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OBJECTIVE 

• COMPARE TILTED GAUSSIAN AND CHOI-WILLIAMS KERNELS IN TERMS 

OF MODIFIED WIGNER DISTRIBUTIONS FOR MULTI-COMPONENT SIGNALS. 

CRITERIA FOR THE COMPARISON ARE 

• CROSS-TERM SUPPRESS.ION 

• DESIRED COMPONENT EXTRACTION 

I'Qge2 
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OUTLINE 

• WIGNER DISTRIBUTION & COMPLEX AMBIGUITY FUNCTION 

• MODIFIED WIGNER DISTRIBUTION 

TILTED GAUSSIAN KERNEL 

CHOI-WILLIAMS KERNEL 

• ROTATION OF KERNEL 

• EXAMPLES 

• CONCLUSION 

8/16/91 
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WIGNER DISTRIBUTION & COMPLEX AMBIGUITY FUNCTION 

TCF: R(t:t) - s(t~) s"(t-~) 

SCF: q,(v,f) - s(t~)s"(t~~) 

W D F: W(t,f) - J R(t,'t) exp( -j2nf't) d't 

- J Cll(v ,f) exp(j21tVt) dv 

CAF: x(v,'t) - JR(t,'t)exp(-j21tVt)dt 

- J Cll(v ,f) exp(j2nf't) df 

W(t,t) J J x<v ,t) exp021ttv) exp( -j21tft) dtdv 

8/16191 
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WIGNER DISTRIBUTION & COMPLEX AMBIGUITY FUNCTION 

WOE 

AUTO-TERMS 

CROSS-TERMS 

CAE 

.... -..~-~• CONCENTRATED NEAR ORIGIN 

.... •~-~• SHIFTED AWAY FROM ORIGIN 

THE AUTO-TERMS AND CROSS-TERMS IN WDF, (t,f) DOMAIN, ARE 

ESSENTIALLY SEPARATED IN CAF, (V,'t') DOMAIN. THE SEPARATION 

OF THE AUTO-TERMS AND CROSS-TERMS IN CAF DOMAIN MAKES 

(V,t) DOMAIN IDEAL FOR KERNEL DESIGN AND FILTERING. 
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MODIFIED TIME-FREQUENCY REPRESENTATIONS 

modified CAF: 

iCv ,'t) = x<v ,'t) v(v ,'t) 

modified SCF: 
f 

<i>c v J) = <~>< v J) ev c v J) 

modified TCF: 

" 
t 

R(t't) = R(t,'t) ®v(t,'t) 

modified WD F: 

" 1f 
W(t,f) = W(t,f) E9V(t,f) 

Poge6 

KERNEL IN EACH DOMAIN 

s c F: V(v ,f) .= I v(v ,'t) exp(-j2nf't) d't 

TCF: v(t,'t) = Iv<v ,'t) exp(j2TtVt) dv 

W D F: V(t,f) = I v(t,'t) exp(-j2nf't) d't 

= Iv<v ,f) exp(j2xvt) dv 

= I Iv<v ,'t) exp(j2nvt-j2nf't) dvd't 

X 

9 DENOTES CONVOLUTION ON X 

8/16/91 
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TILTED GAUSSIAN KERNEL 

CAF: v(v ,'t) 

WDF: V(t,f) 

ARBITRARY B,D , AND r 

DIMENSIONLESS TILT PARAMETER I r I <1 

8116/91 
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CHOI-WILLIAMS KERNEL 

CAF: V(V/t) . - exp (-v2'f?/a2
), 0'>0 

- dv WDF: V(t,f) - 21t 112a J: + cos(2xvt) exp(-1t20'
2f Jv2

)-
0 v 
- d~ 

- 21t112aJ: +cos(21tf't) exp(-1t20'
2f ft2

) -, 
0 't 

t:FO, f:t{) 
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ROTATION OF KERNEL 

EXPRESS v IN TERMS OF A NORMALIZED FUNCTION u: 

v(v ,'t) = u(v /B,'t/[)) 

LET 9 BE THE ANGLE OF ROTATION IN THE v/8, 't/D PLANE, 
C=COS(9), S=sin(S). THEN THE ROTATED WEIGHTING IS 

- ;{ c v + s.:E.. c.:E.. - s~) 
\ B D' D B 

8/16/91 
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EXAMPLE 1: TWO AM SINEWAVES 
A 2r-----------------~----~-.~-------------------------, 
m '"'-~ 
p ,. 
I <>-"" 
i <> 1---___,..,......,.....,..,-v\ 

t -o.~ 
U -s 

d -1.!11 

e -2<>~---------------=<>~-~~--------------~,.----------------~ •. ~ 
t, Seconds 
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20 
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e 0 -~~~em&e0&08a•~~~o · 

r 
6 a • • • • A • • t 

z -20 
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0.6 0.8 1.2 ..(),2 ·0.1 0 0.1 0.2 

t,Seconds t, Seconds 
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EXAMPLE 1: TWO AM SINEWAVES 

GAUSSIAN KERNEL G-WDF 
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EXAMPLE 1: TWO AM SINEWAVES 

CHOI-WILLIAMS KERNEL 
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EXAMPLE 2: TWO PARALLEL LFMS 
A 2~------------------~~----------------~ 

p 1 
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EXAMPLE 2: TWO PARALLEL LFMS 

TILTED GAUSSIAN KERNEL G-WDF 
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EXAMPLE 2: TWO PARALLEL LFMS 

CHOI-WILLIAMS KERNEL C-WDF 
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EXAMPLE 2: TWO PARALLEL LFMS 

Pogello 

ROTATED CHOI-WILLIAMS KERNEL 
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EXAMPLE 3: UPSLIDE, DOWNSLIDE LFMS 
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EXAMPLE 3: UPSLIDE, DOWNSLIDE LFMS 
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EXAMPLE 3: UPSLIDE, DOWNSLIDE LFMS 

60 

40 

H o 
e 
r 
t -20 
z 

TILTED GAUSSIAN KERNEL 

-60 '--;;':;-----;!-:------!--~-~__j 
-0.2 .().I 0 0.1 0.2 

t, Seconds 

Poge 19 

G-WDF 
120 

100 

f, 
80 

H 
e 

60 
r 
t 
z 40 

20 

0 
0.4 0.6 0.8 

t, Seconds 
1.2 

8/16/91 



NUSC 

EXAMPLE 3: UPSLIDE, DOWNSLIDE LFMS 

CHOI·WILLIAMS KERNEL C-WDF 
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EXAMPLE 3: UPSLIDE, DOWNSLIDE LFMS 

ROTATED CHOI-WILLIAMS KERNEL C-WDF 
60 120 

40 100 

v, 20 f, 
80 

H H 

e 0 e 60 
r 
t 
z 40 

-40 20 

-60 
-0.2 -0.1 0 0.1 0.2 

0 
0.4 0.6 0.8 1.2 

't, Seconds t, Seconds 

8/16/91 



NUSC 

Poge22 

CONCLUSIONS 

TILTED GAUSSIAN KERNEL 

• EFFECTIVELY SUPPRESSES THE CROSS-TERMS AND RECOVERS THE 
AUTO-TERMS IN ALL CASES CONSIDERED HERE 

• EFFECTIVELY EXTRACTS SELECTED COMPONENTS, PROVIDED THE 
ENERGY DISTRIBUTIONS DO NOT SIGNIFICANTLY OVERLAP IN THE 
(t,f) DOMAIN 

CHOI-WILLIAMS KERNEL 

• EFFECTIVELY SUPPRESSES THE CROSS-TERMS AND RECOVERS THE 
AUTO-TERMS ONLY FOR THE CASE WHERE THE SLOPES OF THE LINES 

OF INSTANTANEOUS FREQUENCY ARE ZERO; I.E. NO FM 

• HAS NO CAPABILITY TO EXTRACT SELECTED COMPONENTS 

8/16/91 
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CONCLUSIONS 

ROTATED CHOI-WILLIAMS KERNEL 

• SUBSTANTIALLY IMPROVES THE CROSS-TERM SUPPRESSION AND 
THE AUTO-TERM RECOVERY FOR THE CASE WHERE THE SLOPES OF 
THE LINES OF INSTANTANEOUS FREQUENCY ARE NON-ZERO 

• EXTRACTION OF SELECTED COMPONENTS WITH DISTINCT SLOPES 
OF THE LINES OF INSTANTANEOUS FREQUENCY CAN BE DONE 
WITH LIMITED SUCCESS 

8/16/91 
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