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Motiv ation and Background I

2 My implementation is basedon Nowak & Kolaczyk (2000;NK) and generalizedto 2D following
Esdc et al. (2004).

2 \Central" idea of NK: Obtain MAP estimatesof the splits (in 1D) accordingto

(k) .
1?§k+1) — Xj+1;m + ® | 1_ (1)
;m k :
xj(;% +2® i 1)

multiscale data, ® = hyperparameter governing the regularity of the splits.

2 ® = 1: complete ignoranceof prior densities (MLE)
® A 1: more even and regular splits

2 NK Lemma2: Unique optimum (i.e., global corvergence)is assuredif
®y, 2®; i1 ;®; 2, 2®y; 1; ®; 1, L (2)
Sowe consider
Q@ =>q;1;, ®&ijl=1 3)

as the default choice, with » = 2. Hereafter refer to theseas\NK priors".
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Selecting the Hyp erparameters I

2 Explicit choice of f ® g should re°ect prior knowledge we have about the multiscale structure
of the underlying image.

2 For °-ray obsenations, we expect interstellar di®useemissionto follow gas concernrations
in the Galaxy. This material can be mapped at much higher angular resolution using radio
obsenations.

) Infer hyperparametersfrom a °-ray emissionmodel basedon radio data.

2 One possibility: Dyadic structure of NK is related to Haar wavelet decomposition of Poisson
data. Can we usewavelet coexcients of a decomposition of our expected model imageto guide
our choice of f® g? Not clear.
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Selecting the Hyp erparameters (contin ued) I

A better idea (?): At ead resolution level j, considerthe distributions of scaleddeviations from

the meanintensity inferred from level j j 1:
i deviations
0 11
I\
/ \
1 5 6 {a_1} = {|5.5-5|/5.5,|5.5-6|/5.5} = {1/11, 1/11}
[\ [\
2 3 2 4 2 {a_2} = {|2.5-3|/2.5,|2.5-2|/2.5,|3-4|/3,|3-2|/3}

= {0.2, 0.2, 1/3, 1/3}

Desired behavior:

hgji=0 ) ®&! 1 even splits 4)
i! 1 ) @®-=1 MLE (5)
so, we proposethe ansatz
., A
@ mitl (6)
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Consider a few cases:.
2 Poissonnoise:
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2 LAT di®usemodel:
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2 Data and Model:

mean deviation
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ML estimate, 25 interations:

mean deviation

MAP estimate, ad hoc priors, 10 iters:
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2 MAP estimate, NK priors, » = 2, 10 iters:

MAP, scaleFactor=2 MAP, scaleFactor=2
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2 MAP estimate, NK priors, » = 1.1, 10 iters:

MAP, scaleFactor=1.1 MAP, scaleFactor=1.1
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Conclusions '

2 Ad hoc priors seemto perform worst of all (surprise!). (This probably re°ects a fundamenal
misunderstanding on my part.)

2 However, basedon the performanceof the NK priors, perhapsthe hg; i themselwesare a good
choice, or perhapsone can usef a; g asthe sampling distribution in EMC2.
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