
Collaborative and data reduction 
software

Theme 5

Enabling pulsar timing science with the SKA



Rational for Pulsar timing
• Why such a narrow scope for 

our group?
• Pulsar observations are key for 

SKA mid and low science goals.
• Pulsar astronomy is often 

different than most image-
based, interferometry science. 
We have a lot to learn!

• Huge interest in pulsar 
astronomy in both Australia and 
China

• Pulsar timing methods can be 
explored on laptops in a 
workshop – hard to do this for 
pulsar searching.

M. Kramer (MPIfR)
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Our (current) vision for SKA pulsar 
timing

• Large teams will study the most interesting pulsars (i.e., 
gravitational wave searching, binary pulsars etc.)

• The telescope will monitor a huge number of other pulsars. 
The science is likely to be carried out by smaller teams (and 
may take many years of observation before the results come 
out)

• It is essential for science and for the online observing 
systems that the science teams are alerted if “something 
happens” to one or more pulsars.

• The science teams may need to communicate internationally 
and possibly with the telescope operation teams to resolve 
any issues.

• There will need to be automatic processing, alert detection 
algorithms, visual inspection, ability to view a large number 
of pulsars etc.



Some examples



Initial goal

• How to identify a few pulsars out of 10,000 
that have exhibited a sudden change in 
behavior?



Actual Questions/Goals

1. How quickly can we identify that 
the pulsar signal has changed? 

2. How to automate the classification 
of those “change of behavior” 
events (glitch, phase wrap, off, 
pulse shape change, telescope 
malfunction etc.), and what 
resources will be required at the 
SKA Regional Center?

3. How to visualise a large number of 
pulsars in a sensible way?

4. What is the optimal way to store 
the pulsar data to enable a 
collaborative post-processing?

5. How to detect problems with SDP 
pulsar models, and how to correct 
them?

1. 如何快速检测脉冲
星信号变化？

2. 如何自动对这些变
化进行分类？

3. 如何有效呈现大量
的脉冲星结果？

4. 怎样才能更有效地
保存和分布式处理
脉冲星结果？

5. 怎样为SDP的脉冲星
模型纠错？



Initial plan

1. Simulate examples of interesting pulsars

2. Simulate 10,000 “normal” pulsars

3. Discuss and identify the approaches



What we did

• We have installed pulsar simulation software 
on 5 laptops.

• We have produced 9,300 pulsar simulations.

• We’ve setup a repository to share the data.

• We’ve discussed the science of pulsars, and 
the challenges of monitoring of thousands of 
pulsars for the mentioned events.



Current state of visualisation 

Have 465 plots that look like this!
9300 pulsar simulations of “ordinary” pulsars, and 50 glitch events, 200 high time 
precision pulsars, 50 switching off pulsars.



Storing the simulations

https://data.csiro.au/dap/landingpage?pid=csiro:22463
Will be made publically available 

Non-trivial to share data 
between team members 
– decided to use the 
CSIRO Data Archive

Thanks James Dempsey 
for your help.

https://data.csiro.au/dap/landingpage?pid=csiro:22463


How do we take it further

1. Improve the simulations (make it more realistic to what SKA will 
produce, explore the differences between SKA-Mid and SKA-Low).

2. Build two SKA pulsar post-processing prototypes, one in Australia 
and one China (the resources are available).

3. Explore the options for databases and data analysis tools.
4. Investigate, develop and compare the algorithms to detect the 

changes in pulsar behavior or telescope malfunction (ML, 
statistical methods, digital filters, humans).

5. Develop a new remote pulsar visualisation tool.
6. Produce a report for SKA pulsar WG, SDP, SCP, FAST, (who else?).
7. Publish (simulation data challenge, algorithms, framework).



Our individual thoughts for 
collaboration



Yihan Tao

• Distributed pulsar databases and data 
analysis/visualisation tool
– China-VO team, Aliyun (cloud)

– Cooperate with Lingling & Slava

• Algorithms to detect changes in pulsar 
behavior using ML 
– Collaborate with Slava's team to test several 

classification algorithms (random forest, neural 
networks, SVM etc.)



Kun Li

• Visualization
• Simulate pulsar data, find interesting and important parts, and develop a

remote visualization tools to analyze them.

• Fast Fourier Transforms
• Develop and optimize Fast Fourier Transforms algorithm on large-scale

clusters to satisfy the collaborative requirements of dealing with massive
pulsar data.

• Develop Fast Fourier Transforms algorithm which will have a good
performance on heterogeneous to deal with the signal data produced by
pulsar.

• Analysis
• Communicate with the whole team and share the visualization results.
• Make full use of visualization tools and Fast Fourier Transform algorithms

to deal with various data and based on that corporate with team to do a
detailed analysis.



Lingling Wang

1. Build the cluster in China on the 5 machines

2. Explore or test the options of database or 
storage backend 

3. Investigate the algorithms to detect the 
changes in pulsar behavior or telescope 
malfunction



George Hobbs

1. Find a student who wants to work on this type of research 
(likely linked between SKA, Parkes and FAST)

2. Make more realistic simulations of SKA-low and mid and 
more realistic noise processes, pulsar sky positions and 
observation cadences

3. Check the simulations with SKA pulsar WG
4. Work on a statistical method for determining the 

likelihood that the noise process in a pulsar data set has 
changed.

5. Apply this method to the simulations and compare with 
other algorithms being developed

6. Work with the team to write a publication describing the 
results.



Slava Kitaeff

• I’ll be working with two PhD students. We have a 
functioning Apache Spark/Hive cluster available that 
we can use. We will collaborate with Lingling Wang 
assisting her in building a similar system in China.

• I’m thinking to prototype the SKA pulsar database with 
the simulation dataset, and I’d like to look into the 
options for event detection and classification 
algorithms. Yihan, George and I have discussed 
collaboration in this area.

• We will look into the development of new remote 
visualisation software for pulsars.


