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XAY DUNG THUAT TOAN THiCH NGHI CHO CAC BQ LOC
PHI TUYEN KHONG BE QUY THEO PHUONG PHAP
BINH PHUONG NHO NHAT

NGUYEN THE HIEU

1. GIGI THIEU

Trong nhiéu hé thdng vé tuyén dién tir cé cac bd loc thich nghi tuyén tinh su dung thuit
todn thich nghi trén co s& phuong phap binh phuong nho nhat [1-6]. bé ti’mg tinh th tu clia cic
thanh phin binh phuong nho nhat ¢in sir dyng chi tiu t& hep t6i wu hoa cac hé sb cia bd loc
thich nghi tuyén tinh [7].

Khi tin hiéu & dang khong Gausse, cac thudt toan xir Iy thudong duoc trién khai trén co s&
cac bd loc phi tuyén. Bai toan téng hop cac hé sb cia bd loc sb khong dé quy phi tuyén theo chi
tiéu cAc sai sb trung binh binh phuong nho nhit dé loc tin higu khong Gaussian trén nén nhiéu
tap cong Gausse da duge xem xét trong [8] Khi giai bai toan ndy da sir dung théng tin tlen
nghiém duéi dang cac ham moment di blet cua tin higu va nhiéu tap. Trong diéu kién thuc té
théng tin tién nghiém nay thudmg khéng ton tai, t5t nhét nén sir dung do hdi ty cia cic hé sb loc
phi tuyén khong dé quy.

Muyc dich cia bai viét 1a thiét ké va khao sat thuét toan thich nghi cda cac hé 56 bd loc phi
tuyén khéng dé¢ quy trén co s& phuong phap binh phuong nho nhét.

2. NOI DUNG NGHIEN CUU

Xét bai toan ddng nhit loc md hinh phi tuyén theo Sy db thich nghi c6 hbi tiép [6] Bién dbi
phi tuyen trong bd loc thlch nghi phe’u dim bao tham sb thich nghi c6 gia tri nhod nhat, 4 linh
hoat cia tinh chét phi tuyén dugc trién khai dat gid trj cao nhit. Giai phap rit gon (theo quan
diém ch1 phi tinh toan) ciia bj log thich nghi la tach riéng phén nhéan qua phi tuyen va phan nhan
qua tuyen tinh. Néu thiét 15p sy bién ddi phi tuyén dudi dang da thirc, toan tir bién dbi phi tuyén
d6i v&i cac tac ddng vio-ra ¢ dang:
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trong d6 s, - tin hiéu ra; X, = [xk Xy o xk_L]- vector tin hiéu vao; A, = [a, ---aM]r,

W, = [Wo WL]T- céc vector hé sb trong hugng & phan tuyén tinh va phin phi tuyén twong
tmg ctia b loc thich nghi; chi s6 & biéu dién s8 thir tyr phép 13p ctia qua trinh thich nghi.



Khi trién khai cdc thudt todn thich nghi theo phuong phdp binh phuong nho nhét, phép lap
khi tinh todn vector céc hé sé phén tuyén tinh va phén phi tuyén cia bj loc thich nghi cé dang:
4) ., @)

ds "
A=A, -PVI=A,+2¥:s H,, 3)
trong d6: T = diag[y, 7, 7,], ¥ =diagly, v, - w,,] - ma trin tuong {mg clia cac tham s6

W, =W, -TV; =W, + s,

hdity; £, =d, —s, - Sai s8 thich nghi ciia bd loc theo tin hiéu; d, - Tin hi¢u ra cta bd loc mé
hinh.
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- Céc dai lugng vector x4c dinh gradient cia hé sé phin tuyén tinh va phén phi tuyén & bo
loc thich nghi;

L
o= v, =X,W, —[hl BE e M ] - Tin h#€u vd hudng va tin hi¢u vector cla
phén nhan qua tuyén tinh & b loc thich nghi;

F()=3"d i - Gid tri ham bién d3i phi tuyén ciia b loc thich nghi

i=0

Su khéc biét giira thudt toan thich nghi ¢ phin tuyén tinh trong bd lgc phi tuyén s0 v{i thugt
to4n binh phrong nhé nhét d3 biét [6] 12 tdn tai dao ham cia ham bién dbi phi tuyén tai diém
d—Q trong (4) &i véi gia tri gradient ham cang tic ctia phén tuyén tinh & bd loc thich nghi

&
%
phi tuyén khéng d& quy.

Phian tlch thudt todn trén cho thay, khoang hgi tu qua trmh thich nghl cia cia bd loc mb
hinh phi tuyén ting dqt bién so véi sy thich nghl ctia b loc tuyen tinh. D€ thu hep khoang hi ty
nén dua Ta mét tri s6 13 ngudng tuyén tinh, ¢6 tac dung han ché khoang glé tri tin hiéu dau ra tir
ph%m tuyén tinh cia bd loc thich nghi. Véi sai s6 cho trude ciia phép bién dbi phi tuyén, cdc
ngudng tuyen tinh d6 cé thé dugc thay thé bang b khuech dai tuyen tinh. Tuy theo théng tin
tién nghiém vé dang bién ddi phi tuyén, khuéch dai tuyen tinh ¢6 thé 1a hﬁng, cé thé 13 gia trj
thich nghi, nhung &u ti nh dugc trén co s gid tri ham bién don phl tuyén va gi tri ham thich
nghi. Néu tinh dén cic ngudng thich nghi cta tuyén tinh, so dd c4u tric thich nghi s& ¢6 dang
hinh 1.

Thuét toan 1am viéc cta bd tinh ngudng do tuyén tinh 13 x4c dlﬁh hai gia tri tin hiéu ‘dz‘iu ra
clia phan tuyen tinh, trong gidi han d6 (vdi sai s0 dinh trudc) cé thé thay phan phi tu ?ren bang b
khuéch dai tuyen tinh. Néu ham s5 phan phi tuyén 12 da thirc nhu biéu thirc (1), hé s6 khuéch dai

ctia bd khuéch dai tuyén tinh K,, =¢a,, con cic gid uj ngudng tuyép tiph ¢6 ihé nhin dugc tir
phin tich cdc hé sb thich nghi ctia phin phi tuyén a, (1 =122, M )m thuat to4n sau diy:




M

> ahl—ah,

=i

5> — P.=h, (6)

trong d6 8: muc sai 1éch cho phép ciia dic tuyén bd bién dbi phi tuyén va bd khuéch dai tuyén tinh
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Hinh 1. So @b chu tric thich nghi ¢6 bd tinh ngudng tuyén tinh

Cic thiét bj chuyén mach K1 va K2 1am viéc ddng bd véi nhau va chia truc ducmg cua cac
gid tri tin hiéu h, (k=0,1, 2,---) thanh dai [ ,P]va (—oo, PIU(P P, +oo). Néu gia trj tirc

thoi cia tin hidu thudc dai thir nhédt, tic #, € [P, P.], thiét bj chuyén mach s& dugc bét sang v
tri “1”, tin hiéu diéu khién dugc tach trén thudt toan thich nghi tuong tmg cic cdng thirc (2)-(5).
Néu h, E[ P, +] th#t bi chuyen mach duoc bt sang vi tri “2” va thuét todn thich nghi lam
viéc theo phuong phdp binh phuorng nhé nhét [6], tic 12 trong bidu thirc (4) V“’ =-2¢,X, . Khi

d6 tinh thich nghi cta cac hé s6 da thic phan phi tuyen & bé loc thich nghi ludén duge thuc hién,
tire 12 khéng phu thudc vao vi tri ciia thiét bj chuyén mach.

K&t qua nghién ciru cic qua trinh hdi tu cho bg loc md hinh véi bd b1en dbi phi tuyén dang
da thic bac ba tirc M = 3, khi By trung binh theo 100 trién khai dugc tng hop & hinh 2, trong

do p, =]0[g8k .
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Hinh 2. B& loc md hinh véi bd bién dbi phi tuyén dang da thitc bic ba
Cac dudmg cong trén hinh vé:
1: Thuét toan thich nghi khéng c6 ngudng tuyén tinh;

2: Thudt ton thich nghi ¢6 ngudng tuyén tinh thich nghi; 3: Thudt toan thich nghi véi nguéng tuyén tinh
hﬁng ) caolpt|=];

P,

4 : Thuét todn thich nghi v6i ngudng tuyén tinh hing sb thip =005

Phén tich cdc Kt qua trén cho thay, néu so sénh 6 hoi tu, thudt toan thich nghi khéng sir
dung ngudng tuyén tinh kém hon thudt toan thich nghi cé sir dung ngudng tuyén tinh. Thuit
todn thich nghi & dung ngudng tuyép tinh thich nghi ¢6 dang phirc tap hon so vdi thuit todn
thich nghi khi ngudng tuyén tinh la hing, nhung lai cho phép cé dugce dd hi ty cyc dai.

Tém lai, cac két qué thuc nghiém cho thdy khi tinh todn hé s6 cia bd loc phi tuyén khong
d¢ quy nén it dung thuat todn cé ngudng tuyén tinh thich nghi.

Dé minh hoa sur dung thudt toan thich nghi tuong img véi cac céng thirc (2) - (5) ta xét bai
todn Joc phi tuyén tin hiu phi Gausse trén nén nhifu tap cdng khéng Gausse. Gia sir X, (k)-
chudi khong Gausse dimg ngiu nhién véi gia tri trung binh bing khéng, tin xa bing mot va
ham tuong quan R,(r}. Nhifu tap x (k) - qu4 trinh ngiu nhién Gausse dimg, dbi ximg khéng
phu thudc x, (k) v6i phuong sai bing mot va ham tuong quan:

Ry(n)=R,(n). M
Tin hiéu d4u vao ciia bd loc thich nghi phi tuyén duge cho dudi dang:
x(k)=Cx,(k)+ Bx,(k); C*+B*=1. (8)

Téi uu hoé cic vecto hg s6 A va W ciia todn tir phi tuyén (1) duge thye hign tuong (img
v@i chi tidu sai s6 trung binh binh phuong nhd nhat:

27 = E{x, ()~ Flx(k), A, W] | min, ®

trong d6 E{ e } - ki vong toan hoc cia dai lugng ngiu nhién.



So db thich nghi t5i wu theo tiéu chudn (9) cta bd lge thich nghi phi tuyén duge vé & hinh
3, b3 khuéch dai tuyén tinh c6 hé s6 khuéch dai K, = C dugc dua ra dé bu tri tin hidu c6 ich
trén d4u ra ciia b loc tuyén tinh t8i uu theo chi tidu sai sb trung binh binh phuong nhoé nhit,
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Hinh 3. So d6 thich nghi t5i ru

Quan W gira sai sd trung binh binh phuong ?vz‘a hé sé trong quan cich doan chu ki
R(r)z M {xs (k) X, (k +1)} & so dd thich nghi d4 xét dugce thé hién trén hinh 4, trong 46 &7 -
sai s6 trung binh binh phuong trén dAu ra bd loc tuyén tinh tbi uvu khong thich nghi.
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Hinh 4. Quan hé giira sai s6 trung binh binh phuong el va hé sb twong quan cich doan chu ki



M01 quan hé trén cho thay, 50 véi b loc tuyén tinh tdi wu, vide sir dung b loc thich ngh1
phi tuyen cho phép gidm sai so trung binh binh phuong cia tin hiéu dAu ra. Néu ting cac moi
lién h¢ twong quan trong tin hiéu du vao hay giam (i 1& tin/nhidu, higu qua dat dugc trong dai
lugng sai s6 trung binh binh phuong cling ting. Nguyén nhan 12 khi thoi mian didu kién (7), (8),

b6 khuéch dai voi hé s6 khuéch dai theo cdng sudt K = C?chinh 1a bd loc tuyén tinh t6i wu. Thi
dy, khi ¢6 ti 1¢ tin/nhi€u cao trén diu vao, bd loc thich nghi phi tuyén suy bién thanh bg loc
tuyén tinh, con khi ti 1 tm/nhleu thap, céc tinh chat phi tuyén ctia bd loc thich nghi cang thé hién
15 hon, két qua 1am suy yéu thanh phin nhifu trong hdn hop thich nghi diu vao ca tin hidu va
nhiéu tap.

3. KET LUAN

Bai v1et trén diy da xfy dung thanh cong thudt todn cd hiéu qua tao thich nghi cho cac bd
lge phi tuyén khéng d¢ quy, da chimg minh kha néng vuot tréi cua loc phi tuyen cac nhiéu cdn
tin hiéu so v&i loc tuyén tinh t&i wu. Thust todn tinh hé s& céc bo loc phi tuyén khong dé quy dua
trén phuong phap bnh phuong nhd nhét két hop st dung phép tuyén tinh hoa thong qua cac
ngudng thich nghi cda sy tuyén tinh. Trong qua trinh nghién citu da chimg minh duoc vige sir
dung cdc ngudng thich nghi dam bao tuyén tinh trong thuit toan loc phi tuyén khéng dé quy cho
phép giam dang ké thai gian thich nghi so vai cdc thudt toan khong tinh dén tinh chét tuyén tinh
clia bd loc, nhat 14 khi tac dong d4u vao nho.
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SUMMARY

BUILDING AN ADAPTIVE ALGORITHM FOR NON-LINEAR NONRECURSIVE
FILTERS BY LEAST SQUARES METHOD



The algorithm of an evaluation of factors of nonrecursive filters, founded on the least
squares method, with application of linearization by means of adaptive thresholds of linearity is
offered, is demonstrated, the introdution that of adaptive thresholds of linearity in algorithm of
identification of the non-linear nonrecursive filter allows considerably to reduce time of adapting
as contrasted to by algorithms which are not taking into account linear properties of the filter at
small input action. In the end, the offered algorithm allows to receive better quality of a filtration
non- Gaussian signals on a background additive a noise of Gaussian as constrasted to by
optimum linear filters of the Wiener.

From results that proved in the article, an algorithm with capability of causing an adaptive
effect for nonrecursive filters was completely built. It showed a great capability of the non-
linear nonrecursive filter in comparison with the optimum linear filter in nearby - signal noise
elimination.
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