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Compressed sensing

Compressed sensing

x € R" — k-sparse

A€ R™ (m < n)

Only y = Az is stored
Reconstruction algorithms:

» |z]p — min (the sparsest x, in general NP-hard)
» |z|; — min (lin. programming)

» Interval-Passing Algorithm (fast)
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Interval-Passing Algorithm

IPA: basic idea

Assume x € RY,.
Consider one measurement (i.e. one linear equation in Az = y)

Qeyy Loy + Aeyy Lyg + o Aoy Ty, = Ye
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IPA: basic idea

Assume x € RY,.
Consider one measurement (i.e. one linear equation in Az = y)

1
Ly = —— (yc - (acvngg + -+ acv.mfu.»
Qeyy

Assume we know lower bounds on 2’s: y;, > fiy,.
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Interval-Passing Algorithm

IPA: basic idea

Assume x € RY,.
Consider one measurement (i.e. one linear equation in Az = y)

1
Ly <—— (yc - (acvgﬂvg +-+ acv.,u’v.))

Assume we know lower bounds on 2’s: y;, > fiy,.
We obtained a (new) upper bound on x, .
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Interval-Passing Algorithm

Tanner graph
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Interval-Passing Algorithm

[PA (contd.)

IPA is a message passing algorithm on edges of Tanner graph

» each message is [p, M]
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[PA (contd.)

IPA is a message passing algorithm on edges of Tanner graph

» each message is [, M]

v

initialisation — e.g. [0, +0o0]

v

update in measurement nodes — as described

v

update in variable nodes — just max or min
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Interval-Passing Algorithm

[PA (contd.)

9/19

IPA is a message passing algorithm on edges of Tanner graph

>

>

>

>

each message is [u, M|

initialisation — e.g. [0, +oc]

update in measurement nodes — as described
update in variable nodes — just max or min

output: lower bounds (IPA favours zeroes)

T
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Failing sets

Reduction to binary case

Two related problems:

IPA(y, A) IPA(s, B)

z € RY, z € {0,1}"
SUpPP & = SUpp 2
A= (aji) S Rggn B = (bﬂ) S {0, 1}m><n

0 if Q5 = 0 5
bji = .
1 otherwise.

y:Aw S:BZ

Exactly the same recovered positions!
From now on everything is binary (but operations in R)
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Failing sets

Termatiko sets

Def: supp(x) is termatiko set in A if IPA returns all zeroes
for y = Ax
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Failing sets

Termatiko sets

Def: supp(x) is termatiko set in A if IPA returns all zeroes
for y = Ax
Graph-theoretic description of termatiko set 1"

Condition 1: ¢y, co € N is connected to both T" and S
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Failing sets

Termatiko sets

Def: supp(x) is termatiko set in A if IPA returns all zeroes
for y = Ax

Graph-theoretic description of termatiko set T

Condition 2: ¢; € N is connected to T only and

’{veNT(cl) v e N(v), WT(c’)|22}‘22
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Failing sets

Termatiko sets (contd.)

Intuition on condition 2 for measurement nodes:

Propagation of exact bound
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Termatiko sets (contd.)

Intuition on condition 2 for measurement nodes:

Propagation of exact bound

13 /19 On Failing sets of IPA for Compressed Sensing



Failing sets

General failing sets

Termatiko set = complete failure of IPA
Partial recover possible

Proposition

The IPA fails to fully recover a nonnegative real signal * € RY

if and only if the support of © contains a nonempty termatiko
set.
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Failing sets

Heuristic to find termatiko sets

» Observation: T'U S is a stopping set (as defined for erasure
decoding)
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Failing sets

Heuristic to find termatiko sets

» Observation: T'U S is a stopping set (as defined for erasure
decoding)

» = termatiko set is always a subset of some stopping set

» Heuristic: enumerate all (small) stopping sets and check all
their subsets
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Numerical results

Numerical results

~ ~

Measurement matrix hmin~ #(Amin)  Smin ~ #(Smin)
(3,11) array-based 3 3630 6 1815
(155, 64) Tanner code 9 465 18 465
1368 x 1824, TEEES802.16e 8 228 9 76
276 x 552, irregular 8 184 15 46
159 x 265, regular 7 106 14 53
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Numerical results

Numerical results (contd.)

(3,6)-regular, protograph-based codes (200 codes generated for
each lifting factor)

~

lifting factor ave. dyin ave. Smin  ave. Amin

100 6.84 5.92 3.90
200 9.21 7.75 5.80
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Numerical results
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