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TOPCAT

e Very short introduction

New

(< 12 months) features

New axis scaling options: asinh & symlog
Global variables

TOPCAT /STILTS interoperability
Parquet + VOParquet support

HAPI

Small body visualisation enhancements

Multi-column sort

Outline

MOC stuff: new MOC functions, MOC 2.0, mocshape

File formats: CSV options
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New Axis Scaling Options

Existing scaling options:

e linear: Small dynamic range, positive and negative values

e logarithic: Large dynamic range, positive values only

New scaling options (v4.10-4, July 2025):

e asinh, symlog: Large dynamic range, positive and negative values

> Linear near the origin, positive/negative logarithmic far from origin
> Asinh: smooth transition, one parameter
> Symmetric Log: sharp transition, two parameters

Histogram Plot (2)
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New Axis Scaling Options

Existing scaling options:

Histogram Plot (2)

e linear: Small dynamic range, positive and negative values
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New Axis Scaling Options

Existing scaling options:

Histogram Plot (2)

e linear: Small dynamic range, positive and negative values
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Define independent values in expression language | ==

e Control via a slider widget

e Floating point or integer

Global Variables

Can be used (almost) anywhere in expression language:

e Column selection boxes in plots etc

e Algebraic row subset definitions

e Algebraic column definitions

e Function plot expressions

Plots update continuously when value (slider) is changed

Window Columns Display Export Help
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FiS Name Expression Units Visible Class
0 | [Index L] Long
1| |source_id v] Long
2| [ra deq v] Double
3 | | dec deg v Double
4 | | parallax mas v] Double
5| | pmra mas.yre*-1 v] Double
6 | | pmdec mas.yre*-1 v Double
71| pm mas.yr+*-1 v Float
& | [ pos_later | epochProp(3000 ,array(ra,dec parallax,pmra,pmdec,0)) v] double[]
9 | [ra_later pos_later(0] deg v] Double
10 | | dec_later | pos_later[1] deg v] Double
q] [ i | [»
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Global Variables

Define independent values in expression language

e Control via a slider widget

e Floating point or integer

—_—
-

Can be used (almost) anywhere in expression language:

e Column selection boxes in plots etc

e Algebraic row subset definitions

e Algebraic column definitions

e Function plot expressions

Plots update continuously when value (slider) is changed

Since v4.10-4 (July 2025)
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Global Variables

Define independent values in expression language

e Control via a slider widget

e Floating point or integer

—_—
-

Can be used (almost) anywhere in expression language:

Column selection boxes in plots etc
Algebraic row subset definitions
Algebraic column definitions

Function plot expressions

Plots update continuously when value (slider) is changed

Since v4.10-4 (July 2025)
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Define independent values in expression language

e Control via a slider widget

e Floating point or integer

Global Variables

—_—
-

Can be used (almost) anywhere in expression language:

e Column selection boxes in plots etc
e Algebraic row subset definitions

e Algebraic column definitions

e Function plot expressions

Plots update continuously when value (slider) is changed

Since v4.10-4 (July 2025)
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Global Variables

Define independent values in expression language

—_—
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e Control via a slider widget

e Floating point or integer

Can be used (almost) anywhere in expression language:

e Column selection boxes in plots etc
e Algebraic row subset definitions
e Algebraic column definitions

e Function plot expressions

Plots update continuously when value (slider) is changed
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TOPCAT/STILTS Interoperability

TOPCAT can tell you the STILTS command

to duplicate the current action

New at version 4.10-1 (Nov 2024)

e CDS Upload X-Match
e TAP

e Crossmatch
e Cone Search, SIA, SSA

e Multi-Cone, Multi-SIA, Multi-SSA
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at version 4.10-1 (Nov 2024)

w
phot_g_mean_mag / mag

CDS Upload X-Match 2
TAP 7
Crossmatch _'6

Cone Search, SIA, SSA N SO o T
Baxazac s

MUlti-Cone, MUltI—SIA, MUItl-SSA .:Frame | Position | Subsets | Form |

Legend Table: |4: openngc fits |~

; - Data Sky System: |equatorial |v|E|H

Area: |shape_leve|2 |v| EEI EEI

TP 1 tgas |
H gas_|:
2 < 4: open
+ Yo peni :

Position: 80.9, -3.5 Count: 28,506/ 2,057,243




TOPCAT/STILTS Interoperability

TOPCAT can tell you the STILTS command T e a—

to duplicate the current action zla e Al LN (0] x

New at version 4.10-1 (Nov 2024) Ll
e CDS Upload X-Match . 3

i P ;
¥
% STILTS Export x

| Window Edit Formatting Help

e TAP
e Crossmatch - X
stilts plot2sky

e Cone Search, SIA, SSA . S— = N I ST2 VRIS tse

. o, clon=79.67 clat=1.28 radius=6.058
. . . Cﬁ; <:E>:£L (_,; ﬁﬂ legend=false
auxmap=purd auxclip=0,0.485 auxfunc=histogram auxmin=5,22
: auxvisible=true auxlabel='phot_g_mean_mag / mag’
:|| Table: |4: openngc.fits datasys=equatorial area=shape_level2
: layer_1=Mark
;|| Data Sky System: |equatorial in_1-/mbt/data/survey/tgas source.fits
: lon_l=ra lat_l=dec weight_l-phot_g_mean_mag
Area: |shape_leve|2 |v| shading_1l-welghted

layer_2-Area
in_2=/mbt/data/survey/openngc. fits
shading_2-auto color_2-black

layer 3=Arealabel
in_3=/mbt/data/survey/openngc. fits

! : label_3=name

Position: 80.9, -3.5 Count: 28,° fontsize_3=17 fontweight_3=bold anchor_3=center

| color_3=black

TP 1 tgas |
H gas_|:
2 < 4: open
el P :

ﬁ Copy Test




TOPCAT/STILTS Interoperability

TOPCAT can tell you the STILTS command
to duplicate the current action

Since version 4.5 (2017)

e All plotting windows

New at version 4.10-1 (Nov 2024)

e CDS Upload X-Match

e TAP

e Crossmatch

e Cone Search, SIA, SSA

e Multi-Cone, Multi-SIA, Multi-SSA
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CDS Uplead X-Match = O =

Window Search Help

5
L [

X

-Remote Table

VizieR Table ID/Alias:

Gaia EDR3 J2016 L ANE]LIN

MName: GAIA EDR3 J2016 @
Alias: Gaia EDR3 2016

GAlA EDR3 2016

1,811,708,771

1.0 {order 0) 49 o

Description:
Row Count:
Coverage:

-rLocal Table

Input Table:

RA column:

Dec column:

9: ngc346.fits -
_RAJ2000 + | |degree |« | (]2000)
_DEJ2000 w | |degree |« | (J2000)

-Match Parameters

Radius: [0.1

arcmin |«

Find mode:

All

-

Rename columns:

Duplicates |« | Suffix: |_}{ |

Block size: (100000

v |||}

Go

Stop
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TOPCAT/STILTS Interoperability

TOPCAT can tell you the STILTS command
to duplicate the current action

Since version 4.5 (2017)

e All plotting windows

New at version 4.10-1 (Nov 2024)

e CDS Upload X-Match

e TAP

e Crossmatch

e Cone Search, SIA, SSA

e Multi-Cone, Multi-SIA, Multi-SSA
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CDS Upload X-Match

Windo Search Help
.

-Remote Table

VizieR Table ID/Alias: (Gaia EDR3 J2016 IR ]
MName: GAIA EDR3 J2016 @
Alias: Gaia EDR3 2016
Description: GAIA EDR3 J2016
Row Count: 1,811,709,771
Coverage: 1.0 (order 0) 49 o
rLocal Table
Input Table: |9: ngc346.fits -
RA column: | RAJ2000 + | |degree {J2000)
Dec column: | DEJ2000 « | |degree {J2000)

-Match Parameters

arcmin |«

Radius: [0.1

Find mode: |All -

Block size: (100000 - ||4|p

Rename columns: |Duplicates |« | Suffix: |_}{ |

Go Stop
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TOPCAT/STILTS Interoperability

TOPCAT can tell you the STILTS command €05 Uplond X-Mateh

— O =
to duplicate the current action Window_search Help
. . - e X
Since version 4.5 (2017) :b
rRemote Table
e All plotting windows VizieR Table ID/Alias: |Gaia EDR3)2016 |+ |||} @
Name: GAIA_EDR3_J2016 o

Alias: Gaia EDR3 2016

NeW at version 410—1 (NOV 2024) Description: GAIA_EDR3 J2016

Row Count: 1,811,709,771

) CDS Upload X_Match Coverage: 1.0 (order 0) 4 o
° TAP rLocal Table

Input Table: |9: ngc346.fits -

o CrossmatCh RA column: | RAJ2000 w | |degree | v | (J2000)
Dec column: | DEJ2000 « | |degree |« | (]2000)

e Cone Search, SIA, SSA

. . . -Match Parameters

e Multi-Cone, Multi-SIA, Multi-SSA _
Radius: |CI.1 | STILTS command for CDS Uplead X-Makch x
Find mode: |All w | | Window Edit Formatting Help
Rename columns: |Duplicates @ E l‘>-"st x
Block size: |100000 Ystilts cdsskymatch

in=/datas/andromeda2/github/tctutos/ngc346. fits
Go = icmd='select vmag<22'

ra=_RAJ2000 dec=_DEJ2000 radius=56.0
cdstable=GAIA_EDR3 12016

suffixremote= x blocksize=100000

out=result.fits
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(VO)Parquet

Parquet is a “big-data”-friendly format (Spark, Hive, DuckDB, ...)
e TOPCAT/STILTS can read and write Parquet files

> Support in place since v4.8-1 (2021), but various improvements/fixes over the last year
> Parquet support currently not bundled with all versions (need topcat-extra.jar or DMG)

e Not as fast as some other software, but not too bad

VOParquet convention adds VOTable metadata to Parquet data

e |VOA Note Parquet in the VO January 2025

e Best of both worlds: Parquet efficiency + VOTable rich metadata
e TOPCAT supports VOParquet since v4.10-3 (March 2025)

e STILTS provides tools for VOParquet manipulation

> parqlint VOParquet validator (useful if you're generating VOParquet files)
> parqglook Tool for examining (VO)Parquet files


https://www.ivoa.net/documents/Notes/VOParquet/
http://www.starlink.ac.uk/stilts/sun256/parqlint.html
http://www.starlink.ac.uk/stilts/sun256/parqlook.html

HAPI

Heliophysics Data Application Programmer's Interface —— _ o @
. . . ) . . Window HAPI Help
e HAPI is a service specification for time series data %[ a0 %

used (mostly) in Heliophysics

rService Selection
HAPI Server: |VirE5 for Swarm v‘ EE

TO P CAT/STI I_TS SU pport HAPI EJR.L: :E:'iwires.sewicesfhapi

e TOPCAT has a HAPI load dialogue Datasets

C5_OPER_MAG | Filter

GO_MAG _ACAL_CORR 7 |mag |

) TOPCAT/ST”_TS can be used to convert HAPI queries GO_MAG_ACAL_CORR_ML u 20/101
to other formats (VOTable, CSV, FITS, ...) GRACE B MAG

SW FAST MAGA HR 1B -]
([ ] I_a rge / mu It |_Ch un k q ueries su p ported DatasetParameters -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Include | Name Type Size Units
¥l  [Timestamp isotime |24 uTc Time stamp
U SeS? ¥l  |Latitude double deg Position in ITRF - Latitude
) [v] Longitude double deg Position in ITRF - Longitude
[v] Radius double m Position in ITRF - Radius
: : : : ¥l |B_FGM double |[3] nT calibrated magnetic vector from F
® COUld be Of IntereSt fOr t|me series In the VO? ] |B MEC raw double |[3] nT calibrated and aligned magnetic ve |
I
e Heliophysicists have their own client tools (e.g. Autoplot) ‘Dataset Metadata
. . . Cadence: PT1S
but analysis in TOPCAT might be a useful complement Max Duration:
Resource URL: https://doi.org/10.1186/s405823-021-01373-9
rinterval
E Start Date: |2010-04-08T1?:DD:DD | == 2008-01-01T00: 00:04. 7876802
X Stop Date: |2010—D4—08T1?:59:08 | o= 2017-10-31T23:59:38.9450232

Since V4.9—1 (Feb 2024) 2010 2012 2014 2016 1sec 1min lhr 1day 1m 1yr
0K


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

i s | Heliophysics Analysis Example

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 |

é; : :
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

Position:

X[z @@

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




Small Body Visualisation

e |sometric axes option in Cube Plot
e New shading modes PAux & PWeighted
> additional colour-mapping variables having “private” map
and no displayed scale .
e Partial support for .ver format i
For more details see Stéphane’s tutorial
e https://github.com/epn-vespa/tutorials/ !
blob/master/surfaces/shape_models/shape_models.md 30
= Frame | Pasition | subsets | Form |
EIEEEI [ ys— g
>DMes 2] * Mark Mode: E|E|
A |
e '
= gﬁ 1:cg-spe] shape: [ @ [~] [} i
B i 4weny. o A
color: [ [~ [4]] [ | By subset =
|Pesition: | [count: 3,232,768/ 3,232,768
Since V4,10—3 (March 2025) ‘E (B select TDRotate [ Zoom Centerlsa [5 Re-center T[HPanXZ 1B ZoomXT
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https://github.com/epn-vespa/tutorials/blob/master/surfaces/shape_models/shape_models.md
https://github.com/epn-vespa/tutorials/blob/master/surfaces/shape_models/shape_models.md

Multi-Column Sort

Sort table on multiple keys, which can be expressions

e Previous versions only allowed to sort on a single column

e Sort order affects table view, saved table etc.

TOPCAT — O »
File Views Graphics Joins Windows VO Interop Help
2 | = = 5| e )( —
& |5 HEooe =& WL eooktks &&&E @ B @
rTable List ‘|rCurrent Table Properties
1: messierxml : Label: |messier.xm| TOPCAT(1): Table Browser — O b4
Location: /mbt/data/survey/messierxml Window Rows Help
MName: Messier
Rows: 110 @' )(
Columns: 12
Sort Order G | o + Table Browser for 1: messierxml

) MName Con NGC Type ID RA DEC
: Row Subset: (All v 1| Tau 1952 |9 1| 83.50208 | 22.01d~
Activation Actions: 1/8 2| M2 Agr JO89 2 2 323, 25208 -0, 818=]

3| M3 vn 5272 2 3 205, 50083 28,383

“[[SAMP 4| M4 Sco 6121 2 4 | 245,725 | -26.5373

3 - =

A e Clisnts: h&-& 5 MS Ser 5004 2 o 229, 5025 2.083

Ii 7477058 M : 9 O | |@ ok 6 | M6 Sco 6405 |1 6 | 265.00042 | -32.21F

7| M7 SCo 6475 1 7 268, 253375 | -34.81¢8

8 | M8 sgr 6523 4 g 270, 73333 | -24,383

a | M9 Oph 6333 2 2! 259, 73083 | -18.518
10 | M10 Oph 6254 2 10 254, 25042 -4,1 ||
11 M|11 St 6705 | 1 11 282, 73042 -6.260™ |

. [ Il [ #]

Since v4.10-3 (March 2025) Total: 110  Visible: 110  Selected: 0
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Multi-Column Sort

Sort table on multiple keys, which can be expressions

e Previous versions only allowed to sort on a single column

e Sort order affects table view, saved table etc.

TOPCAT — O »
File Views Graphics Joins Windows VO Interop Help
2 | = = 5| —
&) B HEooe =& WL eooktks &&&E @ B @
rTable List ‘|rCurrent Table Properties
1: messierxml : Label: |messier.xm| TOPCAT(1): Table Browser O b4
Location: fmht;_r'datafsurve_wmessierxml Window Rows Help
Name: Messjer
Rows: 110 @' )(
Columns: 12
Sort Order: 4 [Con v + Table Browser for 1: messierxml|

) MName Con NGC Type ID RA DEC
: Row Subset: (All v 31 [ M31 And 224 5 31 | 10.50292 | 41.26d~
Activation Actions: 1/8 32 | M32 And 221 B 32 10, 50292 40, 866 =]

110 | M110 And 205 B 110 10. 00167 4] . 683

“[[SAMP 2 | M2 Agr 7089 2 2| 323.25208 | -0.814

3 - =

A e Clisnts: h&-& F2 | M72 Agr 6981 2 72 313,25208 | -12.533

Ii 7477059 M ; - Q | |@ 2k 73| M73 | Agr 6004 | A 73 | 314.50375 | -12.633

36 | M36 Aur 1960 1 36 84,00042 34,133

37 | M37 Aur 2009 1 37 88, DOLET 32,55

38 | M38 Aur 1912 1 38 82, 00167 35,833
41 | M41 CMa 2287 1 41 101.5 -20.733_ |
3 M|3 cvn 5272 | 2 3 205, 50083 28,383 |

. 1 Il [ #]

Since v4.10-3 (March 2025) Total: 110  Visible: 110  Selected: 0
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Multi-Column Sort

Sort table on multiple keys, which can be expressions

e Previous versions only allowed to sort on a single column

e Sort order affects table view, saved table etc.

File Views Graphics Joins Windows VO Interop Help

TOPCAT

=2 == g e —_
& |5 Hooe =& W] ookt &&E @ B @
rTable List ‘|rCurrent Table Properties
1: messierxml : Label: [messierxml TOPCAT(1): Table Browser o x
Location: fmht;_r'datafsurve_wmessierxml Window Rows Help
Name: Messjer
Rows: 110 @' )(
Columns: 12
Sort Order G Con - ||NGC - | == + Table Browser for 1: messierxml

) MName Con NGC Type ID RA DEC
: Row Subset: (All v 110 |M110 | And 205 6 110 | 10.00167 | 41.683~
/|| Activation Actions: 1/8 32 [ M32 And 221 & 32 10.50292 | 40.866=

; 31 | M31 And 224 5 31 10.50292 | 41.266

“[[SAMP 72 | M72 Agr 6051 2 72 | 313.25208 | -12.5373

: - =

A as- Cliants: |(®) {5k 73| m73 Agr 6994 A 73| 314.50375 | -12.633

Ii 65 77059 M ; - Q | |@ 2k 2 |2 Aar 7083 |2 2 | 323.25208 | -0.814

38 | M38 Aur 1912 1 38 B2.00167 | 35.833

36 | M36 Aur 1960 1 36 84.00042 | 34,133

37 | M37 Aur 2099 1 37 B88.00167 | 32.55
41 | M41 CMa 2287 1 41 | 101.5 -20.733_|
106 M|1 06 |Cvn 4258 | 5 106 | 184.75 47.3 |=|

. 1 Il [ #]

Since v4.10-3 (March 2025) Total: 110  Visible: 110  Selected: 0
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Multi-Column Sort

Sort table on multiple keys, which can be expressions

e Previous versions only allowed to sort on a single column

e Sort order affects table view, saved table etc.

TOPCAT

File Views Graphics Joins Windows VO Interop Help

| B

rTable List
1: messierxml

Ii 114 £ 7089 K

Since v4.10-3 (March 2025)
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[ a ) . —c
m® L8 |WL]®G O:kb %&E = @@
‘|rCurrent Table Properties
; Label- |mE55ier.me TOPCAT(1): Table Browser O b4
Location: /mbt/data/survey/messierxml Window Rows Help
MName: Messier
Rows: 110 @' )(
Columns: 12
Sort Order: 4 [Con w | - parseInt(NGC) - | == + Table Browser for 1: messierxml
) MName Con NGC Type ID RA DEC
: Row Subset: (All v 31 [ M31 And 224 5 31 | 10.50292 | 41.26d~
Activation Actions: 1/8 32 | M32 And 221 B 32 10, 50292 40, 866 =]
110 | M110 And 205 B 110 10. 00167 4] . 683
“[[SAMP 2 | M2 Agr 7089 2 2| 323.25208 | -0.814
3 - =
|| Messages: Clisnts: h&-& 73| M73 Agr 6004 A 73 314, 50375 | -12,.633
; O | |@ 2= T2 | M72 Agr 6981 2 72 313, 25208 | -12.533
37 | M37 Aur 2099 1 37 88, 00187 32.55
36 | M36 Aur 1960 1 36 84, 00042 34,133
38 | M38 Aur 1912 1 38 82, 00167 35,833
41 | M41 CMa 2287 1 41 101.5 -20.733_ |
3 M|3 cvn 5272 | 2 3 205, 50083 28,383 ™|
4 Il [ }]
Total: 110 Visible: 110  Selected: 0
11 / 14




MOC Updates

MOC 2.0 I/O now supported

e uses cds-astro MOCIib by Pierre Fernique

New functions in expression language:

e mocUniq, mocUniqToOrder, mocUniqToIndex, mocSkyProportion, mocTileCount

MOC writing commands in STILTS:

e New command mocshape

> Can generate MOCs from points, circles, polygons, STC-S, UNIQ codes, other MOCs

e Existing command pixfoot can now exports ASCll-format MOCs

Since TOPCAT v4.10-3/STILTS v3.5-2 (March 2025)



File Formats

e CSV delimiter control

e You can (finally) read/write CSV files with non-comma delimiters

stilts tpipe in=data.tab ifmt=’csv(delimiter=|)’ out=data.fits

e CSV/ASCII type control

e Force integer/float type/length for columns in text-like tables

stilts tpipe in=cat.txt ifmt=’ascii(notypes=short;int;float)’ out=cat.vot

e Recent versions fix more or less serious bugs in CDF and Parquet 1/0

Since TOPCAT v4.10-4/STILTS v3.5-3 (July 2025)



Thank you!

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


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

