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• Summary website  
 

http://lsst.org/scientists/simulations/ 

• Installation instructions here  
 

https://confluence.lsstcorp.org/display/SIM/Catalogs+and+MAF 

• Advantages:
• Open source; everything is on github
• Inter-dependent with Data Management software
• Developed in close concert with the engineering teams

https://confluence.lsstcorp.org/display/SIM/Catalogs+and+MAF
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Two major goals of LSST Simulations

Question Tools to answer the question

“What is the best way to
schedule the survey to
meet our science goals?”

OpSim (the operations simlator)
MAF (the Metrics Analysis
          Framework)

“How well do our data
analysis tools work?”

CatSim (the catalog simulator)
ImSim (the image simulator)
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OpSim — The operations simulator

• Models the telescope-plus-scheduler system 

• Includes all of the physical limitations of the telescope  
structure (cable wrap, dome orientation, maximum rotator 
speeds) 

• Next version will use code that can actually serve as 
the LSST scheduling software.

Delgado et al (2014), SPIE 9150, doi:10.1117/12.2056898



Future Sky Surveys and Big Data - KASI, Daejeon - 2016 April 25-29

OpSim and MAF

5

movie credit: Lynne Jones, https://www.youtube.com/watch?v=PqKsafmxNWA

https://www.youtube.com/watch?v=PqKsafmxNWA
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OpSim — The operations simulator

• Produces a SQLite database of all of the visits in a  
simulated ten-year survey. 

• Benchmark runs can be downloaded from 
http://lsst.org/scientists/simulations/opsim/opsim-surveys-data-directory 

• Suggestions for new runs to be made at 
https://github.com/LSSTScienceCollaborations/ObservingStrategy/blob/
master/opsim/README.md

Delgado et al (2014), SPIE 9150, doi:10.1117/12.2056898

http://lsst.org/scientists/simulations/opsim/opsim-surveys-data-directory
https://github.com/LSSTScienceCollaborations/ObservingStrategy/blob/master/opsim/README.md


Future Sky Surveys and Big Data - KASI, Daejeon - 2016 April 25-29

OpSim and MAF

7

• http://lsst.org/scientists/simulations/opsim/opsim-surveys-data-directory

http://lsst.org/scientists/simulations/opsim/opsim-surveys-data-directory
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OpSim — The operations simulator

• Produces a SQLite database of all of the visits in a  
simulated ten-year survey. 

• Benchmark runs can be downloaded from 
http://lsst.org/scientists/simulations/opsim/opsim-surveys-data-directory 

• Suggestions for new runs to be made at 
https://github.com/LSSTScienceCollaborations/ObservingStrategy/blob/
master/opsim/README.md

Delgado et al (2014), SPIE 9150, doi:10.1117/12.2056898

http://lsst.org/scientists/simulations/opsim/opsim-surveys-data-directory
https://github.com/LSSTScienceCollaborations/ObservingStrategy/blob/master/opsim/README.md
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https://community.lsst.org/c/sims/sims-announce

https://community.lsst.org/c/sims/sims-announce
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MAF — The Metrics Analysis Framework

• Framework for analyzing simulated surveys generated by OpSim 

• Meant to answer the question “what does a survey need to do to be  
‘good enough’ for X science goal?” 

• Needs community interaction and contribution  
http://github.com/LSST-nonproject/sims_maf_contrib

Jones et al (2014), SPIE 9149, doi:10.1117/12.2056835

http://github.com/LSST-nonproject/sims_maf_contrib
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MAF — The Metrics Analysis Framework

calculate user-
provided metric at 
each of the “slice 
points”

Database of 
simulated 
observations

group OpSim 
observations 
according to 
specified 
“slicer” (position on 
the sky, MJD, etc.)

OpSim
MAF

Jones et al (2014), SPIE 9149, doi:10.1117/12.2056835
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MAF — The Metrics Analysis Framework
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MAF — The Metrics Analysis Framework

• Precomputed metrics available for OpSim runs at 
 

http://astro-lsst-01.astro.washington.edu:8080 
http://ops2.tuc.noao.edu:8888/ 

• Tutorials for running MAF on your own (and contributing  
metrics to the community) at 
 

http://github.com/LSST-nonproject/sims_maf_contrib

Jones et al 2014, SPIE, doi:10.1117/12.2056835

http://astro-lsst-01.astro.washington.edu:8080
http://ops2.tuc.noao.edu:8888/
http://github.com/LSST-nonproject/sims_maf_contrib
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http://astro-lsst-01.astro.washington.edu:8080

astro-lsst-01.astro.washington.edu:8080
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http://astro-lsst-01.astro.washington.edu:8080

astro-lsst-01.astro.washington.edu:8080
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http://astro-lsst-01.astro.washington.edu:8080

astro-lsst-01.astro.washington.edu:8080
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Two major goals of LSST Simulations

Question Tools to answer the question

“What is the best way to
schedule the survey to
meet our science goals?”

OpSim (the operations simlator)
MAF (the Metrics Analysis
          Framework)

“How well do our data
analysis tools work?”

CatSim (the catalog simulator)
ImSim (the image simulator)
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CatSim — the catalog simulator

Databases hosted 
at University of  
Washington  (“fatboy”)

Individual user’s system
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CatSim — the catalog simulator

Databases hosted 
at University of  
Washington  (“fatboy”)

For more detail on database contents, see
http://lsst.org/scientists/simulations/catsim

Contains
• Milky Way stars drawn from models in Juric, et al (2008) ApJ 673,864  
• Galaxy distribution drawn from De Lucia, et al (2006) MNRAS 366, 499  
• Distribution of Solar System objects from Grav et al (2007) BAAS 211, 4721

Connolly et al (2010) SPIE 7738, doi:10.1117/12.857819
Connolly et al (2014) SPIE 9150, doi:10.1117/12.2054953

http://lsst.org/scientists/simulations/catsim
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CatSim — the catalog simulator

Databases hosted 
at University of  
Washington  (“fatboy”)

Individual user’s system

Contains
• Galaxy SEDs from Bruzual and Charlot 

(2003) MNRAS 344, 1000  
• Main sequence stellar SEDs from Kurucz (1993) 

http://www.stsci.edu/hst/observatory/crds/k93models.html 
• M, L, T dwaf star spectra from 

https://phoenix.ens-lyon.fr/Grids/BT-Settl/CIFIST2011/SPECTRA/ 
• White dwarf SEDs from Bergeron et al (1995) 

http://www.astro.umontreal.ca/~bergeron/CoolingModels/ 
• Solar system object SEDs from 

http://sbn.psi.edu/pds/resource/busdemeotax.html 
• Dust maps from Schelegel, Finkbeiner, and Davis (1998) ApJ 500, 525

Connolly et al (2010) SPIE 7738, doi:10.1117/12.857819
Connolly et al (2014) SPIE 9150, doi:10.1117/12.2054953

http://www.stsci.edu/hst/observatory/crds/k93models.html
http://www.astro.umontreal.ca/~bergeron/CoolingModels/
http://sbn.psi.edu/pds/resource/busdemeotax.html
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CatSim — the catalog simulator

Databases hosted 
at University of  
Washington  (“fatboy”)

Individual user’s system
Contains
• Official LSST bandpass throughput curves 
• Code associating objects in the database with SEDs 

• Variability models for RR Lyrae, AGNs, Cepheids, 
M-dwarf Flares, Type 1a Supernovae, Solar System Objects 

• Representation of the LSST Camera and code to convert position on the sky to  
position on the LSST focal plane and detectors.

Connolly et al (2010) SPIE 7738, doi:10.1117/12.857819
Connolly et al (2014) SPIE 9150, doi:10.1117/12.2054953

Individual user’s system
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Databases hosted 
at University of  
Washington  (“fatboy”)

Individual user’s system

CatSim — the catalog simulator

1) User specifies 
catalog parameters  

2) CatSim translates  
parameters into 
SQL query

3) Database performs 
query and returns 
results

4) CatSim performs any 
necessary 
post-processing, e.g. 
 

- associating objects  
  with SEDs 
 

- interpolating 
  variability curves 
 

- correcting mean 
  positions
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• Detailed tutorials can be found in  
 

https://github.com/uwssg/LSST-Tutorials/tree/master/CatSim

https://github.com/uwssg/LSST-Tutorials/tree/master/CatSim


Future Sky Surveys and Big Data - KASI, Daejeon - 2016 April 25-29

CatSim and ImSim

29

ImSim — the image simulator

• PhoSim — Peterson et al (2015) ApJS 218.1, 14  
                  arXiv:1504.06570  

• Project-developed tool https://bitbucket.org/phosim/
• Full photon Monte-Carlo representation of physics
• Slow but detailed  

• GalSim — Rowe et al arXiv:1407.7676  
• Community developed: 

http://github.com/GalSim-Developers/galsim
• Noise, PSF, and other physical effects implemented  

by analytic models
• Fast but approximate

https://bitbucket.org/phosim/
http://github.com/GalSim-Developers/galsim
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ImSim — the image simulator

• PhoSim — Peterson et al (2015) ApJS 218.1, 14  
                  arXiv:1504.06570  

• CatSim produces an ‘Instance Catalog’ (text file)
• PhoSim reads that in and produces image as FITS 

file  

• GalSim — Rowe et al arXiv:1407.7676  
• Seamless integration with CatSim in  

sims_GalSimInterface package
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PhoSim image
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GalSim Image
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• Summary website  
 

http://lsst.org/scientists/simulations/ 

• Installation instructions here  
 

https://confluence.lsstcorp.org/display/SIM/Catalogs+and+MAF 

• Includes tools to:
• Simulate the LSST Survey (OpSim)
• Evaluate the perfomance of a simulated survey (MAF)
• Draw simulated catalogs from a simulated universe (CatSim)
• Simulate LSST-like images (PhoSim/GalSim)

https://confluence.lsstcorp.org/display/SIM/Catalogs+and+MAF

