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Plan of the talk:

● Background, Motivation

● EM Algorithm and Stellar Photometry

● Current Status

● Future Plans



TAOS:
● Discover small/distant KBOs by searching for 

occultations of distant stars

● Event durations ~200 ms, sample at 5 Hz

● Events extremely rare, monitor 1000's of stars

● Limit false positives, use multiple (4) telescopes



TAOS:
● Reduce data in real time for follow-up

● 4 telescopes  3000 stars  5 Hz = 60,000 
photometric reductions/second, 100 GB/night

● Read out all stars in 64  2048 subimage, 
extremely crowded

● Low bandwidth network, low power budget

● Rare events, weak signature: accuracy important
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Crowded field becomes “sparse”
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Expectation-Maximization Algorithm
● Some “unobservable data” which simplifies problem

● Calculate “complete log-likelihood” function assuming unobservable data 
known

● Assume we have CCD which gives number of photons in each pixel from 
each star, z

ij.



EM Algorithm

2) Calculate

1) Initial guesses  

4) Repeat until convergence
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Current Status

● Algorithm works on simulated test images

● Code meets speed requirements (60,000 PSFs/sec)

● Initialization nearly ready for testing

● Currently working on tracking issues to reduce       
   initialization overhead 



Future applications

● Fitting galaxies (weak lensing)

● Overlapping galaxies, point           
   sources

● Model galaxies with “shapelet”     
  expansion

● Use EM algorithm for blended      
   fits 

● Funded by NASA AISR program



Shapelet Expansion

Eigenfunctions of 2-D quantum harmonic quantum oscillator r2−∇ 2

Ir , = ∑
p,q≥0

bpqpq
 r ,

pq
 r , ∝ rm ei me−r2 /22

Lq
mr2 /2

m = p−q



Shapelet Expansion

Refregier, Chang and 
Bacon (2002)


