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Introduction
The design of sampling set (DoS) for bandlimited graph signals The optimization problem (6) is an intractable combinatorial prob-
(GS) has been extensively studied in recent years, but few of them em, but It can be converted to a convex optimization problem by
exploit the benefits of the stochastic prior of GS. In this work, we relaxing the constraint condition Mn; € 7. Instead of solving the
introduce the optimization framework for Bayesian DoS of ban- relaxed problem directly, we analyze how n changes the bound of
dlimited GS. We also illustrate how the choice of different sampling eigenvalues of (X%(n))~! and find a heuristic method to decide n*
sets affects the estimation error and how the prior knowledge in- with low complexity.

fluences the result of DoS compared with the non-Bayesian DoS by
the aid of analyzing Gershgorin discs of error metric matrix. Finally,

The optimal n* will maximize

hased on our analysis, we propose a heuristic algorithm for DoS to log det(E*(ﬂ))_l
avold solving the optimization problem directly. = log det(o —22 (MZ? vZdiag(n )V,CZ% i I)Ej%)
fic w fic
= log det( _22 ) + Zlog (A7), (7)

Framework

where {\},--- , A%} are the eigenvalues of (ME% V%diag(ﬂ)szé +

IC K
o21). In order to analyze the bound of A® corresponding to n*, we
define

Consider an N-vertex undirected connected graph g = (V,&, W),
where V Is the vertex set, £ Is the edge set and W Is the weighted

adjacency matrix. The graph LaplacianisdefinedasL. = D — W.
The spectral decomposition of L = VAVT isL = VAVT. The graph Gg(n) 2 Mdiag(n)%V,CEfKV,%diag(n)% +o21,

Fourier transform (GFT) can be expressed as f = VT. . .
(GFT P whose K largest eigenvalues are the same as A° and the remaining

bination of a subset of {v;}. Explicitly, if f is in the K-subspace,
where I C V and || = K, then it satisfies

Denoting the rows of (V;CEW) by uf,--- ,uk, we define the

. Bayesian graph coherence for vertexias ulw; = ||EY*VZL4;||2 Since
f = Vitk. ('I) b

) \V,CEW 5 = Zfil 0,2@, the sampling proportion in our heuristic
Stochastic prior: fi is known to be drawn from the following distri- method s given as
bution .o (8)
plEic) oc exp(—(fc — )", (B — p)), ) TSE o
where p is the mean of fy. Let >; = diag(og, - ,0x,), then each

diagonal element represents the uncertainty of the corresponding
mean value. The sampling operator ¥ : C" — C* is defined as

U, = {(1)’ otﬁ:rv‘\ii;e (3) The GS lies in the column space of Ve with K = {10,20,30}. The
’ | sampling budget M = 10 and the samples are noisy with additive
The observation modelisys = Ty = ‘I’(V/cf;c + w), where w is the l.1.d. Gaus;ian noise-vvi.th 0o = .0.5. The mean of ficIsu = 1347 and
i.i.d noise with zero mean and covariance matrix 3y, = o2 1. the covariance matrixis 3; = diag(1,0.5,0.1).
In this paper, the goal Is to design a sampling set that can estimate 0 . o
fic by samples on them with the least estimation error. If m; obser- N loz . IM
vations are taken at the ¢-th vertex, then we define the design as _— | v 0.2
n;, = my/M,whichisa proportion of vertices being sampled. Let |’ N |,
ui,---,uy bethe rows of Vi, then X% is a function of the design i I-o.2 I”
aS -0.4
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Since the prior distribution does not depends on the design n, the % %2 30@2“ :.."' o I’
design maximizes the expected utility 1s the one that maximizes i IO i =aie |
pl 0.2 .:‘ . ., " |
g A A 0.4 T °
Ul(n) é // 1ng(fIC‘y,S, n)p(y57 f/dn)df/gdyg (c) vy, (d) Result for Bayesian DoS O
K K 1 M= R R |
= —— log(2m) - —logdet(X%(n)) . (5) S S ———————— O s it =
2 2 2 i T o _
The optimization problem can be expressed as follow
IMnax Ul("?)
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i—1 (e) Centers and radiuses of Gershgorin (f) NMSE for different algorithms
Mn; € Z. (6) discs for Vi3 Vi (blue) and Gg(n*)(red)  versus different observation time
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