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Overview Detection procedure: Subspace CUSUM Asymptotic analysis

« Consider sequential change-point detection for detecting

« Log-likelihood ratio:

covariance changes characterized by the subspace. fi(z) o | Optimality
= Propose the Subspace-CUSUM procedure, which is first-order log Fo(z0) = (uTay)” — o (1 T ;) log(1 + p), | | |
« Develop a analytical methodology that includes proper parameter SNR p = 0/02.

optimizations for the proposed detection scheme. Proof Sketch

Subspace_CUSUM detection Scheme - Equalizer trick: IHtl"OdUCng all “equalizer” 500 S&tiSinHg
Introduction s l(@le—d 1 )
« At each time ¢, form the sample covariance matrix using a sliding oo™ =1 (d 925, log(1 — 20 500))
+ Glven a sequence of samples window of size w: after equalizing, (4]x;)* — d =~ a log-likelihood ratio:
R R A - Set constant ARL = ~;
there may be a change-point time 7 where the distribution of the ti; is the unit-norm eigenvector corresponding to the largest « Yw, the optimal drift d which minimizes the EDD is
data stream changes. cigenvalue of ;. e o(14p) (1-521) 5 [<1 ) (1 k—1)]
= Goal: Detect the change as quickly as possible from sequential data. - Update the detection statistic: (Lp)(1-41) 1 5 P wp J |
. Applications; swarm behavior monjt()r.jngj Se1SMIC Sjgnal St _ (St—1)+ 4 (@;{Q’Jt)Z _d « Substitute d* and derive the Optimal w which minimizes the EDD:
detection, power network anomaly detection, etc. . The stopping time: w* = /Tog v - p\_/l ig(fl—j[))) (1 n 0(1>)-
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= Quantity d is a constant satisfying

4300[(?22-3775)2] <d< "30[(’&;3%)2].
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« Leveraging the independence between #; and x;, we have
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- . : b ool (U )] = 07, Egl(tjx:)] = o*(1+ p) |1 Figure 1: Left: Minimal EDD (red) among window sizes w from 1 to 50; Middle:
| ’ w
C eInerging subspace probieill. L - P Various EDD for different window sizes; Right: Corresponding optimal window size w.
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« The switching subspace problem: setection detay
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iid N(0. 2] 9 T 4 | 5 & = B < Figure 2: Real seismic data example: left, middle, and right figures correspond to the
1y~ NAO, 07 + Ouguz), t =7+ 1,7+ 2, « worst-case expected detection delay N <« - seismic event at time 605, 2127, and 6370 respectively.
(EDD) (Lorden, 1971): MMMW
| : . k—1)xk _ _ % 200 400 600 < 800
- Equivalence: 3@Q) € RU—DF st Qui =0 and QQT = [ N This work has been accepted for oral presentation at GlobalSIP 2018. The full paper
SUp €SS sup *LT[(T — 7‘) ‘T > T, L1, .., :I?T]. can be found at https://arxiv.org/pdf/1806.10760.pdf.
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iid 9 = i i ) :
S Yy ~ N((L o Ik—l)a t=1,2,.... 7, Founded by NSF CCFEF-1650913, CMMI-1538746, and CCF-1442635 of Yao Xie, and

NSFE CIF-1513373 of George V. Moustakides.
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