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TOPCAT and Time Series

You can use TOPCAT for time series data
e TOPCAT's good with tables

e Time series are tables (with one column giving time)
e TOPCAT understands quite a few time-series friendly data formats

e So you can do I/O and format conversion, view data/metadata, add/manipulate columns, visualise series

But TOPCAT is not a dedicated time series tool

e |t mostly sees samples as an (unordered) set of records
e It's not good at understanding trends or patterns

> ... though visualisation can help you to do that

e No resampling, period determination, Fourier analysis etc

See also STILTS for command-line usage



File Formats

Time-series-friendly 1/0O formats:
e CDF, PDS4 (both input only)
e (see also HAPI)
General purpose formats:
e VOTable, FITS, CSV, ECSV, Parquet, ASCII, IPAC



Time Data Input

TOPCAT tries to identify time columns when reading tables

e Some formats mark epoch columns specially:
> CDF, PDS4, Parquet, HAPI, IPAC, VOTable

e Otherwise, TOPCAT uses some heuristics to guess what might be an epoch

> Column metadata: UCDs, units, xtypes, utypes, column names
> For metadata-poor formats (CSV, ASCII): does it look like ISO-86017

These columns are marked internally as epoch values

e For most purposes treated as original numeric/string values (MJD, JD, year, Unix seconds, 1SO-8601, ...)

e But where required (mostly Time plot) the absolute epoch can be determined

Window Columns Display Export Help
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Table Columns for 1: rriyrae-epochflux.vot

TOPCAT(1): Table Columns

B (&) T B X

it Name Domain

Units

ucp

TimesysRefposition

TimesysTimeorigin

TimesysTimescale

Index

4

transit_id

meta.id

g _transit_time TIMESYS->Time |d

time.epoch

BARYCENTER

2455197.5

TCB

g_transit_flux

‘electron’.s**-1

phot.fluscem.opt

g_transit_flux_error

‘electron’.s**-1

stat.error;phot.flogem.opt

s |w k= e

q_transit_flux_over_error

stat.snr;phot.fluxem.opt

1] | i

[4]



https://github.com/Starlink/starjava/blob/master/table/src/main/uk/ac/starlink/table/TimeDomain.java

Time Data Manipulation

There are a few time-related functions in the expression language:

e Conversions between 1SO-8601, MJD, JD, Decimal year, Unix (milli)seconds, Julian/Besselian epoch:

mjdTolIso, mjdToDecYear, ..., isoToMjd, decYearToMjd, ...

e (Calendar conversions:

dateToMjd(year, month, dayl[, hour, min, sec])

e Formatting:

formatMjd(mjd, format)

Should there be more?

e Sugestions welcome

e But note these only operate within a single row
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Available Functions — [} ®
Window Functions Help
& ml @ X
& [ Sky [~ =
o [T strings ‘| Class Times
o [ Tilings i
v @ _ _ _ ‘| Description:
f_” bESSEI'a”_TDMJd[ besselianEpoch) : Functions for conversion of time values between various forms. The
F() dateToMjd{ year, month, day) forms used are
F{) dateToMjd{ year, month, day, hour, min, sec)
F() decyearToMjd( decYear) Modified Julian Date (MJD)
'?.” decYearToUnl_xSec[ decYear) A continuous measure in days since midnight at the start of
F{) formatMjd{ mjd, format)
. o i 17 November 1858, Based on UTC.
F() isoToMjd({ isoDate ) lian Dav (1D
f{) isoToUnixSec( isoDate ) Julian Day (IE)
F() jdTomjd( jd) M|D plus a fixed offset of 2400000.5. The number of days
fg % jdToUnixSec( jd) since the notional creation of the universe, midday on 1 Jan
() julianToMjd({ julianEpoch ) 4713 BC.
() mjdToBesselian{ mjd) IS0 8601 |
F{) mjdToDate{ mjd) 3 i )
f0) mjdToDecYear( mjd) A string repr_eserjutatlon of the form yyyy-mm-ddThh: mm: s5. 5,
f0) mjdTolsol mjd) whern_a the Tis a literal character (a space character may be
£() midTojd( mid) _ used instead). Based on UTC.
FU) mjdTojulian{ mjd) Julian Epoch
() midToTime{ mjd) A continuous measure based on a Julian year of exactly
() midToUnixMmillis{ mjd ) 365.25 days. For approximate purposes this resembles the
£() midToUnixsec( mjd) — fractional number of years AD represented by the date.
() unixMillisToMjd( unixills ) Sometimes (but not here) represented by prefixing a |
C M|D_OFFSET - 2000.0 is defined as 2000 January 1.5 inthe TT timescale. ||
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http://www.starlink.ac.uk/topcat/sun253/Times.html

HAPI

Heliophysics Data Application Programmer's Interface

e HAPI is a service specification for time series data
used (mostly) in Heliophysics

TOPCAT/STILTS support
e TOPCAT has a HAPI load dialogue

> |-B| Load window or VO menu

e There's also a HAPI Input Scheme for use from STILTS

e TOPCAT/STILTS can be used to convert HAPI queries
to other formats (VOTable, CSV, FITS, ...)

stilts tpipe in=’:hapi:https://vires.services/hapi;GRACE\_A\_MAG;
start=2009-01-01T00:00:00;stop=2009-01-01T00:00:10;
parameters=Latitude,Longitude’
out=hapi.fits

e Large/multi-chunk queries supported

HAPI Query - O x
Window HAPI Help
| =
¥ 0| X
rService Selection
HAPI Server: |VirE5 for Swarm v‘ EE
HAPI URL: |https:/fvires.services/hapi
Chunk Limit: | 15
rDatasets
C5_OPER_MAG =] Filter
GO _MAG _ACAL CORR | Imag |
GO _MAG ACAL CORR_ML I 207101
GRACE_A MAG
GRACE_B_MAG ||
SW FAST MAGA HR 1B -
i i
Include | Name Type Size Units
¥l  [Timestamp isotime |24 uTc Time stamp
[v] Latitude double deg Position in ITRF - Latitude
[v] Longitude double deg Position in ITRF - Longitude
¥] Radius double m Position in ITRF - Radius
] B_FGM double |[[3] nT calibrated magnetic vector from F |
] nT calibrated and aligned magnetic ve «|

| ]

rDataset Metadata
Cadence: PT15

Max Duration:

Resource URL: https://doi.org/10.1186/s405823-021-01373-9

rinterval

| == 2008-01-01T00: 00: 04. 7876802

E Start Date: |2010-04-08T17:00:00
=]

Stop Date: |2010—D4—08T1?:59:08

| == 2017-10-31T23:59:38.9450237
{3 !

2010 2012 2014 2016

1sec

1min lhr lday 1m 1yr

oK |



https://hapi-server.org/
http://www.starlink.ac.uk/topcat/sun253/HapiTableLoadDialog.html
http://www.starlink.ac.uk/stilts/sun256/scheme-hapi.html

Time Plot

el

Time Plot window
e Like other plot windows, but Time Plot (2)
Window Layers Subsets Plot Export Help
> Horizontal axis labelled with epoch (ISO-8601, Year, MJD, Unix) el E R %

> Horizontal coord automatically interpreted or override (yr, MJD, Unix)
> Major/minor ticks in sensible places (year, month, day, sec, ...)
> Stack multiple plot zones vertically using the same Time axis _, 0.002

0.0031

LO

e Zone configuration 0.001

> Each zone can contain one or multiple datasets 0

> X/Y/Aux Axis configuration is independent per-zone —
> Configuration is flexible, but it can be a bit fiddly ) _)\/
£
5N /™ /\
e Plot Iayer types NS \/ \/ \./ \/ ~ U \/
{;}j? Scatter—plot like: o I\/Iark, Ve Line, .;f‘? Fit, '—:[—' Er"oh 182 1983 1984 1985 1986 1987 1988 1989 1990
.T=t Label, Fill, Quantile, Grid i S
_ _ _ Ty r~ o =) |3 wib) ) Fe| | T
il Histogram like: [, Histogram, & KDE, .4 KNN, mm Densogram, | - T rosmon
E Spectrogram Legend Table: | 3: iers.fits v
[P Function e e |Tme: [opoch =l [Bfjso =]y
Sokile: STILTS : ¥: |LOD - | [4][p
. . S W 3iers.fits (o | | |D|]
e Good for time series data 5 s tersits ||
%@ sw 3: iers.fits I;

> Easy to zoom in/out horizontally — eansemreis |

> Handles multi-million row time series l@@ @ select
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Folded Time Series

Period folding

No special arrangements in the plot windows
You need to know the period (TOPCAT won't calculate it for you)
Use the Plane Plot (not Time Plot)

Use phase-folded time for X coordinate

> Convenient function phase(t, period[, t0O, phase0Ol)

>

. or just use modulus operator “J,"
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Plane Plot (2) — O 4
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http://www.starlink.ac.uk/topcat/sun253/Arithmetic.html#Arithmetic-phase

Example 1

S & & ¢ e

Window Layers Subsets Plot Export Help
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Time Plot (1)
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Example 1

Time Plot (1) — ®
Window Layers Subsets Plot Export Help
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| |Count: 1,440/ 1,440
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10/13



Example 1

Window Layers Subsets Plot Export Help

Time Plot (1)

En
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Example 1

Time Plot (1) — m} ®

Window Layers Subsets Plot Export Help
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Example 1

Window Layers Subsets Plot Export Help

Time Plot (1)
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Example 1

Time Plot (1) — m} ®

Window Layers Subsets Plot Export Help
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Window Layers Subsets Plot Export Help

Example 2

Time Plot (1)
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Example 2

Time Plot (1) — O b4

Window Layers Subsets Plot Export Help
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Example 2
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Time Plot (1) — O b4
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Example 2

Time Plot (1) — O b4

Window Layers Subsets Plot Export Help
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Window Layers

Example 2

Time Plot (1) — O b4

Subsets Plot Export Help

s C|d Ao @ X
1e-15r 1
& e RLRL e T S
= L e e .
= . L - B P __""q.-_'.--“..-_.- . .
= L -. . T, . = X
E . 3, . R R DR S PTE I C A
= 1e- = Fan .. - ., L. LI
L % - Tl " - s ". L] . " e
ol N T LT -,
4 " ""'-'-'---nrw_aﬂgywﬁ_ =2 a2 T e P e ol ~ S ke e e et s ey
E i G fﬁffﬁi&-ﬁﬁwﬁ%ﬁnﬁ%ﬁﬁﬁﬁ%ﬁ
1 E_21 i 1 1 1 1 1 1 1
2e-14
3t
& 1e-14 &
E 3
E 5
£ o
i 5e-15 =,
(4]
[V
2e-15
[0 F Y
|||IIL I..‘.'g:J m
- —
=] Frame [ Pasition | subsets | Form | Zone |
Legend r Coordinates |=|
7] Axes Aux: | |v| EEI
5 =
batiks STILTS Global Style
|!:| Aux Axis Color: l:D [D I:' By Subset B
£ 2 i | —— 1[4
+ T —
= F:“.- o FWILLC Nash- o [als hd

Position:

3 Select

Count: 2,258 / 230,604

Mark Taylor, TOPCAT for Time Domain, IVOA Interop, Gorlitz, 15 November 2025

11/13



Example 2

Time Plot (1) — O b4

Window Layers Subsets Plot Export Help
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Example 2

Time Plot (1) O b4
Window Layers Subsets Plot Export Help
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TOPCAT

File Views Graphics Joins Windows VO Interop Help

Example 3
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Example 3
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Example 3

HAPI Query

TOPCAT

Window HAPI Help

Graphics Joins Windows VO |Interop Help

B Bw Eel: B Wledokls s B 2 2 B]X

[s[sl0s]

rService Selection
HAPI Server: | CDAWeb >[4y
HAPI URL: |https://cdaweb.gsfc.nasa. gow/hapi
Window DataSources Examples Help Chunk Limit: 1|—j
0= — = 3 _
NSRS = .
ISEE-3 MAG_1MIN_MAGNETIC_FIELD | Filter
) ISEE1_4SEC_MFI — lisee |
Format: [(auto) Ad ISEEL_60SEC_MFI = 14/ 3401
Location: | || |[1sEE1_HO_FE ]
- |[1sEE1_H1_FPE -
ﬁ T T R R
" 61 ; 7060 M -Datlazet| Parameters
Include Mame Type Size Units
E System Brow v  [Time isotime |24 uTC
-Loading Tables 1 |HARVEY STATUS linteger Harvey Experiment Status (0 = Off)
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Cube Plot (16) = O x

Example 3

Window Layers Subsets Plot Export Help

7| @ |10 ool B

& (D

":*E‘:q; =
?
“{frame | Position |(SubsetaniFerm]
“Blegend | Table: |1 isee.hapi ~ |

’;;El Axes Coordinates: |\l'e::tnr - | EB

St STQILTS XYZ Vector: |FN E EIH
= s"’ 1: isee.

&
on
@
=

Position: | [count: 87,254/ 92,749 |
% [2] (3 5elect [BRotate [E Zoom Centerlso [B Re
| |

CDAWeb ISEE_HO_FE data

Mark Taylor, TOPCAT for Time Domain, IVOA Interop, Gorlitz, 15 November 2025 12/13



Cube Plot (16) - b @ Examp|e 3

Window Layers Subsets Plot Export Help

A =

M N
e : =

| Frame | Position [ subsets | Form |
O Aa

Legend i/l Table: | 1: isee.hapi «

124
on
@
=

’HE| Axes Coordinates: |\l'e::tnr - | EB
> :
batiks STILTS | x¥z vector:
e §§ ector: |FN ‘ v| EIH
5V iy 1t isee.
Position: | [count: 87,254/ 92,749 |
X [7] (B Select TBRotate [EH Zoom Centerliso [HRe
| |

CDAWeb ISEE_HO_FE data

Mark Taylor, TOPCAT for Time Domain, IVOA Interop, Gorlitz, 15 November 2025 12/13



Cube Plot (16) = O x

Window Layers Subsets Plot Export Help Example 3

Time Plot (17) - O X

Window Layers Subsets Plot Export Help

| | i) | € o) ) |0 | o[l

o |
¢!

@ X

Lo , P
; ‘ ' A
. bl TR I T
: IR TP T
-y Ciee 3y n .

™ Frame [ Position | Subsets | Form | 4 ' s e .-

O Ha L - L L 1 L -. L |.. .. L L 1 L L L 1 L L L 1 L L L | L L L 1 ... L N 1 N N N 1 N L N 3 1 L

Legend || Tapte: 1: isee.hapi ¥ | 1979-05-20 05-21 05-22 05-23 05-24 05-25 05-26 0527 0528 05-29

;Q Axes Coordinates: |Uectnr - | EB ..-.- ” ______________________________ r .................................................................................................................................................................................................................................................................................................................................................................
3 : = B 1

Eskilts S'I:ILTS || XYz vector: |FN ‘ v| EIH i whg -|I||l".= Fmae [&G rﬁr

$ 7 {5 L isee. " Frame [ Position | Subsets | Form | Zone |

- ofia : . -
Position: | |Count: 87,254/ 92,749 Legend || Table: | 1: isee.hapi ¥

% [2] (3 select [BRotate [E Zoom Centerlso [ER ;t] Axes Time: |Time ‘ v| EH @ lm EE

atits 51;|LTS v |Iuglo(1_msm | : | EE
% [w] %w 1: ise %

CDAWeb ISEE_HO_FE data Position: : | |Count: 73,245/ 185,498

X[z @@




Cube Plot (16) = O x

Window Layers Subsets Plot Export Help Example 3

Time Plot (17) - O X

Window Layers Subsets Plot Export Help

| | i) | € o) ) |0 | o[l

o |
¢!

@ X

L , P
; ‘ ' A
. bl TR I T
: IR TP T
-y Ciee 3y n .

™ Frame [ Position | Subsets | Form | 4 ' s e .-

O Ha L - L L 1 L -. L |.. .. L L 1 L L L 1 L L L 1 L L L | L L L 1 ... L N 1 N N N 1 N L N 3 1 L

Legend || Tapte: 1: isee.hapi ¥ | 1979-05-20 05-21 05-22 05-23 05-24 05-25 05-26 0527 0528 05-29

;Q Axes Coordinates: |\fectnr - | EB ..-.- ” ______________________________ 'v ______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
5 : 2 K o

Eskilts S'I:ILTS || XYz vector: |FN ‘ v| EIH i whg -|I||l".= Fmae [&G rﬁ]'

$ 7 {5 L isee. " Frame [ Position | Subsets | Form | Zone |

- ofia : . -
Position: | |Count: 87,254/ 92,749 Legend || Table: | 1: isee.hapi ¥

% [2] (3 select [BRotate [E Zoom Centerlso [ER ;t] Axes Time: |Time ‘ v| EH @ lm EE

atits 51;|LTS v |Iuglo(1_msm | : | EE
% [w] %w 1: ise %

CDAWeb ISEE_HO_FE data Position: : | |Count: 73,245/ 185,498

X[z @@




Cube Plot (16) = O x

Example 3

Window Layers Subsets Plot Export Help

)10 )L 5 | B

Eﬁ

Corner Plot (6)

€ ] o)

Window Layers Subsets Plot Export Help

e if;-_ \:}' € cﬁ” hﬁj E-[j-

* 1.b okl
* 1. blobl

. Frame [ Position | Subsets | Form |

Legend Table: |1: isee.hapi «

’;;El Axes Coordinates: |Vectnr - | EB —

S SI'LTS XYZ Vector: [FN L~ [4¥] Jilh | &g

$ W Lriseel] [ Position | Subsets | Form [ Zone |

Position: | [count: 87,254/ 92,749 Legend || Table: | 1: isee.hapi ¥

7 F u
| ¥ [?] (3selet T[BRotate [E Zoom Centeriso [BR ,Q Axes | Time: |Time
I3 i
sstis STILTS : Y: |IuglO(1-cnsh]

Fe Wi . A
= [ £52% 1z ised—| -
- |

'3
.
w4

CDAWeb ISEE_HO_FE data  pasition:

X[z @@

GSE X GSE_Y GSE_Z
|Position: | [Count: 3,204,615/ 3,338,964 |




Summary

TOPCAT (and STILTS) can be useful for working with time series data

. but don't throw away your dedicated time series tools

Visualisation
Format conversions
HAPI client

Large (multi-million sample) data sets

http://www.starlink.ac.uk/topcat/
http://www.starlink.ac.uk/stilts/


http://www.starlink.ac.uk/topcat/
http://www.starlink.ac.uk/stilts/

