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Figure 1.3 Results of fetal ECG experiment (bandwidth, 3-35 Hz; sampling rate,
256 Hz): (a) reference input (chest lead); (b) primary input (abdominal lead); (c) noise-
canceller output, From B. Widrow et al, Adaptive Noise Canceling: Principles and
applications [W3], © December 1975, IEEE.



F’K Aclo»p’r:vb F"l'l'c"}

FIR £ Hev A
Xin] = M:-i:\ cw, [ 4D
J ns 6,...,?-\ k

p-i
/!-\i [y = h[".] X [n-e]
K=

©

e

= E Wp X [n-lk]

e=© § "wu‘ﬁlﬂ'S !

\’&L‘t oV hotedlon

4003 = KXo W

-
vpor > Xn E’ﬁq ¥o-1] X[w=2] - - X[n—-pﬂ]:(

Yectior

V.\! o EWO Wl Wz “ et WP]

/L ”Wu‘gl«.—f Vector”



CY(py¥y Sf%hq\ "

et

Tl

eLny = Y@wd - 4]

= EnJ—X;rW
‘3 Ln N

AﬁSUmP‘l'.‘W\S i

*ny and la_C_hj are

S""O\.‘L'OMOL"V&, V‘améow-. S:fcawaLS
Wity 2Zevo wnéan

Adnpt LHer sa thot gi}\) -—9%:103

Ob '!e_c:}-.'»fe, :

ov Q,?u;'\/o\/bh‘f /'a,

e[h) —> O



MMV\ Squave, EV(O"’ Ana\\\“_ﬁx‘_g

E(eea) - E[ (400 - B )j
- e[ 4] - «lé W, E[42x0=) )

PR 29

+ > 7 w,w, E [X[y—-z.) x[,,-g;ﬂ

heo Q=0

p-I

_ 2
- O"a - 2 Z:.Wk Rma[kj
=0
p-t Po!

+ Z Z. Wi W, Rxxc""o‘:l

L=¢ A=0

—> MSE c!.e,pc.h4§ on w6!'3L\+5

&MJ CrosS —COYY Ry,\a ahcl

duio —coYY Km .



T‘F we know R)ly and Ry )
+hea~ wWe can  determase the

.. SE
Weights Mot Mininecze dhe M3E

Note: ~Thss s Tdentical to

M

FIR WreveVv F:H—c\r- {C;‘f"’uP!

The MmSeE s %Vo\de‘"fo ' y:_/
A")% ‘ p
S

(\ / M

mu

\

T
Ilbow’

\V/ ‘;’Wo
l(—-— we:9h+5 mak:e_wkl?
M) mung, MSE




anccr the mSEc s A QULO\&Y&-{'\‘C
bole"ﬂ\m@@A 'f:)ho‘l‘f"ﬂ o+ +he

we,faln‘\'ﬁj dthe  minimum N
is found bu& %a‘\/mj

/

d E( )
2 W, =

for  the OP“':M\ we;s'gln‘l's.

ot [e?ﬁ'ﬂ] 2 | - o
> - = R
3 \Jm awm 6;1 - l k=20 Wl'. x‘? Ek:J

pt £
c 55 oy Culed] }

k=0 =0

., 5 [ 2
R"‘a (] + DHW_ME(e_,Zo Wi 'x[n-zj)

-

L= ©
_

= - Z,Ewsa(_“"J + ZU:ZO pr[h""g W,



0 E[elchgj .
- — = =2 Rxy[nwD

o Wn

Pl
+ 2 Z_ RXXCM-I‘J W, = O
k=0

—>

Pl
P RyOredw, = E”%CWJ
k<o

w=0,...,P")
oY n Mat X {Gfm:
o7 Ryl ) N ~ -
R (o] Kul3 - R0 W, KijUJ

Rux €13 ny[aj | W, Rx C17
R)‘x [‘2.] Rxxoj RXKCOJ %

s
'

2“ Lp-1J qu@' W" ! \Rﬂa&"}
Rey
mw.(‘w;t Mav)'ﬁ)d we, 2H‘ cﬁvzg; ,c:r(

of XL Veiel



So, the MSE 5 wminimied
L‘Q. the W'e';ﬂ\w'l’s '§o-l:.'s-\f\?.mj

Ruw W 7 Bxy

C WeneY "‘Hof—F &({vox‘f‘?ov\ )

— N —
..\A_j = g_XM E:_C \a

) flmd rx Inv

Tssues !
gt
(. wWhat f p 'S VeUY '“"‘902
(wretri X iV requifes 0 (Pa) 'F“’l’g)

2. wWhat § autocarrelation
Ot CYass—Cevy Function s a

3. What +f xO3 ard 4 D3
aNe Y\Ohas‘{o\,-l-fay\o,rva,z



S“'I'Cac,Pezgl' DeSccn+ OP i zanon

TF p is lavge , then

—-—

w¥ = Rue R,

connot b eaﬁ:(‘g compumé.
Ths—!w\‘l, 0‘? mafyiX T Vexsyon )
We wart Somcthing less

Com P whe — ivvl'c,hs e .

we Huvk about

Suppese
i which

awn itevatie aq:pwroo.;p\'\

we beﬁw\ wrth an in el

W&ialrﬁ vects We ond I°+CV'B\+\\/¢:J\3

o\Jjus-} +he vollves 4o Jcc/(-(,dSt

e MSE



SV

We WQV\+ Yo w~ove Jov\/hlﬂfn

on the MhSE bcwll So A

notural and simple adjvstment

4alkes e forn




T4evot'sn .

é £ [e‘D\:Q

!u = ‘_V\_{l:.wi - “Z’_ A 5
v Wz We-i
=
b-!°/ W, \L‘.(’-'/
HOPQ_.F“H\W Lach Sulogcquah‘l' We s

o bit closev to \d#

Does turs P\fouucluf-u c_onve,nae_?

Can ws ad o\.‘r‘f 't 4o an  on-Ime”
nNea l —"is'm c,, e(.j_ " nl.VV"a‘C, 5:1":4 Q‘}'J‘Dh I.V]
wh- e L R,m ard Qx.a Ave Wel kKnown

O\,ndﬂ/ov‘ X(r] and (ac}—\j arc hst
§-lM‘/‘ fﬂat('va,. ?



loast Wean Sgrore (LVVIS) A/ao\rf-ﬂ?h

(Heepest Descent (Omiac»ve D&SC&H4) :

P E[e Cy-JJ (

,.Wh = V.-\-(n-l - J?: M

wheve
e[v) = ylnl - 401
/ ?
Je’i""’“ oﬁpu{' 61C
ov PV"‘ Mﬁf‘hlvb 1‘?""0?

£x- FIR Frler

p-—l

A
‘3[:"‘3 = Z W [e] X[n-&]
kzo
/ K—-l'mpu*
jmpolse response

o adaptive filder
A+ 4ime N



u«P(‘lOA“'o 'FG(‘ eoch -F.'{-}cr w¢,;‘9’4"’ .
JE [(7!:"3 - :i; W 2] XLn—kJ)J

a WN’ \ CM)

WIS e _LM g E[(}c\q "‘ W, (k) Y[u—m])(—-)t&-»ﬂ)]

W (] = Wya[d -

= Wna ] +a- E[(‘}D“J Z W £%) X[u-z] \{C"" J

= Wy ' 5
a3t ( F?x«a [m] — ; Wh- (] Rxxf“’"“J)

519 if we know +he gqutocsivelodion
funcdion Ry (=]  and cvass—covvelodion
fon erion de L] , Then we can
oa\s‘.'ha compvic thest Sinmple SHeepest

JC_Sc_e_n‘); VPJO‘)’&S .



What £ we donlt lnow  Ruxt™
an d Qx._t tn] 7

W\MN‘* f-r XL a\ni (&C‘Q) AV C

how §t At om Ay 7

HinskantanesJs i
3ra\<!t‘cw+ of CvroY
At e »

No nw& “F(:Y' be'f'e_.\a'\':ﬂh ‘Puhc,‘*‘fons !

—

e



L_WlS Upelov)’-e per W@z‘glﬁ:

p=) 1
? tmi-Z W, Te) X[h-e)
wy\,c”‘3 > Wn—; (] - 1 AA ((t " '“-L” ‘ o ‘6)
2 i -
O Wiy LD

=w,_ [w) - 1 . S
n-t a A a (%D’\J- de_'tv.) Xf.h—!) G.Xf'n—nj)

=0

= wa 1]+ M (yCnd - GCrT)- xin-m)

L/-W N~
_yYvor inp Ut waf'ah&!

bxi WLm1]

hew werght = 0ld weight = Step xer(sr x inp ot

ﬂ" §i'~\p|c,

* e,asua to wnmpUte



(14 a2 D) el

o = - .68 1

& known  Frainiw j Sf‘{gh&i Vi
{sf‘ﬁ"f e, LA @Qaaﬁ‘*}},& +he @&Wwd
S@«%h&%"ﬁabsﬁgm@w%‘ih{Bfm@yhbm
il be

Equalizev ™M Traming Mode

XENn)
PRV Y- [ S

EQ@&»E ‘Emjn"@h -




535&\@-@, ﬂ%%g,, 5"5%%\&@ u ﬁiﬂ@wné} H{Z }

Qﬁu&i«‘ﬁ@é W o sfv\%fe. “zeve
1 use

Cov
¢ ; ;.. w“,
" +he covvect pov % @Eﬂj Ww/e,

A Q,wﬂ%m.p {'Z, W&aﬁk“i’§) FiiR GQuaga'&;‘ﬂj

£l ter.

W= [ W)
rx[nj
[ S Algorithn: X = | HLwD

XCn-p+1]

= s €L
Ejﬂ - ‘i{ﬁw: AL i W A

CLr) = yOn) _g ]

: I
To simuladc ks @);wa NP 2 Y,
let< @}@we_f@v%;, e %y"m‘mah 'sx‘wai

by §yM“§’i”C€>iﬁfﬁﬁ o realizotron flon
sre Prst-ordev , Singe P

s e,

g yt"jﬁ 0.¥9 V-1 +  uln)

| uln]
/’) .
. il
0 Vfb”‘-'k“d wg?é?‘(} GAaLSTIAn
f&nd«""‘* NEpIe

5 "‘3"‘4' &r= by



y —— H[B) '—-—’4'- > ¥lnJ

1

b(n]

Xéﬂ): A X[+ V[_mj\

The filder W dhat winmiecs 1he
MSE th +his cose Furns owt FO

be
_L_)ap-i- = [0,?2.!_]
-0.65S
The +vajecteries ot +he LS 1'1Lcrc>.+f‘cn}
§+w+-‘nc3) from, +wo diTevent imtializations,

are shewn belsw.




S-fe,p Size and Con vevegenee

Steepest Descent :
D
WA{' Wn-t - ‘!i AA a._,.__—-—-‘-E['Q‘LhJ l
- - I W Wz Whn-i

= War ~ ("Bx»} + Rxy ‘:"n—t)

wr = A Ry ("" 85;. Ryy + ‘.’_"v‘-!)

4

W

il

—

Wnot = Q__x.x (V!_n—; = "_‘!af'l')

—

Wa= Wopt = Vnoy = Wopt ~sBou Wart ~Wops )
Vin Va

- |

:—b VM = |/v\.’l - A EXJ( ‘_{n_(

et ——

Convevgence <> Vi —>O©O



—t{” = (:’I ’ngv‘) V-

-0v —
n
o = (T-aBu) s
‘\‘aﬁb;"'fdf
i
intial
%‘E’o’_‘ﬂ_{cﬁ'

—

C"“M\a Vn — 0 if and onlv if

(:_I-' M_E_xy)n—9 0

as h—>co

Thes happens f  all eiggnvalves
of  (T-mRxv) are less
Jhan 4 Magm\'-l'uldf& :



The QJI‘QQMVQ[M@,S ave less +han

1 n IMG\.BV\:-,'U'A"' if

< 2
A )\max
\__[qyﬂcﬁ g_,i'ﬁcv\\lastm
of Rxx
L.MS Step Size .
L P, GZD\_)
Wa = Wat T2 M BT e w
)"
1~ 54 am tancovs
3(0\4"&\4"

de'tm> . JE[CY]

e ————
dW W,

4+ norse

< ”nb)'S t/
LMS  Step aYe ?



No'.‘s (é Steps —> wiove consSeovative
chose / Yawac for
Slep SZe U4

‘n»ct)vc-l\‘c,q\ mfgowh-\'g Sugsc.s-l'

that
2/2

-1
DD )
X~

M <L

wheve )tL' i twne t~+h cu'ch)VaJl&.

¢ Rxx , is a feasonable
upper bsund on for the

L ms ol 3of,'-fhn—- .

NG‘PG .
2./3

P 2
—_
£ A peaX

2 M

(<o



Hsw do we know Rux 7

We can estnate @cx from

He jnput 4-'c3ha.) .

f"'x[hj sty
e zvx z | Xn-\3 n=0,\,...
| XCh-p i)
and {"vas
A N
-
—_— X N h=©¢

Nete - This 7s jus+ {‘&gbld)c"nﬁ
Hh e Tdeal expectakrion Wt h

an bvevegl

- E[xxT] x —-,{-,—51

h= 6



The perfsmance of the LWS Olgarthn
can  be assessed up@ﬁ’mw—l—a\l ly by
estimevd iy Hae ”le,a{m‘ncﬁ cuvve !
(MSE vs. thevation)  Sinee LMS

pelies on “+he actual Squ.awec' Crloy <

mrd et An expedel valne, Hae

leum'na cwve s -f‘(.w\_ d.r-(:rg.n.b\“l' runs

Wllt depe_wr,\ h!’.mv(l\f v‘»pﬁvx +he lho.s< Tevms

[N 4he  Sbservotiuns. To estimote 4he
leovline, Gu¥ve wa con pevfolm sevesal (g_g.go())

Yuns W the M3 d\,lgofv%»— y woha tndependent

N0 i 5€ YLOL[?{&'{'\“O*\_S In eoch casSé.

3.0
2.0

1.0 +

—

0.0 100.0 200.0 300.0 400.0 500.0

0.0

Time



S—l'z,p Size and Tfack;hj

In iy CASES tne Filder
C\’laVO\c:l’oVCSh‘LS N.u;% C,le,ng‘v/ ovey
+inve (_C-?,)fr(&ﬁ.kl'v\a a e

vav}-'n?) Conn channol).

To qv:‘okl\a A,Ja[a"}’ We shauu

choose +he Slep sSeBe AS

lavge &s  poss ble
2/3

AT
2 Ad



On the other laawc’/ m
(—lc,q,c!}'s’-\m:be_, we den't

want the ‘F"('tcv- +o Chdngc
ot all. Noise , however

WJill camse the -(-\.'l‘}c,r W@-\\a"\""f
—HS Fluctuade

n l/”o‘-s\z/,
Q&Ch_] ALd-X4

oW

a.mc! +he O"W\‘W'hfk 0‘( -Fluo-!-uo\"’lbh
I's prai)o'/-h‘owa) 0 “Jhe Sk,p Slo'ﬁc, M,

Small 4. —> sneall Fluctuation
n 9‘1’«4:’.3-—)'*an,



SUMpﬂaY\a 0‘( LMS ‘

Update :
“'\,lm[“"’~3 = "J«-.C"O + A efn] - X[n-m]

Where  €[n] = ULn) 'q fn]

p-1
qﬁn‘) = Z: W, [l X [nm-te)
L= 0

Step Size :
o < AN rd r-";"‘"'—-_.-—
A
=0

é)oi = Q,fgcv\,llazl)9§ o4 @xx



