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Simplified scenario

e Demonstration 1:
C(z) = 0. A(z): 10** order FIR filter.
SNR for sensor 1: -20 to -25 dB.

— Noisy signal (sensor 1)
50 xig

— Enhanced signal (EM algorithm, version 1) T | :8—__._. Sensor

— Onginal (clean) signal I

e Demonstration 2:
C(z) = 0.127°. A(z): 10** order FIR filter.
SNR for sensor 1: -20 to -25 dB. e

- Notsy signal (sensor 1)
— Enhanced signal (least-squares method)

~ Enhanced signal (EM algorithm, version 1)

Original (clean) signal

More general scenario

e Demonstration 3:
A(z), B(z): 10*" order FIR filters.
SNR for sensor 1: -20 to -25 dB.

— Nousy signal (sensor 1)
- Enhanced signal (least-squares method)

~ Enhanced signal (EM algorithm, version 2)

¢ Demonstration 4: ,L&‘

sin %%  sensOR

A(z), B(z): realistic room impulse responses. ST ! :
SNR for sensor 1: +20 dB. SOuRCE 2

— Measured signal (sensor 1)

~ Enhanced signal (least-squares method)
flter order 250

— Enhanced signal (EM clgorithm, version 2) e .
filter order 250 s::ms \3,\ %Y senson
2

o0

8z

e Demonstration 5:
A(z), B(z): realistic room impulse responses.
SNR for sensor 1: 0 dB.

- Measured signal (sensor 1)
— Enhanced signal (least-squares method)
fter order 500
~ Enhanced signal (EM algorithm, version 2)
filter order 250
Enhanced signal (EM algorithm, version 2)
filter order 500



2
HOSN3S

(2w

i
HOSN3S mh

W's

(1)m
30HNOS
3SION

J0HNOS
IYNODIS

(s

‘12PON 8yl

.

¥OSNIS

4OSN3S

& fyaed preyya0o & o)

ybnoua fistou siy) £

HOVOHddVY S3HVNODS LSV

‘SA

HOVOHddV AOOHITINIT WNINIXVIN

valal NIV
puB

NOILYINNEQ W T€0Ee



Yo+ (m).@(md(mg + (o).g(@)Vd(ma  (m).v(m)d (g + (0).o() 'd("g \
(M).a(@)d(@v + (PLa(@d(@o o+ (m)y()d(@)v + (m).o(")d (")
— m m = (MV
(X)X} T = () oy y Nmm
x1uyew wniyoads samod ayy st (m)y pue OSN
0=1 L
o208 2L = (o . \
-z |
I3y M
mr 2 JLVINILST !
mp QBWNABquAéN + (m)y uuﬂmoa \ml = (g(3)%A*(7) h)d 30| TYNOIS |
44— +
pooyIaIT oY, — * HOSN3S

‘sjeusis ayj jo sivjowreied [erdads saulos pue
surajsAs ay} jo sJUIYP0d Y[, :sidjpweted umouyuy) -
"STY 10 ‘(moapipy) SIN'T ‘WYjLIod[e SAISINDAI B

‘sassaoord Kreuorye)s ueissnery are (7)m pue (7)s —
Aq pajrewrtxoidde st uorjnjos arenbs-jses| ay ], e

wa[qoad pooyldyI] Wwnwixew y e
0=y
¥ —3)iRp 2 ~{gjli = (g

‘9SIOU 9] [90UR)) e

(#)w + {(Nm}a +{()s}g = ()
(M + {()m}y + {(D)s}o = ()

[epoul [edljellsyjel ayqJ, @

Uo[je[[e2ULD ISI0U POOYI[aYyI] WNWIXEJA]

‘(reus8is astou snid

yoaads Arewntad aypy) (7)'A 09 (eusdis asiou sousia

-Ja1 a3) (7)%A jo Bur)yy saenbs-jses| £q ‘(z)y
wayshs e Jjo {¥p} sjuatdyye0d By} jeWIIST e

(moapipp) uornjos saxenbs-jseaf oy,



AVAILS

IVNOIS

sma

\ i

H3L4
H3IN3IM

2y

<} +
wx~—"

J1VWILST
H313WvYvd
TwH103dS

SHIL3INWVHVYd TvHLI3dS

(T uorsiaa ‘wypiobpo pry)

2

[ ¥OSN3S

b
HOSN3S

awrayds Suissedoxd paysed3ns ay ],

X119 33UCTITAOD

ajdwws pajeurise ayy Buen uonenba [euttou ayy aajos ‘si;ajpwered D4 Jog
1npwesed [eiydads eudis ayy agepdp -

{¥o} jo aywnise mau v 128 07 {Tn} jo aywuwmsa snotaaid ayy o7 Jnsal Yy ppy -

0=1 ! (v}
ET;S;N-E:H_._E

wajqoud sasenbe j5va) Fuimojo} ayy aajog —
dajye JA] AL,

“(1)s jo aouenresod apdwes ayy jo pue (7)s ‘(1)2 jo mwnsa we 25 —
‘(1)x 01 1931y seuanpy v Kiddy —
((12+ ()2 =)z '{¥o} uamB e MON)

o=y

{r =110 T = ()8 = ()
(1)z [euis v seiuan ~

simawered ay; jo arewi}ss quatind e Julaey
dajye @ aq Y, ¢

unyody ey

“(2)s Jo sivjourex
-ed [eiyoads ay} jo ajewnnyss N Yl 190 —
(u 0
(2)%A jo Suryy arenbs-yses Aq ,0 pue {¥v}
JO 97eWI)S? POOYI[RYI[ WNUIIXRW 9} 195) —
<= ((3)% pue) (3)u‘(z)s Suisey o
.S: pue ng ajeuIlysy <= Adm
jo siejowrered [erpdads ayj pue ﬁm:\ UDAIY) @

yoeoxdde A @242 Suisn ‘uoljnjog



()m = (3)%h
(1 + (1 - Dmt0 3 + (1) = (3)1h
‘A[PUDIDPIP UIPILIAN
(1o + (4~ )% X = ()u

(Hu+ (2)s = (2)'A

HOSN3S ~ (n% (1

J0HNOS
JSION

(2)v

(Ve +

(Wu 30HNOS
= YNOIS

I -
HOSN3S (% A (s
vanm pue ﬁv:m 9AIaSq()

‘olreusds payijduils ‘uorje[[@aued asION

O VNEOS

@sli=lTeMIS

\

WHLIHODTY W3 3HL

eIA

NOILVTIIONVO 3ISION AOOHIMIMIT WNINIXVIN



(@D + ()m = (3)% + ()m + {())s}g = (1)*A
(D'u+ (3)s = ()2 + {(Dm}y + (3)s = (3) A

()m

32HNOS
3SION

(218

(z)v

A0HNOS
YNDIS

(s

uoijen)is [exauad aiowr ‘sauoydordiur omJ,

OIEVN=9S

TWEENE®D SO

WHLIHODTV W3 3HL

BIA

NOILVYTIZONVO ISION AOOHITIMIT WNWIXYIN



‘UONIE|8JI0D SS0JD puE

uone|allo20INe 8sIou
pue [eubig suonenby
{1

leaur
anog
hEm hﬁ;.
PO (TR
31VILS3 'sieubis ey jo esjoeds HOSNZS
Jamod pue (2)g ‘(z)y :ueal
| WNOIS )a ‘(2)v 15
! =
(s uonejoadxy  jeuoIpuon
v
d3l1s 3. IJHL 1
¢ bosnas
‘ajewnsy
uoNEB|8110D ﬂ
_ |eubis
‘uoneunisy
> Jelsweled
Od1

(¢ uorsiaa ‘wypiiobyo W)

awayds Juissedoad pajsad3ns ayJ,

(degs A1)

‘sIoauIRel
-ed [e1joads ayj jo 9jeuIN)sa A 9Y} 199 —

‘SUol)

-enba xeaur] Surajos £q syusnyyeod (2)g ‘(2)y

JO 91BWIN}SS POOYI[EYI[ WNUWIXRUW 3} }95) —
= SsuIR)
orjeipenb sj1 pue eyep aj9[dwod 9y} JuiarRy e

(deys q)
'SuII9) drjeipenb snourea syt pue eyep 939[d
-wod o) Ajewnysy <= (2)m‘(3)s Jo sivy
-owrered [erjdads ayj pue (z)g ‘(z)y USAID) e

(2)g ‘(2)y swagsAs ayy jo
sindut puv sindino ayj st vyep 919[dwod ayJ, e

yoeoadde A4 oYy) Suisn ‘uoiynjog



(9 Z)d 80| se 0] [euoIydUN] SUreS
oY1 sey ((,9 ‘9) O ‘Anurey reryuauodxs 104

; 7
(08 DOXEW = (1,.9)0
:doys A °Z

| ‘T Jo
pooyteyry a8y} Ioj uoissardxa 9y} ul 9INIs

-qns pue ?5@ R/ AHVL A SO1ISTIR)S JUDIOY
-jns ayy ajew)sa ‘A[ture] [erjuauodxs 10

Tu:w R \ Aw ..“H.v&mom“ ) = ﬁ?:w “wve
:degs o T
13RI ®

.Heww Jje 1Ielg e

w031y Y],

i isva s1 (g T)*d Bo] xeur
3'1 ‘Aqised
7 2yeuwIn}sa p[nom am T PIAIISqO pRY M J] e
a[qIyreAur-uou b ‘(B)=h
:Se SUOIJBAIISqO 3]

surejuod T  eyep ojo[durod, ayy, - 9[dwod
-ur, se pamdlA aq ued ‘(A) suoljeaiasqo Y[, e

pagvoyydwios st (g h)d 3oy
SUOI)RAIISCO 3Y7} JO POOYI[3I[ 3Y7) SUIZIWITXEJA @

A10ay) diseq :wyjlrosdie JAF YL



(,8)1 < (@)1

aAeRy am
(89)0 < (890
V'8 g Puy oM Ji noq,],
(8DH < (B'9H 2 b3o/g X f3o1/g
(£y1enbou] s ussuar £q) adulg

dAad 6¢f f8or/g wioyoyy urst (g‘9)H

6 So /57 woy ayy ur st (g9 H ®

(8D H (8'9)0 (8)7
9 / (g‘h/z)dSor} 7 —{,9f / (§:Z)d 801} 7 = (§:A)d 3o[

0431940 (gif/z)d
Suisn (1) Jo S'H'Y 2Y) 29eioae am asoddng

1161 vep ‘ge-1-dd 1 cou “d0g ymg mhoy “r ' wyiody wy
2y =ia viEp 219|dwodut wos) pooyl|ai] wnwixely, Tiquy g q pUe pae] WN “agedwaq 4y,

‘SUOT)RAIISCO
3y Jo pooyI[ayI[ aY3 Jo} uoissaadxa ue dAey [[I1}s
pue 18s SIy} 1240 1 a8elone ued am 10 (R)y 2 =
Aue (1) Jo STH'Y 9Y) Ul 9NIIISqNS UBD P\

(1)  (9‘h/z)d 301 — (9°T)d 3o[ = (g‘f)d S0

(2:7/7)d

() 110

(p'T)d = (gR‘T)d (R)Y DT Aue 104
{(@)6=F|z} = (R)x

(R) x 19s oy suya( "waaId st (Z)6 = fi g

(g:h/T)d ;
(@R 2)d = (g‘h)d

= (g‘R)d

: @Ye(] 9yo[dwod, Y} Jo POOYIPNIT 93 09
Pae[aI SI SUOIJRAIISqO 3} JO POOYIPdYIT Y[,

w08y
(NT) eziwIxey @yewtiysy Y,



