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LOI NOI PAU

Sbng trong thé gidi hién dai nhu ngdy nay, chung ta tiép xtc voi rat
nhiéu loai tin hiéu va dudi nhiéu dang khac nhau. C6 cac tin hiéu rat can thiét
nhu 4m thanh, hinh anh hay céc tin hi€u gidi tri nhu &m nhac .v.v. Bén canh
cling luén tdn tai cac tin hiéu kho chiu hodc khong can thiét trong hoan canh
riéng nao d6, ma ta goi d6 1a nhidu. Xir 1y tin hiéu 14 trich 1y, ting cudng, luu
trit va truyén thong tin c6 ich ma con nguoi can quan tam trong vo van thong
tin ¢6 ich ciing nhu vo ich dong thoi phai loai bo nhidu, dé tir 6 c6 duoc
thong tin ma khong mat di tinh trung thuc cta théng tin gdc. Trong cac hudng
di va cac cach giai quyét khac nhau cho van dé néu trén, thi linh vuc xir 1y tin
hiéu s6( DSP) mdi ngay cang phat trién manh mé va viing vang. Trong d6
khong thé khong nhéc t6i vai trd cua cac bod loc, nhét 1a cac bd loc nhidu.
Trong dd an nay, em thyuc hién nghién ctru vé bo loc thich nghi, mét loai loc
nhiéu duoc ung dung trong rat nhiéu hé théng thuc té. Day 1a loai bd loc co

thuat toan thay doi dé thich Gmg duoc véi tin hiéu vao. P6 4n gdm 3 chuong:
Chuong 1: Gi6i thiéu vé bo loc s6.
Chuong 2: No1 dung nghién ctru bd loc thich nghi.
Chuong 3: M6 phong img dung bo loc thich nghi.

Em xin cam on thay Nguyén Vin Duong, giang vién huéng dan, di rat
nhiét tinh chi bao dé em hoan thanh dé tai nghién ctru nay, cling nhu cac thay

cd khac trong bd mon da tao di€u kién cho em trong suot thoi gian lam deé tai.

Hai Phong, ngay 12 thang 07 nam 2010
Sinh vién
Ninh
Phan Thuy Ninh
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Chuong 1. ’
BO LOC SO

B0 loc s6 1a hé thong tuyén tinh bat bién theo thoi gian. Thong sé vao va
ra ctia hé théng quan hé véi nhau bang tong chap

Y (Z2)=H(2).X(2) (1.1.1)

Chuyén d6i mién Z cua dap ung xung don vi H(Z) duoc goi 1a ham hé
théng. Bién d6i Fourier cta dap tmg xung don vi H(ej(”) la mot ham phtrc cia

®, biéu dién theo phan thyc va phan o 1a

H(e")=Hr(e!*)+jHi(e) (1.1.2)
Hoic biéu dién dudi dang géc pha:
H & —|H & [ "] (1.1.3)

Mot hé théng tuyén tinh bat bién nhan qua la dang c6 h(n)=0 vdi n<0.
Mot hé théng 6n dinh 1a dang voi tat ca cac thong s6 dua vao hiru han s& c6
thong s6 ra hiru han.

Piéu kién can va da cho mot hé thong tuyén tinh bét bién on dinh 1a:
Shal<ow (1.1.4)

Thém vao do, tat ca cac hé thong tuyén tinh bat bién c6 cac thong s6 vao

va ra nhu cac b loc thoa man phuong trinh sai phan c6 dang:

_ N M -
ym —>ayn-k =>bxn-r_ (1.1.5)
k=1 r=0
Chuyén doi sang mién Z ca hai vé ctia phuong trinh ta duoc:
M
- >bZ"
HZ = ; i:: =0 (1.1.6)
- 1->az"
k=1

So sanh hai phuong trinh trén, tir phuong trinh sai phan (1.1.3) ta c6 thé
dat duoc H(Z) truc tiép bang cach dong nhét cac hé sd cua phan tir vao tré
trong (1.1.5) v6i cac luy thira twong tng Z ™.

Ham hé théng H(Z) 1a mot ham hiru ti ciia Z™. N6 ¢6 thé dugc biéu dién
bang dang diém cuc va diém khong trong mit phang Z. Nhu vay H(Z) c6 thé

viét dang:
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A[¥-cz*

HE =—= -
[[%dz™
k=1

Nhu chung ta da xét trong mién Z, hé théng nhan qua s€ co mién hdi tu

(1.1.7)

dang |Z| <R,. Néu hé thdng ciing 1a 6n dinh thi R; phai nho hon gia tri don vi,
do d6 mién hoi tu bao gém 13 vong tron don vi. Nhu vy trong hé thdng bat
bién, nhan qua thi tit ca cac diém cuc ctia H(Z) phai nam trong vong tron don
vi. Dé thuén tién, ta phan thanh cac 16p hé thdng, nhimg 16p ndy bao gém hé
théng dap ung xung hitu han (Finit duration Impulse Response FIR), va hé
théng dap ung xung vo han (Infinit duration Impulse Response_IIR).

1.1. H¢ thong FIR

Phuong trinh sai phan s¢ la:

_— M -
yn =>bxn-r_ (1.1.8)
r=0
chung ta thiy rang:
- [b 0<n<M
L (1.1.9)
= |0 vdicdacnconlai

Hé thong FIR c¢6 rat nhiéu thudc tinh quan trong, trude tién chlng ta chi
y rang H(Z) chi c6 diém khong 13 mot da thirc ctia Z™ va tit ca cac diém cuc
ciia H(Z) déu bang khéng, tic 1a H(Z) chi c6 diém khong. Thém nira, hé
thong FIR c6 thé ¢ chinh x4c pha tuyén tinh. Néu h(n) x4c dinh theo cong

thirc sau
ha =thM-n_ (1.1.10)
thi H(e") c6 dang
H " = AQ g lo%2 (1.1.12)

H(e") chi ¢o phan thuc hodc phan 4o tuy thudc vao phuong trinh
(1.1.10) lay déu (+) hay dau (-).

Dang pha tuyén tinh chinh x4ac thuong rat hitu ich trong cac tng dung xir
Iy 4m thanh, khi ma x4c dinh thir ty thoi gian 1a can thiét. Cac thudc tinh nay
ctia bo loc FIR ciing ¢ thé don gian hoa van dé x4p xi, n6 chi xét dén khi dap
g do 16n can thiét. Khoang sai s6 ma dugc bu dé thiét ké cac bo loc véi dap

mg xung pha tuyén tinh chinh x4c 12 phan ma mot khoang thoi gian ton tai
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dap tmg xung phu hop duogc yéu cau dé xap xi phan nhon bo loc bi cit di.

Dua trén nhitng thudc tinh chung véi bo loc FIR pha tuyén tinh, nguoi ta
d3 phat trién ba phuong phép thiét ké xap xi. Nhimg phuong phap nay la:

- Thiét ké ctra sd

- Thiét ké mau tan sd

- Thiét ké t6i uu

Chi c6 phuong phap dau tién 1a phuong phap phan tich, thiét ké khoi
khép kin tao boi cac phuong trinh cé thé gidi dé nhan duoc cac hé sb bo loc.
Phuong phép tht hai va phuong phap thir ba 1a phuong phap t6i wu hoa, no sir
dung phuong phap lap lién tiép dé duoc thiét ké bo loc

x(n) x(n-1) x(n-2) x(n-M-1) x(n-M)
7! 7! 71

Hinh 1.1. Mang s6 cho hé thong FIR
Bo loc s6 thuong dugc biéu dién dang biéu dd khdi, nhu hinh (1.1) ta
biéu dién phuong trinh sai phan (1.1.8). So d6 nhu vay thuong dugc goi 1a
mot cu trac bd loc sb. Trén so dd, biéu dién cac toan tir yéu cau tinh gid tri
mdi day ra tir gia tri cua diy dua vao. Nhitng phan tir co ban cua so do biéu
dién y nghia phép cong, nhan céc gia tri cia diy vdi hang sb (cac hang sd trén
nhanh ham ¥ phép nhan), va chtra cac gia trj trude ctia diy vao. Vi vdy biéu
d6 khdi dua ra chi dan 16 rang vé tinh phiic tap ctia hé thng.
1.2. Hé thong IR
Néu ham hé thong ctia phuong trinh (1.1.7) ¢6 cac diém cyc ciing nhu

diém khong, thi phuong trinh sai phan (1.1.5) c6 thé viét:
_ N Y )
yn =>ayn-k +>bxa-r (1.1.12)
k=1 r=0
Phuong trinh nay 13 cong thtrc truy hoi, nd ¢ thé duge st dung dé tinh
gia tri ctia ddy ra tir cac gia trj truéc d6 cia thong sb ra va gia tri hién tai,
truée d6 cua diy dau vao. Néu M<N trong phuong trinh (1.1.7), thi H(Z) c6

thé bién doi vé dang:
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-
HZ = X 1.1.13
“Eiaz A

Cho hé théng nhan qua, ta d& dang biéu dién
N

ha =>Ad "un (1.1.14)
k=1

Ta c6 thé thay rang ddy h(n) c6 chiéu dai vo han. Tuy nhién, vi cong
thire truy hoi (1.1.12) thudng dung dé thuc hién bo loc IIR, né st dung it phép
tinh hon 1a d6i véi bd loc FIR. Piéu nay dac bi¢t dung cho cac bd loc lua
chon tan sb cit nhon.

C6 nhiéu phuong phap thiét ké sin c6 cho bo loc IIR. Nhitng phuong
phép thiét cho bd loc lya chon tan sd (thong thap, thong dai, ...) mdt cach
chung nhét 13 dua trén nhiing bién doi cta thiét ké tuong tu.

- Cac thiét ké Butterword

- Cac thiét ké Bessel

- Céc thiét ké Chebyshev

- Cac thiét ké Elliptic

Tat ca nhitng phuong phéap trén dung phép phan tich tu nhién va duoc
tmg dung rong rai dé thiét ké cac bo loc IIR. Thém vao d6 cac phuong phap
t61 uu hoa IIR di dugc phat trién cho thiét ké xap xi liét ké, diéu nay khong d&
thich nghi v6i mot trong cac phuong phap xap xi trén.

Su khac nhau chinh giita FIR va IIR 1a IIR khong thé thiét ké dé co pha
tuyén tinh chinh xac, khi ma FIR c6 nhitng thudc tinh nay, con b loc IIR hi¢u
qua hon trong thyc hién loc cat nhon hon 1a FIR.

Mang bao ham phuong trinh (1.1.12) duoc biéu dién trong hinh 1.2a cho
truong hop N=M=3, n6 thuong duogc goi la dang biéu dién truc tiép.

Dac biét bo phuong trinh sau thuong duogc st dung:

Wﬂ::ZN:akWﬂ—k}-X n

. ';;1 ) (1.1.15)
ya =>bwa-r_
r=0

Bo phuong trinh nay c6 thé biéu dién nhu trong hinh 1.2b, véi bd nhé dé
luu gilr duoc yéu cau va chira cac gia tri day tré.
Phuong trinh (1.1.7) chi ra rang H(Z) ¢6 thé biéu dién nhu mot tich cac
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diém cuc. Nhitng diém cuc va diém khong nay 1a cac cip lién hiép phiec, vi
cac hé s a, va by 1a thue.

Bang nhitng nhém lién hiép phirc diém cuc va diém khong trong cip lién
hop phirc, n6 ciing c6 thé biéu dién H(Z) nhu tich ciia cac ham hé thong co
ban cap hai dang:

—~ Kl1+b,Z*+b,Z7?
HE =A 1k 2 1.1.16
- ]l:1[|:1_alkzl_a2kzz:| ( )

K 14 phan nguyén cta (N+1)/2. Hé thdng cap hai nay duogc biéu dién nhu
trong hinh 1.3a cho truong hop N=M=4.

W b @ y(n)

(@)
x(n) . M b y)
Z- 1
q, b,
+ +
Z—l
a, b,
(b) + +
Z—l
+ % L +

Hinh 1.2. (a) Cau tric dang truec tiép;
(b) Céu tric dang truec tiép tdi gian
Tiép tuc, mot cip do cao hon duoc xét dén. Bang cach két hop nhiing

phan lién quan dén cuc lién hop phic, H(Z) c6 thé viét dang:

15



— K -1
Hg =) Cotol (1.1.17)
T ial-a, 2 A, 72

Diéu nay goi y mot dang so dd song song biéu dién nhu hinh 1.3b cho N=4.

X(n) @ by, o~ D bao @ y(n)
Z! Z!
a by, 3 b,,
+ +
Z! Z!
ap | b, ) | b,,
+ + + +
()
Cio
o
Cn T
x(m) y(n)
— —55
(b) -
()
Cai

Hinh 1.3. (a) Dang ting;
(b) Dang song song
Trong nhiing tmg dung loc tuyén tinh, dang song song dua ra nhiing dic
tinh cao hon vé phuong dién lam tron giam tiéng On, cac sai sb hé sd, va tinh

on dinh.
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Chuong 2.
BQ LOC THiCH NGHI

2.1. B loc FIR thich nghi dang truc tiép
Tir chuan binh phuong tdi thiéu dua téi khudén mau chung thiét 1ap cong

thirc tuyén tinh cho hé sb bo loc.
M-1

Z W, (l—k) =71, (1+D), 1=012 ... M—1
k=0

(2.1.1)

Day tu twong quan T7.,.(l) va twong quan chéo 7, (l) nhan duoc tur dir
ligu, do d6 chung md ta nhitng udc luong cua day tuong quan va ty tuong
quan thyuc. H¢ s6 h(k) & (2.1.1) cling la nhitng u6c lugng cua hé s6 thuc. Do
chinh xéc cua cac udc luong phu thude vao do dai cua ban ghi dir liéu, do la
1 véin dé can can nhic trong hé théng xu li cua bo loc.

Véan d& thir 2 cAn quan tdm d6 13 qua trinh ngdu nhién co ban x(n)
thuong xuyén khong 6n dinh. Vi du, trong bd hiéu chinh kénh, cac thong o
dic trung cho tan s co thé bién d6i theo thoi gian. Nhu 1 hé qua, cac diy
trong quan va tu tuong quan thong ké, va cac udc lugng cta ching thay doi
theo thoi gian. Piéu nay lam cho hé sd ctia bd loc thich nghi ciing phai thay
d6i theo thoi gian dé phan anh duoc cac thong sd thay ddi theo thoi gian cia
tin hiéu & dau vao bd loc. Piéu nay ciing kéo theo chat lugng cua ude lugng
khong thé ting bang cach don gian 13 ting sé mau tin hiéu dugc sir dung trong
udc lugng cac day tuong quan va ty tuong quan.

C6 nhiéu cach dé hé sb ctia bo loc c¢6 thé bién doi theo thoi gian cung voi
cac thong sé thong ké theo thoi gian cua tin hiéu. Phuong phap phd bién nhit
1a dua vao bo loc dua trén cic mau lién tiép mot cach dé quy mdi khi nhan
duoc mot mau tin hiéu. Cach tha 2 13 uéc luong 7., (1) va 74, (1) trén co so
cac khdi lién tiép, va khong duy tri sy lién tuc cua céac gia tri cua hé s6 bo loc
tr mot khéi dir lidu t6i mot khoi khac. Kich thude khdi phai twong ddi nho,

chiém mot khoang thoi gian ngan khi so sanh véi khodng thoi gian ma céc
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dic trung thong ké cua dir liéu thay d6i mot cach dang ké.

Khi nghién ctru vé cac thuét toan cta bd loc thich nghi, ta chi chu y téi
cac thuat toan dé quy thoi gian ma né cap nhat hé sd dya trén cic miu lién
tiép. Trong thuc té ta xét téi hai dang thuat toan: thuat toan LMS (Least
Mean Squares), 1a thuat toan dua trén kiéu gradient hudng theo su thay ddi
theo thoi gian ctua cac thong s6 dic trung cuda tin hi€u, va loai that todn binh
phuong tdi thiéu dé quy, 1a thuat toan phirc tap hon so véi LMS.

2.1.1. Tiéu chuén 16i trung binh binh phwong tdi thiéu (MMES)

Thuat toan LMS duoc xac dinh dé dang nhat béng cach lap cong thirc tdi
wu tinh hé s ctia bod loc FIR nhu mot sy ude luong dua trén vige ti thiéu hoa
16i binh phuong trung binh.

Ta gia str co ddy dit lidu x(n) 1a cac mau tir viéc xur 1i ngau nhién day tu
tuong quan

V(M) = E[x(n)x*(n — m)] (2.1.2)

Tt nhitng miu nay ta wdc luong diy d(n) bang cach dua x(n) qua bd loc

FIR vo1 hé s6 bdloch(n), 0 =n=M -1 DAu ra cua bo loc 1a
M-1

dn) = Z h(k)x(n— k)

(2.1.3)
Vé6i d(n) 1a wdc lugng cua d(n) vé6i 181 woc lugng 1a
e(n) =d(n) —d(n)
M-1
—d(n) — Z h(k)x(n — k)
k=0
(2.1.4)

Ldi trung binh phuwong nhu 1a mot ham cua hé s6 b loc

J(hyy) = Elle(m)?]]
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-
&

M-1

_ Ellae) - Z h()x(n — k)

M-1

_E $|a’(n)|2 _ 2Re [Z h*(Dd M) (n= 1)

+ Z Z W (DR (n— Dac(n — m}

k=0 I=0
M—1 M—-1 M

= g%, — 2Re [Z h* Dy, (D] + Z Z R (Dh (), (1 — k)
=0 k=0 k=0

(2.1.5)

Véi 0%, = E[|d(n)?|] va hy 13 vector hé sb.
Ry 1alién hop cua iy,
h'y 13 chuyén vi ctia hy,
Ta théy réng MSE 1a ham bac 2 cua hé sb bo loc. Do d6 gia tri nho nhat

ctia J () dan t6i viée thiét 1ap biéu thic tuyén tinh M

Z h(E) y,, (1= k) =y, (D 1= 0,1, e, M — 1

(2.1.6)

Bo loc ¢6 hé sd nhan duoc tir (2.1.6) (2.1.6 1a cong thirc Wiener-Hopf)
dugc goi 1a bg loc Wiener.

Khi so sanh (2.1.6) va (2.1.1) ta thiy rang chtng cung dang. O (2.1.1) ta
dung sy udc luong vé tu twong quan va tuong quan chéo dé xac dinh hé sb
bd loc, trong khi ¢ (2.1.6) nguoi ta dung day ty tuong quan va tuong quan
chéo thdng ké duoc, vi thé (2.1.6) cung cap hé sb bo loc t6i uu trong hudng
MSE, trong khi (2.1.1) dua ra sy udc luong vé hé so tbi wu.

Biéu thtic (2.1.6) & dang ma trdn nhu sau :

Ighae = Va (2.1.7)

V6i Ty 1a ma tran Toeplizt (= M X M) véi thanh phan I = ... (I — k)
vd y; bang M X1 vetor twong quan chéo v6i thanh phan
Yar (D,1—=0,1,......M — 1. Vata c6 hé s6 bo loc tdi wu 1a
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ot = T Va (2.1.8)

M-1

Ln:’]: =JI(hopt) = Jza‘ - Z hopt(k)«};hdx(k) = Uza‘ _F}ff j_.:‘uf_ll’rd
k=0

(2.1.9)

Vé6i H 1a chuyén vi lién hop.

Viéc thiét 1ap biéu thirc tuyén tinh (2.1.6) ciing c6 thé thyc hién bing
cach dua ra nguyén li tryc giao trong viéc udc luong trung binh binh phuong.
Theo nguyén li ndy, 16i udc lugng trung binh binh phuong duoc téi thiéu hoa
khi e(n) tryc giao v6i ude luong d (1)

Ele(m)d"(m)] =0

(2.1.10)
E Z h(k)e(n)x (n — ;‘:)] _ Z h(O)E[e(n) e (n— k)] = 0
Hoé; tuong duong voi .
Ele(n)x(n—0D]=10 =01, , M—1

(2.1.11)

Néu ta thay thé e(n) trong (2.1.11) bang e(n) trong (2.1.4) va sir dung
phép toan trung binh ta nhan dugc biéu thirc nhu (2.1.6).

Do d(n) 1a truc giao vdi e(n), 161 binh phwong trung binh nhé nhit 1a
M-1

Jin = E[e@ (0] = EUAP] = ) hope ()7, (0

(2.1.12)
Hé s6 bo loc toi wu nhu ¢ (2.1.8) c6 thé dugc thyc hién mot cach hiéu
qua khi dung thuat toan Levinson-Durbin. Tuy nhién ta can cha ¥ toi viéc
dung phuong phép gradient, viéc do dan ti thuat toan LMS cho bé loc.
2.1.2. Thuat toan Widrow LMS
C6 nhiéu phuong phap dé thiét lap biéu thic tuyén tinh (2.1.6) hay
(2.1.7) cho hé sb bo loc toi uu. O day ta xét t6i phuong phap dé quy, né cho
phép tim cuc tiéu cia mot ham nhiéu bién, MSE 1a mot ham bac 2 cua hé sb

bo loc, do vay ham nay c6 duy nhat mot gia tri cuc ti€u va chiing ta s€ xac
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dinh né bang cach lip nhiéu lan.

Ta gia thiét ma tran tu tuong quan [, va vector tuong quan chéo y; da
biét trudce, do d6 J(h,,) 12 ham da biét cia hé s6 h(n), 0 =n =M — 1. Céc
thut toan dé tinh toan mot cach dé quy hé s6 bo loc va tim cuc tiéu cua
J(hy) c6 dang:

hym+1) = hy(n)+1A(n)S(n), n=0,1,......
(2.1.13)

Vi hyy (1) 14 vector ciia hé sb b loc tai budc 1ap thi n

A(n) 1a do 16n budc nhay tai bude lip thir n
S(n) 1a vector huéng cho budc lap thir n
gié tri ban dau 1, (0) duoc chon tiy y.
Phuong phap don gian nhat dé tim cuc tiéu ctia J(h,;) mot cach dé quy

1a dyra vao viée tim theo su ha thap ctia duong ddc, & phuong phap nay vector

S(n) = —g(n), voi g(n) 1a vector gradient tai budc nhay thir n.
dJ( hy(n)
g(n) = ﬁ
iy ()
== Z[thy(?’l)—’}f ’ -n=0,lj........

(2.1.14)
Do d6 ta sé& tinh vector gradient cho mdi buéc nhay va thay do6i gia tri
cua Ny (n) theo gradient chiéu nguoc, va ta c6 thuat toan d¢ quy dua trén
phuong phap tim theo sy ha thap cia duong doc la:
Ry + 1) = hy(n) — 1A(n) g(n)
(2.1.15)
Tuong duong voi
hym+1) = [I— Ayl hy(n) + Ay,
(2.1.16)
Ta khong chimg minh thuat toan dan t6i viéc hy(n) ho tu t6i h,,, khi
n — oo, diy d6 10n budc nhay A(n) hoan toan kha tong va A(n) — 0 khin — oo,
Mot sb thuat toan khac cho ta sy hoi tu nhanh hon nhu thuat toan lién
hop gradient va thuat toan Fletcher-Powel. Trong thuat toan lién hop gradient:
S)=pn—-1)Sn—-1) —gn)
(2.1.17)
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Véi f(n) 1a ham vo hudng cua vector gradient
Trong thuat toan Fletcher-Powel:
Stm) =—-H(gn)
(2.1.18)

Vé6i H(n) 1a ma tran duwong M X M va no hdi tu ngugc voi .

RO rang 3 thudt toan c6 cach xac dinh hudng vector khac nhau.

Ba thuét toan trén 1a thich hop khi Iy va y; da biét, tuy nhién d6 khong
phai 1a truong hop trong cac ing dung ciia bd loc thich nghi. Khi khong biét
Iy VA ¥4 ta co thé thay thé S(n) ude luong cho S(1) thuc té.

Pau tién, chu ¥ rang vecter gradient ¢ (2.1.14) ciing c¢6 thé dugc thé hién
& diéu kién tryc giao nhu trong (2.1.10), thyc té (2.1.10) tvong duong véi:

Ele(m)Xy(n) = yq — [yhy(n)

(2.1.19)

Véi X,;(n) 1a vector véi cac thanh phan x(n— 13,1 =0,1,........,M — 1.
Do vay vector gradient la

g(n) = —2E[e(n)X;;(n)

(2.1.20)
Tir (2.1.20) ta c6 wéc lugng kha chinh xac vé vector gradient
g'(n) = —2e(n)X; (n)

(2.1.21)

Véie(n) = d(n) — d(n) va X, (n) 1a bo mau tin hiéu M trong bd loc &
budce 1ap thir n, khi thay g(1) cho g(n) ta c6 thuat toan

h;‘bf{n +1)= h;‘bf{n:' + ﬂ(“)ﬂ“)/ﬁf(“)
(2.1.22)

Va né goi 1a thuat toan ha bac gradient ngau nhién, thuat toan nay duoc
ap dung phd bién trong cac bo loc thich nghi dé sir dung thuat toan do 1on
budc c¢b dinh vi hai 1i do. Mot 1a thuat toan do 16n bude c¢b dinh duoc thuc
hién d& dang véi ca phan cimg va phan mém. Thir hai, mot bude nhay di 4n
dinh kich thuéc thi thich ung v6i dong tin hiéu thay doi theo thoi gian, trong
khi néu A(n) = 0 khi n — o, viéc thich nghi véi su thay doi cua tin hiéu
khong thé xay ra. Vi nhing 1i do d6 (2.1.22) c¢6 thé duoc viét

hy(n+ 1) = hy(n) + Ae(n) X (n)

(2.1.23)
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Véi A 1a kich thuéce bude nhay da duge an dinh.

Thuét toan nay dugc dua ra dau tién boi Windrow va Hoft (1960), gid
day n6 duoc biét dén rong rdi voi cai tén thuat toan LMS (Least Mean
Square). Rd rang, no 13 thuat toan gradient ngau nhién.

Thuat toan LMS 1a thuat toan sir dung dé dang, vi thé né duoc dung rong
rdi trong nhiéu ung dung cta bo loc thich nghi. Cac thudc tinh va gidi han cua
né dugc nghién ciru ki ludng. Trong phan dudi ddy, ta s& dua ra ban tom tit
vé céac thudc tinh quan trong cua no lién quan téi sy hoi tu, do on dinh va
nhiéu do viéc udc luong vector gradient. Sau d6 ta s& so sanh thudc tinh cua
n6 véi cac thuat toan binh phuong téi thiéu dé quy phuc tap hon.

Nhiéu bién dang cua thuat toan LMS co ban dugce dat ra trén 1i thuyét va
dugc thuc hién trong mot vai irng dung cua bd loc, mét trong s6 do 1a: néu ta
liy trung binh cac vector gradient qua nhiéu lan lip dé diéu chinh hé s6 bo

loc, vi du trung binh K vector gradient la

H-1
g' (nK) = _?2 Z e(nK + kK)X;;(nK + k)
k=0
(2.1.24)
Va theo cong thue dé quy, viéc thiét 1ap h¢ s6 bo loc & mdi bude lap K 1a
hy((n+ 1K) = hy(nK) —'Ag' (nK)
(2.1.25)
Viéc ldy trung binh nhu ¢ (2.1.24) giam nhiéu trong viéc udc luong
vector gradient.
Mot cach khac 13 dit mot bo loc thong thap va dung dau ra ctia nd dé
udc lugng vector gradient. Vi du, mot bd loc thong thap don gian cung cap
vector gradient & dau ra
S'm)=pS'"n-1)—g'(n), S(0)=—g(0)
(2.1.26)
V6i 0 = B = 1 x4c dinh dai thong ciia bo loc thong thap. Khi f tién téi
1, dai thong bd loc nhod va viée léy trung binh dugc thuc hién trén rat nhiéu
vector gradient. Mat khac, khi 5 nho bd loc c6 dai thong 16n va do d6 it
vector gradient dugc ldy trung binh hon. Véi g'(n) & (2.1.26) ta nhan duogc

mot phién ban mdi cua thuat toan LMS
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hy(m+1) = h,(n) + 'AS'(n)
(2.1.27)

2.1.3. Thudc tinh cta thuét toan LMS

Trén thyc té ta tap trung vao thudc tinh ho ty, tinh on dinh va viéc xt li
nhidu phat sinh khi thay thé vector gradient nhiéu cho vector gradient thuc.
Viéc udc lugng nhiéu ciia vector gradient 1am cho hé s6 bo loc dao dong ngau
nhién, va do d6 viéc giai thich thudc tinh ctia thuat toan dugc thuc hién bﬁng
cach thong keé.

Tinh hoi tu va on dinh cua thuét toan LMS duoc nghién ciru bﬁng Viéc

xéac dinh cach ma gia tri trung binh cua hy, (1) hoi tu t61 hé s6 toi vu h

ha(n + 1) = hy(n) + AE[e(n) X3 (n)]
= hy(n) + ﬂ[l’d — Iyhy (H)]
= (I = AT, ) hy(n) + Ay,
(2.1.28)

V6i hy(n) = E[hy,(n)] va | 1a ma tran dong nhit.

Heé thirc dé quy (2.1.28) duoc thé hién boi hé théng diéu khién vong kin
nhu & hinh 2.1. Téc do hoi tu va tinh 6n dinh cta hé thong nay duoc diéu
khién bing cach chon kich c¢& budc nhay A. Dé xac dinh trang thai hoi tu
thuan tién nhat 1a tach roi M phuong trinh sai phan dong thoi cho ¢ (2.1.28)
bang cach st dung phuong phéap bién doi tuyén tinh vector hé sb trung binh
h, (). Khi chi ¥ t6i ma trin tu trong quan [y, ta c6 bién ddi twong tmg

I, = UAU®

(2.1.29)

Véi U 1a ma tran chuan hoa ca I, va A 13 dudng chéo cua ma tran véi
céc thanh phan 2,0 = k = M — 1, bang v&i gia tri riéng cta Iy

Thay (2.1.29) vao (2.1.28) ta co

h(n+1)= (I— AR (n) + Ay?

(2.1.30)

Vé6i hi(n) = U hy(n) va v = Uy,
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v

Filter hy(n+1
Va —g(n) A u(nm D
o) J H) = ——
P
o h () _
hy (1)
r:‘-_f < z™ <

Hinh 2.1 Hé thong diéu khién kin

Tinh hoi tu va 6n dinh duoc xac dinh tir cong thurc déng nhét
E.-Ef{n +1)=0U- M}ﬁ%(n)

Taco

h°(k,

n) =C(1— A u(n),  k=072,....]

Véi C 13 hing sb tuy ¥

u(n) 1a day budc nhay don vi

RO ra

ng h°(k,n) hoi tu téi 0 khi

1—AA <1
Tuong duong voi

0 < A< — k=01 ... M—1

Tdc dd hoi tu cuc dai khi A= lf;ik.

(2.1.31)

(2.1.32)

(2.1.33)

Piéu kién ¢ (2.1.33) cho sy hoi tu ciia phuong trinh sai phan dong nhat

d6i vai hé s6 bo loc thit k (m6 hinh tht k cta hé thong kin) phai théa méan cho

moi k=0, 1, ..., M-1. Do vay dai gia tri cia A dam bao su hdi tu ctia vector hé

s6 trong thuat toan LMS 13

0 < A<

2

a

A

max

V&i Apg, 1a gia tri riéng 16n nhat cta [y,
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Do I}, 1a mOt ma tran tu twong quan, gia tri riéng cua n6 khong am. Do

vay can trén cia 4,4, la
M-1

A < Z Aptrace I, = My,,.(0)
k=0
(2.1.35)

Vi ¥, (0) 12 ngudn tin hiéu dau vao, nd dé dang duoc uée luong tir tin
hiéu nhin dugc, do vy cén trén cua A la 2/ My, (0).

LMS hoi tu nhanh khi |1 — A4, | nhé. Tuy nhién, ta khong thé c6 diéu
kién nhu mong mudn va van théa man cin trén khi c6 mot khoang cach 16n
gilra gia tri riéng 16n nhat va nhoé nhét cta I;,. Noi cach khac, néu ta chon A
bang 1/ 4,4, toc 0 hoi tu ciia LMS s& dugc xac dinh boi su suy giam cia
mo hinh twong tGng téi gia tri nho nhat 4,,;,,. O mo hinh nay, thay A= 1/4,.,
vao cong thic (2.1.32) ta co

5 n
Mg ia
: Min ) M(n)

max

Tiso j‘-m:'n/j'-max glél han toc d6 hél tll, néu i]n:’]:/”"ﬂ-mﬂx nho ({{ 1) su

RS (kn) = € (1 _

hoi ty s& cham va nguogc lai khi 2,50/ Apax — 1.

Mot dac tinh quan trong nita cia LMS la nhiéu do viéc st dung udc
luong cua vector gradient. Nhiéu nay lam cho hé s6 bo loc dao dong ngau
nhién quanh gié tri toi wu va diéu d6 1am tang gia tri cyc tiéu cia MSE ¢ dau
ra ctia bo loc. Do d6 tong MSE 13 [, + Ju vOi ] 12 161 binh phuong trung
binh du.

Téng MSE & dau ra bd loc ¢6 thé duoc viét nhu sau:

J(r3t () = Jomen + (e () = R ) Tag (Rag () = )

(2.1.36)

V6i h,yp, 18 hé 56 t6i uu clia bd loc duge xac dinh bai (2.1.8)

] (h A {n)) duoc goi 1a dwong cong tiép thu

Khi thay Iy nhu & (6.2.29) va bién d6i truc giao tuyén tinh ta co
M-1

f(hw(?’l)} =jm:'1: + Z AH: |h'3'(j\:n) - hgpt(kjf

k=0

(2.1.37)
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V6i h? (k,n) — hd,.(k) duge coi 12 15i trong hé sb bg loc thi k (trong hé

thdng sap xép truc giao). Va 15i binh phuong trung binh du 1a
M-1

Jo= ) Al Gem) — he (0]
k=0
(2.1.38)
Ta gia sir gi4 trj trung binh ctia hé s6 bd loc h, (1) ho tu t6i gia tri t6i wu
cianola h,,,. Va phan Ae(n)X;;(n) trong (2.1.23) 1a vector nhiéu trung
binh khong. Hi¢p phuong sai ctia no 1a
cov[Ae(M)X;;(n)] = A E[|e(n)|* Xy (M) X57 ()
(2.1.39)
Ta gia st |e(n)|? khéng lién quan t6i vector tin hiéu, du gia thiét nay
khong chit ché lim nhung né rat ngan dan dit va cho két qua day du. Va
cov[Ae(M) Xy ()] = A2 E[le(m)|*1E[X, ()X (n)]
= 0% oninT
(2.1.40)
Déi véi vector hé s6 h(n), cong thém nhiéu, ta co
hyy(n+1) = (I — AA)RY(n) + Ay + wi(n)
(2.1.41)
Véi wj (n) 1a vector nhiéu cong thém, né lién quan téi vector nhiéu
Ae(n)X;;(n) qua bién ddi
wo(n) = U* [Ae(n) Xz (n)]

= Ae(M)U" X3y (n)
(2.1.42)
C6 thé thdy ma tran hiép phuong sai cua vector nhiéu 1a
coviw?(n)] = A?*],.., UT,U=A?], .. A
(2.1.43)
Do vay cac thanh phan M ctia w (n) khong lién quan toi nhau va mdi

thanh phin c6 mot sai s6 62 = A% ], inde, k=01, ... M — 1,
Do cac thanh phan M cta w3 (n) khong lién quan t&i nhau nén ta ¢ thé
tach riéng M cong thirc, mdi cong thirc bac nhét thé hién mot bo loc vai dap

tmg xung (1 —AA;)™. Khi mot bd loc bi anh huong béi day nhidu wl(n),
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nhi€u ¢ dau ra cua bo loc la

E [|hﬂ(;: n) — thp+(k)|2] _
o m=o(1 = A2 )M (1 — AL )M E[wy) (m)wy™ (n)]

(2.1.44)
Ta gia thiét w2 (n) 1a nhiéu trang, va (2.1.44) duoc rat gon
2 o2 AJ A
E ]rli} Jf\',' —1“},-.;\' — i - min‘k _
(172G = 1T 1 —(1—04)%  1—(1—A4,)?
(2.1.45)
Thay (2.1.45) vao (2.1.38) ta co
M-1
I Y—
A T min ; 1 — (l ﬂj_k:lz
k=0
(2.1.46)
Khi coi A4; << 1 véi moi k, ta duoc
M-1
% 8 )
AT min - Zﬂ;t.c
k=0
M-1
1 ,
Eﬂjrr:l Z Ak
k=0
— ’ﬁ*hffm:'n]”xx({])
N 2
(2.1.47)

Vi ¥, (0) 12 cong suat tin hiéu vao.

Ta thay 151 binh phuong trung binh du J, thi ti 18 thuan véi budce nhay A.
Do d6 khi chon A phai dam bao hoi ty nhanh va 16i binh phuong trung binh
du nho. Trén thuc té, mong mudn cd /s < Jynin, ta €O

Ja AMy,,(0)
e <1
JF min 2
Tuong duong

2
= My (0)

(2.1.48)
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Trong diéu kién 6n dinh A phai thoa man (2.1.48). N6i cach khac, 13i
binh phuong trung binh du cling 1am giam dang ké chét luong bd loc thich
nghi.

Nhiing li giai vé 16i binh phwong trung binh du & trén 1a dwa vao gia thiét
gia tri trung binh ctia hé s6 bo loc hdi tu téi gia tri t0i wu h,,,. O diéu kién do,
kich thudc budc nhay A phai thoa man (2.1.48). Mit khac, ta di xac dinh dé
vector hé s trung binh hi tu thi diéu kién can 1a A< 2/4,,..,.. Trong khi viéc
chon A gan véi can trén co thé din t6i sy hoi tu ban dau cua thuat toan
gradient, khi mé rong A s& lam thuat toan gradient LMS ngau nhién mét on
dinh.

Tinh hoi tu ban dau hay trang thai nhat thoi cia LMS dugc nhiéu nha
khoa hoc nghién ctru. Ho chi ra rr?lng kich thudc budc nhay ti 1€ thuan vor do
dai bo loc thich nghi. Can trén (2.1.48) 1a can thiét dé dam bao sy hoi tu ban
dau cua LMS gradient ngau nhién. Thyc té thuong chon A< 1/My,...(0).

Trong hoat dong ctia LMS, viéc chon kich thudc budc nhay quan trong
hon. Ta c6 thé giam 11 binh phuong trung binh du bang cach giam A téi diém
ma tai d6 tong cta 16i binh phuong trung binh dau ra giam. Piéu d6 xy ra khi
cac thanh phan gradient e(n)x*(n—10),1=0,1,.......M — 1 duoc udc luong,
sau phép nhan bdi thong sé d6 16n bac nho A (nhd hon mét nira ctia bit nho
nhét trong biéu dién diém cb dinh cua hé sb bd loc). Do do diéu quan trong la
kich thudc budc nhdy phai dii rong dé hé sb bo loc hoi tu t6i 1,,.. Néu muon
giam kich thudc budc nhay mot cach dang ké thi diéu can thiét 1a phai ting do
chinh x4c ctia hé sd bd loc. Thong thuong, 16 bits duge dung cho cac h¢ s6 bd
loc, v6i tir 8 dén 12 bits dung cho xur li s6 hoc trong loc dit ligu, tir 4 dén 8 bits
cho xtr Ii thich nghi. Cac thanh phan gradient uéc lugng dung sb bit it nhat.

Cubi cung, ta can chi ra rang thuat toan LMS thich tng v6i dong tin hiéu
thong ké bién d6i cham theo thoi gian, nhu trong trudng hop cuc tiéu MSE va
hé sd toi uu bién dodi theo thoi gian. Noi cach khac, [, (1) 1d mot ham theo
thdi gian. LMS chira mot loai 16i khac, d6 1 16i tré, 13 16i gia tri binh phuong
trung binh giam clng véi viée tang kich thudc budc nhay. Tong 16i MSE gio
la

ftotaf =.fm:'1: (?’1) +J(.i'. +_L'
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(2.1.49)
Néu ta v& J; va J; nhu mot ham cua A, ta ¢6 hinh 2.2. Ta thdy khi A ting
thi J, tang con /; lai giam, tir d6 thiy gia tri A ma tai d6 tong 16i 1a nho nhat.
Khi tin hiéu bién d6i nhanh theo thdi gian 18i tré s& 14n at chat luong bod
loc. nhu trong truong hop /; = Jhun + /4, khi gid tri 16n nhét caa A duoc
dung. Khi d6 thuat toan LMS khong con thich hop cho cac tng dung va can
téd1 mot thuat todn phuc tap hon, thuat toan binh phuong tdi thiéu dé quy, dé
c6 duoc su hoi tu nhanh hon va bam sat.

A

Mean Square Eirors

|
I
""'\-\-..H J__.f
=
- Tt
I
|
I
I
|
|
|

ﬂﬂTJL

Hinh 2.2 Lbi trung binh binh phwong dw [, va 16i tré J;

2.1.4. Thuét toan binh phwong tdi thiéu dé quy

Loi thé co ban cia LMS 1a cach tinh toan don gian. Tuy nhién, no lai hoi
tu cham dac biét khi cac gia tri riéng cua ma tran tu twong quan [, c0 khoang
cach 16n. Nhin theo quan diém khéc, thuat toan LMS chi ¢6 mot thong sb dé
diéu khién toc d¢ hoi ty, d6 1a A. Do A bi han ché boi can trén dé dam bao tinh
6n dinh, cac gia tri riéng nho hon nén hoi tu rat cham.

Pé ¢6 duoc su hoi tu nhanh hon, can ¢6 mot thuat toan hoan chinh hon
cho nhiéu thong s6 hon. Thuc té, néu ma tran tu tuong quan c6 cac gia tri

riéng khong bang nhau Ag, 44, ... e oo, Ags_4, ta phai ding mét thudt toan céd
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M thong sb, mdi thong s6 cho mot gia tri riéng.

Dé dan t&i cac thuat toan cho su hoi tu nhanh hon, ta can chép nhan thay
thé phép xap xi thong ké dya trén chuan MSE bang chuan binh phuong tdi
thiéu. Ta sé& quan tam truc tiép tgi dir liéu x(n) va nhan duoc udc lugng vé
tuong quan tur dir li€u.

Diéu thuin loi dé thé hién thut toan binh phuong téi thiéu 1a dang ma
tran, cac thuit toan dé quy trong mién thoi gian. Ciing can phai dua chi sb
thoi gian va vector hé s6 bo loc day 16i. Vector hé s6 b0 loc & mién thoi gian
nla

h(0,n)
h(l,n)
hy(n) =| h(2,n)
(M — 1,n).
(2.1.50)
Vi chi s6 M 1a do dai bo loc. Tuong tu, vector tin hi€u dau vao cia bod
loc la
x(n)
x(n—1)

Xym)=| x(n—2)

c(n—M+ 1)
(2.1.51)
Gia sir x(1n) = 0 voi n<0. Biéu nay dugc goi 14 1ay dit liéu vao qua ctra so.
Binh phuong téi thiéu dé quy gid tinh toan nhu sau: Gia sir ta di c6
vector X, (1),1 =0,1,...........1n va ta mudn xac dinh vector hé s6 h,,(n) sao

cho n6 1am giam tbi thiéu do 16n cua 15i binh phuong.
n

$ = Z w ey, (1))

I=n
(2.1.52)
V6i 16i duoc dinh nghia 1 khoang cach giita ddy mong muon d(1) va
day udc lugng d' (I,n)
ey (Ln) =d(l)—d'(I,n)
= d(1) — hy ()X (D)
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(2.1.53)

Véiwlachisoval0 <w< 1,

Chi s6 w 1a dé xir 1i hau hét cac diém dir liéu méi va do d6 cho phép hé
s6 bo loc dap tmg duge cac thong sd dic trung bién doi theo thoi gian cua dir
lidu. diéu d6 dugc thuc hién béng cach stir dung hé ) trong $6 Iy thtra voi die
liéu chuyén qua. Tuong tu, ta c6 thé str dung ctra s6 truot do dai hitu han véi
trong s6 ddng dang trén toan kich thudc cira s6. Ta ¢6

=g W™ w
YR Lwr l-w

=

(2.1.54)
V&i N 1a kich thude ctra sb truot.

Viéc tbi thiéu hoéa &;; ma van on dinh vector hé s6 bo loc hy, (1) dan t6i
thiét 1ap cong thirc tuyén tinh
Ry () hy(n) = Dy ()

(2.1.55)
Vi Ry () 1a ma tran twong quan tin hiéu
R, (n) = Z w1 X (DXL (D)
I=n
(2.1.56)
Dy (n) 1a vector twong quan chéo
Dy(W) = ) W X5 (DAQ)
I=n
(2.1.57)
Tir (2.1.55) ¢6
hy(n) =R .-‘L_fl (n)Dy(n)
(2.1.58)

R rang ma tran R,,(n) gidng ma tran ty trong quan Iy, trong khi ma tran
D, (n) gidng vector tuong quan chéo ¥,. Tuy nhién can nhin manh rang R, (1)
khéng phai 1a ma tran Toeplizt nhu Iy,. Ta cling can cht y to1 gia tri nho cua n,

khéng tinh dugc dao cua R (). Nhu trong truong hop cong thém ma tran o1y,
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vao R, (n), véi Iy 13 ma trdn déng nhat va & 13 hang sé duong nho.

Gia st ta ¢6 (2.1.58) & (n-1) (vi du ta co hy(n—1)) va ta mudn tinh
hy(n), do d6 trong thuc té khong thé thiét 1ap cac biéu thirc tuyén tinh M cho
moi thanh phﬁn tin hiéu madi. Thay vao doé ta cé thé tinh ma tran va vector mot
cach dé quy. Pau tién, tinh Ry, (n)

Ry(n) = wRy(n— 1) + X;;(n) X, (n)

(2.1.59)

Ta goi (2.1.59) 1a biéu thirc cap nhat thoi gian cho Ry (1),

Do dao cua Ry, (1) 13 can thiét, ta dung bd dé dao ma tran
Ry (n— D)X, ()X, (m)Ry (n— 1)

w+ X, ()X, (MR (n—1)

1
Ri () =Ry (n—1) -

(2.1.60)
Ta dat P,,(n) = R5* () dé thuan tién cho viéc xac dinh vector khuéch
dai Kalman
Ky(n) = mpw (n— 1)X5;(n)
(2.1.61)
Vi ity (1) vo hudng
ta () = Xy (M)Py (n — DX (n)
(2.1.62)
Khi d6 (2.1.60) trd thanh
Py(n) = % [By(n— 1) — K,y (W) X;;(n) By (n — 1)]
(2.1.63)

Nhan (2.1.63) v6i X5, (n) taco
Py(n)Xy(n) = %[Pw (n— DX;(n) — Kyy(m) Xy, (B (n — 1X5(n)]

1
= E {lw+ #M(n)]}{y (n) — Ky, (n),u.,,f (n)} = K, (n)
(2.1.64)

Do vay vector khuéch dai Kalman ciing duoc dinh nghia nhur
Py (n) X5 ().

Ta dung ma tran dao dé lap biéu thuc tinh hé s bo loc mot cach dé quy.
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Do
Ry () = Py (n)Dy, ()
(2.1.65)
Va
Dy(n) = wDy(n— 1) + d(n) X3 (n)
(2.1.66)
Taco

(1) = [By (n— 1) — Ky ()X} (0B (n — 1]
X [wDy(n— 1)+ d(m) Xy (n)]
=Py(n—1)Dy(n—1) + ! d(n)me(n DX (n)
— Ky ()X, ()P (n — 1)Dw(n - 1)
—id(n)f{w(n)}f (M) Py (n — 1) X5 (n)
= fhf(ﬂ — 1) + K (m)[d(n) — X3, (W) hy(n — 1)]
(2.1.67)
Ta thay rang X;; (n)h,,(n — 1) 1a dau ra cta bo loc thich nghi & thoi

diém n dya vao hé s6 bd loc 6 thoi diém (n-1). Do d6
Xyymhy,yin—1)=d(nn—-1)=d'(n)

(2.1.68)
Va
eyinn—1)=dn) —d'(nn—1) = e, (n)

(2.1.69)
hy(m) = hy(n—1)+ Ky(n)ey, (n)

(2.1.70)
Tuong duong
hay(n) = hy(n— 1) + Py () X5 (e (n)

(2.1.71)

Gia st ta ¢6 hé s bo loc toi wu hy(n — 1), ma tran Py, (n — 1) va vector
X, (n — 1). Khi nhan duoc mot tin hiéu méi ta 1ap vector X, (1) bing cach
tach phan x(n— 1) tir X,y (n — 1) va cong thém phan x(n). Va hé sb bo loc
duoc tinh mdt cach d¢ quy nhu sau:

1. Tinh d4u ra cta bé loc:
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d'(n) = Xy (Why(n—1)

(2.1.72)
2. Tinh 16i
ey () =d(n)—d'(n)
(2.1.73)
3. Tinh vector Kalman
1
T G W R ) R
(2.1.74)
4. Cap nhat ma tran ddo ciia ma tran tuong quan
Py(n) = % [By(n—1)— Ky ()X, )Py (n — 1)]
(2.1.75)
5. Cap nhat vector h¢ s6 cua bo loc
hy(n) = hy(n— 1)+ Ky(n)ey, (n)
(2.1.76)

Thuat toan dé quy duogc thiét 1ap bai (2.1.72) qua (2.1.76) goi 1a thuat
toan binh phuong tbi thiéu dé quy (RLS). Ban dau dit iy, (—1) = 0 va
P, (—1) =1/61,, 6§ 1a s6 duong nho.

Phan 15i binh phwong trung binh con du do viée tdi wu héa la

n

utmin = ) WA = Ry (WDi ()
I=mn

(2.1.77)
Tir (2.1.76) ta thay cac hé s6 bo loc thay doi theo thoi gian mot luong
bang Ky (n)ey (n). Do Ky (1) 1a mot vector thir nguyén, mdi hé sd bo loc s&
duogc diéu khién boi 1 trong nhimg thanh phan cia Ky, (n). Vi vy, ta c6 duogc
su hoi tu nhanh. Nguoc lai, biéu thire thay ddi theo thoi gian ctia cac hé sd bo
loc stir dung trong thuat toan LMS
hy(m) = hy(n—1) + AX;(n)ey, (n)
(2.1.78)
e Tim thira s6 LDU va thuat toan cin bic hai. Thuét toan LMS chi ¢6
mot thong s6 A dé diéu khién toc do hoi tu. Thuat toan RLS & trén rat dé dang

chép nhan 1am tron nhiéu trong hoat dong cua thuat toan véi phép toan do
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chinh x4c gi6i han. Van dé chinh ctia viéc 1am tron xay ra khi cap nhat P, (n).
Pé khic phuc van dé nay, ta c6 thé khai trién hodc ma tran tuong quan R,,(n)

hodc nghich ddo cua n6 P, (n).

Ta hiy xét khai trién LDU cua P, (1).
Py(n) = Ly(n) ﬁ;‘bf (n) L5 (n)
(2.1.79)
Vé6i Ly (n) 1a ma tran (phan dudi) dang tam giac véi cac phan tir Ly,
D,;(n) 1a duong chéo ma tran va cac phan tir 8, L%, (n) 1a ma tran (phan trén)
tam giac. Cac phan tir trén dudng chéo ctia L, (1) bang 1. Bé thay cho viéc
tinh P, (1) mot cach dé quy, ta c6 thé xac dinh cong thic cap nhat L, (1) va
D, (n) mot cach truc tiép.
Tir (2.1.75) va (2.1.79) ta ¢6
Ly(n) D (ML (n)
= % Lyn—1)

*[Butn = 1)~ s Vi (1= DV = D) D (- )
(2.1.80)
Véi
Vis(n —1) = Dy (n — 1)L§f(ﬂ - 1X§f(ﬂ))
(2.1.81)

Phan bén trong ngodc cua (2.1.80) 1a ma tran Hermitian va co thé dugc
viét dudi dang
Ly(n—1)Dy(n— 1)L5(n—1)

=Dy(n—1)— L () Dy (M) L (Vi (n — 1)

(2.1.82)
Sau do thay (2.1.82) vao (2.1.80)
Ly () Dy ()L ()
— %L@f(n — 1L,,(n—1)Dy,(n—DIEMN - 1DIEn-1)
(2.1.83)
Va
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Ly(n) = Ly(n — 1)Ly(n— 1)
— 1_
Dy, (n) = EDM (n—1)
(2.1.84)

Két qua thuat toan nhan duogc tir (2.1.84) phu thudce truc tiép vao vector
dir liéu X, (n) va khong phu thudc vao binh phuong di liéu. Vi thé thuat toan
binh phuong bi loai bo va anh huéng cua 161 1am tron dugc giam thiéu.

Thuét toan RLS nhan duoc tr viée khai trién R,;(n) hodc Py (n) duoc
goi 1a thuat toan can bac hai RLS.

° Thuat toan RLS nhanh

Thuat toan RLS dang truc tiép va dang can bac hai c6 cach tinh toan
phtc tap ti 1€ véi M?. Mat khac, thuét toan gian RLS (6 2.3) lai ti 1€ vdi M.
cac thuat toan gian loai bo viéc nhan ma tran xuat hién khi tinh K, (1n).

Bang cach str dung cac cong thirc cho gian LMS ta c6 thé nhan duoc cac
biéu thuc theo thoi gian ciia vector khuéch dai Kalman ma hoan toan khong
dung t&1 viéc nhan ma tran. Cac thuat toan phuc tap ti 1€ véi M duoc goi la
thuat toan RLS nhanh cho b loc FIR dang truc tiép.

2.1.5. Cac thudc tinh ciia thuit toan RLS dang truec tiép

Thuat toan RLS hon LMS & chd 1a c¢6 su hoi tu nhanh. Trang thai dic
trung nay duoc thé hién & 2.3 (dién ta toc dd hoi tu cua 2 thuat toan ddi véi
kénh can bang FIR thich nghi c6 d6 dai M=11. Ma tran ty twong quan I,
danh cho tin hiéu nhén c6 ti 1& gia tri riéng 1a A, /A, = 11 Tét ca cac hé
s6 bo can béng ban dau duogc dat bﬁng 0. Kich thudéc budc nhay thuat toan
LMS A= 0.02, 1a gia tri ti vu dam bao cho ca téc d6 hoi tu ca 18i binh

phuong trung binh du.
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Thuat toan gradient

RLS Thuéat
toan
w=0.999

v

S6 1an lap

Hinh 2.3 Db thi cho thuit toan RLS va LMS

(70 mau tin hiéu) trong khi thuét toan LMS khong hoi tu trong hon 600
lan 1ap. toc d6 hoi tu ndy ctia RLS vo ciing quan trong trong cac tmg dung khi
ma tin hiéu thay ddi nhanh theo thoi gian.

Khong ké t&i chat luong tu hi¢u chinh cao, thuat toan RLS cua bd loc
thich ung FIR ¢6 2 nhugc diém 1én. Mot 1a cach tinh toan phtrc tap. Thuat
toan can bac hai ti 16 voi M2, RLS nhanh ti 1& véi M nhung hé s ti 1¢ bang 4
dén 5 1an so v6i LMS. Nhuge diém thir hai 1a dic tinh nhay cta no6 khi lam
tron 16i tich Iiiy khi tinh toan dé quy. Trong mot vai trudng hop, 16i 1am tron
khién cho thuat toan khong 6n dinh.

Thudc tinh ctia RLS dugce nghién ciru boi nhiéu nha nghién ciu. Bang
2.1 dua ra két qua mo phong 15i binh phuong trong trang thai 6n dinh cua
thuat toan can bac hai RLS, RLS nhanh va LMS véi cac d6 dai tir khac nhau.
Viéc md phong dugce thuc hién véi bd can b?mg thich img c6 d6 dai M=11.
Véi chi sb trong sb lity thira ddi v6i RLS 1a w = 0.975 va kich thudc budc
nhay A= 0.025 ddi véi LMS. Nhiéu cong thém 13 0.001, dau ra MSE véi tinh
toan chinh xac la 2.1 x 1073,

Ta c6 thé chi ra rang thuét toan RLS dang truc tiép tré nén mat 6n dinh
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va do d6 khong thé 1am viéc voi cac phép toan 16 bits. D6i v6i thuat toan nay,
can 24 bits. Mt khac, thuét toan can bac hai lam viéc dudi 9 bits, RLS nhanh
lam viéc khé t6t dudi 11 bits trong thoi gian ngan, voi 500 1an 1ip, néu sb lan

1ap 16n hon thuét toan s& mét 6n dinh. Diéu d6 din gy tich liy 15i lam tron.

Thuat toan
S6 bit RLS
LMS
Square root | Fast RLS
16 2.17 2.17 2.30
13 2.33 2.21 2.30
11 6.14 3.34 19.0
10 17.6 77.2
9 75.3 311.0
8 1170.0

Bang 2.1 Do chinh xac ciia cac thuit toan bg lgc thic nghi FIR

2.2. B§ lgc thich nghi dang thang luéi

Bo loc FIR c6 thé duoc thuc hién véi ciu trac gian véi thong sd gian
duoc goi 1a hé ) phan xa, duogc lién két véi cac hé sb bo loc & dang truc tiép.
C6 phuong phap dé chuyén doi hé s6 bo loc FIR thanh hé s6 phan xa.

Trong phan ndy ta nghién ctru cac thuat toan cua bo loc thich nghi véi
cdu trac gian hodc gian hinh thang. Céc thuit toan nay dwa trén phuong phap
binh phuong tdi thiéu va c6 nhiéu thudc tinh mong mudn, dua ra cach tinh

todn hi¢u qua va 161 sai s lam tron dugc kiém soat tot.

2.2.1. Thuit toan thang lwéi binh phwong tdi thiéu hoi qui

Céc thuat todn binh phuong ti thiéu dé quy danh cho bd loc FIR dang
truc tiép mo ta trong phan 2.1.4 chi dé quy trong mién thoi gian. Do dai cua
b6 loc duge ¢b dinh. Su thay ddi d6 dai bo loc sé tao ra cac hé sd bd loc méi

hoan toan khac véi cac hé so trude do.
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Nguoc lai, bd loc gian la hoi quy bac, vi thé do dai mét s6 bo loc co thé
tang hodc giam ma khong anh hudng téi hé ) phan xa cua céc bd loc con lai.

Gia str ta nhan dugc tin hiéu x(n— 1),1 = 1,2,........n va ch y tdi viéc
wéc luong x(n). Goi fi, (I, 1) 13 16i wdc luong trude ddi voi viée wéc luong
bac thr m

fur(lm) = x(D) + ay ()X, (1 - 1)

(2.2.1)
Véi vector aj,(n) chira cac hé sd udc luong trude
ap(m) = [a,(Ln)a,(2,n) ...a,,(mn)]

(2.2.2)
Va vector dir liéu X,, (I — 1) la
X, U-1D=[x(I1-1Dx(I1—-2).....x(1 —m)]

(2.2.3)

Céc hé sb uéc luong a,,(n) duge chon dé tdi thiéu hoa 16i binh phuong

trong s6 thoi gian trung binh.
n

£Lo) = ) W I a )l

=0
(2.2.4)
Viéc tbi thiéu & f;, (n) dong thoi chi y ti a,, (1) dan t6i biéu thire tuyén
tinh
R,(n—1Da, () =—-0,,(n)

(2.2.5)
Vi Ry (n) 1a ma tran twong quan tin hiéu
R, (n) = Z whLX: (DX (1)
I=0
Va @, (n) dugc dinh nghia la
0,.(n) = Z W Lx (DXL (L — 1)
I=0
(2.2.6)
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Tu (2.2.5)tacod
() = R (n—1)Q,(n)

2.2.7)
Gia trj nho nhat cua & fi; (1) duge coi nhu Efy, (1)

1

E](n) = Z w i (D (D) + ap, (WX, (- 1) = ¢(n) + a,, (W@ (W]

I=0

(2.2.8)
Véi
a) = ) WD
I=n
(2.2.9)
(2.2.5) va (2.2.8) ¢6 thé & dang ma tran
qn)  Qi() [ 1 1_[ELow
Gm (H) Rm (ﬁ, T 1) G (ﬁ',:' Om
(2.2.10)
Khi 0,, 1a vector réng thtr nguyén m. Can chi ¥ rang
Ry () = ) WXy DXy
=0 n
— ;-1 X (D ] - ’ _
D PN [ G AR
=0 )
_ [ (ORI VAC)
Qm (?’1:‘ Rm (ﬁ, - 1)
(2.2.11)

Ta ciing tbi thiéu hoa 18i binh phuong trong sb thoi gian trung binh phia sau

n

£ (n) = Z W gy (L, )]

I=0

(2.2.12)
Vi 16i phia sau 1a
gm (L) = x(I —m) + by, (M) X,,, (1)
(2.2.13)
Va b, = [b,(1,7)b,,(2,1) ... .... b, (m,n)] 1a vector hé sb udc luong

10i. Viéc tdi thiéu hoéa &2 () dan t&i biéu thic
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Rm (H) bm (i"l) = _U;n (H)

(2.2.14)
bm (?’l) = _Rr_ni (?’l) I'J:n (i”l)
(2.2.15)
Véi
V.(n)= Z w ix(l—m)X.. (1)
I=n
(2.2.16)
Gia tri nho nhét cua &2, (n) 13 EE (n)
EL() = ) wh[x(l—m) + By (DX (DI = m)
=0
T =) + b, V()
(2.2.17)
Vi v(n) 1a dai luong vo hudéng.
v(n) = Zw”‘l lx(l—m)|?
I=0
(2.2.18)
Tir (2.2.14) va (2.2.17) ¢6
Rn) (-rﬂ] o] < | Or
Vi) v(n) 1 En(m)
(2.2.19)

Ma tran tu twong quan cling dugc udc lugng

n

R...(n)= Z w1 L () ]X,’n(f‘)x(i _m)

m (I—m)

R V()
“lvrey v

(2.2.20)
Nhu vy ta dd c6 cong thirc ude luong binh phwong tdi thiéu tién va lui

I=0

cua bac m.
Tiép theo ta s€ suy ra cac bi€u thuc bac khac. Ta dung hai ma tran dao

déng nhét ctia ma tran dang

_ All AIZ
A B I:AZI AZZ]

(2.2.21)
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g AT ATEAL AR AL AT —ﬂﬁﬁutﬂ
—A37 451 AT 22
(2.2.22)
Va
a1 [ Al ~ATiALAD ]
_A“1A21A111 AEEIANAHAUAEEI +A521
(2.2.23)
Voi
A=Ay — Ay AAS
fizz = Ay, _A21A12AI11
(2.2.24)
o Hbi quy nang bac

Dung biéu thirc (2.1.22) dé tim ma trin dao cta R, ., (n). Pau tién, ta c6
1122 =v(n) — Vi (R (mV,(n)
= v(n) + b, WV, () = EZ(n)

(2.2.25)
Va
A AT = RV, (n) = —b,,(n)
(2.2.26)
Do vay
P.(n)+ 2 ('?bﬁ* () b (1)
Ryt 1 (n) = Py () = En(m)  En(m
: bE () 1
Ez(n) E:(n)
(2.2.27)

Tuong duong véi
= [Br() 0 L 2 (Ol
Pras () =[]+ s [Py i 00 1

Thay n bang (n-1) vao (2.2.27) va nhan sau két qua véi —Q,, (n) ta co
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Qe (M) = =P i(n— 1)Q., (1)
[ (ﬂ—l) UH an(?’l)]

[b”"'(” Dbt —1) 110m..00

(n - 1)
_ [a (n)] K (n) [b (n— )]
0 EE(n—1) 1
(2.2.28)
Véi k..., (n) 1a dai lugng vo hudng
Kpme1 () = [b;{ (m—1) 1]1Qp..(n)
(2.2.29)

(2.1.28) 1a su dé quy dang Levinson cho cac hé s6 bd loc udc luong.
Tuong ty dé nhan dugc biéu thirc cp nhat cho b, (n) ta ding ma tran

dao cua R,,.. ; (n). Trong truong hop nay ta cod
A1 =q(M) — QEMR; (n— 1)Q,(n) = ¢(n) + Qi (n) = EL(0)

(2.2.30)
Va
AE 1"4_7__‘_7_:‘l = Rr_nl (?’1 _ l)@m (i”l) = _ﬂm (i”l)
(2.2.31)
Do do6
1 afl (n)
E’ (n) E” (n)
Pm+1 {H:l = i :
a,(n) a,,()ay, (n)
f an (H - 1) + }r
E. (n) E. (n)
Hodc tuong duong
. 0 0 - 1 H (.
*il:"rzf:+1|::iv1:I = ['D Rn('”_l)]+%[ﬂrn(ﬂ) [l ﬂm(?‘l)]
(2.2.32)

Néu nhan sau (2.2.32) bai —V,, ., (1) ta co
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s ®=[0 b o 1)) [ Va0

- Efi-n) [amlin) (1 an)]V ()
:[l 0 1 Kpu[ 1
by (n—1) Elj;(n) apm(n)
(2.2.33)
Khi
[1 W () = [Be(n— 1) 1]Qs1 (M) = ke ()
(2.2.34)

Céc biéu thirc cap nhat cho Ef,, (n) va EZ(n) ciing c6 thé tim duogc. Ti
dinh nghia cta Ef,,(n) ¢ (2.2.8) ta co

Ef () = q(n) + @pss ()Qrss ()

(2.2.35)
Thay a,,..,(n) ¢ (2.1.8) vao (2.2.35) ta co
EL..m®) =qm
¢ (lomr0 [0
Jr"'r:zf:+1 f,:n) o = . |
T-D [brn(n—1) 1]Qns (ﬂ))
_ofe . |krn+1(n)|2
~E TR G
(2.2.36)
Tuong tu ta co
5 b K (|7
Em+1(n) = Em(n_ 1) - Ef(?’l)
(2.2.37)

Bo loc gian dic trung boi cap biéu thirc 16i tién va lui £, (n,n — 1) va
g.(mn—1).Taco
freimn—1)=x() +ap  (n— )X, ., (n—1)
(2.2.38)
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Thay a,,..,(n— 1) tir (2.2.28) vao (2.2.38) nhan dugc
fm+1 {'?’L'?’l - l:'
= x() + [adp(n—1) 0][Fm(1=1)]

k n—1
- .'rn+1( )[b:r'{n_zj 1] :Xm+1{n_l:'

E,‘?:(?’l - 2)
k...,(n—1)
_ n, 1= m_+1
S T

X[x(n—m-1)+b, (n—2)X_ (n—1)]
_ f;n {Tl . l:l . km+1 (ﬁ', — 1)

.gm{n - lj'ﬁ', — 2:'

En(n—2)
(2.2.39)
Ta dinh nghia
fn() = frn(n,n—1)
Gm (M) = gm(,n—1)
(2.2.40)
Vi thé (2.2.39) c6 thé viét 1a
frei() = f(0) — i é’: ;: Efln__; Gm(m—1)
(2.2.41)
Tuong tu
gmei(n—1) =x(n—m—1)+by.,(n—1)X,...(n)
(2.2.42)
Thay b,,.,(n— 1) tr (2.2.33)
Imei(n—1) = gn(n—1,n—-2)— LE}ES_ 1? frn(un = 1)
(2.2.43)
Tuong duong
k" (n—
Im+1(M) = gm(n —1) = E} ;:1_ li)fm (n)
(2.2.44)

Hai biéu thire dé quy (2.2.41) va (2.2.44) xac dinh bo loc gian & hinh 2.3.
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D¢ thuan tién ta xac dinh cac hé s6 phan xa cho gian

e ()
:H.f_ ___m
" = E -1
: —kn()
() = —57—
EX(n—1)

(2.2.45)

Céac diéu kién ban dau cho viéc thay doi bac la

fo(n) = go(n) = x(n)

Ef(n) = Et(n) = Z wx(D2 = wE (n— 1) + |x(n)|2

=0

(2.2.46)

Va (2.2.46) ciing 1a biéu thtrc theo thoi gian cta E ,:{ (n) va EZ (n).

G- (1) —— 277

) > g, (1)
K (n)

K (n)
fin—1 (1)
Go(n) g1(n) g2(n.
x (1) g g g
— Tang Tang
1 2
> —_— >
fo () fi(n) £ ()

Téng

Téng
M-1

Hinh 2.4 Bd loc lwéi binh phwong téi thiéu
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eHoi quy diéu chinh theo thoi gian

Ta can xéac dinh biéu thirc theo thoi gian k,,, (1), né 1a can thiét dé b loc
gian tré nén thich nghi va dua ra cac biéu thuc theo thdi gian cho cac hé sd bo
loc. Ta bt dau véi

Kimea(m) = =V () [a mli'f’l:']

(2.2.47)
Biéu thtic theo thoi gian cho V,,..; (1) 1a

Jr"F:r.'r:+1 (H) = H"Vm+1 f.:?‘l - 1) + l;(ﬁ, —m— 1)X1’;:+1 (H)
(2.2.48)

Biéu thirc theo thoi gian cho cac hé s6 ude luong duoc xac dinh nhu sau.
Tu (2.2.6), (2.2.7) va(2.2.8) taco

Am (ﬂ) = _Rn (ﬁ, - l)Qm (?‘l)-l-
= _i [Rn (ﬂ, - 2) - Km(n - l)X:n (Tl - ]_)Pm (Tl - 2)]
X [w@,(n—1)+x()X;(n—1)]
= ﬂm{'i‘l - 1:' - Hm(ﬂ - 1:'[3';(”*:' + a;n {H - l)er'{n _ 1)]
(2.2.49)

Véi K,,(n — 1) 1a vector khuéch dai Kalman & budc 13p thi n-1. Nhung
tir (2.2.38) ta ¢6

x(n) +a,(n— DX, (n— 1) =f,(n,n—1) = f,(n)
(2.2.50)
Bén canh do, dung (2.2.15), (2.2.16) va (2.2.63) ta duogc biéu thtc theo
thoi gian cho cac hé s udc luong lui & dang
by(n) = b, (n—1) - K, (n)g,n)
(2.2.51)
Tir (2.2.48) va (2.2.50) ta c6 biéu thirc theo thoi gian cta k., (1)
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K1 () = —[wWVE,  (n—D+x"(n—m— DXy, ()]

“(leen -]l n- 1);&@])
= Wiy (1= 1) = WYEL s (n = 13[;{ RPN P NG

+x'(n-—m-—1) m(n)[ @ (n— 1)]
—x"(n—m—-DXy.:(n) [me lj]fm (n)
Nhung
Kiuos 0 [ —5) = OO = DI, )] = 7
(2.2.53)
Va
Vis1(n— l)[Kw(n 1)] n—2)K,(n—1)
V’{(n — 2)P, (n Z)X;;:(n— 1) —=bEm—-2)X,.(n—1)
W+ i, (n—1) - w4+, (n—1)
g —Dx"(n—m—1)
w4+ i, (n—1)
(2.2.54)
Véi iy, (n — 1) dugce dinh nghia ¢ (2.1.62).
Xpm—1)F,(n—2)X,(n—1)
m+1 (1) [Krr(n_l) W+, (n—1)
_ pp(n—1)
w4+ i, (n—1)
(2.2.55)

Thay (2.2.53), (2.2.54) va (2.2.55) vao (2.2.52) ta ¢6

w
Jr"F:r.'r:+1 (H) = H,'j\rm_'_ 1 (i"l — 1) T w -+ Mo {H jfr (“)Qw (n )

(2.2.56)
Ta c¢6 mot bién méi
W
() = w+ . (1)
(2.2.57)
,, (n) co gid tri thuc va 0 < a,,(n) < 1
(2.2.56) gior dugc viét
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Jr"F:r.'r:+1 (H) = 1f“’r’r‘r:r.'r:+1 (?‘l - 1) + L (?’1 — 1))‘;: (H)g;n (H - 1)
(2.2.58)
o Piéu chinh bac cho «,, (n)

DU @, (1) co thé dugce tinh truc tiép véi moi gia tri cia m va n, nhung
t6t hon hét 1a dung biéu thirc theo bac. Dau tién, tir dinh nghia K,,(n) ¢
(2.1.61) ta thiy rang

@, () =1-X, (WK, ()

(2.2.59)

Dé c6 duoc biéu thirc theo thoi gian cho @, (1), can c6 biéu thirc theo
béc ctia vector Kalman K,,, (). Nhung K. ; (11) ¢6 thé dugc viét

Kpei(m) =P, .s(m)X; . (n)

([ (1) GD Eb{ )[bw(n)][b (n) 1]><[ Xw(n)

]‘J"( ) ( ) I:b]‘h( ):I

(2.2.60)
Trong do

gm(m,n) = x(n—m) + b, ()X, (n)
=x(n—m) + [b,(n — 1) — K,,(Wg,,(n)]X,,(n)
=x(n—m)+ b, (n— X, ,(n) — g, WK, (n)X,. (n)
= Om (?‘l) [1 - K:n (In)Xm (H)]

= tp, (M) g ()
(2.2.61)
Do d6 biéu thirc theo bac d6i voi K,,,(n) & (2.2.60) duogc viét
LK), @) gn () h, ()
lir{m+1 (H) - [ 'D ] + E,‘? (H) [ ]
(2.2.62)

Tir (2.2.62) va (2.1.59) ta ¢6
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ilTm+1 (?‘1) = 1 - X:n+1 r('i”l)*ir{wwl (i"l)

=1- [X:n (H)k(?‘l — m)] X ([Krrén)] + Lo ét)(grj; (?‘1) [b]rfn)]>

= a0~ 22 1 a0 [P )
= a0 - 22 G

(M) g, ()2

= Uy (?’1) - E‘D {H)

(2.2.63)
Nhu vay ta da nhan duoc cac biéu thuc theo bac va theo thoi gian cua
gian binh phuong t6i thiéu nhu ¢ hinh 2.3. (2.2.41) va (2.2.44) 1a cac biéu
thirc co ban cho 16i tién va Iui, thuong duoc goi 1 cac phan du. (2.2.36) va
(2.2.37) 1a 15 binh phuong téi thiéu, (2.2.58) 13 biéu thtrc theo thoi gian cho
k,.(n), (2.2.63) 1a biéu thirc theo bac cho thong s &, (n). Ta co
Ef(=1) = E2(-1) = E5(-2) =€ >0
fr(1)=gn(-1)=k,(-1)=0
t,(—1)=1, a_(n)=a_(n—-1)=1
(2.2.64)
e Udc lugng qué trinh két hop.
Ta can tim udc luong binh phuong t6i thiéu cho tin hiéu d(n) tir gian.
Gia st bd loc ¢c6 m+1 hé sb va cac hé sb nay dugc xac dinh dé toi thiéu hoa

18i binh phuong trong s6 trung binh

'fm+1 = Z H'T”_l |'Em+1 (E,H) |2

=0
(2.2.65)
Khi
€1 (L) =d(1) — ey (X5 (D)
(2.2.66)
Udc lugng tuyén tinh
d'(Ln) =y (DXL, (D
(2.2.67)

51



Udc lugng niy nhan duoc tir gian bang cach dung phan du g, (n), va
duoc goi 1a udc luong qua trinh két hop. O (2.1.4) ta da co6 cac hé s6 cua bod
loc thich nghi dugc tdi thiéu hoa bai biéu thic

Rops1 (M) = Py (M)D ()

(2.2.68)

Ta c6 h,, (n) thoa min biéu thirc theo thoi gian & (2.1.76)

Tir (2.2.68) va (2.2.27) ta ¢6

h, . ()= [Pmén) g] [Dnﬂ(n)] e )[b”"(”)][b ) 11D,..(n)
(2.2.69)
Dai lugng v6 hudng
6p(m) = [by(m) 11D, ()
(2.2.70)
(2.2.69) c6 thé viét
e (n) = [hm{](n)] —|—§E—Eg[bm (ln)]
(2.2.71)

8, (n) théa man biéu thirc theo thoi gian, biéu thic ndy c6 dugce tir bicu
thire theo thoi gian cta b, (n) va D, (n) 6 (2.2.51) va (2.2. 66).
8 (n) = [bfi(n—1) —Ki(n)g,,(n) 1]1[wD,,.;(n—1) + d(n)X,,.; ()]
_Hﬁmin 1:' -I_[-‘E;l (i’l—l:l 1]&1{?1)){1,-4_1(?1)
_H'Tng:n {?’1)[ ™m (H) {]] rr+1{n )
_g:n(ﬂ)d(?’l)[ (?’1) {]] 1r+1(n)

(2.2.72)
Nhung
[bp(n—1) 1]X5.. () =x"(n—m) + bt (n — L)X, (n) = g;,(n)
(2.2.73)
Va
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[K:E (ﬁ',:l II:J]‘F-:}:r:r:+1 (H — l:'

V' [ - * (. D . (n—1)
= oo KB = DX ) 0] [P T ]

- X, (Whu(n—1
w + 1, (n) m (W (1 )

(2.2.74)
H o X (H) 1 I : e Hom (?’1:‘
Kr_{ {] m — —X P — 1 X =
K5 01| | Wt oy O DX =0
(2.2.75)
Thay két qua & (2.2.73) qua (2.2.75) vao (2.2.72) ta c6
§.(m)=wd,,(n—1)+a,, (n)g,.(ne, (n)
(2.2.76)
Nhu vy ta di c6 biéu thirc theo bac cho a,, (n) va g, (n). Véi
e, (n) = d(n), biéu thirc theo bac cho e, (n) 1a
en(n) =e,(n,n—1)=dn) —h,(n—1)X,.(n)
= dm) - [, (n—1) 0[]
5”,-._ i (ﬁ.. - 1)
— = b,(n—1) 1]X,.(
Erl;:—l n—l)[ m(n :I ] m(n)
511‘—1 (?‘l - l)grr(n - 1)
— n—1)—--=21 : :
Em(n ) Ell::_ll::n—lj
(2.2.77)
Uéc luong dau ra d(n) cua gian binh phuong tbi thiéu 1a
d'r (H:l = Jr‘f;zf:+:l (H - lem+1 (?’1:1
(2.2.78)

Nhung h.,. ., (n— 1) khong duoc tinh toan cu thé. Bang cach dung
Rypes(n)nhu ¢ (2.2.71) ta co

M-1

8, (n—1)

dI(H) = L Ef(?’l _ 1)

gi(n)

(2.2.79)
N6i cach khéc, wéc luong dau ra 1a tong trong s tuyén tinh ctia phan du

tién gy (n).




Hinh 2.5 B loc thang lwéi thich nghi RLS

Dang uu tién cua thudt toan gian hinh thang RLS dugc phan biét voi
dang khac cua thuat toan, goi 1a dang Iui. O dang Iui nay, h,.(n — 1) duoc
thay boi h,,(n) dé udc lugng d(n). Trong bd can bang kénh hoic khir phan
hdi, dang lui khong st dung duge vi khong thé tinh toan h,, (n) dé tinh d(n).

e Thuét toan thang ludi RLS cai tién.

C6 thé xay dung cac biéu thirc khac ma khong anh huodng toi tinh t6i uu
cua thuat toan. Tuy nhién, mot vai bién thé cua thuat toan vuot han vé sb
luong khi phép toan diém 4n dinh dugc dung trong thuat toan.

Pau tién, ta c6 moi lién hé gitra phan 15i du tién va Iui
Lai tién
frun =1 =f.(n)=x(n) +a,,(n-1)X,(n—-1)

Imm,n—1) = g,(n) = x(n —m) + by, (n — )X, (n)

(2.2.80)

Lo1 lui
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frn(,n) = x(n) + ap, (WX, (n— 1)
Im(n,n) = x(n—m) + by, (N)X,,, (n)

(2.2.81)
hé thrc gifra (2.2.80) va (2.2.81) 1
) = a, (n—1)f,(n)
gm(m,n) = a, (n) g, ()
(2.2.82)

Thr hai, ta tim duoc cac biéu thirc theo thoi gian cho 16i binh phuong tdi
thiéu tién va 1ui. Tir (2.2.8) va (2.2.50) ta c6
EL(n) = q(n) + @, () 0, (1)
=q(m) + [a,,(n—1) - K, (n—1)f.(n)]
X[w@, (n—1)+x ()X, . (n—1)]
= WES,(n— 1) + & (n = DI/ (M)
(2.2.83)
Tuong tu tur (2.2.17) va (2.2.51) ta céd
Ep(n) = wEZ (n— 1) + a,, ()| g, () |2
(2.2.84)
Thit ba, ta ¢ biéu thirc theo thoi gian cho vector hé s6 khuéch dai Kalman,
vector nay khong dugc dung trong thuat toan gian ma s dung trong cac thuat
toan nhanh. Bé co duoc biéu thirc ndy, ta cling ding cac biéu thic theo thoi gian
ctia hé s6 udc luong tién va lui cho boi (2.2.50) va (2.2.51). Ta ¢o
K,.(n) = P, (W)X, (n)

- [g P (Qn - l)] [X_i((r;lj— 1)

1 1 g . x"(n)
) S Ll PRt
e o) 1[G
- Hm—l (?’1 _ 1) EI{:—l (n:l A {?’1 - 1) N Conm (?’1)
(2.2.85)

Khi dit C,,,_; (1) chtra thanh phan déu tién cua K,,(n) va C,,,, (n) chira
cac thanh phan cubi cung. Tir (2.2.60) ta c6 biéu thirc theo bac cho K,,,(n) 1a

K, (n) = [Km_ﬂl ('n)] N % [b - (n)]
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(2.2.86)
Cho (2.2.85) va (2.2.86) bang nhau ta c6

(M) = g :n_—i (n,n)
o E;_.(n)
(2.2.87)
Vado do
K1 () + € ()b, (1) = G- ()
(2.2.88)

Thay (2.2.51) vao (2.2.88) ta c6 biéu thtc theo thoi gian cho vector hé s6
khuéch dai Kalman
Crm1(M) = C (Wb (1 — 1)
1 = o (W Grm-1 ()

lir{m—l (?’1) =
(2.2.89)

D6 ciing 13 biéu thic theo thoi gian cho dai lwong vo hudéng a,,, (1), Tir
(2.2.63) taco
U1 ()| Grm s (W]
E>_.(n)
= 1 (W1 = Cpp (M) G 1 ()]

U {H:l = U, (H) -

(2.2.90)
Tu (2.2.85) tacod
_ fmo1s () frn_ 1 ()

E]_ @)
(2.2.91)

Cho (2.2.90) va (2.2.91) bang nhau ta c6 biéu thtrc theo thdi gian cho

Lo (H) =1- X;n (Injﬁm (H) = U1 (H - 1:' 1

(1) 12
1— fo-1(m)fr 1 ()
o
Em—l {H)
1- Crmm (n)gm—l (n)

K —1 (?’1:1 = Uy (TL— 1:'

Cudi cung, ta can phan biét giita nhitng phuong phap khac nhau dé cap
nhat cac hé s6 phan xa cho bo loc gian va hinh thang 1a phuong phap tryc tiép
va gian tiép.

Trong phuong phép gian tiép
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’r"rm +1 (?‘1)

arf oy —
‘}(m+1 (ﬁ,) _ Er'?" (H _ 1)
(2.2.93)
b _ ‘r";r+1 (?’1)
‘}(m+1( ) ]}; (H:I
(2.2.94)
8
) =~ g5 S
(2.2.95)

V6i ko (1) 13 theo nhu (2.2.58), 8,, (1) theo nhu (2.2.76), EL (n) va

EE (n) theo nhu (2.2.83) va (2.2.84). Thay k..., (1) tir (2.2.58) vao (2.2.93)
va dung (2.2.84), ta co

:}(I{I+1 (ﬁ,) =

. Jr"rm+1 f,:n T 1) H’TEI%I (?’1 - 2) U (i"l - l)ﬁn (H)Q;n (?’1 - l)
Ep(n—2) ( Ep(n—1) ) - En(n—1)
s ] @ Dlgat—DP?
_‘}(m+1(n l) [1 EI'?,(H— 1) ]
e (n— D (0gn— 1)

Erl;:(n - 1)
_arf - . W (ﬁ', - 1)ﬁn+1(n)g;n(n - 1)
_‘}(m+1(n l) E}.?I(n_l)

(2.2.96)
Day 1a cong thirc dé cap nhat truc tiép hé sé phan xa trong gian. Tuong
tu, thay (2.2.58) vao (2.2 94) va dung (2.2.83) ta c6
Uy (= 1)f" (M) Grss ()
E/ (n)

Kb, () =KE. . (n—1)—

(2.2.97)
Hé s6 khuéch dai thang ciing c6 thé duge cip nhat mot cach truc tiép

arm (H) g:n (?‘l) 'Em +1 (ﬁ',)
En(n)

‘fm {n) = ‘fm {ﬁ, - 1:' -

(2.2.98)

Mot dic tinh cua thudt toan thang lu6i 1a phan du tién va i s& quay tro

lai cap nhat cac hé s6 phan xa trong tng gian va €,,.; (1) phan hoi lai dé cap
nhat &, (n). Vi vy, thuit toan gian hinh thang dugc goi l1a dang phéan hoi 16i.
C6 thé nhan dugc dang twong ty danh cho thuat toan gian hinh thang RLS uu
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tién.

o Thuat toan RLS nhanh.

Cé hai phién ban ctia RLS nhanh. Thuc té, ta ¢ dinh kich thuéc cua gian
va két hop uéc luong tién va lui ¢ tang thir M-1. Van dé con lai 1 xac dinh
biéu thirc theo thoi gian cho vector hé s6 khuéch dai Kalman nhu ¢ (2.2.89).

_ 1

Ky(n) = w Py (n — 1) X5 (n)

C6 hai diém khéc biét co ban: thi nhét, Feast dung vector h¢ s6 khuéch
dai thay thé dé thay cho vector hé s6 khuéch dai Kalman. Thr 2, RLS nhanh
udc luong 16i gy_:(n) qua bd loc FIR bang cach dung vector hé sd
by_s (n — 1), trong khi Feast tinh qua céch tinh todn v6 huéng va chi thich 1a
ph::in tr cudi cung cua vector h¢ s6 khuéch dai thay thé, Capn (1), bﬁng
~WE 3 _19u-1 (1.

Chét luong ctia RLS nhanh phu thudc nhiéu vao viéc khéi tao ban dau.

o Thuat toan ludi chuan hay can bac hai.

Mot dang khéc cua that toan gian LS dugc goi 1a cadn bac hai hay thuat
toan gian chuan hoa. Pé c6 dugc thuat toan nay, dau tién ta dinh nghia goc va

d6 16m cuia 16i LS thong thudng

_}F (i"l) . f;n (?’1) ‘-.,"II T (?’1 - 1) . fm (IHJ H)
m - — — |
lefe |
3 Em(?’l:' I| a, (n—1) || E]}:, (n)
\ A
(2.2.99)
g {H) _ Gm (?‘l) ".,."II U (?’1) _ Um (ﬂ, Tl)
"..."I E:;L (n) \|II O (?’1) ‘\-"II E 1'?: (?’1)
(2.2.100)

Ki thuat chuan hoa goc xuat phat tir thyc té 13 a,, (1) 13 cosine clia goc
gitra khodng cua vector dir li¢u tai (n-1) va n. Thr hai, ta xac dinh h¢ ) phan

xa chuan hoa p,, (1)
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K ()

(n—1)

Pm() = |
| E b

m-—1 ﬁ',:l

|1r1(

(2.2.101)

D& dang dé chimg minh rang ca 3 dai luong déu c6 gia tri bién d6 nho

hon 1. Do thQc tinh nay thuat toan gian LS can bac 2 chuan hoa 1 tién ich d6i

v6i viée thuce hién cac phép toan diém an dinh. Thay thé (2.2.99), (2.2.100) va
(2.2.101) vao (2.2.58) ta cé

IE:‘;‘, 1(?’1_1) | n— 1(“) p}r(n)

(n—2) |E! (n—1) p,(n

— b
H_\IE B

m—1

—_—

~1) IE,{ L) foe s (W G (1 — 1)

(2.2.102)
Tuong duong
|uEnﬂ J(n—1) |HE”, (n—12)
,Dmf.:'i"l) = Fm (?’1 _ l)
\‘l ]-:r" 1(”*) | Err I(H_ l)
+ﬁn—1{njgm—1{n 1:'
(2.2.103)

Tir biéu thire theo thoi gian cua EZ (n) va E’f (n) 6 (2.2.83) va (2.2.84)

c6 thé chi ra rang

HEI{" lr‘:n_l)zl_ 'Tm—l(n 1:'|fr 1('H)|2=
n‘ l(ﬁl;I n‘ 1(“)
(2.2.104)
Va
E‘D _ l . . 2 i
w m— 1{”* :I _ 1 . arm l(nj ||gﬂ‘" 1(“)' _ 1 . |§m_1(ﬂ:l|‘
IJ"‘ l(n’) ]r 1(“)
(2.2.105)

Sau d6 thay (2.2.104), (2.2.105) vao (2.2.103) ta c¢6 biéu thirc theo thoi
gian cho p,,(n).
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o) = 1= |frnes @[ VI~ g (0= D o~ 1)
+ fm—l (M) Gm—1(n—1)
(2.2.106)
Dé ¢ biéu thire theo bac cho 15i chuin hoa trude va sau, trude tién ta
viét biéu thirc theo bac cho 15i tién
) = foca () = 2P g (= Ln = 1)
El_.m)’
(2.2.107)
Va
I = gz = 1= 1) — 22 £ ()
E:i()
(2.2.108)

Sau d6 viét (2.2.107) trong diéu kién cta 16i chudn hoa ta cd

I—

"n.-"ll & (?’1 1:' y E}{, (njfm (H)

—_—

.y af]r_l(n—l) IIEf:, (W (W

(h‘,) IEI?‘ 1(?’1—1) pm(n) .
rr 1(?’1—1)

-\| rrl

Fm—1 (n B 1)*‘4"5;?:—1 (ﬁ', _ ljgm—l (?‘l
_ l)
(2.2.109)

Cudi cung ta co

J(n—1) [El__ ().
- )|,,ﬂ (H)fr ™

|
r( :I_
RO= oD (B @

-1 (= 1) IEW QI
_\' @ — 1) «4 T Rk

|
|':tr:rzf:—1('iyl l) |E1r- 1(”*)

an(n—1) | EL(m)

= | [fm—l(n) _pm(n)grn—l(n_ 1)]
4
(2.2.110)
Tir bidu thire theo béac cho E (1) & (2.2.36) ¢6 thé chi ra ring
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Efm) . K, (1) |2

EL ) El WEL.(n-1) L= lpm ()l
(2.2.111)
T (2.2.63) ta co
e (n—1) (= 1) G (n— 1))2 i )
arm—l(n_l):l_ 1 E;i—l(fl—?.) =1-|gn-1(n=1)
(2.2.112)

Sau d6 bang cach thay (2.2.111) va (2.2.112) vao (2.2.110) ta c6 két qua
fm—l (i"l) — P (njg_m—l {T?, _ 1)

) = V1—=lpm (1= |gpm1(n— DI
(2.2.113)
Tuong ty ta c6 biéu thirc theo bac cho 15i 1ti chuan hoa 13
_ Grme1 () = P (W) 1 (1)
gm(n) = , -
VI To P 1~ @)
(2.2.114)

Biéu thirc (2.2.106), (2.2.113) va (2.2.114) xay dung nén thuat toan gian
LS chuan héa hay cin bac 2. Chi y rang thuat toan nay chi chtra 3 bién va chi
duoc thuc hién véi 3 biéu thire. Do vay n6 co dang chic chan hon so véi cac
dang khac ctia thuét toan gian LS. Tuy nhién, né yéu cau cic phép tinh cin
bac 2 cac phép tinh nay mat nhiéu thoi gian. Van dé nay thi dugc giai quyét
béng cach st dung bo xur 1i CORDIC, c6 thé tinh can béc 2 trong N xung, v6i
N 14 s bits do dai tir dwoc tinh.
2.2.2. Thuat toan thang lwéi Gradient

Céc thuat toan gian hinh thang duoc mo ta ¢ cac phan trudc thi hoan
phirc tap hon so véi thuat toan LMS nhung lai c¢6 chat luong t6t hon. Khi ¢
ging don gian cach tinh toan cua dang ndy, ma van gitt dugc tinh t6i wu cua
no, ta chu y toi cau tric bo loc gian hinh thang voi s6 tham s b loc duoc
giam thiéu. Trong thuc té, cau truc bo loc thang ludi duogc thé hién nhu ¢ hinh
2.6. Mbi tang cua gian dic trung boi hé thirc gilta dau vao va dau ra

frn) =i (M) — k(M) G (n— 1)

Gm () = gpp_s(n—1) —k,, () fr_1 (M)
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(2.2.115)

Véi k,,(n) 1a hé sb phan xa cua tang tha m, f,, (n) va g,,,(n) 13 phan du
tién va lui.

G-y (M) —— 27 "+

K (1)
Ko (1)
fn-1(1) + fn (1)
o\ 4’@—’@—'
$ A d'(n)
e, (n) e,(n) €u-1 (")

o “Q—*Q*—()—' O e e € e R
i y + A \ + K + _ A €yl 7

Bo(m) B1(m) 5,(n) Big-2(m) Bry-1(m)
Stage ” Stage > o " Stage > Gu-1(n)
x(n) Zo(n) |1 g1(n) 1 g:(n) Iu-2(n) | M-1
—> ... —P —  fy_q(n)
fo(n) fi(m) fa(n) Fu—2(n)

Hinh 2.6 B¢ loc thang lwéi gradient
Dang b loc nay thi giong vdi dang duge suy ra tur thudt toan Levinson-

Durbin, trir viée k(1) duoc phép thay doi theo thoi gian. So sanh véi thuat

toan gian RLS, thuat toan nay han ché hon trong viéc udc lugng hé sd tién va
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lui.

Tham s6 k., (1) co thé duoc toi wu theo chuan MSE hoic theo phuong
phap binh phuong téi thiéu. Gia st ta c6 chuan MSE va chon cac tham s dé
t6i thiéu hoa tong 16i binh phuong trung binh tién va lui.

$m = Ellfn (DI + 1 g, (7]

= E[|fn-1(0) — k,, (M) gy (n — 1)|?
+ | Gme1 (0= 1) = Ky, () frrp o ()]
Khi ta giam sy phu thudc vao thoi gian cia k.,
o 2E[fin-1(n) g (n —1)]
" Ellfnoa |+ Ellgm- 1 (n — 1)|?]

(2.2.116)

Chu ¥ rang k,,, ¢ dang hé s6 twong quan chudn hoa.

Khi dac tinh théng ké cua tin hiéu chua duogc biét dén, ta chép nhan
chuan binh phuong téi thiéu dé xac dinh k., (n). Chi sb dic trung duogc toi
thiéu hoa

n

& = ) W I (DI + g, (DP

=0
!

- Z H:]:_l “f:rn—:l“) - ;"rm“)gm—l (E - 1) |2

4G (U= 1) = Ky (D oy O]
(2.2.117)
Taco
k. (n) = — 22}::?H"]:_lﬁn—1ﬂ(f1)g;n—1(E_ 1) _
" oW o1 (D12 + g (T = 1)7]

(2.2.118)
Trong (2.2.118), tir va mau c6 thé dugc viét theo thoi gian nhu sau
Uy, (M) = wu,,(n— 1)+ 2f,_; (M) gn_,(n—1)
U () = wv,(n = 1) + [, 1 (DF + g, (1= D)7

(2.2.119)
Va
Uy, (1)
U (1)

k., (n)=

(2.2.120)
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Biéu thtc theo thoi gian cta k ,, (1)
fr-iin—1Dg,(n—1) + f,(n—1)gp_1(n— 2)

k(1) = Kpp(n—1) +
n = =) V(2= 1)

(2.2.121)
Ta dinh dang dau ra cta ciu tric nhu ¢ hinh 6.4 nhu mét to hop tuyén

tinh cta cac phan du tién
M-1

JORPWAOTNC

(2.2.122)
Véi B, () 13 trong sb cua phan thang. Gia tri toi wu cta trong sd c6 thé
c¢6 duoc bang cach t6i thieu MSE giita tin hiéu mong mudn d (1) va ude
luong ctia nd. Goi &, .1 (1) 1a chénh 1éch gitra d(n) va udc luong cua nd &

tang thtr m. Va véi e,, (n) = d(n) ta co

s () = A) = ) B(0)g ()

—d() = ) B0 G ()~ B (g ()

= £ (1) = B (1) g, (1)
(2.2.123)

Ldi trong (2.2.123) ¢6 thé viét ¢ dang ma tran

emer (M) =dm) — ' . . (n)G,,.,(n)

(2.2.124)

Véi Bms1(n) 14 vector trong s6 hinh thang va G, .1 (1) 1a vector du
tién.

Néu ta gia thiét viéc thong ké tin hiéu 1a khong doi, ta ¢ thé giam su
phu thudc vao thoi gian cua vector hé s6 va chon £,y 1 (1) thoa mén diéu kién
truc giao

Eley(n)Gy;(n)] =0

(2.2.125)

Thay (2.2.124) vao (2.2.125) va dung phép toan ki vong ta co

E[d(n)Gy;(n)] — E[G3(n) Gy (n)] By = 0
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Tuong duong
By = {E[G3 ()G, ()]} E[d(n) Gy ()]
(2.2.126)
Mot dac tinh quan trong ctuia phﬁn du tién trong bo loc gian dugc mo ta
boi (2.2.115)
Elge ;)] = {50 7
(2.2.127)
Do d6 ma tran E[G;;(n) Gy, ()] 12 ma tran chéo va do vay hé s6 khuéch
dai thang toi wu 13
B = 25 ELA g3 0)]
(2.2.128)
Vén dé con lai 1a diéu chinh hé s6 khuéch dai thang £3,,, cho thich nghi.
Do f3,, t6i thiu héa MSE d(n) va d'(n), 15i s& truc giao vi phan du trude
G (M) trong d(n). Biéu nay dua ra thuit toan gradient & dang

e (M) grm(n)
Bnn+1)=g,(0)+ 55 (n)
(2.2.129)
Vé6i &2 (n) 1a u6e cua E2 va co thé tinh toan mot cach dé quy.
En(n) =wég(n—1) +|g,,(n)|?
(2.2.130)

Tuy nhién, vi¢c tinh todn nhu ¢ (2.2.130) co thé khong thyuc hién dugc.
Do d6 phan du trude va sau c¢6 gia tri binh phuong trung binh ban dau, va
bién v,,, (n) dugc ude lugng bang 2&2. Va (2.2.129) c6 thé duge viét
2e,, (n)g,,(n)
U, (12)

Brm(n+1) = B,,(n) +

(2.2.131)
Thuat toan & (2.2.131) dung dé cap nhat hé sé khuéch dai thang 1a thuét
toan gradient, bd loc dugc goi 1a bd loc gian hinh thang gradient. Thanh ph?m

2/ v, () 46ng vai trd nhu kich thude budc nhay.
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2.2.3. Thugc tinh cua thuat toan thang lwai

o Toc do hoi tu

Thuat toan gian hinh thang vé co ban ¢o tde d6 hoi tu nhu ciu tric boi
loc FIR dang truc tiép. Tuy thuat toan gian gradient con mét vai dac tinh cta
gian RLS, nhung lai khong t6i vu trong hudng binh phuong tbi thiéu, do do
no hoi tu cham.

° Yéu cau tinh toan

Thuat toan gian RLS m6 ta trong phan trén c6 cach tinh toan phirc tap ti
1 thuan voi M. Trai lai, thuat toan RLS cin bac hai ti 1& vai M?. Mat khéc,
thuat toan nhanh dang truc tiép, thut toan bat nguén tur thuat toan gian RLS,
ti 1€ vo1 M.

° Thudc tinh sb

Thuat toan gian RLS va gradient 1a 16n vé s luong. PAu tién, thuat toan
gian 1a 6n dinh vé s6. On dinh vé s c6 nghia 13 16i udc luong & dau ra co
duoc nho tinh toan thi bi chin khi tin hiéu 13i bi chin dugc dua vao dau vao.
Thir 2, 6 chinh xac s6 cua phan ti wu ciing dugc so sanh trong méi lién hé
v6i thuat toan FIR dang truc tiép va thuét toan LMS.

Trong thuat todn gian gradient, cac h¢ $6 phan xa va h¢ s6 khuéch dai
thang cling duoc cap nhat truc tiép.

° Su hoat dong

CAu tric bd loc gian c6 tinh két cau cao va cho phép tinh toan ndi truyén
lién tiép. Thuc té, thuat toan RLS va gian gradient thich Gmg voi su hoat dong
trong VLSI.

T(?ing két

Trén day chung ta da duoc théy cac thuat toan thich nghi cho b loc FIR
dang tryuc tiép va cau trac ludi. Cac thuat toan cho bd loc FIR dang tryc tiép
1a thuat toan LMS don gian, thuat toan binh phuong t6i thiéu dé quy thoi
gian(RLYS).

Trong d6 thuat toan LMS 13 don gian nhat. N6 duoc str dung trong nhiéu

ung dung yéu cau toc do hoi tu cham. Thuat toan RLS duoc dung trong céc
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ung dung yéu cau tdc dd hoi tu cao hon.
Céc thuat toan danh cho bo loc ¢6 céu tric thang luoi 1a: thuat toan thang

ludi RLS ti wu, thuat toan thang ludi gradient.
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Chuong 3. ] )
MO PHONG UNG DUNG CUA BQ LQOC THIiCH NGHI

B0 loc thich nghi duoc st dung rong rii trong cac hé thong lién lac, diéu
khién. Mot s ung dung dugc mo ta trén li thuyét, mot sd khac duoc dua vao
hé thong anten thich nghi. Trong hé thong dé, bd loc thich nghi duoc dung dé
chinh bup séng. Bo loc thich nghi ciing dugc dua vao bo tiép nhan thong tin
s6 dé khir nhiéu lién ki ty va dé nhan dang kénh, dua vao cac ki thuat triét
nhiéu dé udc luong va han ché thanh phan nhiu trong tin hiéu.

Trong chuong 3, ta dua mo6 phong vé tng dung ctia bo loc thich nghi. Bo
loc thich nghi véi thuat toan LMS dung trong tng dung nay dé udc luong
nhiéu, déng thoi cling dua ra hé s6 bd loc. He sb bo loc thay doi theo thoi gian
va 161 udc luong cling giam theo sy thay d6i do.

3.1 So' @ md phong

||J_|_|DSF"
| Y

Sine Migve

vy
]

FoATool -

¥ Time
M P—w z Scope

Fandom
Crigital

Source
Filter Dresign

B Input Output
Marmalized
Lhi5 Errar
L Desired Wits - IEI
Time
L5 Filt
et Wector
Scope

Hinh 3.1 So' @6 md phéng
So dd dung cac khéi sau:
- Sine wave: cung cép tin hiéu hinh sin ban dau. tin hiéu ¢ dau ra cia
khéi nay duge dua truc tiép vao time scope.

- Random source: tao nhiéu 1a 1 tin hiéu bat ki.
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- Digital filter design: bo loc thong thdp gidi han tan sé cua nhidu.

- B0 loc thich nghi st dung thuat todn LMS v61 cac thong s6 bo loc
duoc chon nhu sau:

+ Filter length = 32

+ Algorithm = Normalized LMS

+ Specify step size via = Dialog

+ Step size (mu) = 0.1: xac dinh chi tiét budc nhay cua b loc

+ Leakage factor (Oto 1) =1.0

+ Initial value of filter weights =0

+ B6 chon Adapt port

+ Reset port = None

+ Chon Output filter weights check box.

Dua vao cac thong $6 nay, bd loc tinh toan cac trong $6 béng cach st dung
thuat toan LMS. Do ta chon Leakage factor (0 to 1) = 1.0, gié tri cta hé s6 bd
loc phu thudc vao céac diiéu kién ban dau cua bo loc va cac gia tri dau vao trude
d6. Gia tri ban dau cta hé s bo loc bang 0 va s& ting theo thoi gian.

- Time scope: dung do va thé hién dang tin hiéu tao ra trong qua trinh mo
phong.

- Vector scope: thé hién céac gia tri cua h¢ s6 bo loc.

3.2 Hoat dfong

- Nbi dau ra cia Random source véi dau vao cua bo loc LMS.

- Nbi dau ra cua Digital filter design véi dau desired cua bo loc. Pay l1a
tin hiéu ta mudn b loc sao chep lai.

- Noéi dau ra cta ra cta bd loc véi port am cua bd cong thir 2.

- N6i dau ra cta bd cong thtr nhét véi port duong ciia bo cong thir 2.

Pau ra cua bd cong thu nhat 1a téng cta tin hiéu ban dau va nhiéu tan sb

thap, goi 1a s(n) +v. Pau ra cta bd loc 1a dy doan tét nhat ciia nhiéu tan
thap, goi 1a v'. Khi ta trir 2 tin hiéu nay, ta s& c6 gan dung cta tin hiéu ban

dau.
s, =sn)+v—y'
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Vi s(n) 1a tin hiéu vao ban dau.
S, 1a tin hiéu gan dang cua s(n).

y 1a nhiéu duoc tao ra tir Random source va Digital filter design.

v’ 1a gan ding cua y.
Do bd loc chi ¢o thé tinh y' gan ding v6i y nén van c6 su sai khac giira
tin hiéu ban dau s(n) va s,,.

- N&i dau ra ctia bd cong thir 2 v6i port thir 3 ctia time scope.
- N&i dau ra erros cta b loc véi port thir 4 ctia time scope.
- Nbi dau ra wts ctia bd loc voi vector scope.

A Time Scope | =11

B LPLL ARE TAF

Signal

Time offset: 110

Hinh 3.1 Cira s6 time scope
Két qua mo phong duoc thé hién trén cira sd cta time scope. Ta s& thay
theo thoi gian 151 s& giam va tin hiéu nhan duoc s& gan giéng vai tin hiéu ban

dau.
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KET LUAN

Trén ddy em di trinh bay toan bd phan ndi dung nghién ctru vé bo loc
thich nghi. Pé hiéu vé hoat dong ciia bd loc, em di thyc hién tim hiéu cu thé
vé cac thut toan dung trong d6. Cac thuat toan d6 dugc bao gém cac thuat
toan cho b loc FIR dang truc tiép va cho cau trac ludi. Cac thuit toan cho b
loc FIR dang truc tiép la thuat toan LMS don gian, thuat toan binh phuong tbi
thiéu dé quy thoi gian(RLS).

Trong d6 thuat toan LMS 13 don gian nhat. N6 duoc st dung trong nhiéu
ung dung yéu cau toc do hoi tu cham. Thuat toan RLS duoc dung trong cac
tmg dung yéu cau téc do hoi tu cao hon.Cac thuét toan danh cho bo loc ¢ ciu
tric thang ludi 1a: thuat toan thang ludi RLS ti wu, thudt toan thang ludi
gradient. Cac thuat toan nay gitp bd loc thich nghi dugc véi sy thay doi cia
tin hiéu dau vao va tdc d6 hoi tu thich hop. Va tir phan mo phong trén, ta
cling théy rd hon vé hoat dong cua b loc vo1 mot thuat toan cu thé, thuat toan
LMS.

Véi sy phat trién manh mé cua khoa hoc k¥ thuét, cdc ngon ngit 1ap trinh
manh c6 kém theo hdp cong cu xur ly s6 tin hiéu nhu ngdn nglt MATLAB thi
viéc phan tich va thiét ké cac bo loc s6 ngay cang trd nén don gian (ké ca bo
loc FIR va b loc IIR) va do chinh x4c ctia phép toan s€ tang lén.

Do diéu kién thoi gian c6 han cong véi kha ning con han ché nén chac
khong tranh khoi thiéu sot. Vay rat mong duoc quy thay co chi bao dé quyén
d6 4n nay dugc hoan thién.

Em xin chan thanh cam on thdy Nguyén Vin Duong, thay gido hudng

dan tryc tiép, va cac thay co khac trong bo mén di tan tinh giup d& va tao
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diéu kién d€ em hoan thanh quyén d6 an nay.
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