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An approximated implementation of affine projection algorithm
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ABSTRACT

The affine projection algorithin has known to require less computational complexity than RLS but have much
faster convergence than NLMS for speech-like input signals. But the affine projection algorithm is still much
more computationally demanding than the LMS algorithm because it requires the matrix inversion. In this paper,
we show that the affine projection algorithm can be realized with the Gram-Schmidt orthogonalization of input
vectors. Using the derived relation, we propose an approximate but much more efficient implementation of the
affine projection algorithm. Simulation results show that the proposed algorithm has the convergence speed that is
comparable to the affine projection algorithm with only a slight extra calculation complexity beyond that of

NLMS.
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3} RLS(Recursive Least Square) uz|Zo8 1}
A8 "WHE 7P WA, AR, A E 4 9lrk LMSe} NLMS(Normalized LMS) %2

o} 55 o] A% AMele] oz E-EolelA B 2gd g ZFdsle] FHe] 7] wiEel s
HAstA AHE 3 ot A-EEE T A% A AR Q1o FALEel o) ARREAL

* QAdEgR A7) AFE T 45 &4 % A5AE @74 (eskim@cyclon.yonsei.ac.kr),
¢ AR A 740

= 98504-1121, @4%2} 119984 119 214
# B odre AEd 54 72 97 (95-0100-03-05-3) AHoE =gt

1785

www.dbpia.co.kr



PB4 82 524 '99-9 Vol.24 NoIB
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wE Sseshe A EU3 AAE 48 Ed
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I. Affine projection ®2l&E2| i

1. Affine projection g2/

Affine projection ¥31#]Z-L- a posteriori A&
AAsle FAH gradient ¥eje] dweElges
efgdch 2S8Wee] Zo)lg L ezt ¥ d, ¥
dlelel BB x(m3 F ¥ ) E(desired
signal vector) y(m)-& 77k b3 o] Aot
A},

X(m=[ 2.(n) 2, (n—1) - x.(n—P+1)],
(M =[x(n) x(n—1) - {p—L+1]17
(1)
Wy=[y(n) y(n—1) = y(n—P+1]” 2)
Projection A& F 2l & W P9 a

priori 231 WE] o(n) 3 F 2] a posteriori S
A He e(n) 2 42 oga o] ¥¥E 4 gk

e(n=y(n)— X" (n) k(n) 3)
em)=y(W— X () h(n+1) “@

A7l k(w2 L AR AsgER 749 A
& 9e] AF dElel, on) T ()L A7 o
3 7o) Alejgot

e(n) = [a(n) e(n) - epy(m)]?
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ol& WA|Ety. dwE]FS Nl EE8A o e
il A BE 2a}FH AR error regula-
tion factor) »& EQJ8l A5 daelES Y
e olck

Affine Projection 72|22 projection X|ol|
wi) B AL duejFe s Fd=EA A4 4 gk
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Y 2132 hEeAle 12141 e g projection
gaelEolzlw 2 4 gluk wel  affine
projection 7= Z&& NLMS ¢velEe] oduls)
g Hefely & 5= gtk Projection X7} #Al4
E %2 o9 delHE FX AsE AAlsieR
THEE7} U1 "ok # A (DA P>L o)
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dxEEe] A AT T FHE dech
et g A AR 2ol o3 Alsr} qiHeR A
4% 79 projection A= AR Rd® A g (
g << L )AER ARGl we o x5 o
& 7 vk gepd 44559 o] AR 24
o] 7¥sdt HAEE AMEERe AT WA 4 A
Ao 2r W eREEEE 9e 4 slth

2. Affine projection YTEIES| B4

P A} affine projection Y4xE]&EZ P 79 4
posteriori 238 How MELE ASE 2
Ve daElEelnh & A WERE  kn+l) S
53 2 AR BSAA B8 o = Ak

2 (n—DTh(n+1)=y(n—2,

8)
i=0,1,2,-P—1

A3)g 2APE  o(n) 2 7 clementE5E A

X o8} ek

elm)= v(n—0D— x.(n—d7 h(n),
0=</= pP-1

®

a7 4 4]0)]/&-] e(n), - ,epy(n) < A5
A7y m—1 X & a  posteriori 2A}
gn—1), = ,epy(n—1) % Zch uwep] LA
B o) ohea el A WA element Tt e
ZHE R =% <del W) "ok &

em=0en) 0 017 (10)

4E & 5 9ok

A (el o3l ¥ AE PP X(n) o s}
of Asinely o} ohET A FAKE DA
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Zn) = X(m) T (1

471 Z(m2 1HAE - X(w)o) HE §
47 & AMA EHEE LxF AZYREA v}
&5 o] RHF,
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Z(m) = [ 21(n) z(n) - zp(n)l,
zi(m) = [z;1(n) z;5(n) '“zz‘.L(")]T. (12)
i=1,2,--P

olu, Z(m)E& TAS 2] element WEE
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=
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X(n) = Zn) T (14)
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o] FPHEe ozt PEo|v) zd wHEdY 7
£ ULT #=del=a 77 & UUT(Unit Upper
Triangular) ‘H3 o] Xk AWE  ofn) &
A (103} o] TR T e(n) = e(n)o] ¥
+ @ &z, WA A6)2 Oaa) Po) s}
A E984 4= ok

21(7'1)
zl(n)T Zl(n) e(n)
3
z3(m) 0
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& WS Aol & giek

z;(m)
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projection AlpiAlE 45l of3fg
[ X(wT X(m]17 ' A4sks o4l ULT &3 7
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al,,,(n) = g:—l.P—;(”)T gz’—l,P—i(n)
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olabellA AR wiel zbe] P AL affine
projection x| FANAM Alg7galel Had weE
Toke e Y Als WEE 3 e Az
HE 3tz HA (P-D 9] o A WeES
F2AZR 3] B2 399 Gram-Schmidt 2w

g 0= zl(”)
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tion (P=4)

gte} FAU Aok oy Aelxds o1¥A Gram-
Schmidt #3}-E o]gsle] LAMIEFE dod o
Sl WElol ARIdle] NLMS2} v]sgl Allegate
2 affine projection YweE]&Eg TAHoE Y
T ol A2E uhg-g At

. Affine projection YUTEIES A
T

Affine projection ¢¢F=|&-2 Y HojA Ay
& wle} zre] et 44 Gram-Schmidt -2
g ol&3le] e AL HAF exweHE
T3] fstd] (P-1) BAE AXA W EA
vie} 2 A AEE A4tsel ol aapA HE
LA g Pl HEd F (P-DILH(F
-DL W9 dite] " sHoz dPdg
T-3FA] WriEtE projection < F 7} Frbg
of wal Al4kske] L o] u]H sl FrlslA
Pt A= Gram-Schmidt 2| 7385 o]-&3ld
affine projection ¥we]Z&-& A&l A 7L &+
= ey w2 Adegs a7sng A
el e ge] slvh

£ dFdqME oA wWe<d$9 Gram-
Schmidt 2| :2}8 ¢]-@-3l] A5ago Lag
e S AEE] T S v dE
At IHAEE PEIHNE PolEele
conventional Gram-Schmidt = Z3-E o]4-3}e]
225 E Aits oz Almgg WA
£d 4 sle AR dAEE At
Lig=

1. Gram-Schmidt Zu2gE 0|83 x4
E{o| A
AL (O A (12)F s 4] D& YA B
i o}t 2

[ 21(m) z(m) zp(m)] =
(22)
[ x.(n) 2, (n—1) xL(n*"P-'r-l)] T(n)

ol W T, (w& w53 3] ALk
Tim=T(w 1, 23)

o374 1, & i ¥HA elementdt 10]3 R
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elements 25 0¢] #HEjolck
T (m)E olsld A (22)F ohgs} o] HF
& 4 ik

z,(m)=X(nw) T,(n), i=1,2,--,F (24)

7™ A54HEE 9519 2, (n) HERb] R
AEE A QOE 2 o del] THAA e
3} 2o,

z2(n) = X(n) T,(w (25)

"ol FoRe] delHE 749 dHHEE
xp(n) olh 3k ¥ AT #H X(w)2 o
3 7o) 289 FE vk

X(m)=[ x.(m) x(n—1) xy(n—P+1)]

x(n) n—1)
x(n~—1)

x(n—-P+1)
Wn—2) x(n—P)

x(n—L+1) x(n—L) - x(n—L—P+2)

xp(n)T

xp(n—17

= ' ‘ 26)
xpln~L+1)7T

waha  eApE 2 (n) & e 479
element§-& chga} o] Alksle] Alvk

zl.,(n)= xp(n—j+1)T ‘3'1(n),
@7
j=1,2, ...,L

gt 55 oL+ F |3 2L A% rkEql jeal
30 EAA BAe] wiEA] gkerld TinEg 74
= Aewele] Alege dAFT e A
%E}' %!

Fi(m= T (n—1D=
(28)
= T (n—L+1)
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ik ok 22 A7 AR

z(n) =X(n) T(m)
xp(m)T T1(n)
xp(n=1T F,(n—1)

He

xp(n—L+1D7 T, (n—L+1)

21.1(”)

21,1(11— 1)
= ' (29

lel(n“‘L"l'].)

& zi(m & TH] $3led W AERH W
Bledibs sk diAl F Y] AEE IHRR e
AE919) Gram-Schmidt = as}g Fsje] el
E z.,(m& T oS TDL FE2E oldsle] o
e b shift AZ0BA 2 (E AR
T 4 gl Aok A HE] d4le ale] ¥
23 ghomz AR WAF Y 5 A B
ch webd B Efdxie 99 & uile=m

zi(m& THFL o|F ArEgel o] 4gezA
A14:9] affine projection YE]&EFS F¥skux} ¥
ok AQEEE w89 TAEe I¥ 29} 3k

T Loknown
RVl A e—— - —
) Systen
nnnnnnn Luh 8|
{nthogonalisniion
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Z () W) o W) ¢ i 4 ein, M S wing” e
BN 2 /nf xini 4

oL, ! "A S
fn, W ¥
v Oy

agl 2. 1‘1‘]‘2}53_ D4 affine projection UvelEe) By T
A

2. Gram-Schmidt &} ZIefAl=ef At
g7 el)4]  affine projection Ywe]EL Gram-
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s A 2AEE 2 ()2 AEDS
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conventional Gram-Schmidt & T3}E o]fsle] +
% < ¢lA|% Gram-Schmidt 2 w32 $%F 552
B8] Al v AEek) dejgdsle] Aarl g
e L L U 2 R o
Gram-Schmidt =52gel8] A8 HY3A T3]
el we] g9je] date] Fash ok 19
1} IMS <3]lZe|v} Least-Square ¢i8]E &
4 2 Ag daelEe A8 Gram-Schmidt
A "ele A4S recursivedtA g F vt
VO Gram-Schmidt |3 Wele] A¢E TP
A% H4 daelEeRe 74 F rRHE AL
2 ol¥dl, shis §HA4l5el| rectangular window
£ A9 Awele Aoz v shie dH¥UIe
exponential window-3 2|9] Aglsle Aok #HA
¢] 732 Levinson-Durbin ¢¥a]&g o]83ko
RQAE order-recursivedtd] g 4 glon™
Fz}e] A9+ weighted Least-Square estimation-2-
o]@sle] time-recursived}A 78 4= o'V, B =
FollAle Ling %] Least-Square estimation-2- ]3]
A|Yq RMGS (Recursive Modified Gram-
Schmidt) UTEEL o439 o (WS fime
recursive3lA]  T3lgdc).  Weighted Least-Square
estimation2 ¢]#jA|+= forgetting factor A & ZHA
sof shed], dubHoz 4 & H$WESL o] L
o Saf ARES 1-+ < A <1 o] Aga

RMGS ¢mel&& ol&3d (P-1'+
s(P-HWE ditte®n AF 23 HE z(n)
£ 7% 4 gl A guEFe
A5 E Gram-Schmidt 2235 A Al
A7y AAR Axg TE Fo o]& ApHE
of Al£-82 24 affine projectiond TALHLE
TR st ER AlAlg-S NLMSe| uls] =7
27182 gko A affine projection @11a)E3)
v g FAAAEE e A A A "ok
Aerd daeEE X 14 A=l

E 14 & 5 h%e] 2AMRE T3] $3
o (pP-1) # Gram-Schmidt A ZS $J3le]
(P—1*+6(P-1)9] dAtate] F7l2 PRsh 2
t} dukH o= affine projection <2]EF2 23
w3k MA7)15sh zho] )~ Heo|(D)E 7}
2l BHEEE 878k 38Rk AHEEY &
231152t 2do] AR proecssZ RlEgo] 7h5Ek (Y

AT AR 3= AT YibHeE p=10 A
52 mEldicl ulehd PeLo] AR wlEel
Gram-Schmidt Awale]l dagt Aikgke A A
Aleol wlsled A e AR Aok wepd] A
& uPS NLMS gae]&s) nisedl AxleReR
affine projection ¥2|EE AP LR PAE
QA Fckh ol F 2 oA Ag de|Ee] A4k
£ vk

B 1. ARt 1% affine projection YIEF

7|8}
/91(75)= 1, r(—1)=2¢ (i=1,-,P)

Z,:(n) = x(n—i+1)

Gram-Schmidt =mE}
for i=1 to P-1 do

ralm)=Arfdn—1)+ B{n) g1, p-n)*
Bix1(m)=B{n)—
BLn)gioy p_ i)/ rin)
for j=0 to P-1-i do
gi,i(n): gi—l.j(n)'“
a’i,,‘(n) gi—l,P-i(n)
a,;j(n+1)=a,-‘,-(n)+
Binm g (m)gi—y p-An)rin)

SAME] =z, (n) M
z11(n) = gp-1,0(n)

zi(n)=[z,1(n) z1,(n—1)
- 21,1(7Z_L+1)]T

HirE2
e(n) = ¥n)— h(n)" x(n)
h(n+1)= h(n)+,u"*——e(ﬂ)—**—“

2z nl 2, (n) 2, ()

B 2. 7 AL due|ge] A4dw wla
(L : H-2¥e]g<, P : projection®}<r)

Ae dxElE | AL (] AEG A
Affine Projection (P+1)L+ (P
NLMS 2L

Aekel Wy

2L+ (P+2)2—9
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£ ol Agket whie] ABAE 8ol 9
Blo] AlRbE T4 dwe]Ea affine projection Yl
BES 59 wRA7 o H4sle) 1 Ae-g vla
slgick AT R WAkE AEE 17 37 e
T 35S 7M1 102 AR process® EakA]A
A FAE ASE AMSsl e Wk o
dmx 3m 2] WA SR YA Qi ze Jdda
S 256 oz Ay AMElge)h nbeg Re)
Aolg} FUL #E JAEE AH3HEHe ZoE
256 2= Ao pojection g zhzh

=I(NLMS), P=4, P=8 2l 7% wisle] 8314
o}l JHalEe] v R FUFE AAAM 23
HASE whEgled of 40 dB ¢ W& ke
AlEe) t3le] F qYPaF 2 ALEslT)

AR dxelEe] fEAS Belr] $1%le] ERLE
8} Misalignmens & W3}tk ERLE: ul3RA 3.9}
ulgko] AAE 4132k HHR|E Jehie e
i Al zhe] Aojsiry,

Eiy(n—z)2

10log = (dB
Y Bt 0= n )2

3t Misalignment = A A28l Sg7 Agq
IHEE olgsle] TRE A-gE Az £z
Axg szt 5 H8-Hel7)} drhd Ax) -3
of 7HgAl FHPe=AE el Axolr)

Misalignment = " 3D
E{(h= B (h—h)} (5

101
Olog 1o ELKTh)

329 4% affine projection YTE)E & EEellA
AE ZAMA affine projection 72&g z47t A}
431514 7$-9 ERLEE v|z¥ 7oz 19 5&
Misalignment & ®|33F Zelrk Jemye & 4
U%o] GramSchmidtE o]l ZAMHNCZ affine
projection ¢ e]EE TR 74 affine projection
dueiEste] dgalels =4 < ok

=3, Ak e Al NLMS Ak (e
512)¢]] u)sle] P=4, P=8 21 79l Zkz} 27, 2wle]
ZoldAte ge® A su, A-8geie) 2o}
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