
Beyond the  
Feature Vector

Joshua E. G. Peek 
STScI / Columbia University 

!
!
!
!
!

w/ Susan Clark Columbia 

March 9, 2015 Big Data Astronomy

Look up here if you get lost!



Astronomy has always been a science of catalogs

Ptolemy 155



We can visualize our catalogs; apply statistics, learning
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TextUnfortunately, most of the Universe is diffuse

Planck Collaboration ’12 / Mack ‘15 



The power spectrum lets us avoid object finding

SPT



Simulated  
Weak Lensing  

Convergence Map

courtesy Z. Haiman; Kratochvil+ 11

Simulated  
Weak Lensing  

Convergence Map 
phases scrambled

But: shape informs the non-linear universe



TextIt’s worse than that!

Planck Collaboration ’12 / Mack ‘15 



TextIt’s worse than that!

Planck Collaboration ’12 / Mack ‘15 



Most of our atoms are in the CGM/WHIM/IGM

Joung+ 12



In the modern universe, we need to interpret shape/phase

GASS





Soon we’ll be swimming in images of the diffuse phase

PCWI; Martin +14



is it all just weather? 
!

if not, it how do we interpret it?



ALFA

Arecibo 305 m

GALSPECT

GALFA-HI is the largest Galactic HI survey
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Why we were the first to see fibrous features: resolution

Clark, JEGP, Putman 14

LAB Survey: 2005
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Why we were the first to see fibrous features: resolution

Clark, JEGP, Putman 14

GALFA-HI Survey: 2011



...that seemed to correlate with magnetic fields
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starunpolarized 
lightmagnetic 

fields

dust grains

polarized 
light

Hall 1949; Hiltner 1949; slide courtesy B. Gaensler

observer

brief digression: B fields are critical, but hard to observe



Magnetic fields cannot be ‘learned ‘from phase-less images
PC
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We developed the Rolling Hough Transform (RHT)
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We developed the Rolling Hough Transform (RHT)

Smooth using 
a top-hat with
diameter DS

1



Clark, JEGP, Putman 14

We developed the Rolling Hough Transform (RHT)

Smooth using 
a top-hat with
diameter DS

1

Subtract smoothed 
component to unsharp mask2
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We developed the Rolling Hough Transform (RHT)

Smooth using 
a top-hat with
diameter DS
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Subtract smoothed 
component to unsharp mask2

Threshold at 
zero to create 
bitmask
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We developed the Rolling Hough Transform (RHT)

Smooth using 
a top-hat with
diameter DS

1

Subtract smoothed 
component to unsharp mask2

Threshold at 
zero to create 
bitmask

3
4x0, y0

Extract a disk 
of diameter
DW around 
each point in 
image
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We developed the Rolling Hough Transform (RHT)

Smooth using 
a top-hat with
diameter DS

1

Subtract smoothed 
component to unsharp mask2

Threshold at 
zero to create 
bitmask

3
4x0, y0

Extract a disk 
of diameter
DW around 
each point in 
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transform to 
disk for U=0
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We developed the Rolling Hough Transform (RHT)

Smooth using 
a top-hat with
diameter DS

1

Subtract smoothed 
component to unsharp mask2

Threshold at 
zero to create 
bitmask

3
4x0, y0

Extract a disk 
of diameter
DW around 
each point in 
image

T

5
Apply Hough
transform to 
disk for U=0

T

R(x0, y0, T)

Z

6
Threshold at Z



We now have a metric with which to measure correlation
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Linear features correlate nicely with starlight polarization

Clark, JEGP, Putman 14



00 h

18 h

Clark, JEGP, Putman 14

We examine the same correlation in the Southern Sky
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We can also apply the method to denser media

McClure-Griffiths 2006
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The coherence is stronger on smaller scales
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The Chandrasekhar-Fermi method measures field strength

Chandrasekhar & Fermi 53, Heitsch+ 01
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May be a way forward to resolved field strength estimates
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Shape information from images  
of the diffuse phase of the universe 

can be used to measure its  
underpinning physical processes


