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ADSTDACT

Bilinear time-frquenuy dintrihwtionn (TFDrr) oRcr improvrd
rmolution over linear lim-frcqurw .:y rqwmentatirmx (TFlln),
hut many TFDn arc rnatly to IIvalIIatr ●ud ur noL anaoci-
ahd with rrignal nyntlwnin ~lgoridunn. Rvrwtly, the rqMr-
trogram (SP) drxxrmprrilion *1uI wcightwl rrvrrna.1 mrrrt4a-
tor drrompoailirm lmvrshrxw UNCd10 dcfiuc Iow-rimt, 10igll-
r-utirm TFDn. In thi~ paprr, we almw that the vvrtm-
valurd “rwluarwool” of a TFIJ ( VVTFR ) provihr a rrp-
rrwutational unkpinniug fur tho TFII. Ily nyuthwizing
riignalrnfrnm morlifiml VVTFlhI, wc ddinr high- rmdulion
signal rnyntlwwimalplithrnn wwrxiakrl with TFllrI. TIM: nig-
nal aJIalyaiNand rryndmrrir parkapt can INSinlplcnwntcrl an
wcightml rrunm of S1’/nhorl-limr Fouriilr ‘I}annh.wm Nignal
●nalynm d rrynthcmi~parhngtw, which arv widvly availahlr,
alluwing llw inlrrmkd :um-rqwiidi~l mwy MC{- tn high-
rmwluliou mrdmds.
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The eigenvaluea of ~, {Ak }, are non-negmtiva if and only if
the aaaoc~atedTFD in non-negative [z].

For an ●rhitrarv non-nezative TFD. the arwciakd VVTFR. ..
irrdefined an the vector-valuml quara r-t of the TFD’n in-
nrr product form:

V=(ll,w;dl) = Afw.s.J *s-. Af..z

and can lx intqmcted arrthe “hwal” nigual at each tim(?-
frwqrmncyrranlplc (n, w). The rclatimmhip hetwren the rrhurt-
time Fmrricr Trannkrrn (ST}T) ●nd SP,

wlmrr wl(rI) in the SP/STk”l’ analynin window, iM ranily rx -
trmlrd LO dhcr non-ntsativr TIJI h and their ananciabil
VV’I’FIIN:

(!, (n, u;#) =: [V,(rk, w,*)[a (1)

Thr polar form d ~ in J = 11/’, wlwrr fl in unitary (all
0[ iln rigrnvalwrm havr maguitudr cm’) ●nd P in pnmilivr (all
of ilri rigruvalrmn are non-ncRallvc~. IIndcr rrlild ❑wpprl
and window rxmnlrtinlrr [2], I) in tlw rrvt-rnal opr,rator br
mauy high r~wdulitm ‘1’t$’lhr,yiAling this W 1{[~1) 1111high
rwudwli(m ‘1’Flh [~]:
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\ mre +wD irrthe WD kernel. Shenoy and Parka afao ❑ote
that the WD is non-repreaentatior ral [7]. They contend that
the WD is more properly regarded u a tool for opecifyinq
and interpreting time-varyin~ filters (signal synthesis afgo-
rithnrs) than aa a signal transformation itself. They uae
the Weyl correspondence to virrualixe timevarying filters in
the tim~frquency domain. The Weyl correaponrlence aa-
aoci?.tea a time-frequency m-k, Af(n, w), to the linear OF
erator (time-varying filtrr/signrd riynthwis algorithm), f.,
via

<Lz. z?= z/ M(n, ar)WD=(n, W)dw (6)

n

IIlawatsch [5] alrw implicidy US(!Sthu Weyl corretrpondcnce
for rlctining time-varying filters using time-frequency &3-
n:ai II descriptions.

2. HIGH-RESOLUTION SIGNAL SYNTHESIS

I,(:asl-s,luart.s signal riyntbcsis from modified VV1’F lb as-
.soriatvd with non-negalivti ‘TF Dx can Iw prupor+ed,

(7)

iLn41S(JVWI M lhc wvlghtcd SIIIII of solutions to lwu4t-wluarvs
signal syntht,si~ from in(~[lilic{l S’I”F’I’S:
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1A d rg 111111,~)1 S,(ll, LJ;r-4) -Af(tI, W),Y,(ri, W;~IL)12dQJ

,,

I ,R Al,, ,“,’,,v,.’.’ ,, Al ,, t (Ill)

:\lllrll.lllv (l\, ,1 u\llllllml/111 ,.1/:1,.1I 111.11 11111,hl 1,,,111,1 ,1,1
,, Ull,ll Ill 11,,,! 11.,,1,! 11111, II, r,.k l,, 11,1 I!)( .,1 !.1}:1,,,1. ,

V=(n, w; ~). The local signal may be uadnl for non-parametrized
detection/estimation and other problems [2].

The rrigrralsyntherris algorithms in (8)-(9) are all linear
mapa of the original signal, i = L($, JW)z. The charac-
ter of the linear map, L, depends on the associated TFD
kernel, ~, and the rmak, Al(n, u). We can write a “corre-
spondence rule” for Iineu map arraociated with a particular
TFD kernel:

<L(rJ, Af)z, z> = ~pf(n,w)c=(n,+w (11)
n

Sillcc C,(n, w, $) is ju~t a mnorrthcrl verrrionof the DTWD,

thw equivalent maak, ~[rt,w) which yieldrr the linear map,

f.(dJ, ~), via the Weyl correspondence in (6) irrjust a smoothed
v(~r~ion ‘of M(n, w) [2]. Th; interpretation oi thin is that

riignal Hyntheais arurociated with a TF13 other than the WI)
given you worze timefrqucncy resolution than implied hy
M(n, w).

The drgree to which lW(tJ,w) irismcarwl to yield ~{n, w)
is dictalrd by the time-frequcnry rrprwrl of th~ TFD kerned.
For the S1’, Af(ra, Iu) irrPmoodmd by tlw WI) of the SP win-
duw, which will have time-frequency riprvad approximately
equal to or greater than A Ilei.smlhrrg cdl. Higher rarrlu-
tk]n ‘N [JN have kernel.t which have mm-h hvra ~pread than
tlw S1’ krrne].

m. Nmoothing of Af(n, w) has hem nnttd dh.ewherc
for the C.WWof Higwal rrynthmis fr(ml mt,difrrd ~hort-tinw
f%u rim ‘~ran~forrrl~ [7] and more grnrraf signal rrynthcsirr
algorithm Ibj. Smearing of M (n, w) can allow undrwirrd
rmirwor componcnlr+ 10 “hked in” 10 thv dmirc(l ~ynthmizrd
Nignal, M wc illu~tratr with wwrral vxamwhw in thv rwxt
Wr-linrr

3. EXAM1’LES

III FigUr~. 2 wr dcmonrdratv th~. cli,,t of snl~wling and lhr
ulilily (If lhr Itwal hlgll.d. Figwrr 2;L [~)nttinri lhr S1> 01 a
&4 ~milll [.tm)plex Ltmr rltllw(l(ltd ill IIIIIIplvx, white ~auri

siaw noiw of rrlual ltAal {Ynvrg.v uNing :1hd .lw~in: rrrtangwlwr
wiw{lc~w, mn(l Fignrr Al (’!Sllli\lll.d the Ilin(mial dixlrilmli(m

[H] {}f thr ~amr ~ignal, Figurwr 211 aml h. rlmtain t ht. rr-al
I}art rl( tile h~tnl nignrdrr [III f,irth {If 1.111,tWII ‘I”FI)N al lhr

liwl{. fIqIICIICy cr-ntrr of the rxlmlll,,x l(mrl atul Figurw4 24
nn(l 2f ronlain thv I) ’l’WI)* of thr ~ignal~ ~ynthmizrd from
eIII,lI rlf LIIe two ‘1’FI h w~iu~: a ()/ I 111.wk WIIIIPW m t.IngII

Inr lItIllnflmry irr rrulwrillll,tnwl I (III all III thco ~rryrwah. ‘1’FI)s,
N{ILr that rIli (If thv 1)’1’WIIq in :III; IIIIT 2 nrr, ldtIllrc! IIIIly
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2j contains the Binomiaf dislrihu Lion of the ~ame signal.
Figurti 2h and 2k lain the reaf part of the local signals

for each of Lhe two TFDs at the time-frequency center of
the tranmient, and Figures 2i and 21 contain the D’rWDs of
the signalrr synthesized from each of the lwo TFDN using a
0/1 mask whwe rectangular boundary is sujwimpmwd on
afl of the greyrrcde TFDs,

This time, the DTWD of the signal synthesized from
the Binomial distribution (Fig. 21) is IJ.IUCIIhelter than that

from the badly mismat 41ed SP (Fig. 2i). The local ~ignd
fol the Binomiaf distrihutiun (Fig. ‘2k) properly idmltifieN
the locally transient nature of the signal, while the local
signal for the SP (Fig. 211), which is again a time-frquency
translate of the window function. is a very poor rcprrwrm-
tatir.m of the locally tranriient naturti of the Nignid.

4. CONCLUS1ON

We have cfiscusxed high- rr+mluliou Kigual Iyntlmis algorithms

which call hc implrmentd LL+wrip,hlcd riumN of STFT syn-

thesis algorithms. Tlw higll-rcsoi II t iun algoridlm~ were dv-
rivcd u an cxlension or hwsl-riqufl.rm signal synthmis from
modified Lime-frequcury indcxrd Ioc*I signals, which prn-

Siglltd riynti, mip for iL Silllpll. (-x.alllld l,,

If Lh(,rr arc only a bw xignifitilnt lCIIIIS in lIIC S1’ 111,-
( ompmiliou d a lligll-r~.st~llllioll ‘l’FI), Lhn tlw awwcidwl
NigIIal Mynthwiri dgorithlli {Iofinwl ill (H)-(!l) (-an III approxi -

malrdy imidcmmllmt nsin~ Iml,v i. bw S’1’FT Signal synthmi+
unitN. III previwm work, wc II;LVI, IISMI lhr S1} {1(.t.(llllljtj~itif~;l
1(I ddint’ fast alll~rt}xilllal.i(]lj~ ‘ II [Irqirmldc high rwdutiml
‘1’FI)N [4] WIIIW lIw S1’ flf.(f,llll,t,Nlli[,ll yid,ls {rely A h-w sig
nificant term N

‘1’111,rmult~ in thi~ I,apcr Jltmp. with ,mr lm,vi[w~ work

tl14inc i-rhi~ll- rmduti{ul .hi}:h;l1 ;III IlysIs Am! hyIII ht,~i~ It.l(k
iigr whi(% cmn IM, illllllt.lllf,lll,.~1 uwn~ JIIIly iI h-w wri~htt,ll
.<l’/S’l’lr’l’ wgn,Il andysi~ aIIIl syIIlh Iwh units (l~i~ur,, I )
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