
The LSST Project has developed an operations simulator to investigate how best to observe the sky to achieve its multiple science goals.  The simulator has a sophisticated model of the 
telescope and dome to properly constrain potential observing cadences.  This model has also proven useful for investigating various engineering issues ranging from sizing of slew motors, 
to design of cryogen lines to the camera.  The simulator is capable of balancing cadence goals from multiple science programs, and attempts to minimize time spent slewing as it carries out 
these goals. We will present the results of simulating 10 years of LSST operations using realistic seeing distributions, historical weather data, scheduled engineering downtime and current 
telescope and camera parameters.  These simulations demonstrate the capability of the LSST to deliver a 27,000 square degree survey probing the time domain and with 20,000 square 
degrees for a wide-fast-deep survey, while effectively  surveying for NEOs over the same area.  We will also present our plans for  future development of the simulator: better global 
minimization of slew time and eventual transition to a scheduler for the real LSST.  

Simulator Design 
The LSST Operations Simulator is based on an open-source 
simulation package--SimPy.  SimPy is an object-oriented , process-
based discrete-event simulation package based on standard Python 
and released under the GNU GPL. 

The simulator is modular in design and will accept multiple, distinct 
observing proposals.  Each proposal ranks potential observations 
based upon user-specified parameters, but hard-coded algorithms.   
Rankings are based upon current seeing, sky brightness, and 
progress towards completing a proposal based on previous 
observations. For proposals with a specified cadence, the proposal 
increases rankings for observations useful for that cadence, but does 
not look ahead to determine future effects such as fields setting. 

The simulator uses a sophisticated sky model, calculating sky 
brightness using the Krisciunas and Schaeffer (1991) model.  It 
tracks the sun and moon using SLALIB routines. 

A detailed telescope model is used to calculate slew time penalties. 
These penalties factor into the scheduling decision. All movements 
are tracked: mount, dome, optics, instrument rotator, cable wraps 
and filter changer. The velocities and accelerations for these motions 
are all settable parameters. There are open-loop optics alignments 
for all moves and closed-loop alignments for moves in altitude 
greater than a settable parameter (currently 9 degrees).   

The simulator models seeing and cloud data.  Seeing data has been 
generated using available DIMM data to determine the power 
spectrum of the seeing throughout the year and creating complete 
data sets with that power spectrum.  Cloud data is from 10 years of 
CTIO night assistant observations.  The simulator currently assumes 
alternating one and two week shutdowns per year for maintenance. 

More than 200 user-defined parameters govern the telescope model, 
science program constraints, scheduling controls, and site 
characteristics.  These parameters permit investigation of the effect 
of changes on the survey, in effect tuning the survey. More work is 
needed to explore the parameter space. 

Simulation results are analyzed through the use of post-processing 
tools that culminate in a ~60-page report called the Simulated Survey 
Technical Analysis Report (SSTAR).  Visualizations from the report 
appear in adjacent figures. 

Work is progressing on a new code version of the simulator.  
Reorganizing the code will permit experimentation with different 
algorithms for scheduling observations. The new version schedules 
ahead by a user-defined amount of time, permitting schedule 
optimization over that time. In addition, it can schedule from a list of 
RA, Dec, filter, and exposure time generated by another program or 
a previous simulation. Assessing the effect of small changes in 
parameters on the simulated survey will be simplified by using 
previous outputs as input. 

There are a number of distinct science goals for the LSST:  constraining Dark Energy and Dark Matter, completing the inventory of the Solar System, 
monitoring the transient universe and mapping the Milky Way through astrometry for proper motions and parallaxes.  We have developed a tool, the LSST 
operations simulator, to investigate observing cadences and strategies to optimize the science output from the more than five million exposures that LSST 
will collect during a ten year survey.  

The 5σ coadded depth in each filter for each field plotted in Aitoff projection for a 
10 year simulated survey with the five proposal described above.  The 20,000 
square degrees between -68 and +8 declination (excluding the crowded regions 
near the Galactic center) have limiting magnitudes of 26.5, 27.4, 27.5, 26.9, 26.1 
and 24.9 in u,g,r,i,z,y respectively. 

Showing the distribution of pairs of visits that are separated by 15 to 60 
min per lunation, this plot is a figure of merit for determining asteroid 
orbits.  There were 933767 non-overlapping pairs in g,r,i,z, yielding ~6 
pairs per lunation for most of the survey area.  Three pairs per lunation is 
needed to determine an orbit well enough to recover the object at a later 
time. 

Description of a reference survey 

Duration: 10 years 
Total visits: 2,685,127 
Visit length: 34 seconds (2x15s exposure, 2x1s shutter, 1 readout) 
Average slew time: 6.4 seconds 
Ratio of observe + slew time to possible observe time: 0.739667 
Number of nights with no observations: 397 

Deep Wide Survey:  20,000 square degrees to a uniform depth of 
                                 u: 26.5 g: 27.4  r: 27.5  i: 26.9  z: 26.1  y: 24.9 

Northern Ecliptic:  3300 square degrees 
                               ~2.1 pairs per lunation 

Deep-Drilling:  70 square degrees 
                        154 sequences of 100 days with > 85% of the 
                        requested observations 

Galactic Plane: 1700 square degrees to uniform depth of 
                          u: 26.1  g: 26.5  r: 26.1  i: 25.6  z: 24.9  y: 23.5 

South Pole:  1700 square degrees to a uniform depth of 
                       u: 25.5  g: 26.4  r: 26.0  i: 25.3  z: 25.0  y:23.4 


