoveredin the tables,a warningshall begenerated,anda pre-determined
formulashallbeapplied(§5.1.7.1).For datesprior to thosecoveredin thetables,thefunctionshallgeneratea
warningandusepre-determinedvalues(§5.1.7.1).

Wedefineastructure,psTimeTable to holdasingletime table:
typedef struct {

const char *filename; // Filename of time table
const psF64 validFrom, validTo; // MJDs of validity of time table
bool loaded; // Has the table been loaded?
psVector *mjd; // MJD data, type is psF64
psVector *dut; // delta UT = UT1 - UTC data
psVector *xp, *yp; // Polar motion data

} psTimeTable;

Thetablesshallbereadin only whenrequiredby theuser(hencetheloaded member);onceloaded,thetable
shallremainin memoryuntil theterminationof theprogram.Thecorrespondingconstructorshallbe:
psTimeTable *psTimeTableAlloc(const char *filename, psF64 validFrom, psF64 validTo);

which simply constructsa psTimeTable with the appropriatefilename, validFrom andvalidTo.
Uponconstruction,theloaded membershallbesettofalse, andthevectorscontainingthedatashallbeset
to NULL.

ThefunctionpsTimeTableLoad shallloadaspecifiedtimetable, returningtrue for success,andfalse
if thetablefailedto load. If thetable hasalreadybeenloaded,thenit shallbere-loaded.
bool psTimeTableLoad(psTimeTable *table);

Given a time table and a Modified Julian Date, mjd, at which to interpolate values,
psTimeTableInterpolate shall calculatethe appropriateUT1-UTC (dut; if non-NULL), and po-
lar motion (xp,yp; if non-NULL) by interpolationon the table. If themjd is outsidethe rangeof the table
or the interpolationwasfor someotherreasonunsuccessful,thenthe functionshall returnfalse; otherwise
thefunctionshallsetthoseparameterswhich arenon-NULL (dut,xp,yp) andreturntrue. If therequested
mjd lies in the rangeof the table, but the table has not beenloaded, then the function shall call
psTimeTableLoad.
bool psTimeTableInterpolate(const psTimeTable *table, double *xp,

double *yp, double *dut, psF64 mjd);
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5.1.7.1 Time Metadata

Thefollowing metadatakeys will beusedin timecalculations:

Metadatakey Purpose
psLib.time.tables.dir Time tabledirectory
psLib.time.tables.files Time tablefile names(space-delimited)
psLib.time.tables.from Time tablesarevalid from theseMJDs(vector)
psLib.time.tables.to Time tablesarevalid to theseMJDs(vector)
psLib.time.before.xp Valueof XP for beforetheearliestMJD
psLib.time.before.yp Valueof YP for beforetheearliestMJD
psLib.time.before.dut Valueof UT1-UTCfor beforetheearliestMJD
pslib.time.predict.xp A vectorcontainingthexp predictionformulacoefficients
pslib.time.predict.yp A vectorcontainingtheyp predictionformulacoefficients
pslib.time.predict.mjd A valuecontainingtheMJD offsetfor temporaryvariables
pslib.time.predict.dut A vectorcontainingtheUT1-UTCpredictionformulacoefficients

Thesemetadatakeysshallresidein aconfigurationfile (§5.2.4),psTime.config, whichshallbeloadedinto
a psMetadata structureprivate to psTime, aspart of psLibInit. An exampleof psTime.config
follows:

# This configuration file specifies values required for time calculations by psLib.
psLib.time.tables.dir STR /home/panstarrs/psLib/config/ # Directory for time tables
psLib.time.tables.n U8 2 # Number of time tables
psLib.time.tables.files STR bulletinA_09Sep2004.dat eopc01_1900_2004.40.dat # These are the file names
@psLib.time.tables.from F64 53258.0, 15020.0 # Valid from these MJDs
@psLib.time.tables.to F64 53622.0, 53258.0 # Valid to these MJDs
psLib.time.before.xp F64 0.0 # Value of XP for before the earliest MJD
psLib.time.before.yp F64 0.0 # Value of YP for before the earliest MJD
psLib.time.before.dut F64 0.0 # Value of UT1-UTC for before the earliest MJD

# Now follows formulae for predicting ahead of the most recent available table entry.
# xp = [0] + [1]*cos A + [2]*sin A + [3]*cos C + [4]*sin C
# yp = [0] + [1]*cos A + [2]*sin A + [3]*cos C + [4]*sin C
# A = 2*pi*(MJD - pslib.time.predict.mjd)/365.25
# C = 2*pi*(MJD - pslib.time.predict.mjd)/435.0
# dut = ut1-utc = [0] + [1]*(MJD - [2]) - (UT2-UT1)
# ut2-ut1 = 0.022 sin(2*pi*T) - 0.012 cos(2*pi*T) - 0.006 sin(4*pi*T) + 0.007 cos(4*pi*T)
# T = 2000.0 + (MJD - 51544.03)/365.2422
@psLib.time.predict.xp F64 0.0569, 0.0555, -0.0200, 0.0513, 0.1483
@psLib.time.predict.yp F64 0.3498, -0.0176, -0.0498, 0.1483, -0.0513
psLib.time.predict.mjd F64 53257.0
@psLib.time.predict.dut F64 -0.4944, -0.00023, 53262.0

5.2 Metadata

5.2.1 Conceptual Overview

Within PSLib, we provide a datastructureto carry metadataand mechanismsto manipulatethe metadata.
Metadatais a generalconceptthat requiressomediscussion.In any dataanalysistask, the ensembleof all
possibledatamaybedividedinto two or threeclasses:thereis thespecificdataof interest,thereis datawhich
is relatedor critical but not the primary dataof interest,andthereis all of the otherdatawhich may or may
not be interesting.For example,considera simple2D imageobtainedof a galaxy from a CCD cameraon a
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