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Windowing Effects of Short Time Fourier Transform on Wideband Array
Signal Processing Using Maximum Likelihood Estimation

8. Sadri, 8. Gazor and A. M. Doosthoseini

Department of Electrical and Computer Engineering, Isfahan University of Technology

ABSTRACT- During The last two decades, Maximum Likelihood estimation (ML) has been used to
determine Direction Of Arrival (DOA) and signals propagated by the sources, using narrowband array
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signals. The algorithm fails in the case of wideband signals. As an attempt by the present study to

overcome the problem, the array outputs are transformed into narrowband frequency bins, using short

time Fourier transform together with ML, to estimate DOA’s and the signals. The effect of window

parameters (i.e, type, length and decimation factor) on the bias and variance of estimation of DOA’s

and signals is investigated. The algorithm robustness and convergence in presence of low SNR and

coherent signals is illustrated. It is also shown that the local optimal problem encountered in the

narrowband case is resolved for the wideband signals.

OlS o3y 53 3 pd e Sanl FoUS 5l e S8
Ol 55 48 S o Bt Ol ) st S8 oS5 ulpd
(el g S IR 555 Bl 4 K o s
S o s o by (B 0 0 sd Jike
A3 o0 S MY (93555 51 (oS5 iy ol S
Ol s S8 oS5l Sl 5 358 0 (0 Sy
33 e sl Glla o U8 5 sdoe s 487550 oo il
YR P SOV SRCHY: { B WA K E T PR w90
S eper s o35 mlbe S8 s o o Sk s
S b eou Y glgds) Ao pazen ol 5235 058 B,
VU glgd gy b g oo axls "0l 5 b g e 035, 814"
IS 25105 b 5 (B85 JSK3 4 o 5 ol oy gam 0 b
JA=5] Lleds 481l ([ S5h) (glatm o5 po0 4

Joee omeds slp 68 ey Sled) e 4 VAA0 Ao )
il B lasly oo 5 4 5ea gl JESw b
5 ¢l b gy ol hodal 5 g5 ) R claosls Koo
ot (St il 3 (Ser 5 Wpd on wld Lad 5 e
sl sl anl JLSw e &S SHpe 53 &S Ly g o0
3 JRin ghab 3 o S el an WS 5555 g
R sl S5 ol cp S 550 S Blaa os 5 slals
LYo-V] L5 50

ay IS,L Wb sligy 6hls WIS YU sled s, plos 5o
s 5o 395,55 05, S, 31 S 36 e 5 5,5
s W&w 314l Ul ol (135 51 Jitens 5 ol 1
Cilsn gload] o 313U 56 OVl 15l s L sligg

VYV Wt oY ojledd VY Jlo (DA

dadia —\

sl siably eass sl ciliben Glgazy s S 5
(S3bas 2T 5 radus 5 S mylie e pmaas 41 b g
Sl o il 55 el sl 5o cabs 5 e SIS
e Sledss cnl hied 03 5 LIUE s (3315 5555 5o
(3 Slgr i Julow 5 e ASbe (605558 (glaes g 5o
st 3 Slpbes Glgatinn 5 505w Sloly ccide (s
REJUM PR W TIP3

L by b I mbie Jome eaies 4 4l slgdis
Sheashe oo s 5o pdaae ol gl Hlial 558 L 5 SOLL
3l laios blis 55 aSwti p S M ol c0li ;8 51wl
s 2 g n 3 ld 555 gmn 51,5 JUR s e P
o SIS L e B8 S5 S s el il
IR Ol 5l o by s LR 5 L3 o0
5 el T IS 5555 bl 5 smbY() s>
i 2y SO O s ot 53 plaall 5 gz
CELINNOCSIE S PPRFEIO I -1 [P Y P ST | SR
a G aet SaS|y Blas Sasomess i, Vel
(st 4 St YT e o R 5555 Y] 08
slad ag Oals JSK& (555 o ool 53 A5l 5 o0 Ol ddail
5 55 o A Ol e 455 55 ol Tl
(i g S5 93555 JEKm 4 by e sla sl
s Ol 55 00,5 leier meds gl K5l Ol
Ol 4y Adly axdls 5 gom g (slald 1S 2 5555 o0 4l
bl s g go Gl OF L Blize 4y 515 55 JU&ms e 3y 9

}@)J}ﬁ)bb&.ﬁﬁ&ib}iﬁé{@b&i&ﬁw

¥



bl 53 05, M 51 aS 08 o (55 IS nl gl S el
5 i b 0F 4S5 6 b il 3 e LI a8l ol eslizal
a‘g‘)ébox;&'&:bﬁjnuc«?ﬁ;ﬂ;ﬂu&}w;
t :.L;JJJQB-"?‘IH :M;bﬁoxﬁuh)éd&’wvb}&f

g el 5 S 4
p
Xm(t) = -Z\Si (t -m(8)) + em(t) ;m = \,Y,.,M (1)

e el 1 b g5 sald pime JES si(1) ¢ (1) Dol 5o
by ol e S il b 70(0) 5 (= 1Y)

&

4S ol (gl 150; 5 sl pasiolie S e olm S5,
bu g 8lys 555 es ep(t) LS pe atede ] pli e Joee
by (B SIS 5148 55 oys el ol o3, S
L a0l 5552 53 Vb Uslae oS (651 5 god Lot 1S
i Ol BB 5 IS8 0 Ay 0T (0) Jos snat foas

Xm(n) = é:\ s;(n-d_;) +em(n) )

ol o110 55,5 o 53 ol S b (V) Wsleo o
s el S il Jon 5 o 1S p plae Joma 5 onss oS
o1 02,8 oo Py 5 ¢l pin Joma 0; 0T 5 4Sdyi= £(0;p1n)
el ot il b Sy 5y LS e el

boki o8 s 5 L& dlys b pual 5 g allia el 5
s Vb Pty @)K () g ()] T sy e
[5,(0), S¢(n), .. sp(M]T & s 50= [,,6,,...0,]T
S oS 2 A st il Sl e i
SRR SN WRNETSR VNS 5 N E S P A |

.Jalw}gw&,@uﬁ;l‘}mmémxﬁf
e i e P liaslis - o
S35 ye S I 5 00 s b sligy sbbs (K-

’ ..\sléb w, r}iu
Sosb 3l 3 g alools IS 3100 4y S pota 35 8 >

| S S8 o 51 il 0l g 0 oS
i L B0 3 o (IS o S5 Bl 50

)

W] 558 ealazad 05 ool SO0 LU sligy 5590 50 J oo
S5 3l esliad gl 4 S5 AL sl b sl sl
FIR (sla il 3 o508 on iomg 5 53 coslos st (glaonicS
ot B sl ST a8 ol 0 osls OLES Lol s 3Lzl
Sl 35 2550 FIR (slo s J b 558 855 /.00 51 LS
5,8 ) s 13N Jds oen 40 [V o-A] Lipd e S
gl 31w U TIR (gle ol SIFIR (gl s (gl 0 b oond
of by 5 eals VL (slgaz ) 51 5HINT 0 oslinad 208
Slodds w3ly Lo 3 0 WL 351 3 Dbl 55 Juaite 5 5b 4
535 e 5 BSPRIT 2, S0 31 el o e [1¥-4]
ko3 il s i ) sl 35 WL 5 o 5 o0
[igay]
3 (ML) obedin ys o i cpeadel 395 5l ealan
2 5o IS 555 ppads 5 IS mlen Jomo rais
.wiauélj@g;)y[\‘f] _)Jﬂ\l.o.?-j‘;a.’:»@!_rn
)"e:Lé:\Ml\.:JMLr.:U)iﬂQLJ{JA@\:JJAJLS.A&I):\»

pre RelS s L o gdoe s Ol 53 a8 Ll
Isb 5 855 1 omsz 4 O 3 asdhe a3l oo Sllonse
B DI Sy s sl oo Y 8 s Jsb s ey
b 255 praind 5 IS s oo e s
Ly alie @ pam (1) dey 53 S e 5] S
S e s s by e a5 o S sl
Jods S5 s e iy 3l (gl S (¥) isey 53 80
(F) odm 53 s 2355 ol g5 Bl 5 50ome Jpbo b g, 5
Ol b ML og) sboe 3 polie Jomo BB 5 padss i,
=l o) Een 5 iluand 4 (0) s 500 2V 5o S

sy aal g5 O

MOQ*Y
a oS (o b el 5 JSG 4 S el s i 0L
o.,\..::é‘ji-@).)(slw@)ﬂQ(w‘r}l&op)c&.op)‘w

Jmmﬂj"-wc&il{cb_&a@)yd{d‘}ﬁjm‘dbjaj
Lot 8 51 syl axdy S o 5 ) (s 5555 ) &b

b pslee gl ol 53 0 wils SIS 5 iy s

AR R ATANCE P [ 4 GJLJ AN dLoJ cdm‘



B33 g S 33 (D) =x(r)w(n-T) JL&.. (DFT)
ol 5 es,S 3t y(®) oI 3 azunl a5 8 b5 o 2as]

azils S1aSs S oldl ol g oo 2, 4 2 oo OLLS X(1K) L

el

x(n) = X(n,k)

el r:.aljp'-x(n—no) IR gl &y oo ol 5o

x(n-n)) —> ejkn-/N X(n-n k) )

:r.uh Q)y‘yﬂ‘)b mﬁ;b"ﬁ:x(m)
X(nL,k) = r:i;x(r) w(nL - 1) e THI/N #)

2L 5p8 0 ol DSTFT w325 L [loss dsles () Usles
s (M) JSns 3 5doen Olaj 53 4558 ks (2805 s

et 3 el 5 oo X(0,00)

b4
x(f)w(n-1)= ?\E f% X(n,w) eior do v)

S 0oLzl X(1) ol el &l (N) Uslao 3 sl 5 pom=1 (gl

JT
— \ i
x(n)= — S f%X(r,a)) ejor dw (N)

o)l pos 4S5 az S a4 Jds pay X(n0) S5 4y
oyl s his X(K) _ia DSTFT ol
SaSLX(M) S L5k sl [V o] el pdyensSy Lol
a2 05 Wl e rage ol ol gl iliiee (gles 5, X (1K)
iy 3¢ T(EBS) o ilis 510y, 8 (gl s 5 (glimax
2 G 3 K 9SG 5 F(OLA) gdismanr 5 L o
EJCRERSIN Pt JE PP VY | DU PYUN NPty

[V e 5] ol o5 451, (WOLA)

y(n) S FBS gy 0X(0) gliend b b3k 6ly

YEVY Wbl X ol (VY Jla DA

0t Jlos (U (595 (6,53 S sudome an YU oy
P T PR OV PRI LR DTS WP I FRLE I PR VP ROWY
b 5 o sladial b dl oo 5 03 30 ey L sl b LIS
s LT 3 56 Gl Jlow 5 3320 A28l olas
a0l Olaabeis 4 5 sl B3 5 gy il gl L Gl
a0 STFT (gla s Lo byl 3 [1$=4] sl 03,8 Ll 545
Jelons 5 425255 3 45 il gn s otl 5l ol Al
3o ka5 o3 8l 30) S el o3 4158 5 sl
ST Z10T o sdhe ool Jo e 555 s 13 08l s
L5 28l Ol e ey 038 55 Oloj s Ilns
b oSS Il s o 435 58 Julos 5 4325 30y IS S >
Al deal g ame YU ey gdowe 53 a STFT SS
B Jelos 5 52 05 50 6315 pede parlye 53 STET )
1y 2w 3l 5 oo STFT SaSL [14-1V] coansd a8 S
3 g ey il S a0 WS e i OLej 0 Ll b
L it Slgatun gup 4 ol 55 50 O 5 o oS ol
i 4 O SaS L 3lo  Oltal o sladiyl 5 0L
S S ol 5 pdms Loy SO (gl oS 2\ gla elily

LVASNAL ol BHIN

STFT Sy, 3 (sledeSar ¥

s Ny s sdoe Jyrb L WD) 3y 5X(0) JSm
a (1) Uolee 5x(n) JU&ews (615 STFT & 05 b a5 5
55DV Ll s 4 SIS Il 5 alslas gl o s
Gl B g y20
X(o) = 3 x@w@ -0 m

613285 g3 31148 O Bt Sl 0 2y S WD) O 45 48
Ol DSTFT L 1y of 5 4yl oo s 0 abisd N s (1) Usles 3|

J}:\M‘j}j‘}@)ywmﬁ.}@

+ o0

X(mk) = 3 x(r)w(n -1) eI Ykar/N
k= o \.,N-\ (t)
S 4 35 J1d5 4S cud I DSTFT jile 3l 5 Gow 5o

vy



\ +00 4o .
x(n)=m [w r=2_w X(r,w)e™n do (1)

N sy (¥) Aoles 0d )b Sl SE(VY) dolee U3l 6l
.‘..;_)JTMJAJ.P&KJ}):I)QT)MLJeaﬁ.:\.a'-H;‘)}éJ.LJ‘;
1450 g g0 O gy 4 S eyl Ol e i LTI

FOX@, @) | = W)X (")

o iS5 s Fag,y e s gay ey G b (V) Uslas 5o
:r..f.)|éjﬁa.~u‘ ol Jsb 4o LJL*{:*“C“"J""' Jsles
F(X(¢, w))l - Tiaw O

=o0 n=—=a

Jg“‘_;o Cewd 0 (VF) Jalas W) s (A Y) Jales EL) )"

+

X(@)= “X0) (%)

W() r=—00

s Ly (VF) Uslas 5lagy 8 o 8o dsi by
J}.J:L;o C‘.‘Lﬁ.u‘ (s..ﬁ.”-—\ o) Joleo Q(C—\ o)

s ‘_5"9‘-:’.) oLn""‘\c
:r'l)b cr.:if.lﬁ-ﬁ [y DSTFT ((Y) dsles 3 in

P
Xm(mk)= E\ S; (n-dp; , K)e-jY7r.dmik/N
+ En(nk) (0)

59 S wlin (gla b Jls 5 W= eWHRN 6 55 3
ol e (ko e bed [dpydnysdmpl b = ly (Im ZJJ;J:;«
Xn(nk)= amT(k)'Sm(n’k) +En(nk) (\#)

S e o 548

a, (k)= [del deZ deP]T (\V)

3

Yy

S il 25 @) e 4 (N) Wolee SWSL,

N-\
2 X(@K) ei'Tkn/N - (ifl-q)

ym)= NW( 3 i

5 by S1aSs s pe el

<]
w(mN X d(n-1N)= Nw()d(n)
r=—w
b,d ool p cdl- S 5s V8] 0 e y(@)=X(n) b 15
&l s bos plaam 5 U el Npg>N b o3 Joles (0 -9)

(«-%)

oz 4 (=) Usles (0 =) Uslas i b 5l ay, 48 fus
2l e

N-\
YTk
2 W(o- 5= Nw() (%)

L ol 4, 2 45 W(@) i 5 3f5 0 0l (£ =4) Dales
R olEe ks gd e b sl Uk ples 3 e 50520
FBS i, 50 (calides slisl oy o) Y Sleslee 5L
Sl sy FBS 355 5l Ny &5 50 51 x(0) 5l el 50 52 (gl
I X(M) S 555 ol iy 4S5 55 e oolizad (63, 40
A il o X(K) ST T Jl 0§ ol sl X(0K)
Y(0,K) ) go & Moo 5 3L 0k 3Ll 0 a5 33 954 g a3 5415

2 g oo ookl o s sleds 5l sl edals

el 55 lae OLA 5 51x(n) b5k Asles

+_Z. 1\_} Z’ X(pL, kK)ol 10 /N
( )F (<l =Yo)

(o =V o) slas 5IW(o) (- o) Uslan y3 a5

X(n) =

+ 0
W)= 2 wn) (@-Ve)

(Vo) byd wos

oo}
W(o
L-n)= w() ~\o
o, VL= = (V)
S 00 W) § 2y S1aS ol O p g 5 ol il o s w5
RL mer ool 558 mazr g 5 2530 L gl b b n 0L
Dslas (g3lunlie gl 5 (Vo) Aolas asl 2 Hluda

sl sdel s Qo)

\YVY bl (¥ oJLo.i YV dL.u cdm‘



S@K) = [S,(m%),8¢(0K),..Sp(n,k)|T

Ol sm 5 slaal 5 31 503,85 €y oty 1y (Vo) Uslem ol 5l

NIV

X(nk)= ADK)S(n,k) +E(nk) (al_vY)
Z{..Ub (YY) Uslen y5 &S

ADR)= [a,(K)a,K),apm@]T  (<-YY)

e Joee lasls 3l b 5 el ;5B G 5L D ol 55 48
sl q)=[§0‘,§0‘,,....,§0M]T L&:a.\.‘:ﬂfJ:u 9 9=[0\’0Y>"'70P]T
uﬂ{_yﬁﬁjQ)ﬂi{‘)(“\)ﬂb\&owﬁ)asyyéua}]f|

(=5

&= E{ |Si(n’k)'Si(n'dmi’k l Y} (YY)
S i 5 5y g0

E

0= FTS@o7

S 55 gl (B YF) Uil 48 S pn ol ) g 5o
2 g gn Jod o5 Wslee 4y 3L Sk 31 5 (63959 S

(2l-YY)

+00 e
8 = ¥(\ - Zw(mw(m-dj))/ 3| w(m)|"

m=-®

(YY)

m=-®

Sy 53 4SSl (gl oS 3 s 03l 0L (Sol 4 VL Dol S
Ny>Yo °(Mr:\—)('v%l_1’—s) St A< [0\ Librs
Ty 5 I b oYU (uilS5 £y oo 1S olias Mol 55 a8
3 (s 3omy) el (63358 UK 5 (813 40 g 50—y
Jsb o(o-YF) sles 5 sie g 51 (Y) 5 (V) s
diloen Wati ;S ol Usb oo [ Ny o 2y gl 505 50
by e Julg) 35 Do)y pe 52 Ja 4S s el 5 iles S
S sb 4 madls dal g gl s Shos (algdey 5 258

1FVY Ll oY UL».i AY JL.» Ldm‘

Sm(k) = [S,(0-dp k), Sy(n-dp k)  (A)
s SP(D-ip k) | T

DSTFT é‘j)b}ﬁkédﬁ‘mL’Mb VsHhym (1 0) Usles 5o
o K b S s 0 M iy s Ll

s S0 X (0K
X(n,k) = [X\(n,k),X‘.(n,k),...,XM(n,k)]T (\9)
el Ol BB 5 IS5 4 (1) Dslas el

X(n,k) =diag(a, T(k),a,T(k),....ap [ (k)).diag(S,(n,k),
S¢(1,k) ..., Spr(n,K)) +E(n,k) (Yo)

ol oS ol gm0 (503 s le S g sgie wydiag Of 5> oS
G 5 diten P sb 5ty s slasls y o5 o O S5
b S} J'f‘]’ E(ll,k)

Emk)= [E,(nK)E(nK),..Epnk)]T

i S oS IS5 sl (Vo) Aales (glgun e sl
Cansh S SIS il Gl s 28U OF ol 5 g0 conlin
LMU Sl slam gfil 4 bs Spy(uk) 4508 gt |y il
IS e (sl il 20 4 () 5b ity Gols g5 B

e 5 (’ﬁ

Si(nk)=Si(n-d,pk)= Si(n-dgk)=...=S(n-dygk) (V1)

Joe 5ol 1 IS o (6l L DSTET oS ol O (sline 4 o
o2 (L 51 Jaze b ) i8S Joue 5l Jites 05 ,SM
3038 b I O e 4y Lo S 51 S (Y o) Walen 53 S
Si0K) b T 56,8 Joms 3 1 pf § JUSr 20 (512 DSTFT

AT n 53 515 JS8 4 (VA) Wolae camss 53 pules S iy o5

Ye



e g ol P s

A ~ R N-\ Si(n,k)H
6, (n+)Y) = 6;(n) - uVyL(n) = 6,(n) + kZ‘ ' oN'(K)
- 0l

V5 AD (6,K), k). [X(n,K) - A(D(0, k), k). S;(n, k)]

(YA)

s 3 ey A sl OBl S Gy B s s S
sl e a0 ) sl 53 By 0555 Gblss s poles
330 0 WS 53555 Ll
SX(0, K) 0331 pshan 43 4 55 b 5 (¥9) Dolan KaSly - il
(2 =YY) Uslase 51 AD, K) 033 p ghae 5 conlaosls STFT
AT s 68, K) oo
dnlonn otz 503955 SLls) adsl ppeds G ppslas b - o
B wyd ki (YA) Dolaa 5l eolizud U 5 L3 ¢35 51S(n, k)
st L5 358 st ST () A s 3 g ny
sy il o 4y gy S

sl IS b o = il 15,83 BB 5 4 g byl
el 15 55 51 3l 3 el 5165 3555 L5 sl Al polis
LLO) S 130 @l ol o a0 S35 0; 9,48 e b
ol & gy S sl S ) o h 8 50 LS e Jil
by 51058 1 80n 3 5y g0 Jiliom e LG 4y L(B) 5 6;
LI[T0] ol shoee oo Bl sl sl S50 (LS m L
Sl B gy s il L S5 il gl el s
g on o gl 558 e b g Al 518 e LS 5o 3858
b i slins LS5 s L(G) slre b s pen
2 i 53 5 Sed (6508 e (sllili alias gy Lo 52
lebsls a4 0as 1 8an OISl sl s L gligy S Al

a5l palie Sl I3 53 o) SN gl 5 el 208 o

4S aims oo OLES o L slanad el 286, 55)5 sl sl
JU s oS SBl Jao Jg 5o ] 6 4l palin S
P S 6255 25 0 Cllous e — o gy daal g OLabil
23 AT Gy 5o 035 o 3Sinn (8l sl agmalone B8 55 o
sl P) o ls plasl P3 45 o 51 slowlona om0 (VF) sl
 pasie 5K S gl X0, K) sl (ol SIS wlie

Yo

b b Jowe g 5o pbhlobml G se Lol )b pae oS

P e o
s WS 5 e Jous (B a0

ML U":UJJ‘.’
ol b g s 80ke U s SEMK) ST s a5 U
tomllsS

E(E(nk,).E(nk)H)=0520(k,)(k,k,).Iy

@l S55.S mO(K) 5 Aol Lo Iy O o S o
s 6 k=1, NAY (gl X(K) (gl by e Jlazst S
i-bju«"ﬁ I
N-\ N-\
£({X(n, k)k: v} | D, {S(n, k)k =)

N-) | X(,K) - AD,K)S(mk) | |
=exp(- X )
K= oN(k)

N-1©

/(@ (0N ()"

) (Y0)
Jzee 0350 s 53 525 L S(MK) JUSews (gl ML opais
o 43 (V7)) olae SHD g ile codsd 0331 s 53 1) e
Ll e

Smk)= [AD,K)HAD K IADKHEX (ML) (¥5)

Slgon pny @, 0 lajlsy 5 b S lguasds s @l
& 5 g bl 0Ll S i) 3l et Lo S b
Sl S g0 02l (Y0) Wslae s bs e Szl J&sr s
Uslao ;3 0 Ly w5 L ol 45 08, o ppened Olir |y W 03,18

oy 810 31 Bl dlezl  JEs b o2, L S (TY)

N-A
L@n,0) =- 3 —— | X(n,k)-ADOK)S(n,k) |
k=1 6N (k)
(Yv)
. . dL
b e ol 2 ,};,Jag.ﬁl = e *sg'-:i‘-:i‘)diugi Ll
1

Cad @ 50 glajls 5l b D Sl a5 b gll 0Ll S

VYWYV Lad oY o)‘.».fo'» JAY dL.c ‘d%:..ul



| E(@\)'O\ I + IE(éY)'GT I

av.bias= v (Ayq)
avstd= St -:std % (ooT)

sl s ol G jeestd moadhe O 3 oS
oA a5 sk g g Sl S s 5w ) cledse
s OBl 30151 e 5 e By aloye ya 530y
oz IS w0 P (Saly ieas 5 155 4 S
o 1 U s ns 53 o) s 23 Olje o5 0 5 55 o
wjécu&u@)aﬁ)ﬂ1daj&u}3flguwj

D R o

0 oy st,ﬂ \-#
las S 2als glp o g 3w (V) 5 (V) lgdsder oo
il Calibes glao iy (glp 3L 3550 J b ‘p-:i))ij‘ 23 39dowe
o gl Sl Sy 48355 e sdalide ol o
=Vt o™V gl (V) JSE 53 O esdhe asls dsb 0 55
o s s gl oy S R S5 L= 5 Ny =9¥
Sl e 5 Ko o atas (lae 2y 55,5 Ll g5 s

gmd‘ﬁw{‘)@-&“ﬂ%ﬁ‘ﬂsbﬁdﬁoiﬁw.ﬁmlbﬁ

4 55 AT 53 (ATA) ) 038 0 ol pliaml auloes log(Ny,)
Sk (gl 4D 53 )b plaed PM A5 e 5l Slislone e
Ny (MIog(N) +PT+MP) a3 5 5l _Slwlwe 4 Ny b\ 51Kk
2 55 (YA) bolre o Dlislons o 3 5 ot 4 sl 5L
s Ny 03,5 Ko 551 48 ol el and Ny(MP) 5 50
Lol sl doal g5 ralS s ) SOllone om0y g
b oo S0 gl same Jo 5INg (EASTL 0 s ansiln
3573 gy B st palie Ny sl 45755 oo Ll 2l

g oo tou (Giludand (A3 ) g g8 go ol )l

el oo 5 G g iludnd il f
Hz § 2.8 5 cab ghls SPUT sleltw o5 gl 5 5 5
63 5 gad S, sl oo Hz L5 \$88/9
Ol s $S U Olee 5 VL oSl f=0 /¥y kHz
(5 o/YOﬂ' )‘ OL@}M&L@J@&.@‘L Q)ﬂ&’_}&ﬁlezﬁ
4 il GulS e S o 5b 4 o g dal g s 1S e VO
Lok, M fols 5 s |y o8 80, . asl v e 0 WL by
b‘}t&u Cjﬁ d)-l’/lmmjf‘ r*’.‘“;ubf’d ‘5‘5{......6 (_SL&MLaB
ol A/ ¥ plp b d 1l S 5155 Cad VL 4
#5S Sl alad Lo pan 5l 3L pled sl 516 ules S

UUER SO PR PRPION 1) 1R VA FESUW S SUT SR TR SIS SO W S )
35 lerslannd 53 4z 3 5 05 s et § 2y (4l
O e Y & ool ade i oo eslinad et & oy
Slaojpom 5> SSa5 53 (K35) (55 5y pailoon ST
Sy She iy 5o onl leols S5 YF] sl iy (1S5 -0
315588y Aol 51 iy oS painiin MS Slins b1y, 8
Kon 5 Soin sl oty K05 sl ol Jdatos b oy
Ll Koy 8y a6l b
S NG=PY gl 5 albe s (glre ey gl (V) Jsdsr
s b e puilasls 5 bl =ap, p= vxy oY
4S5 g oo odalive S o 4yl (0= Y4) 5 (lYR) (slaalslas
Oy S 3 o5 s b pialeil 50 (slae 2y 4 S
0 lie 3 po lan iy Oloe 3 Kot 2y Lol il 5
53 Jds ot 40 5 o gl e ol 00 e s

AYYY Last (X o)u AV Jle P Vo

(S 25 Yo miseC ) ol ol s e, ST[YY]
S S (5 S Ol I b s g el y5 d=Ag/Y=T/¥ cm
53 0 S ) ) pee 4y ol mlie Jo e Sl
Uslas 4 4z 55 U 3L axdls )3 -%505%:; PRI
ol sy 50 50, S ole) 55 b o 459=arcsin(—\:;-ne)
25 st 3 o Al TESMS s pioe sl e
b Sl ie L JUE o wte 53 ¢85 3550 35050 53 e
SNR 5 Lilods 81}97=-\o/0039\=\00 sblas 5o SUIG
S 3 i 12058 53 a gy sl Yo dB Lae s S (63959 50
Aok (3 a3l s 5 WIS 51 Jiza
SLls) g (pad 5 (,_:_,“iji @3 65y 1 bl il
s by polie gl |y 5 i yar 90 WLSw 55355

RS o rbu‘ MJL:"‘ Byl eSS

A4



" ——— a8 o2ty p g8 N s
a P ——— Hanning -
-~ -~ Triangulac Shme Gl las b o | 02y p 55
...... Rectangulsr
-.,3,\-' ) e o[AYYY o [$OA st
g \\‘ ~ /"‘,l o/\o"\ °/TA° L;:“J::"
- ) v
2 \
3‘ “ - o[o VAV o [YOYY el b
A Vi
2 Y
¥ \ o[\o§ S[YPOY  |(B=x) S
o[\os0 o[YOYY [(B=F),n
\.4 \ N N N N
\ . vae o6 Yoo ¥Oso Foos Z. .
e O ks o[\e 50 o [YYY ECRT
3355 SY155 e 53 s s e Dlya 02y £ 48 1=V S5
, — (22058 2 02y dsb A1-Y o
LA SN —— Nw=512
N ---- Nw=128 Shas Sl ol e b go | oy J b
'-,:\‘ ....... Nw=32 ] *
o i eSS eSS (Ny)
3! o/2449 o [Y£40 Oy
3
'1‘:\ f K \'IIJ" |;I‘ 1y l"‘ °/°/\O? °/YVVO \\Ja?
- 1 M LIS ~ u’| : ‘\l ‘\‘
3 ‘," y Y “'n
.5: L: :: “‘i':; o/oV\Y‘ °/°V'€° \YA
3o Yo
'z;\' 3 1 ofoA§ oo OFF 7t
ofoVYD o[¥YY\4 Y
1 N R . R R L
Yeeu  ° Yoss Toro Teeo -T2 Pacs °/°V/\V o/\faql\ A
(n) ol

ajjjggljjatﬁﬁé‘gwhuﬂﬁemd}bji -X JS::

Gl 0T il S 5 285 w3l il ooy a3 b
IS S (5l o8 sl s il iy [YF] Sl 5 il o
o iy Sy cpatedie uilSE i Uy 5 S5 b sl b Ol
GYEPH) NCCNEN NP S NP ANy EED P
SaS ea S ednlie pl oo idas g0 s 4y uilS =005
Bloy 3 S S0 g sl sl 855 Ny b B3
S s SNyy U Sl e 8l (gl Sos Bk 5l
[ Bs8 Blual Ny 51 padedin Jou g2 jliie oplnly 5 08 Olsesl

Konlon (ks gl b ol 5330 gn 033150 Olagen 5 4o

oy Jpb Ol g5 e A2l O] o2 S 1
ol st s i s 55k 4 ladisd S L e

v

g oo 03l OF 31 (g (gl sluvand

N,

L=—¥

(Ny) ooy Jgb i1 ¥=5

v 5 K ooy (6l b Ny o,y Jsb J31(Y) Jsdr

(5o Oles dmy i o L=%w sl s das o 0Lt
(S155 i 59 s Lo gia [Ny st 3135 (1) JS
codd ools QLA (glgimia .das oo LS (I YQ) Walre 53,5
I Ny (gl 450 5 s Ol 5 g0 5155 51 00 o 520
b lgdlie s cad Ko 5wy b 4y aSo b0 g2y o 2
ol Nyg=AYA 5 Np=8F 4o b g o bl jliin oy 285 S
STFT S |, end akain YU s oal cenns 4 o S
g 5 LS oo g (S sluns SlgS ol w0 1) uilS - 0lo) Ao

VFVY il ¥ ol (VY Jlo o AEL



Vo' —
— SNR=2 dB
-~—- SNR=12.5dB
------ SNR=20 dB
3
J 1.*
3 P\
k) %
’1 7 e AR ;;‘-'\,l’ XN
3 - - \i % l’ A 'n."
_‘; Ve 1'
3. i
2 AT
§ A
~ Hon
I |
-r FY
" b "
]
0 [} ) _Voeo _  Yeoe PTY ‘1"....
(n) oL

5359 SYls5 g GUas b ge p SNR il i 1= ¥ 3

el aybgs 0l 55 o 4S5 sb 428 so leus DSTFT 55 g 53 JolS
lewbl YU byl 5o ol axils Sl Ll o S wlpnd )
Al Jilas DSTRT oy o g e

(SNR) 31 55 4 JUSns o it ¥

4 g 3 \Y/0AB 4 YodB i 51 SNR ((¥) JS& 50
U155 omadss 53 Uas b gia 1y OF 1 5 plesls (2alS YAB
SNR ;5 o, O pis 4S5 4 o odalie .ﬁu,;w,; 35,8
ol e S5 et il sl S bl o e il
Sor 55 GWSNR i 53 o5 801 03 31 pislin ims g 50 50
] p—’-’.))in sdas (slgn 3o 5l SO

A 4 P& Sannly 51 0-F
w2l s (1) 5 s,(1) S e 3l &S les S )5 5
e 39 Stwad o 6 o801 5 (oo (Stras g 58) L8l
ot 5 glesls Ealpdl AN 4y oK 5 %00 @ 1y JUKn
o3 S oy (F) K3 53 5 e b 0555 Slalo) ceeds
TN TR S SV TR
OF eilisls el o g g 3b3 (B JMde 45 5555 Slls) oeess
Sor S GLSNR il 5o g5 & p-:iuin olpls by e fals

e e g &S sl Sl g5 55 e il Sl Ay il )

VPVY Wi oY ayled A Y Jlo (I

f’iﬂﬁ‘ﬁ 0 oy, g Olgua 1Y Jguer

Sl 2l Sl Jows 20 | g Olie
S oSS (L) o ey
o[YY¥ o[vF \

o[ \VAY o [YYAV A\
o[A¥Y o[\£YS A
o[oAQ o[Vo5¥ \$
o[\YeY o[YOoA vy

sl s o) 35 9 51 ol 58 g0

Gy land 53 iol (65508 el o a0 S 4 oL
S5b e g el ods Sl =¥/Ax\ o 7 Ny=A (Y-7) JS3
Ol a by ol et e sl ol il g1 o ply 50 Ny oS
4S8 Ol g o oM 5 gb il [YV] pmpe (3) Jod 5o
b sm o5 el edits 51 Bl Olien NGy (280085 2l
4S5 g gn oy Ny j2lS pl8om ot Siliil pts 0 o0l
3L 3 gdmee Laasls J b 81 5 L gals 18 es cs
ple Sl o gy dal i 1 Gabl hls aeds 5 o S
3 g5 0 02 S 6L el Ny il ol8on s gt 208

(L) o i Jsb it ¥-5
L Kpon by sl L 5oy g Jsb 351 (1) i

ol L=\, A, V8, YY polis spe=Ax\o7Y, Ny=5¥
Sb%wi%ui.@?J)LQLzNw/fr&b'Qba.Maw
2 Jeds et g A g0 S S e Guilsls 5 bl 4 e
|y ol el e ol o ;‘)MsL:ﬁ\ngﬁyd%uw
Gl 48 il g0 S e g5 (g -V o) Aolee SaSTL Ol 5 0 5
ol b 135 (2 -V e) Dol LU (Woy o) Uoles Conw
Sl W) Sy g pomme b 45 el O ¢ ygio 4 alolas
S ol ol Of g5 pe sl ol e Ol 5555 5o O UL
Sled 3 b Ny b b Koo 5 S glae oy 5o oer
ol @l 5o 5o g e U e 4y e Ly L='N€&JL°}
by I Sl oS tnun ) S0 (slel b L Lo oy

YA



e (Sopen
s

ROES

§i(t) DTMJSi(t) Jul i ug;'......us -0 Jss

Ju Gb» 5959 Sble) K5 55 CEs Ol V-7
Bs SKpnp K0S 4 b eSS wbie 45 ) 500 0
2,505 (M glaes 1S o) il b b @l S 4l
i S @)k g gl il 2t dob aL e
el Joue s Sl o) S S i e Gaste
S Ciltien slaos 18 5o WK 5 0 sl 56 LM e
Lo 18 55 56 et a0 b 03 a5 b 5 S e
Ll G s sl Jobs e 41048 00 S5 o0 41 5l
b LBt oty b dal cons 53 all 5 ey Jsb
e Sl 85 s S R § 525 () JSb oS S S
&l o 4 g itz S5 /0% 5V 5o S e 95 (Ll

Aas_a L5 [, M=AD 5 M=00

(6 S 42 -
3 Las 5 JL @h"’J‘J&‘JJ"’"" i sl e )l 5
S S s b gligy b s WESns 2l puad ian
et B e by ey SIS S Laeds S 5l 4l
SIS o5 (sl OF 55 45 s S ool (ML) s Loi s
e eslizal Ola3 o 4S5 oo 1 1S5 55 4 0Le3 55
p s bl s 4 e lae olil s ol e ol
b oS gols 0LEs 5108 a sl 53 OF G Olen 5 U s o oy
L el e OF g Olizn 5 0y Jsb 0958 s it

¥4

—— Corr.Coeff=0

“~ -~
A A R e T N R Y A L AT T L Aa £

Cay3) 2055 5\had peaid (slasn Lo 520

i i Fats .":..:.‘".:.1..:" e ,.-‘,_-"'._.‘-, e T 3“*"."". B
i
v X 2 3 s
° e Yos \L0 Yoo Y0, Yor
(n) Obej

s Jas sy SR s (Siees Olpe 31 - F IS

2959 Shla) e

= WA
2
Pl
9%
3
- == =00
— M=Al
» Yoo %o ¥ T b P Voo A
(=) 0L

d&cwaD&J"g‘déo’}:A‘;:ﬁ‘J -5 K
il dob & oo 4 Kooy

S o S 9 g o el JEEn

LUK e j3 33 7.8

3 8(0) ool I filine Stean (0) JS5 55
SNR=Y-dB = Ax\o ™V Ny= ¥ (gl,s§i(1) Of s
538 g odmlive el ol 03ls OLES Roia 0wy s L=2 9
S b (055 sl 35 b o 033 ppades JUSuw o
ol calae Lol

VEVY il ¥ o led Y Jlos (I



#5206l s AL Slagy Blod 45004y o0l
3,16 3555 bls) adsl polie Gl a4 ool ol 35

(s S L5 S5 b s L 50 il oS ) g0 o Ll
e Rl odd 18 sl ol a5 g 55 o o U

1. Short Time Fourier
2. beamforming

1. Bartlett, M. S., "Periodogram Analysis and
Continiuous Spectra," Biometrica, Vol. 37, pp. 1-16,
1950.

2. Capon, J., "High Resolution Frequency
Wavenumber Spectrum Analysis," Proc. IEEE, Vol.
57, pp. 1408-1418, Aug. 1969.

3. Lang, S. W., and McCellan, J. H., "Frequency
Estimation with Maximum Entropy Spectral
Estimators," IEEE Tran. Acoust. Speech, Signal
Processing, Vol. AASP-28, pp. 716-724, Dec. 1980.

4. McDonough, R. N., Application of the Maximum
Likelihood Method and the Maximum-Entropy
Method to Array Processing, Springer-Verlag, 1983.

5. Frost, O. 1., "An Algorithm for Linearly
Constrained Adaptive Array Processing," Proc.
IEEE, Vol. 60, Nom. 8, pp. 926-936, Aug. 1972.

6. HWAER, M., and Cantoni, A., "A New Set of
Linear Constraints for Broad-Band Time Domain
Element Space Processors," IEEE Trans. on
Antennas and Propagation, Vol. AP 34, No. 3,
March. 1986.

7. Buckley, S. M., and Griffitts, L. J., "An Adaptive
Generalized Sidelobe Canceller with Derivative
Constraints," IEEE Trans. on Antennas propagate.,
Vol. AP-34, March 1986.

8. Campton, R. T., Adaptive Antennas Concepts and
Performance, New Jersy, Prentice Hall, 1988.

9. Roy, P. R,, and Kailath, T., "Estimation of Signal
Parameters via Rotational Invariance

YYVY il oY aJLs..f'a AV I IEat

3. filter bank summation
4. overlap-add

Slawles gze= U 5 5 does J b b osls (slajls ) 5l ealinad
S Jo LML 2, Sl 5o s i (g5lasing Altas oS S
gl 53555 SLls5 prades 53 o2y 58I U5 o8 of
s S S gL SRyl 3 i ol GlgIlKw
I e 48 35 po0 3 oS puals 05 ol yesdhe pus S
ol 4 oo sl gl b K3 s pe (glgiass LSl 4zl

4ali 039
5. weighted-OLA

el
Technique-ESPRIT," in Proc. 19th Asilomar Conf.
Pacific Grove, CA, NOV. 1985.

10. Pillai, S. U., and Kown, B. H., "GEESE
(Generalized Eigenvalues Utilizing Signal subspace
Eigenvectors)-A new technique for direction
finding," Proc. Twenty Second Annual Asilomar
Conference On Signals Systems and computers,
Pacific grove, CA, oct. 31-Nov. 2, 1988.

11. Goch, R., and Shynk, J., "Wide-Band Adaptive
Array Processing Using Ploe-Zero Digital Filters,"
IEEE, Trans. on Antennas and Propagation, Vol.
AP 34, No. 3, March. 1986.

12. Haff M. W., and Bukley, K. M., "Robust
Time-Domain Processing of Broad-Band
Microphone Array Data," IEEE. Trans. on Speech
and Audio Processing, Vol. 3, May 1995.

13. Ottersten, B., and Kailath, T., "Direction-of-Arrival
Estimation for Wide-Band Signals Using Esprit
Algorithm," IEEE Trans. on ASSP, Vol. 38, No. 2,
Feb. 1990.

14. Schultheses, P. M., and Messer, H., "Optimal and
Suboptimal Broadband Source Location
BEstimation," IEEE Trans. on Signal Processing, Vol.
41, No. 9, pp. 2752-2763, Sept. 1993.

15. Chin, F. P. S., and Chungko, C., "Broadband
Source Tracking Using Adaptive Directional Filter
with Maximally Flat Responces at Null directiions,"
IEEE Trans. on Signal Processing, Vol. 44., No. 4,
pp. 862-873, April 1996.



16. Wang, H., and Kaveh, M.,
Subspace Processing for the Detection and

"Coherent Signal

Estimation of Angle of Arival of Multiple
Wide-Band Sources," IEEE Trans..on ASSP,Vol.
ASSP-33, pp. 823-831, Oct. 1985.

17. Rabiner, L. R., "A Unified Approach to
Short-Time Fourier Analysis and Synthesis,"
Proceedings of the IEEE, Vol. 65, No. 11, pp.
1558-1564, Nov. 1977.

18. Prortnoff, M. R., "Time-Frequency Representation
of Digital Signals and Systems Based on
Short-Time Fourier Analysis," IEEE, Trans. on
ASSP. Vol. ASSP-28, No. 1, pp. 55-68, Feb. 1988.

19. Lim, J. S., and Oppenhim, A. V., Advanced Topics
in Signal Processing, Prentice Hall, 1988.

20. Gazor, S., Affes, S., and Grenier, Y., "Robust
Adaptive Beamforming via Target Tracking," IEEE
Trans. on Signal Processing, Vol. 44, No. 6, pp.
1589-1593, 1996.

21. Rao, C. R., Zhang, L., and Zhao, L. C,, "Multiple
Target Angle Tracking Using Sensor Arrey
Outputs," IEEE Trans. Aerospace Electron Systems,

Cils bl g5 oS 5 e S0 by Ol

e._E{ls(m)| }

!W(n-m)lY

f s W -m-a) |- e {[sm)] )
o2 W - mw(a - m - dy) ™
s oS el iy L
pdo [Pa-m = 5 [wa-n g’
= 2w ||

e~ {[sm]"} 0,5, v’

-Y Sofmw(n -m)w(n - m -

d,)) (")

fy

Vol. 29, pp. 268-271, Jan. 1993.

22. Eriksson, A. P., Stoica, and Soderstrom, T.,
"On-line Subspace Algorithmes for Trasking
Moving Sources," IEEE Trans. Signal Processing,
Vol. 42, No. 9, pp. 2319-2330, Sept. 1994.

23 .Gazor, S., Affers, S., and Grenier, Y., "Wideband
Multi-Source Beamfroming with Adaptive Array
Location Calibration and Direction Finding," Proc.
IEEE ICASSP, 95, Detroic, MI, Vol. III, pp.
1904-1907, 1995

24. Johnson, D. H., and Dudgeon, D. E., Array Signal
Processing, Concepts and Techniques, Prentice Hall,
New Jersey, 1993.

25. Ziskingd, 1., and Wax, M., "Maximum Likelihood
Localization of Multiple Sources by Alternating
Projection," IEEE Trans. on Acoustic, Speech, and
Sig. Proc. Vol. 36, No. 10, Oct. 1988.

26 .Chui, C. K., Wavelets : A Tutorial in Theory and
Applications, Academic Press Inc., 1992

27. Haykin, S., Adaptive Filter theory, Prentice Hall,
1991

St 4
4T dsb a1 0,2 (Sl p3Y U g Jilo cpeeni o
Sold hald dr Coes 48 (i S ) o el 5 e
ol b 53 ol 3 Si(nk) = Si(n-d, k)
53 el 5 e Ta 535i(1) JK e sl STET Si(n k)
b b e s S ety el g5 o o3l
i s S0 kS e = E{IS(nk) -Si(n-djl) |}
o5l &ya=m VRO P | R MY
e 3 il B oo DS il Sl 0 58 o0 S S 58

s=E{ISi(n,k)—Si(n~dji’k)|Y}=

+ o0

B m ;_msi (m)w{n-m) o) Yokm /Ny

-j Yk q/Nw
d;)w(n - @ e "/

+ 00
IR

‘} ")

L 3395 S slas by S Ul o i 5y 55 S

APVY Ll oY oJ\a.-fa AV JL {.d)\lﬁw‘



O=cfoV sy 5 al,l otd o5dle 5 Jpb o pu ilBin (sl oty (sl S5 90 b -V Jguter

bl d b kaiser Bartlett | Hamming| Hanning Rectangular
0 \YA VYA VYA YA Yo7

AR Yof Yo# YOF YOf Yo A

\4 ONY ONY Oy OVY foq7

£\ VoV¥ Vo V¥ VoYY \Vef AAY

Vo Yo fA Yo A Yo fA Yo A VPYEA

O=o [\ ,_5‘].5) 4;”57:}:5\»‘,3 dJJﬂ ‘:““"ﬂ“’w“dh°m6‘ﬁj“.‘;’JJ‘° dj.l?-—\’dj.lq

wlyl ok o5dle i J b Kaiser(f=Y) Hamming Bartlett Hanning
o) Y Y Yy 7
AR A1 YA VYA \YA
14 \YA YA AYA YOf
A YOf oY OVY oY
Vo oy VoV¥ Vo VY VoYY
IS5 3 e oS e s Ui s ok ol lsloant o0y Jas L 50 = E{T‘S(%W iy 4y 4 5 b bl

VU T= VY cplos S aslizad (s ls iy el fy=11¥Ye Hz
EPYRTpES

I S ) a4 il eal g g0 Vb o 2L 0551
i 53l S B gl S U g sl 5 4l (sl paseie
ool § oo el i 5L, ge 0 ey I b Jildom (patia
Ol gl edowt Bulss J gass glae iy ol sl ol

+ o0

6=Y(\-_3 wlmw(m- aji))/n;z(’f°° | w(m) | "
Ny o2 5153550 Isb (1) 5 (V) sl s sl oms 4
50=0/\ y0=cfo) @l 4 iyl b slae 2y gln
10 0305 MY oyt o 05 bl e sl sl
Oag1 555 Jds an y Judamae & oy (V) Jsdr o dims oo OLAS
palos S e g -

VEVY Ll 0¥ o led (VY Lo (iRl

ieadls gl g 0-m > m
s=v(- S wmw(m-ap)/ 3| wm)| o

400

L NN ) i e

. “fuﬁﬁuﬂ—‘b‘t{bTJsJ‘Jf‘j"y'u‘? Nw'djiL.’J".‘J'f
:'LLTL;”’ S 40 (0) Woles 3l ldji' Al

M-1).d

a.|=M-1)d

max | dj;| YT.c 0)
A [ ca.ﬁjzf}) Q.Lab d co.\JJ.;f)‘MM Jsles OJ_‘)JAS
ST a4 5 bl gl (6l 185 g 5 0 T 5 el e
KU 55 pilS gSIm fuol 5o oS A=cffy 5 d=Apin/Y gl

- oMY . Z

31 max|d;|= YL, T, HEJRAE et g5 Gl (83935 JLE

el VETG=\ o 1 it 5500 Olgen 31 sl 3 3

Y



