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This paper analyzes the properties of such algorithm that corresponds to the nonlinear adaptive

algorithm with additional update terms, parameterized by the scalar factors ai, a2, ay and presents

its structure. The analysis of convergence leads to eigenvalues of the transition matrix for the
mean weight vector. Regions in which the algorithm becomes stable are demonstrated. The time
constant is derived and the computational complexities of MLMS algorithms are compared with

those of the conventional LMS, sign, LFG, and QFG algorithms. The properties of convergence

in

the mean square are analyzed and the expressions of the mean square recursion and the excess

mean square error are derived. The necessary condition for the CFG algorithm to be stable

is

attained. In the computer simulation applied to the system identification the CFG algorithm has
the more computation complexities but the faster convergence speed than LMS, LFG and QFG

algorithms.
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HIDADEL1) = DAV EAD 1 Fa(1)

+[Da(1) EL1) = D1 Ea(1) JF A 1]
(4-15)

~D1) Eq(1) = Ds(1)

LMS ¢zl &d
71&9oH 7]

5ol 9 2(4-15)+= thést ol

hm](z)—u Z (4-16)

1 Zﬂlx

LFG ¢xelsd 4
FEATHG6.

490l 91 A{4-15)0] th&7 ol

. Y¥oom(lta)
=,V —aniTa B
1}5}](2) vy —2ph— o (4-17)
QFG €12 &

HFEETH

S0 ¢ 4(415) % thea o]

N
lin}](z) =214 A[1+artaraz—al—2aspA])/
z— i=1

thew ol P &

([ —ai—attajar—al+2(1+a)) pri— 4p222]
[1+at+aja;~ai—2a:pA]

+[1+a—ar—2udi]lar1+a) ar~ 2azuAi)
[1+a+ (a1 —a2)az—2uri]] (4-18)

2. BT XE0Me ol E

CFG &ite1 & s o842 o "M
=Edch 9 A zge] A vIsg B8 FE 22U
& A(4-12) 9] FHe] v el Eastv 5t
W oElth , obg Ao gade] el ol A8t
of of Fhrt,

Jo

¢

D, (2) = P(2)Q(2)
P(2) :fl H,(2)

2

N 2
) =1—4u* Y ——

Gy (4-19)

2(4-12)7F ¢+ 3k7] 918 =208 3] 98t
[12]=14] 7]1&=e] 2 Schur-Cohn HA& 24
H g B =R Ae 9 dAEE A8 oeAe
orm o} okyslr] Yiet WazpozA hmD (2)>0
o] g -dTh

2] (4-14) 02 HE 9 xRk 023 o] FHE,

1-9Q)

(4-20)
(1)

M.=

9] HollA CFG dael &9 LEFHE a), az, a3l
FeE) EE o2 ool Afol7] Wil Q
e oFel A4rh %) 2o ke, 222 D
(1)>00]7] W&o P(1)>05% AH&x ¢god <t
o} webd A (4-19) 27E FF s A R E7
A dazxe g gk

4p2ﬁzf{nd<1)ge(1)—ne(1) A0 =DADIEADED) +EFAD]]
[CADDADEAD = DADEAD ~DADIEAVF A + E(DF(1}]]
=CADDADELD + DAVEAD + DADELDFAD +ELDF,(D]]
=CIDANEAD + DAVELD D, D[ - ELDEAD + EADFAD])
—(‘,'(1){Dd(l)h}(l)-De(l)Ed(l)]F[(l)+{ DADEAD) ~DADEAD]
D+ (D (DE) —D1) Ef(1) ]F, ]]<?
(4-21)
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V. 2B SEImES

CFG ¢iglF& o83 Al2dl identification®]

BH ey}l s1g2ef mA o} it CFG e+ Al A
o) identification®] £ &3 i, o] 425 d(n) ¥} 9
HAE x(n)ol #A=

d(n) =G(2)x(n) +vin) (5-1)

o] #dh 241l A win)e& H7L ’éa‘%(additive
noise)olal x(m) ¥ A& A ¥AE 2] F, G
(z)&= vl A9 A 2= (unknown system) o]}, Lh;
o] 2xF Al 2¥e] wold ¥ (simulation)ol] AH&¥] 2l
=3

1-1.1z2"1'4+0.32*

(z) = - (52)
Gl =k s T .00z ?

2(5-2)0l M z=0,1, z=0.201 A —+¥& 7RI 2=
0.5, z=0.6914 d¥& »,-:,w 227k} ki Glz)x
(n)o] 9] &8 HAEE st 1 x(n)
A ZE v(n)S zhztel At ()0] al v:f?ol var(x) =
1, var(y) =0.000131 ¥4 7}-9-A]QF ehyl 4= (white
gaussian random sequence)o| 1t} Cruf] )w AT
A3t sl R& 318 kol 19) vhelsi# o] Hu}

v(n)
x(n) oo L dny | e(r)
-+ G(z) D Wy , .
- W(n)
CFG

Algorlthm

02 2. CFG &g &8 o] &3k A ¥ identification
Fig 2. System identification using the CFG algorithm
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Fig 3. MSE learning curves for the LMS and CFG with
= 0.4, %= 0.3, and z,= 0.2 (1)
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Fig 4. MSF learning curves for the LFG with x) — 0.4
and CFG with o =04, %= 0.3, and ;=02
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Fig 5. MSE learning curves for the LFG with » =1
and CFG with «==1, = —0.2, and ;== —0.2 (I11)
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Number of llerations

02l 6. =18 7MW LFG 2 o4, =1, aa= —0.068 7}l
CFGol thé MSE 3t <14 (IV)

Fig 6. MSE learning curves for the LFG with =1
and CFG with »; =1 and %= —0.06 (IV)
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Fig 7. MSE learning curves for the QFG with o, =00.4
and x,=0.3 and CFG with «;=0.4, 2=0.3,
and %,=0.2 (V)
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Fig 8. MSE learning curves for the QFG with «,=0.5
and 2,=0.5, and CFG with a;=0.5, &=20.5,
and ;= —0.1 (V1)
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19 3~ 1y 82 AlAH identification?] W o]4
ol A LMSY ae] , LFG 9rite] &, QFG el
& % CFG ¢ -AOH th gt 59k AbE Q. RF &by bl
(MSE learning curve) & ®of&th o] ~r e A3
& ARRSte] 20039 5§ Aldla HASte #
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a9 3 M= A o =04, 0, =0.3, o= 0.2
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d], CFG &uelZe £Eny) 214 4% 28
%} Aok 29 4ol M= A g 4 =0.4%] LFG
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CFG ¢uel&el & wst 948 dsl 4% ¢
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o] Eerd e B8 vehdid e v o
=0.2 a3= —0.25 718 CFG ¢are] 50 9y 8
E4e o b t19) 6ol Al §19) Bl =
A o}a}]OﬂH LFG 2Fare]) &(a, == 1) o] Lot g« e}
= A E CFG ¢l F(o=0, ay= —0.06)°] 7}
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