
Working with ICRF Catalogues
A TOPCAT and Python combined tutorial

Sayan Basu & Dr Aletha de Witt
HartRAO/SARAO

2019 AVN Training



In this tutorial we will use the International Celestial Reference Frame
(ICRF) catalogue to produce a plot showing the distribution of the sources
on the sky, using Aitoff Hammer Projection. Furthermore, we will analyse
the error in the source position. For this, TOPCAT will be used first and
then you will write a Python script for the same purpose.

TOPCAT

Tool for OPerations on Catalogues And Tables (TOPCAT) is an interactive
graphical viewer and editor to work with table data. It is a very helpful tool
for astronomers for analysis and manipulation of source catalogues and other
tables. Different types of table formats (ASCII, FITS, VOTable etc.) can be
used in TOPCAT for analysis purposes.

The program is written in Java and available under the GNU General
Public Licence.

> Tutorial

Aims of the tutorial are:

1. Use TOPCAT to download catalogues which are available ONLINE as
well as catalogues that are not.

2. Make all sky plot (Aitoff Hammer Projection) of source positions in
the ICRF-2 and ICRF-3 catalogues.

3. How to work with columns and rows in a table.

Start TOPCAT from your terminal:

1. $ : java -jar <topcatfilename>.jar. You should get the window in
Figure 1.
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Figure 1: TOPCAT start up window.

2. Now we will look for the ICRF-2 catalogue which is available online.

(a) Click on the folder icon and then click on the ViZiER icon. It
will take you to the window in Figure 2.

Figure 2: Online catalogue search.

3. Once we click on the ViZiER icon it will direct us to the window in
Figure 3. We will use the keywords box to search the available Inter-
national Celestial Reference Frame catalogue.

4. Once we have downloaded the catalogue successfully, the window in
Figure 4 will appear.

5. How many sources are in the ICRF-2 catalogue?
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Figure 3: Catalogue search window.

6. Now to produce an all-sky plot of sources in the ICRF-2 catalogue,
click on the sky plotting window icon.

7. Now, we will make a plot like Figure 5.

Looking at Figure 5, can you please tell us why did we need ICRF-3?
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Figure 4: Working window.

Figure 5: All sky plot using ICRF-2 catalogue.
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We will now use the ICRF-3 catalogue:
The ICRF-3 catalogue is available inside the TOPCAT directory. The

table data is in ASCII format.
How to load an ASCII table data using file browser?

1. Since the table data is in ASCII format, change the Format to ASCII
from auto.

2. Click on the Filestore Browser. Look for the file name icrf3.txt.
Please make sure you change the Table Format to ASCII. Finally,
click on OK.

3. Now in TOPCAT Table list, we should have both ICRF-2 and ICRF-3
catalogues.

What is the basic difference between the two catalogues?
Lets now plot the ICRF-3 on top of the ICRF-2 catalogue to see the

difference.

1. Select icrf3.txt now. We will use the same set-up as the ICRF-2 plot.

2. Data sky system - galactic. Lon - RAJ2000, Lat - DEJ2000.

We expect a similar plot to Figure 7. Now can you spot the difference between
the ICRF-2 and ICRF-3 source distribution? [Hint: Look at the small arrows
inside the plot and think!!!]

Now, we move to the next part of the tutorial where we will work
with the tables in the ICRF-3 catalogue.
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Figure 6: Handling more than one table data.

Figure 7: ICRF-2 and ICRF-3 all sky projection plot.
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Working with columns and rows

In this section, the objective is to arrange the table data into subsets. Cre-
ating subsets according to our criteria makes analysis work easy in many
cases.

There are 295 defining sources in the ICRF-2 catalogue which were used
to maintain axes stability of the frame. Firstly, we will create a subset of
defining sources in the ICRF-3 catalogue.

To do so:

1. Open the icrf3.txt. Look for the status column in the table (red block
in Figure 8).

Figure 8: Creating subset with defining sources.

2. To select a specific rows in the table click on the box indicated by the
blue arrow. Otherwise click on the box indicated by the black arrow.
After selecting all the sources with “D”, we will create a subset with
name icrf-3 defining. Click on Add Subset.

3. Now create a subset with ICRF-3 non defining sources.

4. Now when we click on the Row Subset, a window like Figure 9 should
appear.

7



5. Now if we select icrf-3 defining, TOPCAT will return the number of
defining sources. You should get a number 303.

Figure 9: TOPCAT subset window

6. Now make an all sky plot with only defining sources.

7. However, we can do a further interesting analysis. Here you will plot
all the defining sources in the declination range [−30◦, −90◦].

(a) Select icrf-3 defining in the row subset and DEJ2000 from Sort
Order. We will look at the table.

(b) The table now should only show sources with “status” D.

(c) Now select declination in the mentioned range and create a new
subset.

(d) TOPCAT should return a number 78 when selecting the newly
created subset from Row Subset.

(e) How does the number of defining sources in the Southern Hemi-
sphere compared to the Northern Hemisphere?

8. Since we are by now comfortable with creating subsets and all sky plots,
we will now do some scatter plots using TOPCAT. In this section, we
will:

(a) Look at the formal error in the source positions in ICRF-3 cata-
logue.

(b) Learn how to add new columns in TOPCAT.

9. Now, we will not select anything in Sort Order and Row Subset.
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10. Again look at the table. This time we are interested in columns D RA
(unit - sec) and D DEC (unit-arcsec).

(a) We will convert RA and DEC columns into mas and take log10 of
them. Finally create two new columns with these new values in
mas for RA and DEC.

(b) We will also take log10 of the column “Obs” and create a new
column.

(c) Figure 10 is an example of this conversion and creating a new
column.

(d) How will you convert the D RA column which is in units of seconds
to mas and create a new column.

(e) Do the same for column “Obs”.

Figure 10: How to convert an existing column and create a new column.

(f) Finally we will get a plot like in Figure 11. Do the same for the
formal error in RA vs. Obs.

By now you all should be familiar with (1) all sky projection plot, (2)
creating subsets and (3) creating new columns. Now make an all-sky pro-
jection plot of the sources with source position errors: > 1 mas, between 0.2
mas & 1 mas and < 0.2 mas (Figure 12).
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Figure 11: Distribution of the formal error in declination in ICRF-3 sources.

Figure 12: ICRF-3 S/X source distribution with source position error >1
mas, in between 0.2 and 1 mas and < 0.2 mas. Plot courtesy: Dr Patrick
Charlot.
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We completed the basic TOPCAT session on handling a source
catalogue. However, there is one more thing that TOPCAT can do
for us. A “session” in any desired format can be saved so that we
do not lose our hard work.

Some Hint for converting the error in RA from sec to mas:
24 hr = 360◦

1 hr = 15◦

1 sec = ( 1◦

3600
) × 15 or, 15 arcsec

(1 arcsecond is equal to exactly one thirtysix-hundredth arc dergees).
Note: 1 arcsec = 103 mas
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Python

In this part, the aim is to produce an all sky source distribution plot like the
one available on the ICRF webpage (Figure 13). However instead of plotting
defining and non defining sources, we will plot all the sources.

Figure 13: ICRF-3 source distribution at S/X-band. Image source:
http://hpiers.obspm.fr/icrs-pc/newwww/icrf/index.php

But this time, Python will be used. You are free to use Python,
iPython, Jupyter Notebook for this exercise. In the terminal you can
type: Python or ipython –pylab or jupyter notebook.

As a very first step, you will learn how to make a basic aitoff projection
using a random RA and DEC points using a jupyter notebook.

Jupyter Notebook

In your terminal type:

1. $ ls and cd pymc3 exercises.

2. cd icrf3 exercise, there should be a jupyter notebook file with .ipynb
extension.

3. In your terminal, type: jupyter notebook <filename>

Apart from numpy and matplotlib there is a new library called astropy.
“The Astropy Project is a community effort to develop a core package for

astronomy using the Python programming language and improve usability,
interoperability, and collaboration between astronomy Python packages.”

As we are working with coordinates and units (e.g. degree), astropy.coordinates
and astropy.units were imported respectively.

After running the script, what is the output?
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Note: In this very first script, very simple RA and DEC coordinates have
been used which are in units of degree. However, from the TOPCAT exercise
we have noticed that the RA coordinates are in hh:mm:ss format.

Python script for all-sky projection plot

You will try to write a script that will produce a similiar plot as in Figure
14.

Figure 14: Source distribution in the ICRF-3 catalogue.

Guide to the script:
First, use mkdir to create a directory icrfplot. Then copy icrf3.txt into

this folder from the TOPCAT folder. Now, create a python script with name
icrfplot.py.

1. Import numpy and matplotlib.

2. Use astropy.coordinates and astropy.units.

3. Use astropy.io to work with ASCII file.

4. Once done, load the file using data = ascii.read(“filename”).

5. Now do Print to see what’s inside the catalogue.

6. Print only RAJ2000 and DEJ2000 columns.

13



(a) RA column is in hh:mm:ss unit. You need to convert it to degree.

(b) To do so: ra = coord.Angle(< RAJ2000 >, unit=u.hour)
and then ra=ra.wrap at(180*u.degree).

(c) If you do print(ra.degree) it should return RA into degree unit
now.

(d) To deal with DEC column: dec=coord.Angle(< DEJ2000 >,
unit=u.degree).

7. Since the conversion of the RA and DEC are done, you will start work-
ing now on making the plot. For this:

(a) fig=plt.figure(figsize=(8,6)).

(b) ax=fig.add subplot(111, projection=“mollweide”).

(c) Please add some title to the plot using: plt.title(“ICRF-3 S/X
Source Distribution”).

(d) Now do: ax.scatter(ra.radian, dec.radian, c=“r”, marker=“+”,
label=“ICRF-3 Sources at S/X”).

(e) You need to put some labels: ax.set xticklabels([‘14h’, ‘16h’,
‘18h’, ‘20h’, ‘22h’, ‘0h’, ‘2h’, ‘4h’, ‘6h’, ‘8h’, ‘10h’]).

(f) Put some grid: ax.grid(True).

(g) plt.xlabel(“R.A”, fontsize=10), plt.ylabel(“DEC”, fontsize=10)

(h) plt.legend(loc=“upper right”)

(i) plt.show()

8. To save the plot: fig.savefig(“choice of directory with plot name”).
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