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1. FEREE(Filter) L2

— NG RRGEGRARPHRS), EXNIEE B
= B 753 (Filtering) 8¢5 11 (Estimating), 14 3]
FEE (Extract)F HIE BB B 1.

------ Estimator
Message Transmitted Received : :
signal signal signal = Message signal + Noise
Y A A I
| I
Digital \ I / /L : User
source of —:> Transmitter (——p-| Channel |—L ! Receiver > of
information I | information
| |
L |

Communication system . .
Estimated Message signal
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Dynamical
system

State

X(1)

T

System
errors

Observation

Measuring y() Betimat Estimate

system P SUMALOT [ ofAstate

X(1)
Measurement Prior
errors information
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2. Mg (Linear Filtering)

TR ISR A% H ) (ﬁﬂﬁ& T, A E) £

N BUE B S AL
ER: SRERGE KX A

3. ALk iEE (Optimum Linear Filtering)

#EB%%AF?%%%%V

RIS RERRE R TR, F:
(UG

fI%&TiE'J%FFT LM DE

REHIE) #%3E— NI H &

YN - B /N T iR £ (Minimum Mean Square Error, MMSE)

Y IR (Weiner Filtering), /% B 83 (Kalman Filtering)

! !
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(oI FIR)
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R4 ER Adaptive Linear Filtering)
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BiENZ&MIER EmtERANZEMREEY L, 8
ENENS AR T MAREN AUANHEEEMFRE.
(2)BiE M iERRIEER H() .
y(n

x(n) = Ef%ﬁﬁ%ﬁf?%ﬁﬂié& — )
" RBBIEHENAEE

e(n) =y(n)-y(n)
s y(n) REET
x(n) > AD/lé —y(n)
/

\ o —Te(n) = y(n) - F(n)
B & R i 3 28 = Filtering Process + Adaptive Process
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1. Least Mean Square(LMS), & /MNIFIRE

2. Least Absolute Value(LAV), /N XHE IR E
3. Least Square(LS), /N5 (EH)IRE
zﬂ ABEIERFE
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2. FFEEE

3. BHEEE
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(4) BERRR N 5 K R B RS H: R G ind; BiE M i%iE
B BENAN, BiENTHEHE

> Z %R System Identification(Unknown d
system lIdentification)

Layered earth modeling;

Radio channel Modeling;

etc.
s
A;’/é o dy(n)
T

y(n) :

x(n) » Unknown
System

H(z)
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Example 1:Channel identification(fs & ## )

Training Sequence Training Sequence
0,1,1,0,1,0,0... 0,1,1,0,1,0,0...
- x(n
(n)
radio channel
adaptive .
fi]ze.r :f base station antenna noise
r
_ Ny x(n) y(n)
+ Y 7 — H@) —
e~ ? mobile receiver
y(n
MMVCLAB
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Example 2: echo cancellation

Far-end signal

O

y(n)

] + ech
+residual echo eeho

e(n) _e +
Near-end signal (\'ear'e”d signal Near-end signal

. -l

y(n) = s(n) + X(n)
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Example 2-1: acoustic echo cancellation

Far-end signal

adaptive
filter
]

Near-end signal
+residual echo v ) = s(n) + x(n)/

) e(n) e(
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Example 2-2: line echo cancellation

L™ FH

subscriber loops (connection
to the central office)

-\._\_C}
1

wo-wire

b
talker speech path b .
four-wire F l Two-wire
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Example 2-2: line echo cancellation(cont.)

Far-end signal

-

y(n)

™~

e(”)&* y(n) =s(n)+ x(n)
Near-end signal Near-end SignalL/
+echo

+residual echo echo
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Example 2-3: echo cancellation in full-duplex modems

Transmit signal

.,

[
adaptive
filter

D_.
receive signal receive signal
+residual echo + echo
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> B &M% R , Inverse Modeling
Channel Equalization({5i&1517)

x(n)

» Unknown — > ~
y(n+ D) System A;)/# e(n y(n)

y(n)=

~ Delay
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example : channel equalization (training mode)

fraining sequence

H(Z) ______ \‘J [}-l.l.f}.l.r}_r}____/
» -._/

| radio channel /

L
’ /
base station antenna
mobile receiver /

x(n)

1/H(z) /
y(n) /

training sequence

e+ © O 101,00
e(n) y(n)
JH B&AG ] BB 3t (symbol interference)
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example : channel equalization (decision-directed mode)

symbol sequence

-
A
-
-
-
-
F
a
a
| .

- radio channel
s
base station antenna
mobile receiver P

x(ny

L
adaptive
filter
2

]
decision
device
i

S\/(n) estimated symbol sequence
BT A RIITTA
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> B & M Fll, Adaptive Prediction

7 578 5B X% EL I FH

Speech Linear predictive coding; (B ZMFUN4RG)

Adaptive line Enhancer (Bi&)

X(n) = y(n-D)

y(n)

> Delay

R T £ 158 )

ADF
/

g(n)é

y(n)
y(n)
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&; ‘5&&4=dﬁm

B 18 B i 4k 1858 (Adaptive line Enhancer)

x(n)=y(n-D)

y(n)
!

Delay
(D)

FREE K, < D<Kg

ADF
/

e(n)/l)y( ) b Nzrrow |
and signa
y(n) |

|
Narrow band signal (single frequency signal) + broad band signal (white noise)

i————

AR

SR
K |
5?TE‘B_”\\>Q7K‘NB/_\=Narrow band signal
broad band signal Fi 8]
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Speech Linear predictive coding H(z)

X(n)

~e(n)

x(n) « UH(z) * 0

H(z):l—ZN:aiz‘i
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>FHHEH, Interference Cancellation(Noise cancellation)
A VR = HE7H (Noise-robust Microphone)
0 L R AN I 50HZ B R 4%
L0 BBAS 5 BB
Bi& M 26385 (B &R R AR, Beamforming )

/o
X(n) {1 ADF ln—){—l}, - e(n)

noise / Signal
y(n)

y(n)
Signal+noise
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Noise-robust Microphone

« Conventional microphone
v High-quality audio

X Sensitive to external noise or speech

« Bone microphone

\ Very resistant to external noise or speech
X Low-quality audio (less than 3KHz,

distorted)

« “Witty” fusion technology is a breakthrough!
— Cost-effectively eliminate the noise problem

— Make speech recognition real

— Enhance human communication quality as

well

20204F9 H 27 H3#374
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Air mic. Bone mic.

' w7

WITTY (Enhanced)
\J)

8 KHz sampling
Jabra EarWrap

Witty EarWrap

4
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y(n)

x(n) g A[yﬁ — @ e(n)

from bone Mic / Signa Noise
Signal y(n)

y(n) >
From air MIC
Signal+noise

MMVCLAB
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/Lo B, R AN FHS0HZ R 2 2%

ol
2 | 0MERS | AF ECGit#
ﬁﬁ&%% N @~ @ Y
ﬂégj%tﬁ(]w x(n) ( . e(ﬁ’ Y(n + E(H)
50HZ3E L “
ECG#R:L y(n)

7 )L BT IR ) LG EAE 5 2L BE ST
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B 1& R SR 2 AX,, Beamforming

Array of :
Sensors

> win)

=
e
aq
[=x
=
@

\

D | w (1)
> w(n)

\

2
]

OQutput

%

{

-
o)

X

wy(n)

Y
V]

Adaptive
> control
> algorithm

I

Steering
vector

s(8)

Figure 00.12

Adaptive beamformer for an array of five sensors. The sensor outputs (in

baseband form) are complex valued; hence, the weights are complex valued.\VCLAB
20204FE9 H 27 o smy 51777 28




