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Collaborative Moving Average Spectrum Estimation Quadratically Constrained Quadratic Programming (QCQP) Formulation

« Crowdsourced spectrum sensing: Exploit spatial diversity in distributed sensors to avoid hidden termial

problem, mitigate fading, and enhance spectrum estimation reliability 0 Constraints d QCQP formulation
: : : : : oty : : » Assume single threshold: ¢,, =t . >
. Classical spectrum estimation techniques not suitable in distributed sensing scenarios > Define sets M, = {m : b, — 11. (P) min. |3
« Sending analog or finely quantized signal samples creates a heavy burden in terms of communication My = {m : by, = —1}, st.  h¥C,h>t, meM,
overhead and battery lifetime _:>send one (few) bits/sensor: Frugal Sensing [Mehanna et al., 2013] Mal + Mol =M h"C,,h <t, me M,

> Received bits: b,, =1 — h¥’C,,h > t, Ym € M,

« Assumption: primary signal admits a Moving Average (MA) parametrization (e.g., FIR pulse-shaping of b — 1 — hYC, h <t VmeM,

digital communication signals)

Non-convex problem, known to be NP-Hard in general

 Cost function
> Average signal power: E[|z(n)|?] = r,(0) = hfh = ||h||3

4 )

MA power spectrum: S, (e/*) = | Y 7_, h(n)e ¥™|?

Challenge: collaborative MA spectrum estimation using low-end sensors

with limited communication capabilities \ /
Frugal Sensing Semidefinite Programming (SDP) Relaxation and other approaches
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- \ 2 y MA Signal Model J dlkl 1ars o | | | Randomization Algorithm
(®) >0 () — Zq:h(k;)w(n " ro(k) = 4 2i=0 W@ORG+RD k] < g Equivalent Rank Constrained SDP formulation
\;;m;/ — 1/-1 ) k=0 \ 3 = > Define H := hh Q If solution of SDP relaxation is rank-1, then global optimum achieved
¥ L) \ ‘/ (L Haa+D)y, . U Randomization Approach
= MA parameters Complex WGN h™ O, h |k <q
] | P = 0 ke min. Tra,ce(H) » Scale principal component of SDP solution to be feasible for
X\ 3 > \ k| > g HeCr+1) x (p+1)
— | — N4 S.t. Trace(C,,H) > t, m € M, > Employ Gaussian Randomization to obtain feasible solution (P)
. . _ Power Measurement Trace(C,,H) < t, m € M, > If randomization fails to produce a feasible solution,
Fusion Center A 2 T —— | H>-0 = Scale principal component/use Gaussian Randomization to obtain feasible
Oy, = E[|zm| ] — Eﬂgmx‘ ] :lngmgm-—> Linear in the auto-correlation — Y solutions for M, only
Estimate the MA Spectrum K rank(H) = 1 = Justification: M, is the activity detection set, MVDR interpretation
min(K—1,q
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from few bits M SEensors gnRom = & (T‘”(O)@O * ; (rz(k)©} + Tm(k)@)—’“))gm 0 Randomization algorithm fails to yield feasible solution in most cases
min(K—1q) (observed from simulations)
=g"ekg,, r.(0) + Z (ggeggm ro(k) + g0 g, T;(k)) O Interestingly, fall-back procedure still yields good quality estimates in
Complex PN - known at the FC Cm0 k=1 Cm ks ) Cmo—t ’ Rank Relaxation many cases
T O = El| ()] min(
Im() = {(1/ 2K)(£1+75) if 0<n<K-1 m . ”i =Cmore(0)+ Y (Cmara(k) + cm—kri(k))
0 otherwise A L O 2 = :
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\ N HZ_U| ) =h" (cm,o@é‘””+ > q (cmi® 9 4 ¢, p@F 1)))h SDP Relaxation Current State-of-the-Art
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Fndom. gt A o T p oo . Trace(H) ~ Sidiropoulos, “Frugal Senaing: Wideband Power Spactrum Sensing flom few
x(t) .| ADC x(n) iiter Z.(n) bits”, IEEE TSP, May 2013
LPF Nyt Rat ? g,.(n) ? l s.t. Trace(C,,H) > t, m € M, g )
: T C,,H) < t, c M Q Classical MA spectrum estimation tools (Ref: P. Stoica and R. L. Moses,
S U A ! 1-Bit Measurement Hraceé " ) m b “Spectral Analysis of Signals”)
I : t
Anal b = sign(hHth - tm) O SDP relaxation + Spectral Factorization. Solves (P) to global optimality in
n.a °9 = |f — I Lagrangian bi-dual of (P) polynomial time! (Ref: A. Konar and N. D. Sidiropoulos, “Hidden Convexity in
Filter Sub-Nyquist Rate grang QCQP with Toeplitz-Hermitian Quadratics”, IEEE SPL, Oct. 2015)
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Numerical Results

Normalized mean spectra for a real MA(5) model Variance of Normalized spectra for a real MA(5) model Spectral NMSE vs number of sensors above threshold for MA(9) models
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