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STATISTICAL TIME-FREQUENCY ANALYSIS (STFA)
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STFA: FILTER BANK AND SCF

| Yg[n]
Yn] — Hg(z): BEDB - SCF — &3[n]
Examples of Filter Banks Examples of SCFs
e Repeated differencing (RD): e Output variances:
Hi(2) = (1 — 2~ 1) o5[n] = Var{Ys[n]}

where k= 0,1,2,--- .
e Output lag-one autocorrelation coef-

ficients:

e Complex exponential filtering:
Q\\Q_Hi\”_ = AHO_%A%‘Q_”\;H_“M\Q_”S\ — ”_.”_Hv

1

1l —az"

Hao(z) =
! e Output zero-crossing rates:

where a =nel?, n € (0,1) (s[n] = Pr{Ys[n] Y3[n — 1] < 0}
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WHAT DOES AN SCF DO~

e Data Reduction and Compression:

— Summarize important features of filter output

e Signal Robustification and Enhancement:
— Reject statistical variations of stochastic signals

— Reject interference and noise via combination
with an STFA filter bank
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INTERPRETATIONS OF OUTPUT ZCR’S

e Measure of oscillation patterns

e Measure of spectral mass center

e Equivalence to power spectral density if coupled
with a suitable STFA filter bank



A CLASS OF NONSTATIONARY PROCESSES

e Nonstationary model:

Y(t) = X(g(1))

e Motivations: for returned Doppler signals,

g(t) =t— 2 AS ~ [Lo(r) %v

C

C: velocity of wave propagation
ro. Initial distance between receiver and target

v(t): instantaneous velocity of target



BASIC ASSUMPTIONS

e X (t) is a zero-mean stationary random process

e g(t) is a “smooth” and monotone function which
maps the interval [0,T] onto itself

e Call g(t) the distortion function (DF)
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WHAT DOES A DF DO~

e Instantaneous ZCR inflation factor:

¢(t) = g(t) co
where c¢g is the ZCR of X (t)

e Instantaneous bandwidth inflation factor:

€2(¢) = g(t) 20
where Qg is the bandwidth of X (¢)



HOW TO UNDO THE DISTORTION?

e Distortion function estimation:

[ A(r) dr
\ﬂm?.v dr

O

gt) =T

where [(t) is an estimator of u(t) o< g(t)

e Inverse transformation:

X =Y (g71®)



STATISTICAL TIME-FREQUENCY ANALYSIS

e Choice of filter bank: repeated differencing (RD)

e Choice of SCF: ZCR’s from the RD filter bank

e Results of STFA:  (.(t) =g(t)c (E=0,1)

— {¢o(t),¢1()}: ZCR's of Y (t) and Y (t)

— {cg,c1}: ZCR’s of X (t) and X (¢t)



NONPARAMETRIC DF ESTIMATION

e Sampling: Y [n] =Y (nA)

o Filtering: Yi[n] = Hr(2)Y[n], (k=0,1)

e Instantaneous SCF:

Ziln] = Z{Yy[n] Yi[n — 1] < 0} € {0, 1}



NONPARAMETRIC DF ESTIMATION (CONT’D)

e Regression setting:

Ziln] = pp(nA) + exln]
where

pp(nA) = E{Z;[n]} = g(nA) ¢, A

e Nonparametric smoothing:

nrp(nA) = Smooth{Z.[n]}



SIGNAL ENHANCEMENT BY STFA

e SNR in the regression problems:

(B{Zy[n]})* _  m(nd)
Var{Zg[n]}  1-—pr(nA)

e Implications:

p(t) T <= SNR() 1

SNR1(t) > SNRg(t) <= ¢1 > ¢
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CONCLUSIONS

e Statistical time-frequency analysis framework

e Combination of STFA filter banks with statistical
characterization functions (SCF's)

e Data reduction and compression, signal robustifi-
cation and enhancement



