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(57) Sang ché dé cap dén phuong phap va h¢ thong loc tin hiéu thong tin dau vao. Hé
thdng c6 thé bao gdm: bd loc thir nhét (12) loc tin hiéu dau vao tai khoang thoi gian phu
ban dau (1) trong khoang thoi gian cdp nhét hién tai (7) theo cac tham so lién quan dén
khoang thoi gian cdp nhat trude do, cac tham s6 duogc dinh ti 1& theo hé sd dinh ti 1& tht
nhit (si1) thay ddi vé 0; bd loc thir hai (14) loc tin hiéu dau vao bo loc thir hai (13), dwa trén
dau ra cta bo loc thir nhét, tai khoang thoi gian phu ban dau (), theo cac tham sé lién quan
dén khoang thoi gian c@p nhat hién tai (7), cac tham s6 duoc dinh ti 1¢ theo hé s6 dinh ti 1¢
thir hai (sx) thay doi tir 0 hodc gia tri gan 0, dén gia tri xa 0 hon.
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Linh vwe ki thuat dwoc dé cap

Sang ché dé cap dén hé thdng va phuwong phap loc tin hidu (vi du, loc sau va/hodc

loc trude LTP).
Tinh trang k§ thuét ciia sing ché

Am thanh va giong néi néi chung 1a céc tin hiéu thay doi theo thoi gian. Vi nhiing
thay dbi tvong dbi cham nén ching thuong duge coi 1a gan nhu ding yén trong khoang
thoi gian ngin. Cac tham s bd loc thich ung (vi du: ma héa du bao tuyén tinh (linear
predictive coding-LPC) hodc bd loc sau dai han (long-term post filter-LTP) dugc st
dung dé xur ly tin hi¢u 4m thanh/giong n6i dugc cap nhat mot 14n trén mdi khung va gitt
nguyén trong thoi lugng khung, khung thuong c6 d6 dai tir 2 dén 40 mili gidy. Viéc loc
nhu vy c6 hiéu qua thay dbi theo thoi gian va do d6 néi chung tao ra sw khéng dn dinh

va khong lién tuc ngay ca khi loc véi cac tham s bd loc bi dong bing ciing khong [1].
Cach tiép can nhidu xuyén kénh da biét. Cach tiép can nhifu xuyén kénh co thé
duoc tom tit nhu sau:
- loc mot ph?ln cua tin hi€u véi tap hop tham sb ¢y tao phén duoc loc thir
nhét
- loc phén tuong tu cua tin hi¢u véi tap hop tham sb c1 taora phén duoc loc
thr hai; va
- thue hién 1am nhiéu xuyén kénh phan da loc thir nhat va thi hai.
Phuong thirc 1am nhiéu xuyén kénh duoc sir dung trong s cac phuong phap khac
trong tai liéu [9], [10], [11] va [12].
- Mot cach tiép can khac dé loai bé su khong lién tuc 13 str dung bd loc LP
nhu trong tai li€u[13].
B0 loc dap g xung v6 han (infinite impulse response-IIR) c6 thé dwoc trinh bay
¢ dang bac thang mang trong tai li€u [7]. Phép ndi suy cac bo loc IR 4n dinh & dang
béc thang 1uéi s& tao ra bd loc IIR thay ddi theo thoi gian 6n dinh theo tai liéu [8]. Do

d6, c6 thé khai quat hoa phép ndi suy cta cac hé sb phan xa tir tai liéu [6] trong truong
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hop chung ctia cac bg loc IIR. Tuy nhién, cach tiép can nhu vay s€ qué phuc tap dbi véi
loc LTP vi s6 lugng hé sb phan xa khac khong s€ bé‘mg do tré tan sb co ban (vi du: néu
duoc st dung dé 1am nhén cac diém gian doan LTP trong tai liéu [3], didu nay s& dan
dén cac yéu cau loc 16n hon 250 ).

Do phuc tap 1a khia canh rit quan trong trong b ma hoa-giai ma thoi gian thuc va
nén st dung phuong phéap dé tranh sy gién doan trong qué trinh loc thay d6i theo thoi
gian v6i do phure tap it nhét.

K¥ thuat c6 do phuc tap thép dugc uu tién dé thuc hién cac hoat dong loc.
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Bin chit k§ thuit ciia sang ché

Muc dich ctia sang ché dé xuit k§ thuat c6 do phirc tap thip dé tranh sy khong lién
tuc, vi du: khi cic tham sb loc dap ung xung v6 han (Infinite Impulse Response-1IR)

thay ddi trong cac khung lién tiép.

Theo cac vi dy, sang ché dé xuét hé théng loc tin hi€u thong tin déu vao, dugc chia
thanh cac khoang cdp nhat khac nhau, theo cac tham sb thay d6i theo cac khoang cép

nhat, dé thu duoc tin hiéu du ra dugce loc, hé thong bao gém:

b6 loc thtr nhét dé loc tin hidu diu vao bd loc thir nhat it nhat tai khoang thoi gian
phu ban dau trong khoang thoi gian cap nhat hién tai dé thu dugce tin hidu dau ra bd loc
thir nhét, theo c4c tham s6 lién quan dén khoang thoi gian cap nhat trude d6, bo loc thi
nhit duge tao ciu hinh dé thay ddi cac tham sé ciing véi it nhat 13 khoang thoi gian phu

ban dau tur trang thai loc cao hon sang trang thai loc thép hon; va
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b0 loc thir hai dé loc tin hiéu d4u vao bo loc tht hai, tai khoang thoi gian ban dau,
theo cac tham sb lién quan dén khoang thoi gian cdp nhat hién tai dé thu duoc tin hiéu
dau ra bo loc thir hai, bd loc thtr hai dugc tao ciu hinh dé thay ddi cac tham s theo it
nhét 13 khoang thoi gian phu ban dau tir trang thai loc thép hon sang trang thai loc cao

hon,

trong d6 tin hidu ddu vao bd loc thir nhit dva trén tin hiéu théng tin dau vao, tin
hiéu dAu ra bo loc thir nhit 13 tin hiéu trung gian, tin hiéu dau vao bo loc tht hai dua trén

tin hi¢u trung gian va tin hiéu dau ra dugc loc dya trén tin hiéu dau ra bo loc thu hai.

Theo dd, su khong lién tuc dugc giam va/hodc tranh va do phuc tap giam, vi du,
so voi k¥ thuat lam nhiéu xuyén kénh. Khong cAn thyc hién hai hoat dong loc khac nhau
va sau d6, dé 1am nhiéu xuyén kénh hai tin hiéu dugc loc: don gidn, hai hoat dong loc

duoc thuc hién, do d6 lam giam su can thiét phai thuc hién tinh toéan.

Theo cac vi du, sang ché d& xut bd loc thi ba dé loc tin hiéu thong tin dau vao,
tai mot khoang thoi gian phu tiép theo trong khoang thoi gian cép nhat hién tai sau
khoang thoi gian phu ban dau theo cac tham s lién quan dén khoang thoi gian cip nhat
hién tai.

Theo do6, ngoai khoang thoi gian phu ban dau, khoang thoi gian cdp nhat hién tai

c6 thé hoat dong bang cach sir dung cac tham sé phit hop nhét véi né.

Theo céc vi du, sing ché dé xuét bo chon duoc tao ciu hinh dé kiém tra xem khoang
cach gitra cac tham s6 cho khoang thdi gian cip nhat hién tai 1a 0 hay trong ngudng thtr
nhét, dé loc tin hiéu thong tin ddu vao it nhit 13 trong khoang thdi gian phu ban dau st

dung bd loc thit ba .

Theo céc vi du, bd loc thit ba dugc tao cAu hinh dé duy tri trang thai loc tuong tu
doc theo khoang thoi gian tiép theo va hodc dé duy tri tham sé bd loc khong ddi.

Theo cac vi du, it nhit mot trong s6 bo loc thir nhét, thi hai va thi ba hoat dong
nhu bd loc LTP dai han. '

Theo c4c vi du, it nhat mot trong s b loc thir nhét, tht hai va tht ba c6 ham
chuyén bao gdm tir s6 va miu sd, trong d6 tir s6 bao gbém gia tri d6 khuéch dai duoc

biéu thi boi thong tin d6 khuéch dai, va trong d6 mau sb bao gdm phan nguyén cua do -
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tr& tin sd co ban duoc biéu thi boi thong tin do tré tan sb co ban va bd loc da cham phu

thudc vao phan thap phan ctia @9 tré tan so co ban.

Theo céc vi du, cac tham s6 cua it nhit mot trong cac b thu nhét, tht hai va thi
ba thu duogc tir thong tin diéu hoa, thong tin do khuéch dai, thong tin do tré tan s6 co
ban, phan nguyén ciia do tré tin s& co ban cua tin hiéu thong tin dau vao va/hoic phin

thap phan ctia do tré tan s6 co ban cla tin hiéu thong tin dau vao.

Theo céc vi du, cac tham s6 ctia it nhat mot trong $6 bd loc thir nhét, th hai va/hodc
thir ba 12 c4c tham s6 cta bd loc duoc chon trong s6 it nhat mot hodc két hop ctia bd loc
m3 héa du bao tuyén tinh (linear predictive coding-LPC), bd loc dap Gng xung v6 han
(infinite impulse response-1IR) va/hodc bd loc dap tng xung hitu han (finite impulse

response-FIR).

Theo céc vi dy, bo loc thir nhét duge tao cAu hinh dé dinh ti 1¢ cAc tham sb lién
quan dén khoang thoi gian cdp nhat trude boi hé s6 ti 16 thir nhét thay ddi vé 0 cung véi
it nhat [a khoang thoi gian phu ban dau va/hoidc bd loc thi hai duge tao cAu hinh dé dinh
tf 18 cac tham sd lién quan dén khoang thoi gian cap nhat hién tai theo h¢ sb ti 18 thir hai
thay di tir 0 thanh gié tri khac 0 (hogc tir gia tri gin 0 dén gi4 tri tht hai cach xa 0 hon

s0 v6i gia tri gan 0) cung Vi it nhét 12 khoang thoi gian phu ban dau.

Theo céc vi du, hé s ti 1& thi nhét va hé s6 ti 18 thir hai 13 cac gid tri khong am bd

sung cho nhau véi gia tri 16n hon 0.

Theo cac vi du, hé sd dinh ti 1¢ thir nhét 1a thay dbi vé 0 vé phia cuc tri cudi cung
ciia it nhit 13 khoang thdi gian phu ban ddu va/hodc hé s6 dinh ti 18 thir hai 1a thay dbi
tir 0 tir cuc tri ban dau coa khoang thoi gian cap nhat hién tai dén gia tri khac 0 (hodc tur
gi4 tri gan 0 dén gi4 tri thir hai cach xa 0 hon gi4 tri gan 0).

Theo cac vi duy, sang ché @ xuét bd loc thtr tu duoc tao c4u hinh dé loc tin hiéu
thong tin dau vao, it nhét 12 tai khoang thoi gian phu ban dau, st dung cac tham s6 thu
dugc bang cach noi suy cac tham s6 lién quan dén khoang thoi gian cap nhat hién tai va
céc tham s6 lién quan dén khoang thoi gian cap nhat true do.

Theo cac vi du, sang ché dé xuit bd chon dugc tao cAu hinh dé kiém tra xem khoang

c4ch giita cac tham sd cho khoang thoi gian cdp nhét hién tai 13 nam trong ngudng thir
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hai hay khong dé loc tin hidu thong tin d4u vao it nhét 13 trong khoang thoi gian phu ban

dau st dung bd loc thir tu.

Heé théng c6 thé con duoc tao cAu hinh dé chu dong dit ngudng thir hai trén co s
c4c gié tri lién quan dén tin hiéu.

Theo cac vi du, hé théng 6 thé duoc tao cdu hinh dé:

dat ngudng thir hai 1a ngudng khoang cach do tré tan sd co ban bang véi muc tbi
thiéu gitta phan nguyén cta do tré tn s6 co ban tai khoang thoi gian cép nhat hién tai

va phan nguyén cia do tré tan so co ban tai khoang thdi gian cép nhét trude do,

dé sir dung bo loc thir tu khi khoang céch gifta phin nguyén cua do tré tin sb co
ban tai khoang thoi gian cdp nhat hién tai va phin nguyén cta do tré tan s6 co ban tai
khoang thoi gian cip nhat trude d6 nhd hon ngudng khoang cach do tré tin s6 co ban;
va/hodc

dé str dung céac bo loc thir nhét va thir hai khi khoang céch gitta phén nguyén cia
d6 tré tAn s co ban tai khoang thoi gian cap nhat hién tai va phan nguyén cta do tré tan
sb co ban tai khoang thoi gian cip nhat trude d6 16n hon ngudng khoang cach do tré tAn
s6 co ban.

Theo cac vi du, hé théng c6 thé duoc tao ciu hinh dé:

st dung diéu kién lién quan dén do khuéch dai cua tin hiéu tai khoang thdi gian
cip nhit hién tai va tai khoang thoi gian trude do,

dé sir dung b9 loc thir tu khi ca do khuéch dai cta tin hiéu tai khoang thoi gian cap
nhat hién tai va tai khoang thoi gian trude d6 khéac véi 0 va/hodc

d8 st dung bd loc thir nhat va th hai khi it nhit mot do khuéch dai cla tin hiéu tai
khoang thoi gian cép nhat hién tai va tai khoang thoi gian trude do 1a khong.

Theo cac vi du, bd loc thi nhét 1a dé cung cép tin hiéu dau ra bd loc thir nhét &
dang

Q

P
y'[n] = x[n] + sx_1[n] Z bg—1:x[n—i] — Z Ap-1,;y'[n—J] |, kT < n <kT +T,
i=0 j=1
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trong do
si_[n] thay dbi vé gia tri gan 0 khi n ting
va bd loc tht hai 1a dé cung cép tin hiéu dau ra bd loc tht hai & dang

Q

P
ylnl = y'[n] + selnl | ) by’ In—il = ) axyin =11 | kT <n < kT +T,
=0 =1

trong do

s [n] thay dbi tir gid tri a gan v& 0
gia tri a khac khong khi n ting

Trong @6 T 14 khoang thoi gian cép nhat tht k hién tai, T; 12 khoadng thoi gian
phu ban diu, n 12 khoanh khéc, x[n] 12 tin hiéu thong tin du vao, by_,; va a,_, ; 13 chc
tham sb lién quan dén khoang thoi gian cap nhat thit (k-1) trude do, a, ; va by 12 cac
tham sd lién quan dén khoang thoi gian cap nhat tht k hién tai, va P va Q lién quan
dén loai bd loc.

Theo cac vi du, bd loc thi nhét dugc tao cAu hinh dé cung cép tin hiéu dau ra bd

loc tht nhét & dang
Lnum Lgen L
! A n A —
fir () =2 — [ 1= 7 || Y cmem oz -1+ ). e (ko v )iy (n - pem + =2~ k)
TF k=0 k=0
forn=0.. 2
va b loc thir hai duogc tao cAu hinh dé cung cép tin hiéu dau ra di loc 13 & dang
Lnum Lgen
— ——— n — — Lden
xltpf(n) - xltpf (n) - N—F Cnum(k)xltpf (TL - k) + Cden(kr pfr)xltpf N = Pint + 2 -k
T k=0 k=0
Nr
forn=0. 7

trong do I—Vf— 13 chidu dai cua khoang thdi gian phu ban dau, £(n) 12 tin hiéu théng
tin dau vao, Xipr 1a tin hi€u trung gian, %7 (n) 1a tin hiu dau ra da loc, n 12 khoanh
khic, pem va pA°™ la tuong ung dya trén phin nguyén va phan thip phan cta do tré
tan s6 co ban lién quan dén khoang thoi gian cap nhat trudce do, pi,, va psr la twong Umg

dua trén phan nguyén va phan thap phan ctia do tré tin s6 co ban lién quan dén khoang
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thoi gian cap nhat hién tai, c,ym(k) 12 hé s6 dua trén gia tri do khuéch dai cho khoang
thoi gian cap nhat hién tai, cgen (k, pyr) 12 hé s6 dua trén gié tri do khuéch dai cho khoang
thoi gian cap nhat dugc xéac dinh va dua trén phé”ln thap phan cua tan s6 co ban, cmem ()
12 hé sb dua trén gia tri do khuéch dai cho khoang thoi gian cdp nhét trude do,
e (k,pfe™) lahe s6 duya trén gia tri d6 khuéch dai cho khoang thoi gian cdp nhét trude
d6 va dua trén phﬁn thap phan cua tan s co ban, Laen va Luum dugc ¢d dinh va/hodc dua

trén tbc d6 14y mau cta tin hiéu dau vio.
Theo cac vi du, d6 dai thoi gian cia khoang thoi gian phu ban d4u nim trong
khoang tlr 5% dén 40% do6 dai thoi gian ciia khoang thoi gian cip nhat hién tai.
Theo cac vi du, hé théng duoc tao ciu hinh dé kiém tra 46 khuéch dai gk cia khung
thtt k hién tai va do khuéch dai gk-1 cua khung thit (k-1) trude do, sao cho:
- Néu gr.1=0 va gi=0, thi khong loc thir nhat, thir hai ciing nhu thir ba ;

va/hodc

- Néu gk1=0 va gi#0, thi

o budc loc thir nhét duoc khir kich hoat

o ¢6 bude loc thir hai trong it nhat khoang thoi gian phu ban
dau;

o ¢6 bude loc thir ba trong khoang thoi gian phu tiép theo;
va/hoac

- Néu g1=0 va gi#0, thi

o ¢6 budce loc thir nhit trong it nhit khoang thoi gian phu ban
dau;

o budc loc thir hai dugce khir kich hoat

o loc thir ba duoc khir kich hoat; va/hoac

- Néu gi.1#0 va gi#0, thi sy khéac biét ciia cac phan nguyén va phan thap

phén ctia d9 tré tan s6 co ban dugc kiém tra, sao cho:



42105

o Néu phin nguyén va phan thap phan cua do tré tan s6 co ban
trong khung thir k hién tai va trong khung thir (k-1) trudc d6 1a nhu nhau,
thi:

= khong c6 budce loc thir nhit ciing nhw budc loc thir hai;
= ¢ bude loc thir ba doc theo 100% khoang thoi gian cap nhat
hién tai;

o néu khong thi, néu c6 su khac biét vé phin nguyén hoic
trong phan thap phan cua do tré tin s6 co ban:

= ¢6 bude loc thir nhét trong it nhat khoang thoi gian phy ban
dau;
= c6 bude loc thir hai 52 trong it nhat khoang thoi gian phu
ban déu;
= ¢6 bude loc thir ba 53 trong khoang thoi gian phu tiép theo.
Theo céc vi dy, hé thdng bao gdbm phia bd ma héa va phia bd giai ma, trong d6 it
nhét mot trong cac bd loc thir nhat, thir hai, tht ba va/hodc tht tu ndm tai phia bd giai

~

ma.

Theo cac vi du, hé théng bao gdm phia bd mi héa va phia bo gidi mi, trong do it
nhét mot trong cac bd loc thu nhét, thit hai, thit ba va/hodc tha tu nam tai phia bd ma
héa.

Theo céc vi du, hé théng bao gdm bd chuyén ddi & chuyén dbi phép biéu dién thir
nhét cua tin hiéu thong tin thanh phép biéu dién thi hai ctia tin hiéu thong tin.

Theo cac vi du, hé théng duoc tao ciu hinh dé:

xé4c dinh xem néu bd loc thir nhit va/hodc thir hai s& hoat dong nhu b loc nhén
dang; va trong truong hgp xac dinh nhu vay, thi bé qua bd loc thur nhét va/hodc th hai.

Theo céc vi du, sang ché d& xuit phuong phép loc tin hiéu thong tin dAu vao, bao
gdm cac khoang thdi gian cdp nhat khac nhau, theo cac tham s6 twong Gng voi cac

khoang thoi gian cép nhat, dé thu dugce tin hiéu dau ra dugc loc, phuong phép bao gém:
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thuc hién bude loc thu nhét it nhit tai khoang thdi gian phu ban dau cta khoang
thoi gian cap nhat hién tai theo cac tham s6 lién quan dén cac khoang thoi gian cap nhat
true do, trong d6 cac tham sé doc theo it nhit 13 khoang thoi gian phu ban du duoc

thay ddi tir trang théi loc cao hon sang trang théi loc thip hon; va

thuc hién budce loc thir hai it nht tai khoang thoi gian phu ban d4u, theo c4c tham
36 lién quan dén cac khoang thoi gian cdp nhat hién tai, trong d6 cac tham s& doc theo
khoang thoi gian phu ban dau dugc thay ddi tir trang théi loc thip hon sang trang thai

loc cao hon; va

trong d6 budce loc thir nhét duge thuc hién trén tin hiéu thong tin dau vao va budc

loc thir hai duoc thuc hién trén tin hiéu thu dugc tir budce loc thir nhét.

Theo cac vi du, sang ché dé xuit bd luu trit khong tam thoi luu trit cac 1énh, khi -
duoc chay boi bo xir 1y, khién bd xtr 1y thue hién mot trong cdc phuong phép néu trén
hodc dudi day va/hodc dé thuc hién hé théng nhu néu trén hoac dudi day va/hodc thanh
phin ctia hé théng do.

Tin hiéu thong tin ddu vao c6 thé 13, vi du, 13 tin hiéu &m thanh,

Trong mdt sb vi du, khoang thoi gian 12 toan bd khung. Trong cac vi du khac,
khoang thoi gian 12 nhé hon khung.

Theo d96, k¥ thuat trén chi co thé duoc thuc hién trong khoang thoi gian ban dau
hoéc khoang thoi giaﬁ cubi cung cua khung dugc xéc dinh: trong khodng thoi gian tiép
theo, cac tham s cho khung duoc x4c dinh c6 thé duoc str dung, 1am giam thém do phic
tap tinh toan.

Theo d6, khong c6 sira d6i du ra trong khoang thoi gian tiép theo.

Trong cac vi dy, phép noi suy cac h¢ s6 ¢6 thé dugc s dung thay cho k¥ thuat
dugc thao luédn néu trén. biéu nay co thé duoc kiém soat trén co s& lua chon, dé thich
ung t&t hon céac hoat ddng loc vai cac diéu kién tin hiéu.

Trong céc vi du, c6 thé dit ngudng thit hai tai mic t6i thiéu gitra phin nguyén cta
6 tré tn sb co ban tai khung dugc xac dinh va phn nguyén cta do tré tan sb co ban tai

khung trudc (hodc khung tiép theo) va/hodc dé dit ngudng thir hai dén mirc t6i da gitra
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d6 khuéch dai tai khung dugc x4c dinh va do khuéch dai tai khung trudce hoic khung
tiép theo. Theo d6, c6 thé st dung bd loc thir tu khi khoang cach gitta do khuéch dai tai
khung dugc xac dinh va do khuéch dai tai khung trudc d6 nhd hon ngudng thtr hai
va/hodc st dung bod loc thir nhit va thi hai khi khoang cach gitta phan nguyén cua do
tré tAn sd co ban tai khung dugc xac dinh va phﬁn nguyén cua do tré tdn sb co ban tai

khung trudc d6 hodc khung tiép theo nhé hon ngudng thtr hai.

Trong céc vi du, c6 thé xac dinh didu kién lién quan dén d¢ khuéch dai clia tin higu
tai khung dugc xac dinh va tai khung trude d6 hodc khung tiép theo. Theo d6, c6 thé st
dung bd loc thir tu khi c6 it nhéit mot d6 khuéch dai cua tin hiéu tai khung dugc xé4c dinh
va tai khung truée d6 hoic khung tiép theo bang khong. Trong céc vi du, ¢6 thé sir dung
b6 loc thtr nhit va thir hai khi ca hai d6 khuéch dai cla tin hiéu tai khung xdc dinh va tai

khung trudc d6 hodc khung tiép theo khac khong.

Theo d6, cac tham s6 lién quan dén khung truéc hozc khung tiép theo va cac tham
s6 lién quan dén khung xé4c dinh dugc stra dbi (vi du: tung mau) dé thyuc hién loc duyén
dang nham tranh va/hodc gidm su gian doan giita cac khung.

Theo d6, céc tin hidu dAu vao cta cac b loc thir nhat va thit hai c6 thé dugc lam

md dé dang va mach lac.

Theo cac vi du, bd loc thir nhat dugc tao cau hinh dé cung cap tin hi€u dau ra bo

loc thir nhit & dang
Lnum Lgen L
! A n P —
Xiepr (M) =X(n) —| 1 -5~ Z cmem (k) (n — k) + Z cem (k, ™) Siepy (n _prmem dzen _ k)
TF k=0 k=0
F
=0..—
forn 2
va bo loc thr hai duoc tao cAu hinh dé cung cép tin hiéu dau ra d3 loc & dang
Lnum Lgen
— e n 7 — Lden
Xiepr (M) = Xiepp () — N, Z Crum )Xoy (0 — k) + Z Caen (k. Dpr) Tiepr (n ~Pine + 5~ k)
4 k=0 k=0
Np
=0..—
forn 2

trong dé % 1a do dai ciia khoang thoi gian phu ban dau, £(n) 14 tin hiéu thong tin

dau vao, X, la tin hiéu trung gian, X;,;(n) 1a tin hi€u déu ra da loc, n 1a tic
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thoi, pie™ va pfe™ 1a tuong ing dua trén phén nguyén va phan thap phan cia do tré tin
s6 co ban lién quan dén khung trudc do, py,; va Py la tuong Gng dua trén phan nguyén
va phan thap phan cia do trd tan s co ban lién quan dén khung xac dinh, ¢y, (k) va
caen(k, D) 12 cic hé 56 dya trén gia tri do khuéch dai cho khung dugc xéc dinh, ciem (k)
va Cgen(k, psr) 12 cac hé s6 dua trén gia tri o khuéch dai cho khung trudc d6, Laen and
Loum duoc ¢b dinh va/hodic dua trén tde d6 1dy miu ciia tin hiu dau vao.

Trong cac vi duy, tai trang thai loc théip hon, cac tham sb cta cung mdt bd loc duogc
stra dbi dé c6 gia tri gén 0 so vai tai trang thai loc cao hon. Vi du, cac tham sb c6 thé
dwoc dinh ti 18 theo cac hé s6 ti 1¢ thay ddi dan.

Sang ché c6 thé dugce str dung, vi dy, cho loc sau dai han (Long Term Post Filtering
- LTPF). N6 1a cong cu dé ma héa am thanh dua trén bién d6i gitip giam nhidu lién 4m
didu hoa. Diéu nay dua trén viéc loc sau ma dugc 4p dung 1én tin hiéu mién thoi gian
sau khi giai m3 bién d6i. B6 loc sau ndy vé co ban 13 bo loc dap Gmg xung v6 han (IIR)
v6i dap Gmg tAn s kidu luge duge diéu khién bdi mot tham sd (d6 tré tin s6 co ban)
hodc hai tham sb (dd tré tan sb co ban va do khuéch dai). DPé 6 d6 bén tdt hon, cac tham
sb sau loc (a0 tré tAn s6 co ban va do khuéch dai trén mdi khung) dugc udce tinh tai phia
bd méi hoa va dugc mi hoa theo dong bit khi d6 khuéch dai khac khong.

MO ti viin tit cac hinh vé

Céc hinh vé& Fig. 1, 1a, 2, 3,4, Sava 5b thé hién cac hé théng theo cac vi du;

Céc hinh v& Fig. 6, 7 va 7a thé hién cac phuong phap theo cac vi du;

Céc hinh v& Fig. 8 va 9 thé hién c4c hé théng theo cac vi du;

Céc hinh v& Fig. 10 va 11 thé hién c4c biéu dd theo thoi gian theo cac vi du;

Céc hinh v€ Fig. 12a va 12b thé hién cac hé théng theo cac vi du; va

Fig. 13 thé hién ham bién ddi theo vi du
MO té chi tiét sang ché

Theo cach tiép can duoc trinh bay tai day, cac tham s6 loc (con dugce goi 1a tham
s6 hodc tham s6 bd loc) néi chung khac nhau cho cac khoang thdi gian cdp nhat khac

nhau. Hai khoang thoi gian cap nhat lién tiép ¢6 thé c6 cac tham sb khac nhau. Theo cac
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vi du, khoang thoi gian cap nhat c6 thé 13 tin hiéu thich ung va do dai ciand céd thé duogc

thay ddi hodc chuyén déi theo thoi gian.

Trong mét sd vi dy, tin hidu dugc chia thanh cac khung. Vi du: khung c6 thé lién
quan dén mot sd luong mau c¢b dinh va/hodc d6 dai thoi gian ¢ dinh (vi du: 20 ms). Khi
duoc truyén hodc luu trit, khung co thé lién quan dén vé6i cac tham sb cu thé, vi du: cac

tham s6 loc. Trong cing mdt khung, cac tham s6 ¢6 thé 12 hang sd chung.

Trong mot s6 vi du, khoang thoi gian c4p nhat c6 thé twong tmg v6i khung. Do d6,
khi dugc truyén hodc luu trit, tin higu cé thé chira cac tham s6 (vi du: cac tham sb loc)
lién quan dén khung (ciing 1a khoang thoi gian cép nhat), vi du: béng dir liéu duwoc ma

héa lién quan dén khung cu thé.

Trong mdt s6 vi du, khoang thdi gian cdp nhat khong twong tng v6i khung dinh
trude. Khi duoc truyén hodc luu trit, tin hi€u co thé bao gém céc tham sd lién quan dén
khoang thoi gian cip nhit ngay ca khi chung dugc bao hiéu 1a dugc lién két voi khung.
Trong mdt s6 truomg hop, khung méi (v6i cac tham s6 méi) doan trude khoang thoi gian
c4p nhat méi va khoang thoi gian cdp nhat ci van duoc lién két v6i cac tham sd cit. Khi
cac khoang thoi gian cip nhat 13 thich g (vi du: d¢ dai cia ching dugc xac dinh mot
cach nhanh chong, trén co s& cac dac tinh cuia tin hiéu, chéng han), tAt nhién ching néi
chung khong twong ting v§i cac khung ¢6 do dai cb dinh. Do d6, ¢6 thé lién két cac tham
sb v6i mot khoang thoi gian cap nhat cu thé (trong' mot sd truong hop, dugc lién két véi

mot khung).

Fig. 1 thé hién hé théng 10 c6 thé 13 hé thdng loc tin hiu dau vao 11 (dwoc biéu

thi nhu 14 "x" hay "x [n]", trong d6, "n" d& cap dén miu cu thé).

Tin hiu 11 c6 thé 13 tin hiéu thong tin, ching han nhu tin hi¢u 4m thanh. Phép
biéu dién dang s6 cua tin hiéu thong tin c6 thé dugc st dung. Tin hi¢u c6 thé bao gém
mét chudi cac mau, méi mau thu duoc tai mot thoi diém khac nhau (vi du: cac thoi diém
riéng bi¢t). Tin hi¢u céd thé duogc chia thanh céc khung khéac nhau va/hodc khoang thoi
gian cap nhat (vi du: mot chudi cac mau). Mdi khung va/hodc khoang thoi gian cap nhat
6 thé duge ciu thanh boi nhiéu mau (vidu: 1,2, ..,n,..), viduy, mdi khung duoc lién

két v6i mot thoi didm riéng biét). Mbi khung va/hoic khoang thoi gian cap nhat c6 thé
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duoc chia thanh khoang thoi gian phu ban diu va khoang thoi gian phu tiép theo (khoang
thoi gian phu c6 thé 13 khoang thdi gian phu thich hop, vi d6 dai ctia né c6 thé nhé hon
d6 dai ctia khoang thoi gian c4p nhat). N6i chung, cAc miu cta khoang thoi gian phu
ban dau dung trude (13 truéc) cac miu cuia khoang thoi gian phu tiép theo ciia cling mot
khung va/hodc khoang thoi gian cdp nhat. Khung duoc xéc dinh (hién tai, dugc xir 1y
hién tai) ding trude khung tiép theo va/hodc khoang thdi gian cap nhat va dugc dit
trude khung trude (khung trude, cii). Khodng thoi gian cap nhat dugc x4c dinh (hién tai,
hién thoi) dung trude khoang thoi gian cap nhat tiép theo va dugce ding trude bdi khoang
thoi gian cép nhat trude do6 (trudce, cii). Khodng thoi gian phu ban dau cta khoang thoi
gian cap nhat c6 thé c6 do dai thoi gian nim trong khoang tir 1% dén 99%, cu thé hon
12 20% va 30% (vi du: mot phﬁn tu), cia do dai thoi gian ctia khoang thoi gian cap nhat
hién tai. Khoang thoi gian phu tiép theo c6 thé c6 do dai thoi gian nim trong khoang tir
1% dén 99%, cu thé hon 1a 70% va 80% (vi du: ba phan tu), ciia do dai thoi gian clia

khoang thoi gian cap nhat hién tai.

V&i mot sé vi du, n6 duge goi la it nhat mét khoang thoi gian phu ban dau" cua
khoéang thoi gian cap nhat, ngu v ring 100% khoang thdi gian cdp nhat c6 thé duoc dé

cap trong mot so vi du.

Heé théng 10 c6 thé loc tin hiéu thong tin d4u vao 11 (x) theo cac tham sb thay ddi
theo cac khoang thoi gian cap nhat (vi du: cac tham s ma, néi chung, thay d6i theo thoi
gian theo khoadng thoi gian cip nhéat cu thé ma chung duogc lién Két, vi du, tuy theo cac
tham s6 dwoc mé hoa va dugc lién két voi khung cu thé). Hé thng 10 c6 thé cung cép
tin hiéu ddu ra duge loc 15 (v hodc y [n]). Hé théng 10 c6 thé cung cAp tin hiéu &m thanh
duogc loc sau (vi du: mién thoi gian (time domain - TD, biéu dién tin hiéu 4m thanh dugc

loc sau).

Hé théng 10 c6 thé bao gdm bo loc thir nhat 12 d loc tin hi¢u théng tin dau vao
11 (tin hiéu dAu vao bo loc thu nhat). Bo loc thir nhat 12 c6 thé hoat dong véi cac miu
c6 {t nhit khoang thoi gian phu ban dau cta khoang thdi gian cdp nhat hién tai (khoang
thoi gian cdp nhat hién tai, chéng han nhu khoang thoi gian cdp nhat hién dang dugc xt
ly), dé thu dugc tin hiéu dau ra bo loc thir nhét 13 tin hidu trung gian 13 (y 'hodc y' [n]).
(It nhét 12 khoang thoi gian phu ban dau c6 thé dé cap dén, vi du, chi trong cc khoang
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thoi gian phu ban d4u hoac, trong cac vi du, dén khoang thoi gian 16n hon khoang thoi
gian phu ban dau, chéng han nhu khoang thoi gian cap nhat). Tin hiéu trung gian 13 ¢6
thé thu duoc bang cach sir dung cc tham sd lién quan dén khoang thoi gian cap nhat
truée d6 (vi du: khoang thoi gian cdp nhat trude khoang thoi gian cip nhét hién tai). Bo
loc thir nhit 12 dugc tao cAu hinh dé thay dbi (vidu: dén dén, vi du, béng cach lam gidm
dan, vi du, mot cach don diéu) cc tham sé doc theo it nhét 12 khoang thoi gian phu ban
dau tir trang thai loc cao hon sang trang thai loc thép hon. Vi du, cac tham sb c6 thé
dugc giam bét va/hodc lam mo bét (do d6 ngu y trang thai loc cao hon) twong tmg voi
cac mAu tht nhét trong khoang thoi gian phu ban dau. Cac tham s6 ¢6 thé dugc giam
hon nita va/hodc dugce lam mo hon nita (do d6 ngu ¥ trang thai loc thip hon) tuong tng
v6i cac mau cudi cing trong it nhit 13 khoang thdi gian phu ban dau (trong d6 cac tham

36 ¢6 thé duoc xir Iy dé gan 0 hon).

Hé théng 10 ¢6 thé bao gdm b loc thir hai 14. B loc thit hai 14 ¢6 thé c6 tin higu
dAu vao b loc thir hai va tin hiéu dAu ra bd loc thit hai. B9 loc thi hai 14 ¢6 thé loc tin
hiéu trung gian 13 (12 tin hiéu diu vao bo loc thir hai). Bo loc thir hai 14 c6 thé hoat
dong v6i cac mau it nhat 13 khoang thoi gian phy ban d4u ctia khoang thoi gian cap nhat
hién tai (vi du: cing it nhat khoang thoi gian phu ban d4u ma bd loc 12 hoat dong trén
do). Bo loc thtr hai 14 cé thé loc tin hiéu trung gian theo cac tham sb lién quan dén
khoéang thoi gian cdp nhat hién tai. BJ loc thir hai 14 dugc tao cAu hinh dé thay dbi (vi
du: dan dan, vi du, bang cach 1am gidm dan, vi du, theo cach don diéu) cac tham s6 doc
theo it nhét 12 khoang thoi gian phu ban du tir trang théi loc thip hon sang trang thai
loc cao hon. Vi duy, cac tham s6 ¢6 thé dugc giam hon nita va/hodc dugc lam mo hon
nita (do d6 ngu ¥ trang thai loc thdp hon) cho cdc mau thir nhét trong it nhét 13 khoang
thoi gian phu ban dau (trong d6 cac tham s6 ¢6 thé duge xur 1y dé 13 0 hodc gan dén 0).
Céc tham sb c6 thé dugc giam b6t va/hodc 1am mo bét (do d6 ¢6 nghia 13 trang thai loc
cao hon) v6i cac mau cubi cung trong it nhit khoang thoi gian phu ban dau.

Trang thai loc thap hon c6 thé sao cho d4p Gmg xung gan v6i dap tmg xung ciia bo
loc nhan dang hon so v6i dap Gng xung trong trang thai loc cao hon. Trong mdt s6 vi
du, trang thai loc thip hon va trang théi loc cao hon ¢ thé sao cho trang thai loc thip

hon c¢6 nghia 14 ting ning lugng ciia dap ng xung so vo6i nidng lugng cua dap ing xung
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cia trang thai loc cao hon. Trong mot s6 vi du, trang thai loc thép hon va trang thai loc
cao hon c6 thé sao cho trang thai loc thdp hon ¢ nghia 14 ning lugng di gidm cia dép
g xung so v4i nang lugng clia dap ung xung cua trang thai loc cao hon. Khi bg loc
thtr nhét 12 hoat dong tai trang thai loc thdp hon, c6 nghia 1a dap ing xung khéc véi (vi
du: thép hon hodc cao hon) nang lugng c6 dugce bdi cung mdt bo loc thur nhét 12 khi né
hoat dong tai trang thai loc cao hon. Tuong tu &p dung cho b loc thir hai 14. Trong

trang thai loc thép hon, céc tham sé ¢ thé gﬁn 0 hon so vdi tai trang thai loc cao hon.

Vi du: don vi loc thir nhét 12 c6 thé thay dbi tir trang thai loc cao hon sang trang
thai loc thip hon va/hodc don vi loc thir hai 14 c6 thé thay d6i tir trang thai loc thip hon

sang trang thai loc cao hon.

No6i chung, khi thay déi tir trang thai loc cao hon sang trang thai loc thép hon, cac
tham s6 c6 thé duoc stra ddi (vi du: dan dan va/hodc don diéu va/hoic béng cach giam
va/hoac bé'lng cach lam mo). Trong trang thai loc thép hon, céc tham sb c6 thé duge xir
1y 1a 0 hodc co thé dugc xir Iy gén 0 hon cac tham sb tai trang thai loc cao hon. Vi du:
tai trang thai loc cao hon, cac tham s6 ¢6 thé duoc giam it hon va/hodc dugc lam mo it

hon va/hodc xa hon 0 so vé6i trang théi loc thip hon.

Trong trang thai loc thip hon, hidu qua loc c6 thé bi giam (vi du: hiéu qua tuong
tu ciia hodc hi¢u qua gﬁn v6i hi€u qua cua bd loc nhan dang c6 thé thu dugc). Tai trang

thai loc cao hon, co thé thu dugc hidu ung loc manh.

Tai trang thai lgc cao hon, tin hiéu d4u vao duge loc manh. Tai trang thai loc thép
hon, tin hiéu dau vao dugc loc manh. Trong cac vi du, cic tham s6 duge 1am mo cang
nhidu, trang thai loc cang thap.

Cac b6 loc thir nhat va/hodc thir hai 12, 14 c6 thé dugc tao ciu hinh dé 1am mo
va/hodc gidm cac tham sb sao cho tai trang thai loc cao hon, cac tham s6 duge giam
va/hoic dugce lam m& duoc lam mo (vi du: xa 0 hon) va/hodc dugc gidm it hon tai trang
thai loc thap hon (vi du: gan 0).

B9 loc tht nhit 12 ¢6 thé duoc tao céu hinh dé dinh ti 16 (vi du: ha thip) cac tham
s6 bing cach st dung hé s6 1am mo thir nhat hogc hé sb ti 1& va/hodc bo loc thi hai 14

¢6 thé duoc tao cAu hinh dé dinh ti 16 (vi du: ha thip) cac tham s sir dung hé s6 1am mo
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thir hai hogic hé s6 ti 16. Hé sb 1am mo thir nhit hodc hé sd ti 16 va/hodc hé sd 1am md
tha hai hodc hé sb ti 16 ¢6 thé gén 0 tai trang thai loc thép hon so véi trang thai loc cao

hon.

B loc tht nhét va/hodc thir hai 12, 14 ¢6 thé dugc tao céu hinh dé 1am md va/hodc
giam va/hodc thu nhd cac tham s6 @& cac tham sb duoc 1am md va/hodc giam béi cac hé
s6 1am mo thi nhit va/hodc cac hé sb ti 16 gﬁn 0 tai trang thai loc thép hon so véi trang

thai loc cao hon.

B& loc thi nht 12 ¢6 thé duge tao ciu hinh dé thay dbi cac tham sb tir trang thai
loc cao hon sang trang thai loc thap hon bang cach lam mo dan va/hodc giam cac tham
s6 lién quan dén khoang thoi gian cdp nhat trude d6 va/hodc bd loc tht hai 14 cb thé
duoc tao cAu hinh dé thay ddi cac tham sb bang cach ting dan va/hodc phéng to tir cac

tham s& gin 0 dén c4c tham s lién két véi khoang thoi gian cap nhat hién tai.

B9 loc thir nhét 12 ¢ thé dwoc tao ciu hinh dé thay dbi cac tham sb tir trang thai
loc cao hon sang trang thai loc thip hon bang cach str dung viéc giam cac hé s6 1am mo
va/hodc cac hé sb ti 16 (vi du: bé'mg cach st dung céac hé s6 1am mo vd/hodc cac hé sb ti
1, vi du dan din, di vé& phia 0). BO loc thir hai 14 c¢6 thé dugc tao cu hinh dé thay ddi
(vi du, d4n din) c4c tham sb tir trang thai loc thdp hon sang trang théi loc cao hon bang
cach mo rong (vi du, dan dén) céc hé sb 1am md va/hodc cac hé so ti1é (vi du: bé‘lng cach

st dung cac hé s6 lam md va/hodc cac hé so ti 1€, vi du dan dan, di xa khoi 0).

Bo loc thir nhit 12 ¢6 thé duoc tao cAu hinh dé thay dbi cac tham sb tir trang thai
loc cao hon sang trang thai loc thap hon bang cach 4p dung ham tao cta s6 giam cho
cac tham sb (vi du: ham tao ctra b di vé 0, vi du dan dﬁn) va/hodc b0 loc thir hai 14 ¢é
thé duoc tao cAu hinh dé thay dbi cac tham sb tir trang thai loc thip hon sang trang thai
loc cao hon bang cach 4p dung ham tao cira s6 mé rong cho cac tham s6 (vi du: ham tao

ctra sO di xa khéi 0, vi du dan dan).

Céc tham sb c6 thé dugc cung cép, vi dy, nhu dir liéu diéu khién trong tin hi¢u dau
vao 11. Vi du, cac bd loc c6 thé 1a b loc dép tng xung v6 han bét bién theo thoi gian
tuyén tinh (Liner Time Invariant - LTI) (IIR) (vi du: d6i voi loc sau LTP). Cac tham s

c6 thé 13 hodc bao gém, vi du, thong tin do khuéch dai va/hodc thong tin tan sd co ban.
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Cu thé, bd loc thu nhit va thir hai 12 va 14 c6 thé 13 mot phan cia bd loc LTP
(hodc bd loc sau), vi du: tai bd gidi ma (vi du: bg gidi ma am thanh). Vi du, cac tham $b
¢6 thé thu duoc tir cac phép do dua trén su diéu hoa. Vi du: cic tham sb c6 thé dya trén
d6 tré tn sb co ban T, trén phan nguyén Tint clia dd tré tin sd co ban, trén phan thap
phan Tg cua do tré tAn sd co ban va/hodc trén d6 khuéch dai g, vi du, thu dugc tai bd
giai m3 4m thanh. C4c tham s6 c6 thé dugc lién két, vi du, véi khoang thdi gian cap nhat

(trong mdt s vi du 1a khung ¢6 d6 dai cd dinh hodc ¢ thé c6 do dai thich tng).

Do d6, mdi bod loc thir nhit va tht hai c6 thé dugc lién két v6i cac tham sb cu thé
va/hodc véi ham chuyén cu thé. Cu thé, ham chuyén c6 thé 13 loai ¢6 tir s6 va miu $6,
trong do6 tu $6 bao gém gia tri do khuéch dai duoc biéu thi boi thong tin do khuéch dai,
~ va trong d6 miu sb bao gdm phan nguyén ciia do tré tin sd co ban dugc biéu thi boi
thong tin do tré tdn sd co ban va bd loc da cham phu thudc vao phﬁn thap phan ctua do

tré tan s6 co ban. Vi du, ham chuyén cé thé la:

1—- afigB(z0)

H(Z) = 1 — ‘BgB(Z, Tfr)z"Tint

cac tham s6 ctia n6 c6 thé duge xéac dinh tir cac tham sd dugc u6e luong tai phia
bd ma hda va/hodc dugce gidi ma tu dong bit. g co thé 1a d6 khuéch dai dugc gidi ma,
Tine Va Tpy 12 phan nguyén va phan thap phan ctia do tré tan s6 co ban dugc giai m3, « va
g hai v6 huéng ma géan trong sb6 do khuéch dai, va B(z, Tr) 1a bd loc FIR ma céac hé sb
ctia n6 phu thudc vao phin thap phan ciia do tré tan sd co ban duoc giai ma. Thir tw va
cac hé s cua B(z, Ty ) c6 thé ciing phu thudc vao toe do truyén dit liéu va tde d6 14y mau
dAu ra. Dap tng tAn s6 khac nhau c6 thé duoc thiét ké va tinh chinh cho mdi t& hop cua
téc do truyén dit liéu va tbe d6 14y mau dau ra. Vi du vé ham chuyén 130 dugc cung cép
trén Fig. 13 (céc loai bd loc va/hodc ham chuyén khéc mic du c6 thé co).

Pang chu ¥, cac tham sé va ham chuyén c6 thé thay ddi cho timg khoang thoi gian
cap nhét (ma cd thé 13 mot khung theo d6 tin hi¢u géc ¢6 thé dugce chia nho). Do 49,
khoang thoi gian cap nhat thir k c6 thé lién quan dén ham chuyén Hi(z) va cac tham s
DO Tine g, Trrges 9k> trong khi khodng thoi gian cop nhat thir (k-1) c6 thé lién quan dén
ham chuyén Hi.1(z) va cac tham s6 nhtt Ty i -1, Trr -1, g1 D0 d6 tai khung thtt k hodc

khoang thdi gian cap nhat, bd loc thir nhét 12 ¢ thé hoat dong st ung cac tham s cii
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Tintk-1> Terj—1> k-1, trong khi b loc thi hai 14 ¢ thé hoat dong st dung cac tham s
cap nhét Ty g, Trri» 9. Quy trinh ndy 6 thé duoc thuc hién cho it nhat khoang thoi gian
phu ban dau (hoic, theo mét s6 vi du, v6i 100%) clia khoang thoi gian cap nhat tht k.

No6i chung, mdi hoic it nhéat mot trong cac bg loc tai cac phﬁn tir 10 va 12 ¢6 thé
12 b loc LTI IIR (ciing ¢6 thé duoc biéu thi 13 H(z)) dwoc biéu thi dudi dang:

H(z) = -
1+32 az

hodc st dung phuong trinh chénh 1éch tuyén tinh

P Q
yln] = x[n] + ) bix{n —i] = ) ajyln ]|
i=0

j=1

cac hé sb b; va aj O thé 13 cac tham sb loc. Pang chil y, cac hé s6 b; va a; o thé
thay d6i, n6i chung, véi cac khung khac nhau vd/hodc cic khoang thoi gian cap nhat
khac nhau.

Can luu ¥ rang tin hiéu dwoc loc 15 thu duge khi chuyén tiép sudn sé gitta khoang
thoi gian cdp nhat tht (k-1) trude d6 va khoang thoi gian cdp nhat thi k hién tai. Do do,
su gian doan gitta cac khoang cdp nhat khac nhau dugc tranh va/hodc giam.

Hon nita, cac quy trinh dé thuc hién cac chirc ning loc c6 do phtc tap giam dic
bidt.

Loai hé théng nay cé thé dugc str dung, vi dy, cho loc sau dai han (Long Term Post
Filtering - LTPF).

Céc bd loc thi nhét va tha hai 12 va 14 ¢6 thé duge coi 1a duge ndi theo chudi
(hodc xép tﬁng, hodc mot bd loc nay sau bd loc khac).

Fig. 1a thé hién bién thé 10' cia hé thdng 10 trong d6 bo loc thir nhat 12 va bo loc
tha hai 14 14n luot c6 thé duge bd qua tai cac bd chon 16 va 17. Cac bd chon 16 va 17
c6 thé duge didu khién, vi dy, bing cac tham sd (trén Fig. 1a, c6 thé thy ring diéu kién
bén ngoai co6 thé gay ra viéc bo qua ciia mot bo loc).

Fig. 2 thé hién hé théng 10 ¢6 thé thyuc hién hé théng cua Fig. 1 (cling c6 thé 1a

bién thé 10", ngay ca khi cac két nbi bo qua ciia Fig. 1a tai ddy khong dwoc thé hién trén
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Fig. 2 vi muyc dich 10 rang). Thong tin li€én quan dén khoang thdi gian cap nhat thu k
hién tai cla tin hiéu thong tin ddu vao (tin hiéu dau vao bo loc thir nhat) 11 cé thé bao
gdm phép biéu dién tin higu 11a (vi dy: gié tri thyuc cla cac mau trong cac khoanh khéc
khac nhau trong mién thoi gian ma tao thanh dit liéu "x") va dir li¢u diéu khién 11b (vi
du, c6 thé dugc ma hoa theo dong bit va duge truyén ttr bo phat hoac dugc luu trong bo
nh¢). Dt liéu didu khién 11b c6 thé bao gdbm cac tham s6 lién quan dén viéc loc tai
khung tht k hozic khoang thoi gian cap nhat (vi du: do tré tan s6 co ban duge ude lugng
va/hodac cac gia tri do khuéch dai hodc cac gia tri twong tu ho#ic cac phién ban dugc xtt
1y cua no). Cac tham s6 cho khung thir k hién tai hodc khoadng thoi gian cap nhét c6 thé
duoc Ivu trit trong phﬁn tt luu trit tham s6 21a (vi du: bd nh¢, chéng han nhu thanh ghi).
Phén tir Iuwu trit tham sb 21b c6 thé chira cac tham sb ctia khung thi (k-1) trude d6 hodc
khoang thoi gian cdp nhat. Miii tén 21 'd& cap dén thuc té 12 cac tham sé cho khung thir
(k-1) hodc khoang thoi gian cép nhét trude do (duge luu trit trude do tai phan tir luu triv
21a) trd thanh cc tham s ciia khung hodc khoang thoi gian cap nhat trude d6 va dugc
luu trir tai bd luu trix phﬁn tr 21b khi khung thir k hoac khoang thoi gian cép nhat méi

duogc xtr 1y.

Céc tham s dugc luu trit trong phan tir luu trit 21b (da dugc chudn bi cho khung
thir (k-1) trude d6) c6 thé dugce ap dung cho phan loc thir nhat 22 (ma cé thé thuc hién
céc ham ctia bo loc thir nhét 12) cho it nhat 13 khoang thdi gian phu ban dAu cta khung
thir k hodc khoang thoi gian cép nhat hién tai. Cac tham s6 dugc luu trir trong phan tir
luu trit 21a (da duoc chuén bi cho khung tht k hién tai) co thé duoc ap dung cho phén
loc thit hai 24 (ma c6 thé thuc hién cic ham cta bo loc thi hai 14) cho it nhit 12 khoang

thoi gian phu ban dau cia khung thir k hogc khoang thoi gian cap nhét hién tai.

Tuy nhién, cac tham s6 dugc luu trit trong phan tir luu trit 21b (duge chuén bi ban
dAu cho khoang thoi gian cap nhat thir (k-1) trude d6) c6 thé bi thay ddi, vi dy, boi khéi
23b, khién phan loc thir nhét 22 di chuyén (vi du: dan dan, vi dy, don diéu) tir trang thai
loc cao hon sang trang thai loc thap hon trong khoang thoi gian phy ban dAu cia khoang
thoi gian cdp nhat thir k hién tai. Vi du: cac tham $6 ¢6 thé dugc dinh ti 16 (vi du: thu
nho, 1am mo) béng cach st dung hé $6 1am mo vé 0, vi du: hé sb6 1am md giam (vi du:

lam mo bang cach nhan). Khoi 23b c6 thé 4p dung ham tao cira s6. Ham tao ctra s6 ¢6
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thé thay ddi vé 0 va/hodc giam it nhat 1a khoang thoi gian phu ban dAu (vi du: tir gi4 tri
dwong cao nhét, vi du 1, tai mau thir nhét ctia khoang cp nhat hién tai tht k, thanh gia

tri thép nhét, vi du 0, tai mau cudi cung cua it nhét thoi gian phu ban déu).

Vi du: ¢6 thé thu duoc hiéu qua loc giam (vi du: tir trang théi loc cao hon sang
trang thai loc thdp hon) bang cach giam dan hé s6 1am m& (vi du: tir gié tri t6i da, vi du
1, xubng gi4 tri t6i thiéu hoic khong dang ké, vi du 0). Khi hé s6 1am mo khéng dang
ké (hoic 0), cac tham s6 dugc stra ddi thanh gié tri khong déng ké (hoic 0) va dau ra 13
(y") ctia phan loc thir nhit 22 gin nhu twong tw (hodc gidng vé6i) tin hidu théng tin dau

vao 11 (x).

Céc tham s6 duge luu trit trong phin tir luu trit 21a (duoc lién két véi khung thir k
hién tai hodc khoang thoi gian cdp nhat hién tai) co thé dugc thay d6i boi khdi 23a dé
khién phan loc thtr hai 24 di chuyén (vi du: dan dan, vi du, don diéu) tir trang thai loc
thip hon dén trang thai loc cao hon trong it nhit 14 khoang thoi gian phu ban dau cia
khung thtt k hodc khoang thoi gian cdp nhat hién tai. Vi du: cdc tham s6 c6 thé duoc
dinh ti 18 (vi du: thu nhé, 1am mo) bing cach tang hé s6 1am md (vi du: bang cach nhan),
¢6 thé mé rong tir 0 hodc gia tri gin 0 dén gié tri xa 0 hon. Khdi 23b 6 thé 4p dung ham
tao cira s6. Ham tao cira sb ¢ thé tang hoac thay d6i (vi du: tir trang thai loc thép hon
sang trang thai loc cao hon) tir thoi diém ban d4u ctia khoang thoi gian phu ban dAu sang
thoi diém cudi cing cua khoang thoi gian phy ban dau (vi du: tir gid tri gin véi 0 dén
mdt gi4 tri xa 0 hon va/hodc tir mot gia tri thip nhét tai mau dau tién cia khoang thoi
gian phu ban dau dén gia tri cao nhit duong, vi du 1, tai mau cubi ciing ciia khoang thoi
gian phu ban dAu ctia khung thtr k hién tai hogic khoang thoi gian c4p nhat hién tai hodc

tai mau cudi cting ciia khung hodc khoang thoi gian cip nhat).

Vi du: c6 thé tang hi¢u qua loc (vi du: tir trang thai loc thép hon sang trang thai loc
cao hon) béng cach mé rong dan tir 0 hodc gia tri gﬁn 0 dén gia tri xa 0 hon, vi du: mé
rong hodc ting (vi du, don diéu hodc hoan toan don di€u) h¢ s6 1am mo (vi du: tir gid tri
gan 0 dén gié tri khac xa 0 hon va/hodc tir gia tri t6i thiéu hodic khong dang ké, vi du 0,
dén gi4 tri toi da, vi du: 1). Khi hé s 1am m& khong dang ké (hodc 0), cac tham s6 duge
sira d6i thanh gié tri khong dang ké (hodc 0) va dau ra cua phan loc thir hai 24 gan nhu

twong tu (hodc giéng véi) tin hiéu dau vao clia né (ma 14 tin hi¢u trung gian y' hogc 13).
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Trong céc vi du, cac tham s6 cho céc bo loc thir nht va/hodc thit hai 12, 14 ¢6 thé
duoc sta dbi trong qua trinh ndi tiép cac mau cla it nhat 14 khoang thdi gian phu ban
déu, theo cac hé $6 (vi du: cac hé s6 dinh ti 18 cta cac khéi 23a, 23b) ma bd sung véi
nhau dén mot gia tri khong ddi (vi du: gia tri duong, chéng han nhu 1), sao cho tdng cua
chung khong dbi. Trong c4c vi du, sy thay d6i ctia cac hé sb c6 thé 13 tuyén tinh (vi du:

c6 thé mé ta bang phuong trinh bac 1).

Trong c4c vi du, phan loc thir nhat 22 va phan loc thir hai 24 ¢6 thé c6 chung cu
trac phin cimg/phin mém, c6 diu ra cla ching thay d6i chi nho vao dau vio ciia cac

dau vao va/hoidc cac tham so va/hodc cac hé s6 khac nhau.

Pang chu v, cac tham s6 c6 thé duoc lién két, trong cic phan tir lvu trit 21a va 21b,
v6i mot do dai cu thé cia khoéng thoi gian phu hoac vai 100% khoang thoi gian cép
nhat. Do d6, c6 thé biét ring phin trim (hodc trong moi trudng hop 14 phan) ctia khoang
thoi gian cdp nhit hodc khung s& duoc lam nhin. Trong mot sb truong hop, Iva chon
ngudi dung (vi du: dugc thiét 1ap trong sudt phién c4u hinh) c6 thé x4c dinh do dai cia

it nhat khoang thoi gian phuy.

Fig. 3 thé hién hé théng 30 ma cé thé bao gdm phan loc 10 (hodc 10 ', ngay ca khi
cac két ndi bo qua khong dugc hién thi trén Fig.3) cho it nhét khoang thoi gian phu ban
dau va phan loc 31 cho khoang thoi gian phu tiép theo (trong d6 k§ thuat loc kép ctia
Fig. 1 va 2 dugc st dung trong 100% cta khoang thoi gian cép nhat, "phan loc cua
khoang thoi gian phu tiép theo" khong hoat dong). Phén loc cho khoang thoi gian phu
ban du c6 thé giéng v6i hé thdng 10. Phan loc 31 cho khoing thdi gian phy tiép theo
¢6 thé duoc tao cAu hinh d loc tin hiéu trong khoang thoi gian cap nhat tht k hién tai
sau khi két thiic phin dugc loc béi phan loc 10 cho it nhat 13 khoang thdi gian phu ban
dAu (c6 thé 1a khoang thoi gian tiép theo sau khoang thoi gian phu ban dau ). Phan loc
31 cho khoang thoi gian tiép theo ¢6 thé 13 bd loc thir ba thiéu cac tham s6 1am md. Do
do, phﬁn loc thir ba 31 c6 thé chi can ap dung cac tham s6 dugc chuin bi ban dau cho

khoang thoi gian cdp nhat hién tai.

Bo chon 32 ¢6 thé theo ddi tin hidu thong tin diu vao 11 va thay dbi giita viéc sir
dung phan loc 10 cho khoang thdi gian phu ban dAu va st dung phan loc 31 cho khoang
thoi gian tiép theo. Pang chil v, phan loc 31 cho khoang thoi gian tiép theo (bd loc thir
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ba) cé thé duoc tao tir cac khéi chu tric va/hoic chire nang duoc sir dung cho bd loc thi

nhét va/hodc tht hai 12 va 14.

Theo cach bd sung hodc thay thé, bo chon 32 ¢ thé quyét dinh xem, trong subt
khoang thoi gian phu ban dau, phin loc 10 (v6i b loc thir nhét va thir hai 12, 14) s&
dugc str dung cho khoang thoi gian phu ban dau hay néu phén loc 31 s& dugc st dung
cho it nhit 1a khoang thoi gian phu ban dau (bén canh viéc st dung phén loc 31 cho
khoag thoi gian phu tiép theo, trong trudng hop). Quyét dinh c6 thé dua trén cac didu
kién cu thé, vi du, c6 thé dua trén cic tham ) (vi du: dua trén so sanh giita cac gia tri
tham sb lién quan dén khoang thoi gian cip nhat hién tai va gié tri ciia cac tham s6 lién
quan dén khoang thoi gian cép nhat trude d6). Mot s6 vi du vé quyét dinh nay dugc cung
cAp trong cac doan sau.

Cac b0 loc tai cac phén t 22, 24, va 31 c6 thé 1a cac bd loc sau LTP nhu d3 thao
luin & trén hodc hon nita, néi chung la cac bo loc LTI IIR (ma cé thé ciing duoc biéu
dién nhu H(z)) va c6 thé duoc thé hién & dang :

H(z) = :
1+ Z?=1 a]'Z_]

hoic sit dung phuong trinh chénh 1éch tuyén tinh

Mo

P
yln] = x[n] + Y bix[n—i] = ) ayln -]
i=0

=1

cac hé s6 by va aj ¢o thé 13 cac tham sb loc. Fig. 10 thé hién khoang thoi gian cép
nhat T lién két voi bo loc Hi (vi du: tai khoang thoi gian cdp nhét thr k hién tai) va
khoéng thoi gian trudc d6 lién két véi bd loc Hier (vi du: tai khodng ngay tht (k +) trudce
d6). Chu y 13, Fig. 11 thé hién khoang thoi gian cap nhat (hodc khung) T, khodn thoi
gian phu ban du T, trong d6 c4 hai b loc dugc st dung, va khoéng thoi gian phu tiép
theo T, = T — T,, trong s6 chi phan loc 31 cho khoang thoi gian phu tiép theo duoc st
dung. Trong cac vi du trong d6 100% khoang thoi gian cap nhat (hodc khung) T duoc
loc hai 14n boi cac phan tir 12 va 14, c6 thé hiéu dugc rang T = T, tc 1a khoang thoi gian

phu 12 giéng v6i khoang thoi gian va khoang thoi gian tiép theo khong ton tai)
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Chiing ta xem xét dén bd loc thay d6i theo thoi gian ma 13 trong khoang thdi gian

cap nhat k bang v&i bd loc LTI IIR Hy (ma 1a bo sau LTP):

14+ 3P bzt
Hk(Z) _ 21—0 k,i

P Q
y[n] = x[n] + z byix[n —1i] - Z agy[n —jl, kT <n < (k+ 1T
i=0

=1

Trong d6 T lién quan dén khoang thoi gian cép nhat (va c6 thé bao gdm mét sb
lugng mAu riéng biét) va k 1a chi sé ctia né, k-1 dugc lién két véi khoang cép nhat thir
(k-1) trude d6. Phan loc thi ba 31 c6 thé thudc loai ndy. P va Q c6 thé 1a cu thé cho bd
loc (vi du: 13n lugt 12 tht tu bd loc tiép theo va thir tw bd loc phan hdi). Q c6 thé 1a vi du

lién quan dén gié tri t6i da c6 thé cho Tyy,.
Céc phén tir bd loc thir nhét 12 va/hodc 22 c6 thé xuét tin higu trung gian y' & dang:

Q

P
y'[n] = x[n] + s [n] <Z begixln =11 = ) a1y —j]) T <n<KT+T,
i=0

Jj=1

trong d6 s,_4[n] thay dbi vé 0 khin ting VOi kT —T; < n < (k+ 1T

vidusg_1[n]=1 —n_I;T,kT <n<kT+T

T
trong d6 T, lién quan dén khoang thoi gian phyu ban dau.

Céc phin t bd loc thir hai 14 va/hodc 24 ¢ thé xuét tin hi¢u dau ra di loc y &
dang:

Q

p
y[n] = y'[n] + sg[n] (Z by'[n—i] — z ay,jy[n —j]), kT <n<kT+T,
i=0

Jj=1

_n—kT
=7

S [n] =1—5,_4[n],kT <Sn<kT+T,

Pang chu y, gia tri dau ra dugc loc y[n] c6 dau vao dua trén dau ra bd loc trung

gian y'[n] dugc cung cép béi bod loc thur nhét.

Fig. 4 thé hién hé théng 40 nhu 12 mot stra d6i cia hé thong cua Fig. 2. By chon
(khong thé hién trén hinh v&) c6 thé thay dbi tir viéc sir dung ché do thtr nhat ma khoang
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thoi gian phu ban ddu (T;) dugc loc (nhu boi hé thong 10) va viée st dung ché d¢ thir
hai trong d6 khoang thoi gian phu tiép theo ctia khoang thoi gian cap nhat hién tai duoc
loc. Nhu dugc biéu dién boi bo chuyén huéng 41a va cong tdc 41b, sau khi d3 loc tin
hiéu thong tin diu vao x tai khoang thoi gian phu ban dAu nhu trén Fig. 2, phan loc thu
nhét 22 ¢6 thé duge bd qua béi bd chuyén huéng 41a. Theo d6, phan loc thit hai 24 ¢6
thé duoc cip truc tiép voi biéu dién 11a clia tin hiéu thong tin dau vao x. Nhu dugc biéu
din b&i bd chuyén hudng 41c, cac tham s& duoc luu trit trong phan tr lwu trir 21a ¢6
thd duoc sir dung truc tiép tai phan loc thir hai 24 ma khong bi 1am md, tirc 14 b qua
khdi 23a. Do d6, trén Fig. 4, vai trd cua bo loc thi ba 31 dé loc khoang thoi gian tiép
theo ctia khoang thoi gian hién tai dugc thuc hién béi phan loc thir hai 24. (Trong cac vi
du, trong d6 100% khoang thoi gian cdp nhat dugc loc hai 14n boi cac phan tir 22 va 24,
cac bd chuyén huéng ludn trong ciing trang théi cho phép cé hai phan tir 22 va 24 thuc
hién loc.)

Fig. 5a thé hién hé thdng 50. Hé théng 50 c6 thé bao gdm b loc thit nhit 51 (ma
c6 thé 13, vi dy, bd loc 12 duoc tao cAu hinh nhu trén Fig. 1 hodc 1a), b loc thir hai 52
(vidy, co thé 12 bd loc 14 dugc tao ciu hinh nhu trén Fig. 1 hodc 1a) va/hoic bd loc thir
ba 53 va/hoac bo loc thir tu 54 (¢6 thé 1a tuy chon). Trong cac vi du, mot s6 bd loc nay
c6 thé giéng nhau (vi du: thu dugc vé6i cing mot phan ctmg) va chi durge phan biét véi
nhau biang dau vao va/hoic cac tham s6. BO chon 55 c6 thé hudng phép biéu dién tin
hiéu 11a cta tin hiéu thong tin dau vao 11 dén bt ky bo loc 51-54 ndo trén co s& cac
gi4 tri ctia phép biéu dién tin hiéu 11a va/hodc dit lidu diéu khién 11b.

Trong mdt sb vi du, cac bd loc thir nhét, thtr hai va thtr ba 51, 52 va 53 thu dugc
nhu trén Fig. 4. Do d6, bd loc tht hai 52 cling c6 thé thuc hién cac hoat dong ciia bd loc
thar ba 53.

B9 loc thit nhit 51 c6 thé trién khai b loc thir nhat 12 va/hodc phan loc thir nhat
22 va dugce st dung dé loc khoang thoi gian phu ban dau cta khoang thdi gian cap nhat
thtr k hién tai véi cac tham $6 (ban dau dugc lién két voi khoang thoi gian cdp nhat thi
(k-1) trugc d6) ma chuyén tir trang thai loc cao hon sang trang thai loc thap hon. B loc
thir hai 52 c6 thé trién khai bd loc thu hai 14 va/hodc phan loc thit hai 24 va dugc st

dung dé loc khoang thoi gian phy ban d4u ctia khoang thoi gian cap nhat hién tai véi cac
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tham s6 (dwoc lién két thuc té véi khoang thoi gian cap nhat thir k hién tai) ma chuyén
tur trang thai loc thép hon sang trang thai loc cao hon. B9 loc thir ba 53 ¢6 thé trién khai
phan loc thi ba 31 cho khoang thoi gian tiép theo ctia khoang thdi gian cap nhat hién

tai.

Bo loc thir tu 54 ¢c6 thé trién khai b loc dé loc khoang thoi gian phu ban dau cua
khoang thoi gian cip nhat thir k hién tai voi cac tham s6 thu duoc biang cach ndi suy cac
tham s6 cho khoang thoi gian cip nhét thir (k-1) truée d6 va cac tham sb cho khoang

thoi gian cap nhat thir k hién tai.
Bo chon 55 ¢6 thé hoat dong:
- trong khoang thoi gian phu ban dau (T;), bang cach lya chon trong sd:

o hoat dong loc duva trén hanh dong két hop cua b loc thi
nhit 51 va bd loc thit hai 52;

o hoat dong loc dua trén bo loc tht ba 53; va
o hoat dong loc dua trén bo loc thu tu 54;
- trong khoang thoi gian tiép theo, bang cach st dung bd loc thir ba 53.

V6i viée tham chiéu dén quyét dinh cho khoang thoi gian phu ban dau, bo chon 55
c6 thé hoat dong, vi du, béng cach st dung ngudng thir nhét va/hodc thir hai va/hoic cac
didu kién (vi du: céc diéu kién vé do khuéch dai cia tin hidu trong cac khoang thoi gian

cap nhat tiép theo). Vi du: bo chon 55 ¢6 thé chon:

o hanh dong Kkét hop ctia bd loc thr nhét 51 va bd loc tha hai
52 khi khoang cach gitta cac tham s6 ctia khoang thdi gian cdp nhat thi k
hién tai va khoang thoi gian cap nhét thir (k-1) trude d6 1a cao, vi du: trén
ngudng thir hai;

o hanh dong cua bd loc thtr tu 54 chi khi khoang cach gifra cac
tham sb cua khoang thoi gian cdp nhat th k hién tai va cac tham sb cua
khoang thoi gian cap nhat thu (k-1) trude do 1a nho, vi du: dudi ngudng

thir hai; va/hoac
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o hanh ddng cua bd loc thr ba 53 chi khi khodng cach gitia
cac tham sd nho hon ngudng thir nhét (c6 thé nhé hon ngudng thir hai)
va/hodc khi céc tham s6 ciia khoang cp nhat thir k hién tai giéng vdi cac

tham sb ctia khoang thoi gian cap nhat (k-1) trudce do.

Ngudng thir hai cé thé duoc thiét 1ap hoat dong, vi dy, nhu 1a cuc tiéu gitta ph?ln
nguyén cua do tré tan s6 co ban tai khoang thoi gian cap nhat hién tai va phﬁn nguyén

clia d6 tré tan sd co ban tai khoang thoi gian cip nhét trude do,

Theo cach bd sung hodc thay thé, cling c6 thé sir dung diéu kién dya trén do khuéch
dai cua tin hiéu tai khoang thoi gian cdp nhat trude do, dé su dung b loc thit tu 54 khi
khoang céch giita do khuéch dai tai khoang thoi gian cdp nhét dugce xac dinh (hién tai)
va d khuéch dai tai khoang thoi gian cap nhét truéc d6 nhé hon ngudng thir nhét
va/hoic thit hai. Theo do, ngudng thir hai ciing nhu diéu kién vé d6 khuéch dai c6 thé

duoc stra ddi trong thoi gian thuc, vi du: dé ¢6 duge cach loc tbt hon.

Fig. 5b thé hién cach trién khai cho b6 loc sau LTP trong d6 bo loc thit tw 54 khong
duogc st dung (vi dy, n6 cd thé bao gém cic don vi 12 va 14 duogc tao két cAu nhu trén

Fig. 1 hoac 1a).

Fig. 6 thé hién phuong phép 60 trong d6, "UI" dé cap dén "khoang thoi gian cap
nhat" va "SI" dé cap dén "khoang thoi gian phu". Theo phuong phép 60, c6 thé thu duoc
tin hidu thong tin ddu vao 11 (x) (vi du: tir bd ma héa). Cu thé, tin hidu 11 c6 thé bao
gdm phép biu dién tin hiéu 11a (vi du: dugc lién két v6i tin hi¢u am thanh dugc loc) va
dit lidu diéu khién 11b (vi du, c6 thé bao gdm cac tham sé bd loc lién két véi khoang

thoi gian cap nhat hién tai).

Tai buée S61, ¢ thé thu duoc tin hiéu thong tin dau vao (vi du: x, 11) cho khoang
thoi gian cap nhat thit k hién tai (d8 x&c dinh) cuing véi cac tham s6 lién quan dén khoang

cép nhat thr k hién tai.

Sau d6, cac hoat dong cta bd loc thir nhat 61 ¢6 thé dwgc thuc hién (vi du: béi bat
ky thanh phan nao 12, 22, 51) cho khoang thdi gian phu ban dau cua khoang thoi gian
cép nhat thu k hién tai, béng cach tai chuyén gia tri (chi sé) n trong s6 nhiéu miu cua

khoang thoi gian phu ban dau. Tai S611, mau thi nhit ciia khoang thoi gian phu ban
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dau c6 thé dugc xem xét béng cach khéi tao bién n (nhu n = 0). Tai S612, gia tri trung
gian y’[n] thu duoc bang cach sir dung cac tham sb lién quan dén khoang cp nhat tha
(k-1) trude d6. Tai 613 (miu cudi cung cta SI ban dau?), ngudi ta kiém tra xem n ¢6 dat
dwoc gié tri lién quan dén mau cubi ciing cua khoang thoi gian phu ban diu hay khong
(vi du: né dwoc kiém tra xem n c6 phai 13 chi s6 cudi cing ctia khoang thoi gian phu ban
diu khong). Néu n da dat dén gia tri cudi cing (chi sd) ctia khoang thoi gian phu ban
dau, cac hoat dong cia bd loc thir nhét 61 dugc két thic va cic hoat dong cua bo loc thir
hai 62 dugc bit dau. Mat khéc, tai S614 (thay ddi cac tham s doc theo SI ban dau cia
UI thir k hién tai tir trang thai loc cao hon sang trang thai loc théip hon), cac tham sb
duoc thay dbi dé chuyén tir trang thai loc cao hon sang trang thai thap hon (vi du: bing
cach giam cac hé sb tai khbi 23b cua Fig. 2). Tai S615, miu méi duge xem xét (bang

cach cép nhat chi sb, vi du: bdin=n+ 1) va bude S612 duoc 13p lai cho chi sd main.

Sau d6, cac hoat dong ctia bd loc thir hai 62 c6 thé duoc thuc hién (vi du: boi bat
ky thanh phdn nao 14, 24, 52) cho khoang thoi gian phu ban du cia khoang thoi gian
cap nhéat th k hién tai, b.%mg cach tai chuyén gia tri (chi sé) n trong s6 nhiéu mau cua
khoéng thoi gian phu ban dau. Tai $621, miu thir nhat (ctia r n=0) ctia khoang thoi gian
phu ban dau c6 thé dugc xem xét béng cach khéi tao bién n dén 0. Tai S612, gia tri dau
ra d3 loc y[n] thu dugc bang cach sir dung cac tham sd lién quan dén khoang cip nhat
tht k hién tai. Tai 623 (mau cudi cung cua SI ban d'?lu?), nguoi ta kiém tra xem chi sd n
¢6 dat dugc gia tri lién quan dén méu cudi cing cta khoang thoi gian phu ban dau hay
khong (vi du: n6 dugc kiém tra xem n ¢ phai 1a chi sé cudi cliing ctia khoang thoi gian
phu ban diu khong). Néu chi s6 n di dat dén gia tri cudi ciing ctia khoang thoi gian phu
ban dau, cac hoat dong cua bd loc thir hai 62 dugc két thiic va céac hoat dong cua bo loc
tha ba 63 duoc bat dau. Mit khéc, tai S624 ("thay dbi cac tham s6 doc theo SI ban dau
cua Ul thtr k hién tai tir trang thai loc thép hon sang trang thai loc cao hon"), cac tham
s6 duogc thay ddi dé chuyén tir trang thai loc thap hon sang cao hon trang thai loc cao
hon (vi du: mé rong céc gia tri tir 0 hodc gia tri gan 0 dén gia tri xa 0 hon, vi du: bang
cach tang gia tri ctia cac hé sd tai khdi 23a). Tai S625, miu méi duoc xem xét (n=n +

1) va bude S612 duogc goi ra.
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Sau do, cac hoat dong cua bd loc thit ba 63 dugc thyce hién (vi du: béi bét ky thanh
phan ndo 31, 24, 53) cho khoang thoi gian phy tiép theo (vi du, cudi cling) ciia khoang
thoi gian cap nhat thir k hién tai, bang cach tai chuyén gi tri (chi s6) n trong s nhiéu
mau cia khoang thoi gian tiép theo. Tai S632, gia tri dau ra d3 loc y[n] thu dugc béng
cach st dung cac tham s6 lién quan dén khoang cdp nhat thir k hién tai. Tai 633, xac
dinh xem chi s6 n ¢6 dat duoc gi tri lién quan dén mau cubi ciing cia khoang thoi gian
cép nhat thir k hién tai hay khong (vi du: kiém tra xem n c¢6 phai 14 chi s6 cubi cung cua
khoang thoi gian cap nhat hay khong). Néu n di dat dén gi4 tri cudi cing ciia khoang
thoi gian cdp nhat, hoat dong cua b loc thit ba 63 dugc két thuc. Néu khong thi, tai
S635, mau méi duoc xem xét (bing cach cap nhat chi $6, vi du: bdin=n+ 1) va bude

S632 dugc 1ap lai cho chi s6 méi n.

Tai cubi phuwong phép, tit ca cic gia tri y [n] ciia tin hiéu dau ra duoc loc di thu
duoc. Gié tri cua chi s6 k ¢ thé dugc cap nhat tai S64. Bude S61 c6 thé dugc goi lai

trong khoang thoi gian cép nhat thtr (k + 1).

Can luu ¥ ring budce S61 khong thuc su can thiét sau bt ky bude S611-S63 nio.
Trong mot s6 vi du, tin hiéu thong tin déu vao tai khoang thoi gian cdp nhat thir k hién
tai‘cﬁng ¢6 thé thu duoc trong qua trinh xir 1y cac hoat dong 61-63. Trong cac vi du, tin
hi¢u thong tin dau vao tai khoang thoi gian cdp nhat thir k hién tai co6 thé d3 thu dugc
mot wu tién.

Trong céc vi du trong d6 cac hoat dong loc thir nhét va tht hai dugc thuc hién cho

100% khoang thoi gian cép nhat, cac hoat dong loc thir ba 63 khong dugc thuc hién.

Fig. 7 thé hién phuong phap 70 ("UI" dé cap dén "khoang thdi gian cap nhat" va
"SI" dé& cip dén "khoang thoi gian phu"). Phuong phéap 70 ¢ thé bao gdbm budc S71
("thu duoc tin hiéu thong tin diu vao x tai UI thi k va cdc tham s6 lién quan dén UI thir
k™), trong d96, trong khodng thoi gian cap nhat thur k hién tai, tin hiéu x va cac tham sb

lién quan dén tin hidu x tai khoang thoi gian cap nhat thit k hién tai thu duoc.

Tai bude S72 ("1a cac tham sb cho UI thir k va cac tham s6 cho UT thir (k-1) gidéng
nhau hodc 12 khoang c4ch cua chung trong ngudng dau thir nhat?), so sanh thir nhat dugc

thuc hién: cac tham sb cho khoang thoi gian cap nhat thir k hién tai 1a dugc so sanh véi
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c4c tham sb cho khoang thoi gian cap nhat thit (k-1) trude d6 (vi du: bdi bd chon 55).
Néu céc tham s6 giéng nhau hodc khoang cach giita tham s6 ctia khoang thoi gian cap
nhat thtt k va tham sb ctia khoang cip nhat thir (k-1) ndm trong ngudng thir nhéat (thip),
tai S73 (thuc hién cac hoat dong loc thir ba 63 ma khong 1am mo cac hé sb doc theo toan
bd UI thir k) cac hoat dong loc thir ba 63 dugc thuc hién béng cach st dung, cho khoang
thoi gian cip nhét thi k hién tai (cd khoang thoi gian phu ban du va khoang thoi gian
phu tiép theo), cac tham sd lién quan dén khoang thoi gian cap nhat th k hién tai (vi
c4c tham s6 nay giéng nhau hodic gan nhu gidng nhau cho hai khoang thoi gian cap nhat
lién tiép, khong can thiét phai 1am m& hogc 1am nhén chung: do do, c6 thé 4p dung bd
loc thir ba 31 hodc 53 cho toan b0 khoang thoi gian cap nhat, ma khong phan bi€t khoang
thoi gian phu ban dau véi khoang thoi gian phu tiép theo). Sau d9, tai S77, gia tri ciia k
duoc cap nhat va khoang thoi gian cédp nhat méi thr (k + 1) bay gio cé thé duoc loc.
Quyét dinh ndy c6 thé dugc dwa ra, vi du, béi bat ky by chon nao dugce thé hién, vi dy,

trén Fig. 4 va 5.

Néu khoang céach giita cac tham s6 vuot qué ngudng thir nhét, c¢6 thé thuc hién
kiém tra thtt hai: vi du: tai S74 ("c6 phai khoang c4ch gitra cac tham s cho UI thi k va
khoang céch gifra cac tham s cho UT thtr (k-1) nim trong ngudng tht hai khéng? gi=0
hodc gi-1=0?") cac tham b cho khoang thoi gian cdp nhat thr k hién tai dugc so sanh
v6i cac tham s cho khoang thoi gian cép nhat thit (k-1) trude d6 (vi du: tai bo chon 55).
Céac tham sb dugc kiém tra tai S74 cling co thé khac véi cic tham sb dugc kiém tra tai
S72. Néu khoang cach giita cac tham sd cho khoang thoi gian cap nhat thit k hién tai va
khoang cach gitta cac tham sb cho khoang thoi gian cap nhat thir (k-1) truée d6 nam
trong ngudng thtr hai (ma c6 thé cao hon ngudng thir nhét), tai S75 (thuc hién cac hoat
dong loc thir tw ndi suy cac tham sé"), hoat ddng loc thir tu (vi du, bo1 bd loc thir tu 54)
¢6 thé duoc hoat dong tai khoang thoi gian phu ban dau cia khoang thoi gian cap nhat
thi k hién tai. Trong trudng hop nay, cac tham sd duge ap dung cho khoang thoi gian
phu ban d4u c6 thé thu duoc bing cach ndi suy (va/hoic 14y trung binh) cac tham s6 cho
khoang thoi gian cdp nhat th (k-1) trudée d6 va cac tham s6 cho khoang thoi gian cap

nhat th k hién tai. Sau d6, budc loc thir ba 63 c6 thé dugc hoat dong tai S75' (budc loc
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tht 3 trén SI tip theo) cho khoang thoi gian tiép theo. Sau do, tai S77, (“k=k+17), k
duoc cap nhét va khoang thoi gian cap nhat méi thtr (k + 1) bay gio co thé dugc loc.

Néu tai S74, nguoi ta x4c minh ring khoang cach giita cac tham s6 cho khoang
thoi gian cip nhat thir k hién tai va khoang céach gitta cac tham s6 cho khoang thoi gian
cap nhat thr (k-1) trude d6 vuot qua ngudng thir hai, tai budc S76 (thuc hién cac hoat
dong loc thir nhit va tht hai 61 va 62 trén SI ban d4u ctia U thit k va thuc hién cac hoat
dong loc tht ba 63 trén SI tiép theo ciia UT thr k), cac hoat dong loc thir nhét, tha hai va
thir ba 61, 62, 63 c6 thé duoc hoat dong (vi du: boi cac phan tir 12, 14, 22, 24, 31, 51,
52 va/hodc 53): do d6, khoang thoi gian phu thir nhét ctia khoang thdi gian cap nhat hién
tai c6 thé duoc loc dau tién boi bat ky 12, 22, 51 va/hodc 61 va sau d6 boi bat ky 14, 24,
52 va/hodc 62, va khoang thoi gian phu tiép theo dugc loc bang cach sir dung bét ky 31,
53 va/hodc 63. Sau do, tai S77, k dugc cdp nhat va khoang thoi gian cép nhit méi th

(k + 1) 6 thé duoc loc.

Trong cac vi dy, it nhét diéu kién khac c6 thé duoc thiét lap, theo cach bd sung
hodc thay thé (trong mot s6 trudng hop, tai bude S74). Trong mot sd vi du duogc cung
cép rang, dé bit ddu budc S76, diéu kién phai duge xac minh. Trong cac vi dy, diéu kién

tai S74 c6 thé bao gdm it nhit mot trong so:

- Néu d0 khuéch dai cta khoang thoi gian cdp nhét (hién tai) dugc xéc dinh
bang 0 (gk = 0), thi bd loc thir nhit dugc st dung, bo loc thit hai khong duorc sir
dung va bd loc thir ba khong duoc st dung (v, trong trudng hop duoc cung cép,

b0 loc thir tu khong dugce su dung ).

- Néu do khuéch dai ctia khoang thoi gian cap nhat trudc d6 bing 0 (gx1=0),
thi bd loc thir nhét khong duoc st dung, b loc thir hai dugce st dung, b loc thur
ba duoc st dung (va, trong truong hop dugce cung cép, bd loc thir tur khong duogce
st dung) .

- Néu c4 do khuéch dai ctia cac khoang thoi gain cép nhét trude doé va hién
tai khac vdi 0 (ge170 and gi#0) thi nhiing gi dugce st dung phu thudc vao céc
tham sb khac (vi dy, trong mot s6 vi du, c6 thé xem xét sy khac biét ctia $6 nguyén

va/hoic cic phan thap phan ciia do tré tan so co ban).
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Trong mdt s6 vi du, buéc S74 cb thé dugc thuc hién trude bude S72.

Trong mot sO vi dy, chi cé mdt so sanh dugc thuc hién. Do do, c6 nhiing vi du,

khong c6 cac bude S72 va S73 va c6 nhitng vi du khong c6 cac bude S74 va S75.

Trong mot sd vi du, chi ¢ mot so sénh duoc thyc hién. Do do, c¢6 nhitng vi duy,

khdng c6 cac bude S72 va S73 va c6 nhitng vi du khdng c6 cac bude S74 va S75.

Trong cac vi dy, (cac) ngudng thir nhét va/hoic tht hai 1a (hodc cac diéu kién khac
vé céc tham sb, vi du: v& do khuéch dai) cho cac budc thi nhat va/hodc thir hai S72,

S74, c¢6 thé thu dugc trong thoi gian thyce, vi dy, tir cac gia tri cia cac tham $0.

Trong mot sb vi du lién quan dén bd loc LTP, ngudng tht hai c¢6 thé 14 nguong
khoang cach do tré tan sd co ban dugc xac dinh dé st dung bo loc thir tu 54 (va/hodc
ndi suy) khi khoang cach (vi du: chénh léch modulo) giita cac tham s6 ciia khoang thoi
gian cdp nhat tht k hién tai va cac tham sb cia khoang thoi gian cap nhat thir (k-1) trude
d6 nhé hon khoang tbi thiéu gitta phdn nguyén ciia do tré tan sb co ban lién quan dén
khoang thoi gian cip nhét thir k va phan nguyén ctia do tré tan s6 co ban lién quan dén
khoang thoi gian cép nhat thir (k-1). Do d6, so sanh thir hai tai budc S74 c6 thé 1a:

| Tinek = Tint—1| < min (Ting ks Tinek-1)
trong 46 Tiner VA Tine -1 12 cac phﬁn nguyén cta do tré tan sb co ban lan luot tai

cac khoang thoi gian cdp nhét k va k-1. Theo d6, so sanh thir hai tai S74, trong mot sb

vi duy, ¢6 thé ki€ém tra xem ca hai di€u kién sau c6 ap dung hay khong:

Tinek < 2Tint k-1
1
Tintk > 5 Tintk-15

Do d6, so sanh thu hai tai S74 sao cho, dé thuc hién qua trinh loc bang bd loc thir
tu 54, can thiét ring phan nguyén cta tin s6 co ban khong ting (tir khoang thdi gian cép
nhét tht (k-1) dén khoang thoi gian cép nhat thi k) trong hon 100% cling nhu khong
giam hon 50%: nghia 1a khong c6 tan s& co ban gap ddi hodc giam mot nira gitta khoang

thoi gian cap nhat trude d6 va khodng thoi gian cap nhat hién tai.
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Tuong ty, so sanh thir hai tai S74 sao cho budc loc thu nhit va tht hai (vi du: st
dung bat ky yéu t6 nao 12, 14, 51, 52, v.v.) ¢6 thé dugc kich hoat khi dwgc x4c minh
rang

|Tinexe — Tingje—1| = min (Tine i Tine -1)
d6 1a cach dé noi réng it nhat mot trong hai diéu kién sau dugc xac minh:
Tintk 2 2Tint k-1
1
Tintk < 5 Tinte-15

Do d6, cac bd loc thir nhat va thir hai c6 thé dugc kich hoat (vi du: béi bd chon 55)
khi phdn nguyén ctia d6 tré tin s6 co ban tai khoang thoi gian cap nhat thi k hién tai
thay d6i rat nhiéu so v6i phdn nguyén ciia do tré tin sé co ban tai khoang thoi gian cap
nhat thtr (k -1) trude do.

Diéu kién khac c6 thé duoc thiét 1ap. Vi du: budc S74 ¢ thé cung cép ring, dé
thue hién cac hoat dong loc thir nhét va thi hai 61 va 62 (vi du: bang b6 loc thtr nhét va
thir hai 12 va 14), it nhit mot diéu kién sau phai dugc xac minh:

g =0
-1 =0

Khi g;_, = 0, hi¢u qua co thé thu dugc tuong tu nhu bd qua bo loc thir nhét. Khi
g = 0, hidu qua c6 thé thu duoc tuong ty nhu bd qua bd loc thi hai.

Mot didu kién c6 thé 13, néu ca hai diéu kién sau dugc x4c minh:

Ik 0
r-1#0

trong trudng hop do, su khac biét giita cac phan nguyén ciia d6 tré tan sd co ban
(cta khung hién tai va khung truéc do6) duoc kiém tra tai S74 (vi du, nhu da thdo luan
tai trén).

Trong vi du ndy c6 thé thiy ring:
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1) néu c4c tham sb gitta khodng thoi gian cdp nhat hién tai va khoang
thoi gian trude d6 1a nhu nhau, thi trong khoang thoi gian cép nhét hién tai, st

dung cuing mdt bd loc cia khoang thoi gian cap nhat trude do (b9 loc thir ba 53);

2) néu céc tham sb cua khoang thoi gian cdp nhat hién tai va cac tham
sb cua khoang thoi gian cdp nhat trude do éuc ky khéac nhau hoac néu it nhit mot
trong sb cac do khuéch dai bang 0, thi nén sir dung bd loc thir nhét va tht hai (12,
24,14, 24, 51, 52, 61, 62);

3) néu d6 khuéch dai cua khoang thoi gian cdp nhat hién tai va trudc

d6 déu khac 0, thi xac dinh duoc tir d6 tré tan s6 co ban ma bd loc nén st dung.

Déng chu ¥, (2) ting chét lwong so véi (1) va (3). (2) c6 d6 phiic tap thap hon tinh
trang k¥ thuat.

Trong mdt s6 vi du, bd loc thir tw 54 khong dugce st dung va do d6, xac minh thir
hai tai S74 khong duoc thuc hién va chi co thé thyuc hién so sanh véi ngudng cuc ky nhd

(hodc so sanh vé gia tri chinh x4c).

Cac vi du khac (vi du: bd loc khong phai LTP) cé thé dua trén cic tham sb khac.
Tuy nhién, phuong phép hién tai thyc hién cho bét ky b6 loc IIR nao.

Noéi chung, néu c6 su khac biét vé tham sb, thi bd loc thir nhét va thir hai duge st

dung. Néu khéng thi, bd loc thit ba dugc st dung trong khoang thdi gian phu ban dau.

Giai phap hién tai c6 thé duoc str dung vi du khi cac tham s6 LPC thay dbi trong
bd mi héa - giai m3 dy bao tuyén tinh kich thich mi (Code-Excited Linear Prediction-
CELP). Theo cach d6, sy khong lién tuc ton tai ngay ca sau khi phép noi suy tan s6 phd
dong (line spectral frequencies LSF) dua trén khung con, trong CELP ¢6 thé dwoc xir
1y. Mot vi du khac ma k¥ thuat nay c6 thé dugc str dung la loc dé tdng cuong dinh dang

trong cac by ma hda-giai ma CELP.
Céc hinh v& Fig. 8 va 9 thé hién c4c phan tir cia (cac) hé thong ma héa/giai ma.
Fig. 8 thé hién vi du vé thiét bj 80 dé ma héa tin hiéu thong tin tai dinh dang k§
thuat sd tir tin hiéu 4m thanh 81.
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Thiét bi 80 c6 thé bao gé)m, vi du, bo tién loc tuy chon 81a co thé dugc hoat dong,
vi du, nhu bit ky hé théng 10, 30, 40 va 50 ndo, va c6 thé thuc hién bt ky phwong phap

nao néu trén va/hoac bén dudi. Trong cac vi du khac, thiét bi 80 c6 thé duoc tranh.

Thiét bi 80 c6 thé bao gém khdi tao cira sb 82. Thiét bi 80 c6 thé chta bd chuyén
d6i mién 83 ma c6 thé chuyén ddi phép biéu dién mién thoi gian (TD) cua tin hiéu thong
tin thanh biéu dién mién tAn s6 (FD) cua tin hiéu thong tin. Vi du: bd chuyén doi 83 c6
thé 14 khdi bién dbi cosin roi rac cai bién (Modified Discrete Cosine Transform - MDCT)
hodc khéi bién dbi sin roi rac cai bién (Modified Discrete Sine Transform-MDST) 83
(ho#ic khdi dwoc lién két v6i phép bién ddi chdng khac), phia sau khéi tao ctra sb 82, vi
du, dé chuyén dbi thanh mién tin sé (FD). Thiét bi 80 c6 thé bao gdm khéi tao hinh
nhidu am theo thoi gain (TNS) 84 dé kiém soat hinh dang theo thdi gian cia nhidu am
lugng tir hoéa trong ctra sb ctia phép bién dbi. Thiét bi 80 co thé bao gdm khdi tao hinh
nhidu 4m mién tdn sd (frequency domain noise shaper-FDNS) 85. Thiét bi 80 c6 thé
chtra khéi 87 dé thu duoc cac tham s FDNS phia sau khdi tao ctra sd 82. Thiét bi 80 ¢c6
thé bao gdm khéi lugng ti hoa 86, cling c6 thé bao gdm bo ma héa entropy. Thiét bi 80
6 thé chura khéi TD/TD (bd phét hién tam thoi mién thoi gian) 88.

Thiét bi 80 c6 thé chura khdi LTP 89 & thu dugc cac tham s& LTP (vi du: thong
tin diéu hao, thong tin do khuéch dai, thong tin tan s6 co ban nhu do tré tan sd co ban,
V.V.). [t nhat mot sb tham sb thu dugc tir khéi LTP 89 c6 thé dugce st dung cho cac thiét
bi 10, 30, 40, 50 va/hodc theo phuong phap 60 va/hoac 70 cho mdi khoang thoi gian cap
nhat tht k cia tin hiéu. Vi du, cac tham sd cho khoang thoi gian cap nhat thit k ¢6 thé 13
do tr& tAn sb co ban va do khuéch dai (ma mot sé truong hop 13 tiy chon va c6 thé duoc
wéc lugng tai phia bd giai ma) lién quan dén tin hiéu tai khoang thdi gian cdp nhat tha
k. Céc hoat dong cua khdi LTP 89 c6 thé doc 1ap véi cac hoat dong clia bd tién loc 81a:
bo tién loc 81a ciing ¢6 thé khong c6 mit, nhung khéi LTP 89 cb thé hoat dong chinh

xac bang cach cung cap cac tham so cho phia b giai ma.

Tin hiéu c6 thé duge m3 héa boi bd ghi dong bit 89" va ¢ thé duge huu trong bd
nh¢ va/hoic truyén dén bd giai ma (vi du: theo cach khong day, vi du: st dung giao thirc

chuén nhu Bluetooth)
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Fig. 9 thé hién thiét bi 90 d& ma héa thong tin tin hidu ma cé thé thu dugc tin hi¢u
4m thanh k¥ thuét s6 (vi du: sir dung dau doc dong bit 91' duge truyén tir hodc dugc luu
trit béi b mi hoa, ching han nhu thiét bi 80). Thiét bi 90 c6 thé chira it nhit mot trong
cac yéu té 10, 12, 14, 20, 22, 24, 31, 40, 50 va/hodc thuc hién bat ky phuong phap 60
va/hodc 70 ndo cho mdi khoang cap nhat thir k cia tin hiéu dé cung cép tin hiéu diu ra
duge giai ma va loc 15. Cu thé, thiét bi 90 ¢6 thé chira b loc sau LTP 91 ¢6 thé thuc
hién bat ky hanh dong loc nao lién quan dén cac yéu t6 12, 14, 22, 24, 31, 40, 51-54, 61-
63 va 70. Thiét bi 90 c6 thé bao gdm khéi lwong tir hda 92, ciing c6 thé bao gdm bo giai
ma entropy. Thiét bi 90 c6 thé chira khéi FDNS 93, c6 thé nhan cac tham s6 tir bd giai
ma tham s& FDNS 94. Thiét bi 90 ¢6 thé chira khéi TNS 95 phia sau khdi FDNS 93.
Thiét bi 90 ¢6 thé chira bd chuyén dbi mién 96 ma c6 thé chuyén doi phép biéu dién
mién tht nhét (vi du: phéo biéu dién mién FD) cua tin hiéu théng tin thanh biéu dién
mién tht hai (vi du: phép biéu dién TD) ctia tin hiéu thong tin. Bo chuyén d6i 96 c6 thé
12 khdi MDCT nghich dao hodc khdi MDST nghich d4o (hozc khéi dugc lién két véi
phép bién dbi chdng khac) dé chuyén d6i sang mién thoi gian tir mién tin sd. Thiét bi
90 ¢6 thé bao gdm khdi tao ctra sé va xép chong va bd sung (OLA) 97 c6 thé nhan céac

tham sd tir khdi TD/TD 88.

Vi dy, bo loc sau LTP 91 c6 thé thu duoc phép biéu dién k§ thuat s§ 11a (x) cia
tin hidu duoc loc tir khdi 97. Vi du, bo loc sau LTP 91 ¢6 thé thu duoc cac hé sd 11b tir

dong bit.

[t nhat mot trong cac hé théng 80 va/hodc 90 c6 thé thuc hién hoat dong phéan tich
(vi du: tai khéi 89) dé thu dugc cac tham sb lién quan dén khoang thoi gian cap nhat thi

k va/hoic (k + 1).

Tin hiéu thong tin diu vao k¥ thuét sé x[n] (11a) c6 thé dwoc loc bang bd loc thay
d6i thoi gian, ma cac tham sd clia n6 thay d6i tai khoang thoi gian cép nhat T (vi du,
khoang thoi gian cdp nhat thir k hién tai), tao ra tin hiéu dau ra duoc loc y[n]. Khoang
thoi gian cap nhat T ciing c6 thé 13 tin hiéu thich tmg va do d6 T ¢6 thé thay ddi theo
thoi gian. Ching ta c6 thé xem xét cac b loc c6 thé duge biéu dién dudi dang bod loc
dap Gmg xung v6 han (IIR) bat bién thoi gian tuyén tinh (LTT) trong khoang thdi gian T.

Khoang thoi gian T c6 thé 1a khung (vi du: bd loc hién tai dugc thdo luin & trén) hodc
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khung phu ciia tin hiéu sé. Chung ta c6 thé sir dung khung thai han va/hodc khoang thoi
gian cap nhat cho ca khung va khung phu.

Bo loc LTI IIR (ma c6 thé ciing duge biéu dién nhu H(z)) c6 thé dugc thé hién dudi
dang:

H(z) = .
1+ ZjQ:la,-z-l

hoc st dung phuong trinh chénh 1éch tuyén tinh

ajy[n —j]

e

P
y[n] = x[n] + Z b;x[n —i] —
i=0 j

j=1

Cac hé sd b; va aj la cac tham s6 bd loc (vi du, cac tham sb6 dugc luu trix trong cac
phin t&r bd nhé 21a va 21b. Bo loc LTI TIR ¢6 thé dugc xéc dinh duy nhat bdi cac hé sb
(tham s6) cua né. Fig. 10 thé hién khoang thoi gian cap nhat T lién két v&i b loc Hi (vi
du: tai khoang thoi gian cip nhat thir k hién tai) va khoang thoi gian trude do lién két

v61 bd loc Hi1.

Chung ta xem xét dén bo loc thay ddi theo thoi gian ma 13 trong khoang thoi gian
cap nhat k b%lng v61 bd loc LTI IR filter Hy :

1+ Z}D:O bk'iZ_i

Hy(2) = ——5——
1+ Z?:lak,jz‘l

P Q
yIn] = x[n] + Z by ix[n — i] — Z agy[n— i, KT < n < (k+1)T
i=0

j=1
Thay vi ngay lap tirc thay d6i cac tham sb bd loc tai bién giita cac khoang thoi gian
cap nhat k — 1 va k, ching ta xtr Iy mot phin tai phin bat dau khoang thoi gian cap nhat
k b6 loc thay ddi theo thoi gian méi:
1. Néu (bude S72) cac tham sé bd loc 1a nhu nhau (ciia sy khac biét
1a cuc ky nho), viéc loc véi bo loc Hy, duge thuc hién (budc S73);
2. Néu (budc S74) khoang cach giita cac tham sé bod loc nhé (vi du:

trong ngudng thtr hai dugc kiém tra tai S74), thi cac tham s6 b loc duogc ndi suy
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theo méu (S75) va phin bit dau ciia khoang thoi gian cap nhat k duge loc bang

cach str dung tham so noi suy;

3. Néu (bude S74) khoang cach giira cac tham s6 bo loc 12 16n (vi du:
16n hon ngudng thir hai), (budc S76), phan bit ddu cta chiéu dai T, trudc tién
duge loc bang bo loc Hj,_, (vi du: tai cac phﬁn tr nhu 12, 22, 51) va sau d6 bang
Hj, (vi du: tai cac phﬁn t& nhu 14, 24, 52) dugc xac dinh boi:

Q

P
y'[n] = x[n] + sg_1(n] (Z bp_q1x[n—i] — z Ap-1,;¥'[n —j]), kT <n<kT+T,
=0

j=1

T,

Sg_q[n] =1-— KT <n <kT+T,

P Q
y[n] = y'[n] + s[n] (Z byy'[n—i] — Z ay,jy[n —j]),kT <Sn<kT+T,
=0 j=1

_n—kT
=

skn] =1—sk_¢1[n,kT <Sn<kT+T,;

y'[n] vi du, c6 thé 13 d4u ra trung gian cia bo loc thir nhat 12 cua Fig. 1. s;_4[n] ¢6
thé 1 cac hé sd dinh ti 18 ciia phan tir 23b (Fig. 2) dé giam céc gia tri tham sd ax.1; va b
1i (duge luu trir trong phan tir luu trix 21b). s,[n] c6 thé 13 cac hé sé dinh ti 1& dugc luu
trit trong phén tir 23a dé giam gi4 tri cac tham sb clia phan tir 23a (Fig. 2) dé giam cac

gi4 tri tham s ax va bk (ma dugc luu trit trong phan tir Iuu trit 21b).

Vi du cua s [n] va s;_4[n] dugc cung cép trén Fig. 11, trong @6 T dé cap dén khoang
thoi gian cdp nhat th k hién tai. Cac hoat dong loc thir nhét va th hai 61 va 62 c6 thé
duoc ap dung cho it nhét 12 khoang thoi gian phu ban dau T;, trong khi hoat dong loc thir
ba 63 dugc ap dung cho Tg. Nhu c6 thé thy, trong T, s;_,[n] giam, trong khi s [n] ting
dan: diéu nay 14 do c4c tham s ciia khoang thoi gian cap nhat thir (k-1)® trude d6 duoc
4p dung cho tin hiéu ddu vao giam din, trong khi cac tham sd ctia khoang thoi gian cép
nhat thtr k™ hién tai T duoc ting dan dén mot gi tri t6i da ma, tai khoang thoi gian tiép
theo Ty, 12 hing sb.. Theo do, c6 thé c6 dugc sy chuyén dbi sudn sé tir khoang thoi gian

cap nhat thu (k-1) sang khoang thoi gian cap nhat thir k.
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Trén Fig. 11, ciing ¢6 thé thay noi loc thir ba 62 (vi du, duge van hanh béi bd loc
thir ba 53) c6 thé duoc thuc hién. Budc loc thi ba cé thé duge xac dinh béi:

Q

n]+Zbk1x l]—Zak,jy[n—j],kT+TlSn<(k+1)T
j=1

Hé théng nhu duge mé ta trong tai liéu [3] ¢6 thé duge st dung lam co s6 , bao
gdm bd phat hién chuyén tiép mién thoi gian (TD TD), tao ctra s6, MDCT, TNS, FDNS,
OLA, lugng tr hoa, bd ma hoa s6 hoc va LTP sau loc (xem cac khéi 82-89 va 92 -97 &
trén). Viéc stra ddi c6 thé duoc thuc hién trong bo loc sau LTP va do d6 cac chi tiét cua

LTP s& dugc mo ta.

Néi chung, LTP c6 thé duoc coi 14 bd loc sau diéu hoa dé loc phép biéu dién tin
hiéu thong tin. N6 ¢6 thé dua trén ham chuyén bao gdm tir s va miu sb, trong d6 tir s6
c6 thé chura gia tri do khuéch dai dugc biéu thi bang thong tin o khuéch dai va méu sb
¢6 thé bao gdm phan nguyén cua do tré tAn sé co ban dugc biéu thi bang thong tin do
tr& tAn 6 co ban va bd loc da cham tuy thudc vao phin thap phan cia do tré tan sb co
ban. Theo cac vi du, trong d6 ham chuyén cia bd loc sau bao gé)m, trong tu sb, b loc
FIR da cham tiép theo cho phan thap phan bing khong ciia d¢ tré tan s6 co ban. Theo
cac vi du, miu sb bao g6m san phrflm gita bo loc da cham va gié tri do khuéch dai. Theo
cac vi du, tir s6 con bao gdm san phim cta gia tri v6 hudng thir nhat va gia tri vo huéng
thir hai, trong d6 mau s bao gdm gia tri vo hudng thir hai va khong bao gdm gia tri vo
huéng thir nhét, trong d6 gid tri vo hudng thir nhit va thir hai duge x4c dinh va cé cac
gi4 tri 16n hon hodc bang 0 va nho hon hoic bang 1, va trong d6 gia tri vo huéng thi hai

nho hon gié tri vo huéng thir nhét.
Vi du v& bo loc LTP duoc cung cip dudi day (xem thém hinh 13).

Tai phia bd ma héa (vi du: thiét bi 80), tinh toan tham s6 LTP c6 thé duoc sir dung

nhu dugce mo ta trong tai lidu [14]:
1. U6c lugng bude

Mot do tré tin sb co ban (phan nguyén + phan thap phén) trén mdi khung dugc
udce luong (kich thudc khung, vi du, 20 mili gidy). Mot khung cé thé, vi duy, 1a mot
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khoang thoi gian cap nhat. Diéu nay dugc thuc hién trong hai buée dé giam dd phurc

tap va cai thién do chinh x4c wdc luong.
a. U6c luong thir nhat cia phan nguyén ciia d6 tré tan so co ban

Quy trinh phan tich tan sé co ban ma tao ra dudng vién tién héa tin sb co ban
nhan dugc st dung (vi du, su phan tich tn sb co ban vong mé dugec mo ta
trong tai liéu [15], gidy 6.6). Sy phén tich nay thuong dugc thuc hién trén co
s& khung con (kich thudc khung con, vi du, 10 mili gidy), va san xuit mot sd
uéc lwong d6 tré tan s6 co ban mdi khung con. Luu rang cac ude luong do
tr& tin s co ban nay khong c6 bét ky phan thap phan nao va thuong dugc udce
lwong trén tin hidu dugc 14y mau giam (tdc d6 1dy mau, vi du 6400 Hz). Tin
hi€u dugc st dung c6 thé 13 bat ky tin hiéu am thanh nao, vi du, tin hiéu dau
vao hodc tin hiéu am thanh dugc gan trong s6 LPC nhu dugc mé ta trong tai
lidu [15], gidy 6.5.
b. Lam min phin nguyén ctia do tré tan s6 co ban
Phan nguyén cudi cung cua do tré tan s co ban dugc ude lugng trén tin hi€u
am thanh x[n] chay tai tbc d6 14y mAu bd ma héa 161, ma thudng cao hon tdc
d6 14y mAu cua tin hiéu dugc ldy miu giam dugc st dung trong a. (vi du,
12,8kHz, 16kHz, 32kHz, ...). Tin hiéu x[n] ¢ thé 13 tin hiéu 4m thanh bat ky,
vi du, tin hi€éu 4m thanh dugc gan trong s6 LPC.

Phin nguyén cia do tré tan s co ban sau d6 1a do tré d,, ma cuc dai

hoéa ham tu tuong quan.
N
c@d) = Z x[n]x[n —d]
n=0
v6i d quanh d6 tré tan sd co ban T duge wéce lwong trong bude 1.a.
T-6<d<T+56,

c. Ubc luong phén thap phan ctua do tré tin sd co ban

Phén thap phan cé thé dugc tim ra bang cach ndi suy ham tu twong

quan C(d) dugc tinh trong budce 1.b. va lua chon do tré tan sd co ban theo
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phan s6 ma cuc dai hda ham tu tuong quan dugc ndi suy. Phép ndi suy cd
thé duoc thuc hién sir dung bd loc dap ing xung hitu han (Finite impulse
response-FIR) nhu dugc mo ta trong vi du, tai liéu [15], gidy 6.6.7.
2. Uéc lugng do khuéch dai va su lugng tir hoa
Do khuéch dai c6 thé duge ude luong trén tin hi€u &m thanh dau vao tai tde do
14y mAu bd m3 hoéa 181, nhung c¢6 thé cling 13 bt ky tin hiéu &m thanh nhu tin higu
4m thanh dugc gan trong s6 LPC. Tin hidu ndy dugc ghi chu 1a y[n] va ¢6 thé 1a

gidng hoic khac véi x[n].
Phép du bao yp[n] cta y[n] dugc tim ra dAu tién bang cach loc y[n] bang bd
loc sau
P(z) = B(z, Ty, )z Tint
VOi Ty 12 phﬁn nguyén cua do tré tan sd co ban (duoc udc luong trong 1.b.)
va B(z,Ty) 12 b0 loc FIR thong thip ma céac hé sb ctia né phu thudc vao phan thap

phan cta d6 tré tin s co ban T¢, (duoc w6e lugng trong 1.c.).

Mot vi du ciia B(z) khi d6 phén giai d6 tré tin s6 co ban 13 %:

0

Tp=7  B()=00000z"+ 0.2325z71 + 0.53492° + 0.2325z?
1

Tp=7  B(@)=00152z7+03400z" + 0.5094z° + 0.1353z1
2

Ty, =7  B(2)=00609z7 +04391z7" + 0.43912° + 0.0609z1
3 -2 -1 0 1

Ty, =7  B(2) = 01353277 +0.5094z7" +0.3400z° +0.0152z

Do khuéch dai g sau d6 dugc tinh todn nhu sau:

n=oy[nlyp[n]
n=o ye[nlyp[n]

va dugc gidi han gitta 0 va 1.

Cudi cung, do khuéch dai dugc luong tur héa, vi du, béng 2 bit, st dung vi du,

phép luong tir hda dong déu.
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B0 loc sau LTP tir tai liéu [14] c6 thé dugc st dung (vi du vé ham chuyén duoc

cung cip trén Fig. 13.):

1 - afgB(z0)

H(z) =
@ =T BgBG, T,z Tme

cac tham s ctia n6 c6 thé duge xac dinh tir cac tham sd duoc ude luong tai
phia by ma hoa va dugc giai ma tr dong bit. g 1a 4o khuéch dai duoc giai ma, T,
va Ty, phin nguyén va phin thap phan cta do tré tin s6 co ban dugc gidi mi, a va g
13 hai v6 huéng ma géan trong s6 @6 khuéch dai, va B(z, Ts) 1a b0 loc FIR thong thép
ma céc hé sd cua nd phu thude vao phén thap phan cua do tré tAn sd co ban dugc
giai ma. Tht tu va cac hé s6 cua B(z,Tf) c6 thé cling phu thudc vao tbc do truyén
dir lidu va téc d6 14y mAu diu ra. Dap tmg tin s khac nhau c6 thé duoc thiét ké va

tinh chinh cho mdi t6 hop ctia toc do truyén dit liéu va toc do lay mau dau ra.

Su khac biét trong bd loc sau LTP dén [14] c6 thé 13 su chuyén tir khung nay sang

khung tiép theo. Bo loc sau LTP dugc sir dung trong phan két thic ctia khung k — 1 1a

Hk—l:

1- aﬁgk—lB(zﬂ O)
1—Bgr_1B(z, Tf‘r,k—1)Z_Tint'k_1

Hy_1(2) =

2 2
ylinl = x[n] = Bgis (@ ) bexfn=11= > b(Tprie-)y[n—Tineser =]

i=—1 j=—1
va trong phan két thic ctia khung k 13 Hy:

1 - afgyB(z0)
1 — BgB(z, Try )z Tintk

Hy(z) =

2 2
y[n] = x[n] = Bgi| @ Z bPx[n —i] - Z b (Trr i)y — Tinee — J|

i=—1 j=-1
b°, 0,0000
by 0,2325
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by 0,5349

b3 0,2325

V01 b;(Ty,) duge x4c dinh trong bang sau:

Ter 0/4 A 2/4 3/4
b_1(Tyr) 0,0000 0,0152 0,0609 0,1353
bo(Tr) 0,2325 0,3400 0,4391 0,5094
b, (Tyr) 0,5349 0,5094 0,4391 0,3400
by (Tyr) 0,2325 0,1353 0,0609 0,0152

Trong phin bét diu ciia khung k (khung thi k™ hodc khoang thoi gian cép nhat
hién tai) c6 thé c6 ba kha ning:
I. (budc S73): Néu cac tham s 13 gidng nhau, cu thé: g, =

k-1 Tint ke = Tint k=15 Tere = Tprge-1, phin bt dau ciia khung k dugc loc v6i Hy;

2. (budc S75): Néu su khac biét giita cac tham sb 1a nho, vi du,
|Tinek = Tinte-1| < min (Tine ko Tinee-1) V& |Gk — Gre—1| < max (g, gr-1), phan bat dau
ctia chidu dai L ciia khung k dugc loc bang bd loc thay doi theo thoi gian sir dung

cac tham s0 dugc ndi suy:

i=—1 j=-1

2 2 :
yln] = x[n] - g [n] (a D bpain=il= D by (T )y [ = Tl —j])

gilnl = (1- %) Gi-1 + %gk

Ty-1 = Tint k-1 + Tpr—1/4
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Ty = Tintx + Trri/4

Ty[n] = (1 —%) Ty-1 + %Tk

int x[n] = [Ty [nll
Tty [n] = Te[n] — Tip i [n]
0<n<L
3. (budc S76): Néu su khac biét gifta cac tham sb 13 16n, phan bét dau
ctia chidu dai L ctia khung k dugc loc du tién bang bd loc Hj,_;:
2 2
14 n 0 . 12 .
y'[n] = x[n] - (1 - Z) Bgr-1| @ Z bx[n —i] — Z bj(Trr 1)y’ [n = Tint -1 — J]
i=—1 j=—1
0<n<L
va theo sau bdi Hy,:

2 2
yin) = x[n] - 28ge | @ D" by In—il= > by(Tpr)¥[n = Tones =]
i=1 =1

0<n<L

V6i cac trudng hop trong d6 dd phuc tap 13 quan trong hon chit lwong, kha niang

3 duge sir dung bat cir khi ndo it nhit mot trong s gy # gr—1, Tintx * Tintge-1> Trrie #

Tty k-1 thoa man. Mot sd trong nhing diéu kién niy c6 thé quan trong hon mét sb diéu

kién khac, theo cac vi du cu thé. Theo mot so vi du, su khac biét trong tan so co ban l1a

diéu kién quan trong nhat dugc xac nhén, véi lya chon giita kha ndng 2 va 3.

Mot vi du vé cac ung dung ciia cac phuong trinh trén cho bd loc sau LTP duoc

cung cip dudi day véi viée tham chiéu dén Fig. 7a va phuong phap 700. Cac tham s6

c6 thé bao gdm d6 khuéch dai gk, phdn nguyén ciia tin s6 co ban Tinx va phan thap phan

cua tan so co ban Tk Trong mdt so vi du nay, bo chon 55 cé thé hoat dong dé:

- Néu g1 (d6 khuéch dai) bang 0 va g ciing bang 0 (S702), thi khong c6
budce loc (S704), boi vi:
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y'In] = xfn] — {1 =2} pgr=rla S bl — T2 by (Frrrerh

A= «[nl,

nho g,_, = 0; va

I——.I
~

— fid a pa'a Z 911 n 1 2z
y[n] = x[n] - Lﬁéﬂé("‘ S==rbry i —i] Zj—-—-——}bj(Tﬁ%K

,
N
-

x[n],
nhb’ gk = 0,

(v6i viéc tham chibu dén Fig. 1a, ca hai bd loc thi nhét va thir hai 12 va 14
c6 thé dugc bo qua)

- Néu gi.1=0 va git0 (S706), sau d6 (S708)

o khong c6 budce loc thir nhat, béi vi y'[n] = x[n] —
(1 ™\ pa  (ov2 3Ol 1 V2 p( VT 1) =
\“ L}H f e A AT N I T ‘1 L =—TF\FFk—EJ)7 ™ TG k—T J1)
x[n]
n-h‘o, Ik-1 = O:
o c6 budc loc thi hai T; & dang y[n] = x[n] —
2Bge(@ i by I — i = Ty b (T i) [ = Tinese — 1)
o ¢6 budc loc thir ba trong khoang thoi gian phu tiép theo T,

(trong d6 T;# T ) & dang

;y[n] = x[n] = Bgr(a T _y bx[n — il = 23—y bj(Trr i)y — Tinex — 1)
(v61 tham chiéu dén Fig. 1a, chi ¢6 b loc thur nhét 12 duoc bd qua);
- Néu gi.1#0 va g=0 (S710), sau d6 (S712)

o ¢6 budce loc thir nhit 7, & dang y'[n] = x[n] —

(1 - % Bgr-1(aXi=—q bix[n —i] - XF. 4 bj(Tfr,k—l)y’[n — Tintk-1—J] )

o khong c6 budc loc thi hai, béi vi y'[n] = x[n] —
{1 n\pn (A N2 A P M| 2z h(T AL % 1]\:
I\ 7)) PI=RF == 1t t] =g G FRk—T )V 1Tt TIRERE— 717
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x[n]
I]hb’ Ik = O,
o khong c6 budce loc thir ba, baoi vi
y[n] = x[n] = b? =Y br i1 = x[nl,

- (v6i tham chiéu dén Fig. 1a, chi c¢6 bo loc thit hai 14 dugc bé qua);

- Néu g 170 va g0 (714), sau d6 su khac biét ciia phan nguyén va phan
thap phan cda do tré tAn s co ban duoc kiém tra (8716, “Tintx=Tintk-1 and T k-
1=Tak?”):

o Néu phin nguyén va phan thap phan cia do tré tan s6 co
ban trong k-1 va k 1a nhu nhau (Tint=Tintk va Trx1=Tk) sau do (S718):
= khong c6 budc loc thir nhat ciing nhur budce loc thit hai nhd
vao lua chon dugc van hanh boi bo chon (vi du: tai bude S72);
= ¢6 budc loc thir ba doc theo 100% khodng thoi gian cap
nhat T, & dang y[n] = x[n] — Bgi(a Xi-_1 bx[n —i] -
Y2 bj(Trrp)y[n = Tinese — i)
o ngoai ra néu c6 su khac biét vé& phan nguyén hozc phan
thap phan cua do tré tan s6 co ban (S720):
» ¢6 budc loc thir nhat T, & dang y'[n] = x[n] —
(1 - %) ﬁgk—l(a Z%=—1 biox[n —i] - Z?=—1 bj(Tfr,k—l)y,[n — Tint k-1 —
il)
" ¢6 budce loc tht hai T; ¢ dang y[n] = x[n] —
%ﬁgk (@Xi_y by [n—i1— X1 bi(Trrie)y[n = Tinese —J])
(v6i viée tham chiéu dén Fig. 1a, khong c6 bd loc 12 va 14
dugc bd qua);
= ¢6 budce loc thi ba trong khoang thoi gian phu tiép theo T,
(trong d6 T, # T# ) & dang

;y[nl = x[n] = Bgi(aTi_y bPx[n — il = X- 1 bj(Trr V[ — Tineie = J])
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Dang chu y, khi dugc xac dinh (vi du, bdi bo chon 55) réng bude loc thir nhat
va/hodc thir hai s€ khong dugc thuc hién (hodc s€ cung cép, nhu diu ra, cung mot gia tri
ctia dau vao, vé co ban hoat dong nhu "bo loc nhén dang", ma noéi chung la vé dung), ¢
thé b6 qua bo loc va/hoic ph?m loc v6 dung (vi du, nhu trén Fig. 1a). Theo do, sb lugng

phép tinh toan dugc gidm.

Thao luén tai ddy duogc cung cép vé hoat dong cua cac bd loc cho bd loc sau LTP.
Tin hiéu dugc giai ma sau khi tong hgp MDCT hodc MDST (hozc bét ky bién dbi chdng
nao khac) cé thé dugc loc sau trong mién thoi gian béng cach st dung bd loc IIR ma
tham sb ctia n6 phu thudc vao dir liéu dong bit LTPF, vi du, c6 thé 1a “pitch_index”,
va/hodc “ltpf active” (kich hoat/hity kich hoat hoat dong loc sau LTP). Pé tranh gian
doan khi c4c tham s thay ddi tir khung niy sang khung tiép theo, co ché chuyén dbi c6

thé duoc 4p dung vao phan tu thir nhat cta khung hién tai.

B6 loc sau LTPF IIR c6 thé dugc thuc hién béng cach st dung (xem thém tai trén):

Lnum Lgen
— o a — Lden
xltpf(n) =%x(n) — Crum ()X (n — k) + Cden(k: pfr)xltpf N —Dint + 2 k
k=0 k=0

v6i 2(n) 1a tin hiéu ddu vao bo loc (nghia 13 tin hidu dugc giai mi sau khi tong hop

MDCT hogc MDST) va %57 (n) 4 tin hi€u dau ra b loc.

Phan nguyén pj,. va phén thap phan py, clia do tré tAn s6 co ban LTPF ¢6 thé dugc
tinh nhu sau. DAu tién, d6 tré tan sb co ban (vi du: tai mic 12,8kHz) c6 thé duoc phuc
hi béng cach st dung

pitch_index — 283 if pitch_index > 440
PIteh_NAeX) _ &3 i 440 > pitch_index > 380
pitch_int = l—z——J - [ pitch_index >

pitch_index _ . .
ITJ + 32 if 380 > pitch_index

2 = pitch_index — 4 * pitch_int + 508 if 440 > pitch_index = 380

0 if pitch_index > 440
pitch_fr =
pitch_index — 4 = pitch_int 4+ 128 if 380 > pitch_index

pitch_fr
4

pitch = pitch_int +
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Do tré tan sd co ban sau d6 c¢6 thé duge dinh ti 1¢ theo ti 1¢ 14y mau dau ra £, va

duoc chuyén ddi thanh cac phin nguyén va phan thap phan bang cach sir dung

fs

12800

pitchfs = pitch *

Pyp = nint (pitchfs * 4)

Pup
e €Y

Pint = l
Pfr = Pup = 4 * Dine
trong d6 Fs 1a tbc d6 14y mau
Céc hé 56 b0 10C Cpum (k) VA cgen(k, Dsr) €O thé duoc tinh toan nhu sau
Cnum (k) = 0.85 * gainy,¢ » tab_Itpf_num_fs[k]  for k = 0..Lyym
Caen(k, Dpr) = gainyys = tab_ltpf_den_fs[ps|[k]  fork =0..Lgen
Vi

fs
Laen = max <4' 4000)

Lpym = Lgen — 2

Va gaine,r va gaing,q ¢ thé thu duoc, trong mdt s6 vi dy, theo cac quy trinh nhu:

fs_idx = min(4,(£,/8000-1));
if (nbits < 320 + fs_idx*80)
{
gain_ltpf= 0.4;
gain_ind = 0;
}
else if (nbits <400 + fs_idx*80)
{
gain_ltpf= 0.35;
gain_ind = 1;
}
else if (nbits <480 + fs_idx*80)
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{
gain_ltpf=0.3;
gain_ind = 2;

3

else if (nbits < 560 + fs_idx*80)

{
gain_ltpf=0.25;
gain_ind = 3;

}

else

{
gain_ltpf=0;

}

cac bang tab_ltpf_num_fs[k] v tab_ltpf_den_fs[p][K] duge xac dinh trudc. Mot s6

vi du c6 thé 12 (thay vi "fs", mot bang thong thuc té duoc st dung):

double tab_ltpf num_8000[4][3] = {
(6.023618207009578¢-01,4.197609261363617¢-01,-1.883424527883687¢-02},
(5.994768582584314e-01,4.197609261363620e-01,-1.594928283631041e-02},
(5.967764663733787e-01,4.197609261363617¢-01,-1.324889095125780e-021,
(5.942410120098895¢-01,4.197609261363618¢-01,-1.071343658776831e-021} };
double tab_Itpf num_16000[4][3] = {
(6.023618207009578¢-01,4.197609261363617¢-01,-1.883424527883687¢-02},
(5.994768582584314¢-01,4.197609261363620e-01,-1.594928283631041e-02},
(5.967764663733787¢-01,4.197609261363617¢-01,-1.324889095125780e-02},
(5.942410120098895¢-01,4.197609261363618¢-01,-1.071343658776831e-021} };
double tab_Itpf num_24000[4][5] = {
(3.989695588963494e-01,5.142508607708275¢-01,1.004382966157454¢-01 -
1.278893956818042¢-02,-1.572280075461383¢-03},
(3.948634911286333e-01,5.123819208048688¢-01,1.043194926386267¢-01 -
1.0919999602221666-02,-1.347408330627317¢-03},
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{3.909844475885914¢-01,5.106053522688359¢-01,1.079832524685944¢-01 -
9.143431066188848¢e-03,-1.132124620551895¢e-03},
{3.873093888199928¢-01,5.089122083363975¢-01,1.114517380217371e-01,-
7.450287133750717e-03,-9.255514050963111e-04} } ;
double tab_ltpf num 32000[4][7] = {
{2.982379446702096e-01,4.652809203721290e-01,2.105997428614279¢-
01,3.766780380806063¢e-02,-1.015696155796564e-02,-2.535880996101096¢-03,,-
3.182946168719958e-04},
{2.943834154510240e-01,4.619294002718798e-01,2.129465770091844e-
01,4.066175002688857¢e-02,-8.693272297010050e-03,-2.178307114679820e-03,,-
2.742888063983188e-04},
{2.907439213122688e-01,4.587461910960279¢-01,2.151456974108970e-
01,4.350104772529774€e-02,-7.295495347716925e-03,-1.834395637237086¢-03 .-
2.316920186482416e-04},
{2.872975852589158e-01,4.557148886861379¢-01,2.172126950911401e-
01,4.620088878229615e-02,-5.957463802125952e-03,-1.502934284345198e-03,,-
1.903851911308866e-04} };
double tab_lItpf num 48000[4][11] = {
{1.981363739883217¢-01,3.524494903964904¢-01,2.5136952696494 14e¢-
01,1.424146237314458e-01,5.704731023952599¢-02,9.293366241586384¢-03. -
7.226025368953745e-03,-3.172679890356356e-03,-1.121835963567014¢-03. -
2.902957238400140e-04,-4.270815593769240e-05},
{1.950709426598375¢e-01,3.484660408341632e-01,2.509988459466574¢-
01,1.441167412482088e-01,5.928947317677285e-02,1.108923827452231e-02,-
6.192908108653504¢-03,-2.726705509251737e-03,-9.667125826217151e-04,-
2.508100923165204¢-04,-3.699938766131869e-05},
{1.921810055196015¢-01,3.446945561091513e-01,2.506220094626024¢-
01,1.457102447664837e-01,6.141132133664525e-02,1.279941396562798¢-02,-
5.203721087886321e-03,-2.297324511109085¢-03,-8.165608133217555¢-04.-
2.123855748277408e-04,-3.141271330981649¢-05},
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{1.894485314175868e-01,3.411139251108252e-01,2.502406876894361¢-
01,1.472065631098081e-01,6.342477229539051e-02,1.443203434150312¢-02,-
4.254449144657098e-03,-1.883081472613493e-03,-6.709619060722140e-04,-
1.749363341966872¢-04,-2.593864735284285¢e-05} };

double tab_Itpf den_16000[4][5] = {

{0.000000000000000e+00, 2.098804630681809¢-01, 5.835275754221211e-01,
2.098804630681809¢-01, 0.000000000000000e+00},

{0.000000000000000e+00, 1.069991860896389¢-01, 5.500750019177116e-01,
3.356906254147840e-01, 6.698858366939680e-03},

| {0.000000000000000e+00, 3.967114782344967e-02, 4.592209296082350e-01,
4.592209296082350e-01, 3.967114782344967¢-02},

{0.000000000000000e+00, 6.698858366939680e-03, 3.356906254147840e-01,
5.500750019177116e-01, 1.069991860896389¢-01} };

double tab_lItpf den_24000[4][7] = {

{0.000000000000000e+00, 6.322231627323796e-02, 2.507309606013235¢e-01,
3.713909428901578e-01, 2.507309606013235e-01, 6.322231627323796¢-02,
0.000000000000000e+00},

{0.000000000000000e+00, 3.459272174099855¢-02, 1.986515602645028¢-01,
3.626411726581452¢-01, 2.986750548992179¢-01, 1.013092873505928e-01,
4.263543712369752e-03},

{0.000000000000000e+00, 1.535746784963907¢-02, 1.474344878058222¢-01,
3.374259553990717¢-01, 3.374259553990717e-01, 1.474344878058222¢-01,
1.535746784963907¢-02},

{0.000000000000000e+00, 4.263543712369752¢e-03, 1.013092873505928¢-01,
2.986750548992179¢-01, 3.626411726581452e-01, 1.986515602645028¢-01,
3.459272174099855e-02} };

double tab_Itpf den 32000[4][9] = {

{0.000000000000000e+00, 2.900401878228730e-02, 1.129857420560927¢-01,
2.212024028097570e-01, 2.723909472446145e-01, 2.212024028097570e-01,
1.129857420560927¢-01, 2.900401878228730e-02, 0.000000000000000e+00},

-52-




42105

£0.000000000000000e+00, 1.703153418385261e-02, 8.722503785537784¢-02,
1.961407762232199¢-01, 2.689237982237257¢-01, 2.424999102756389¢-01,
1.405773364650031e-01, 4.474877169485788¢-02, 3.127030243100724¢-03},

£0.000000000000000--00, 8.563673748488349¢-03, 6.426222944493845¢-02,
1.687676705918012e-01, 2.587445937795505¢-01, 2.587445937795505¢-01,
1.687676705918012¢-01, 6.426222944493845¢-02, 8.563673748488349¢-03 1,

£0.000000000000000e+00, 3.127030243100724¢-03, 4.474877169485788¢-02,
1.405773364650031e-01, 2.424999102756389¢-01, 2.689237982237257¢-01,
1.961407762232199¢-01, 8.722503785537784¢-02, 1.703153418385261¢-02} };
double tab_ltpf den_48000[4][13] = {

{0.000000000000000e+00, 1.082359386659387e-02, 3.608969221303979¢-02,
7.676401468099964¢-02, 1.241530577501703e-01, 1.627596438300696¢-01,
1.776771417779109¢-01, 1.627596438300696¢-01, 1.241530577501703¢-01,
7.676401468099964e-02, 3.608969221303979¢-02, 1.082359386659387¢-02,
0.000000000000000e-+00},

{0.000000000000000e-+00, 7.041404930459358e-03, 2.819702319820420e-02,
6.547044935127551e-02, 1.124647986743299¢-01, 1.548418956489015¢-01,
1.767122381341857e-01, 1.691507213057663¢-01, 1.352901577989766¢-01,
8.851425011427483¢-02, 4.499353848562444e-02, 1.557613714732002¢-02,
2.039721956502016e-03},

£0.000000000000000e+00, 4.146998467444788¢-03, 2.135757310741917¢-02,
5.482735584552816e-02, 1.004971444643720e-01, 1.456060342830002¢-01,
1.738439838565869¢-01, 1.738439838565869¢-01, 1.456060342830002¢-01,
1.004971444643720e-01, 5.482735584552816€-02, 2.135757310741917¢-02,
4.146998467444788¢-03},

£0.000000000000000e+00, 2.039721956502016-03, 1.557613714732002¢-02,
4.499353848562444¢-02, 8.851425011427483¢-02, 1.352901577989766e-01,
1.691507213057663e-01, 1.767122381341857e-01, 1.548418956489015¢-01,
1.124647986743299¢-01, 6.547044935127551e-02, 2.819702319820420e-02,
7.041404930459358¢-03} };
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Nam trudong hop khac nhau c6 thé duge xem xét:

1. Trudng hop th@ nhét: ltpf active = 0 vad mem_ ltpf active = 0
(“mem_ ltpf active” d& cap dén trang thai kich hoat/hily kich hoat trong khung
trude do):

N
Xipr(m) = £(m) forn =0. TF

trong d6 Nr dé cép dén sb lugng miu duge xir 1y trong mot khung, kich

thudce khung a.k.a.
2. Truong hop tht hai: Itpf active = 1 va mem_ Itpf active =0
Lnum Lgen L
n e
S (1) = 20 = | Y Cum(IZ =)+ Y caon (b yr) iy (m = Pine + =57 k)}
T k=0 k=0
forn= 0..—4—
3. Truong hop tha ba: Itpf active = 0 va mem_ ltpf active =1
Lnum Lgen

n
Xipr(m) =2(m) —| 1 - Ny

4

L
TR = 1)+ ) e (kP iz (m — pIAE™ + =2 k)‘
k=0 k=0

N¢
=0..—
forn 2

VGl ¢mem  cmem gymem ya prem 13 cac tham so b loc dugce tinh trong khung trude

dé
4. Truong hop th tu: Itpf active =1 vamem _ltpf active=1 vap;,, =
Pine " Va
Prr =Dfr
Lnum Lgen
Xitpf X 2 — L
Xipr(n) = 2(n) — Z Crum()R(n — k) + Z Caen(k, Dsr)Tico7 (n — dzen 3 k)
k=0 k=0
Nr
fOT n =0.. T
5. Truong hop tht nam: Itpf active = 1 va mem_ltpf active = 1 va

(Pine # pine™ hodc ppr # pF™)
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Lnum . Lgen
Sy () = 20— 1=y || D R — )+ Y i (i ey (n— o™ + 57~ k)
3/ L= =
N,
forn=0. TF

Lnum Lgen
JE—— 1 n J— — Ld
xltpf(n) = Xitpf (n) — N—F z Cnum(k)xltpf n—k)+ 2 Cden(k: pfr)xltpf (n — Dint t % - k)]
2 Lk=0 k=0

forn=0.. 2

Uu diém cua sang ché dugc thao luan tai ddy. Céc vi du trén it phiic tap hon so véi
cac cach trién khai dugc st dung trude day. Vi dy, trong trudng hop vi du ctia bd loc
sau LTP, vu diém vé sy phiic tap so v6i phuong phéap LPC dugc sit dung trong tai liéu
[13] 14 r3 rang. So sanh vé6i cac phuong phip nhidu xuyén kénh duge st dung trong tai
liéu [9], [10], [11] va [12] ¢6 it hon mot thao tac cho mdi mau. Dé thiy didu nay, luu y
ring (1 - %) Bgr—1vVa %,ng ¢6 thé dwgc nhan ra bang cach trir hing s6 %.ng—l khoi Bgy_4
va thém hﬁng s6 mau % Bgr Va0 Bg, theo miu. Cung véi loc st dung Hj_, va Hj, day la
s6 lugng hoat dong twong duong véi bd loc bang H,_, va H, sau d6 1a gan trong s6 cac
tin hiéu duge loc nhu duoc sit dung trong phwong phap nhidu xuyén kénh. Phuong phap
nhidu xuyén kénh sau d6 dugc tiép tuc vai viéc bd sung céac tin hi¢u duoc gan trong 56,
trong khi phwong phap dugc dé xuét da tao ra dau ra.

Khi xac dinh duoc r%mg budce loc thir nhat va/hodc thtr hai s& khong dugc thuc hién
(hodc s€ cung cép, nhu dau ra, cing mot gia tri cia dau vao, vé co ban hoat dong nhu
"bd loc nhan dang", ma ndi chung 1a v6 dung), c6 thé bo qua bd loc va/hoac phén loc vo

dung (vi dy, nhu trén Fig. 1a). Theo do, ) luong phép tinh todn dugc giam.

No6i chung, tranh sy gidn doan khi bd loc thay dbi tai bién khung tir Hy_;:

P Q
ylnl = 2] + ) b gxln =il = ) gy yln—J]
i=0 =1
dén H,:
P Q
yln) = xln] + ) byexln—i] = ) ayyln =l
i=0 j=1
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bang cach loc phin dau voi chidu dai L ctia khung k bang bo loc thay ddi theo thoi
gian Hy_4:

i=0 j=1

P Q
y'ln] = xfn] + 5[] <Z boyxln = i1 = ) aes ¥/l —j]>

n
Sk_l[n]:—'l—z,OSn<L

sau d6 1a budc loc ddu ra trung gian y'[n] ciia bd loc thay doi theo thoi gian Hj,_,
v6i bod loc thay ddi theo thoi gian Hy:
P Q
yln] = y'[n] + sefnl{ Y b= i = )" a v~ ]
i=0 j=1
n
siln] = .= 1—sr_4[n],0<n<L
Hj,_, 12 bd loc thay dbi theo thoi gian thay dbi tir bude loc hoan toan véi H,_, dén
khong loc. Hj, 13 bd loc thay ddi theo thoi gian ma thay d6i tir khong loc dén loc hoan
toan Hy.
Vi du thir nhét (dua trén vi du cia Fig. 5b néu trén) tai day dugc cung cép trong
ma gia:
Néu gr.1==gx va g« ==0 thi khong loc.

Hoic néu ge1=0 va gi#0, thi

{
- khong c6 budc loc thir nhat
- ¢6 budce loc thir hai trong T
- ¢6 bude loc thir ba trong khoang thoi gian phu tiép theo (trong d6
Ti!1=T)
}
Hodc néu gi-1!=0 va g ==0 thi
{
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- ¢6 budc loc thir nhat trong T

- khoéng c6 budc loc thir hai

- khong c6 budc loc thi ba trong khoang thoi gian phu tiép theo
}

Hodc néu gr.1'=0 va gi!=0 thi chénh léch phin nguyén va phan thap phan cia do

tré tan sb co ban dugc kiém tra

{

Néu phin nguyén va phan thap phan ctia do tré tan s co ban trong k-1 va k 1a

gidng nhau (pitch_int(k-1)== pitch_int(k) && pitch_fr(k-1)== pitch_fr(k)) thi
{
o  khong c6 budc loc thi nhét ciling nhu loc thit hai;

o ¢ budce loc thir ba trong T va trong Ts (tie 1a, doc theo toan

b6 T)

Hoic néu c6 su khac biét trong phdn nguyén hoic trong phan thap phan ctia

d0 tré tan s6 co ban:

{
o  ¢6 budc loc thir nhét trong T
o  ¢0 budc loc thr hai trong Ti
o ¢6 bude loc thir ba trong khoang thoi gian phu tiép theo
(trong @6 T1 !="T)
}

}

Vi du the hai dugc cung cép trong gid ma:

2.
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Néu ge.1==gx va gx ==0 thi khéng loc.

Hoic néu g1 ==0 va gi!=0 thi

{
- khong c6 bude loc thir nhit
- c6 budc loc thir hai trong T
- ¢6 buéc loc thir ba trong khoang thoi gian phu tiép theo (trong d6

Ti!1=T)

}

Hoic néu gk -1!=0 va g ==0 thi

{
- ¢ bude loc thi nhit trong T
- khong co6 budc loc thir hai
- khdng c6 budc loc thir ba

}

Hoic néu gi.1!=0 va gk!=0 thi ching ta nhin vao su khac biét ctia phan nguyén cla

tan sO co ban

{

Néu chénh 1éch tuyét ddi giita phan nguyén cia tan sd co ban trong k-1 va k

nim dudi ngudng thi
{
o  ¢0 budce loc thir tu trong Th
o  c6 budc loc thtr ba trong T (trong d6 Ti !=T)

}

hodc néu chénh 1éch tuyét dbi gitta phdn nguyén cua tin s6 co ban trong k-1 va k

nam trén ngudng thi
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{
o ¢bbude loc thir nhit trong T
o c¢b budc lgc thir hai trong Ty
o  ¢6 budc loc thir ba trong khoang thoi gian phu tiép theo (tht
nhién chi néu Ti !=T)
}

}
Trong phan 2. thuc hién ndy, chiing ta ciing c¢6 thé bao gdm phan thap phan cua

tan sO co ban ngoai viéc kiém tra sy khac biét gitta phan nguyén cua tan so co ban.

Fig. 12a thé hién hé thdng 110 ma c6 thé trién khai, vi du thiét bi ma héa 80. Hé
théng 110 c6 thé chira bd xir 1y 111 va b nhé khong tam thoi 112 luu trit cac 1€nh, khi
duoc chay boi bo xir Iy 111, ¢6 thé khién bo xir Iy 111 thyuc hién u6e lugng tham sb 113
(vi du nhu trong khéi 89), xr Iy tin hiéu ma hoéa 114 (vi du: dé trién khai cac phan tir
82-86) va dong bit tao thanh 115 (vi du: dé trién khai bd ghi dong bit 89 ). Hé théng
110 c6 thé bao gdm don vi ddu vao 116, c6 thé thu duoc tin hiéu 4m thanh (vi du: tin
hiéu 4m thanh 89). Do d6, bd xir 1y 111 c6 thé thuc hién cac quy trinh d& c6 dugc phép
biéu dién dugc ma hoa (vi du: tai dinh dang 11a) cta tin hi¢u &m thanh. Phép biéu dién
duoc ma héa ndy c6 thé duoc cung cip cho céc don vi bén ngoai bang cach st dung don
vi ddura 117. Don vi daura 117 ¢ thé bao gém, vi du, don vi truyén thong dé lién lac
v6i céc thiét bi bén ngoai (vi du: sit dung giao tiép khong day, chang han nhu Bluetooth)
va/hodc khong gian luu trit bén ngoai. BO xtr 1y 111 ¢6 thé luu phép biéu dién dugc ma

héa cua tin hi€u 4am thanh trong khong gian luu trit cuc bo 118.

Fig. 12 thé hién hé théng 120 ma c6 thé trién khai thiét bi 10, 30, 40, 50, 90 va/hoic
thuc hién phuong phap 60 hoac 70. Hé théng 120 c6 thé chira bd xi Iy 121 va bd nhé
khong tam thoi 122 Iuu trit cac 1énh ma, khi dugc chay bdi b xtr 1y 121, ¢6 thé khién
bo xtr Iy 121 thuc hién doc dong bit 123 (vi du: dé trién khai dau doc dong bit 91'), didu
khién b6 loc thir nhét/th hai 124 (vi du: bit ky phan tir 12, 14, 22,24, 51, 52 nao va/hoic
cac hoat dong cta bd loc 61, 62 va/hodc cac bude cua phuong phap 70) va/hodc didu

khién b6 loc thtr ba 125 (vi du, dé trién khai bd loc thir ba 31, 53 va/hoic cac hoat dong
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ctia bd loc 63 va/hodc cac bude cia phuong phap 70). Hé thong 120 co thé bao gdm don
vi dAu vao 126, c6 thé thu dugc phép biéu dién dugc giai ma cua tin hiéu 4m thanh (vi
du: & dang 11a). Do d6, bd xit Iy 121 c6 thé thuc hién cac quy trinh dé loc tin higu (vi
du: str dung bd loc LTP). Phép biéu dién duoc loc ndy co thé duoc cung cip cho cac don
vi bén ngoai bing cach sir dung don vi dau ra 127. Pon vi dau ra 127 c6 thé bao gdm,
vi du, don vi truyén thong dé lién lac véi céc thiét bi bén ngoai (vi du: str dung giao tiép
khong day, ching han nhu Bluetooth) va/hozc khong gian luu trit bén ngoai. Bo xir 1y
121 ¢6 thé luu phép biéu dién duoc loc cia tin hidu 4m thanh trong khong gian luu trit

cuc bo 128.
Trong céc vi du, c4c hé théng 110 va 120 c6 thé 1a cing thiét bi.

Tuy thudc vao cic yéu ciu thuc hién nhét dinh, cac vi du c6 thé dugc thuc hién’
trong phﬁn cing. Viéc trién khai c6 thé duoc thuc hién sir dung vat ghi luwu trit sb, vi duy,
dia mém, dia da ning k§ thuit sé (Digital Versatile Disc-DVD), dia Blu-Ray, dia
compact (Compact Disc-CD), bd nhé chi doc (Read-only Memory-ROM), bd nhé chi
doc kha trinh (Programmable Read-only Memory-PROM), bd nhé chi doc kha trinh cé
thé x6a dugc (Erasable and Programmable Read-only Memory-EPROM), bd nhé chi
doc kha trinh c6 thé x6a duoc bang dién tir (Electrically Erasable Programmable Read-
Only Memory-EEPROM) hodc bd nhé nhanh flash, cé cac tin hiéu didu khién c6 thé
doc duoc bang dién tir duge luu trir trén d6, ma két hop (hodc c6 thé két hop) véi hé
théng may tinh kha trinh sao cho phuong phép twong ing dugc thuc hién. Do do, vat

ghi luu trit s6 ¢6 thé c6 kha nang doc duge bang may tinh.

Néi chung, cac vi du c6 thé dugc trién khai nhu san pham chwong trinh may tinh
v&i céce 1énh chuong trinh, cac 1énh chuong trinh ¢6 tac dung dé thuc hién mot trong sb
cac phuong phap khi san phdm chuong trinh may tinh chay trén may tinh. C4c 1énh

chuong trinh c6 thé, vi du, duoc luu trit trén vat ghi cé thé doc duoc béng may.

Céc vi du khéac bao gdbm chuong trinh may tinh dé thuc hién mot trong sd cac
phuong phap dugc mo ta tai day, dugce luu trit trén vt mang co thé doc dugc béng may.
Do d6, néi cach khéc, vi du vé phuong phap 1a chwong trinh may tinh c6 céc 1énh chuong
trinh dé thyuc hién mot trong s6 cac phuong phap duoc mo ta tai ddy, khi chuwong trinh
may tinh chay trén may tinh.
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Do d6, vi du khac cta cac phuong phép 1a vat mang dit liéu (hodc vat ghi luu trit
$6, hodc vat ghi cé thé doc duogc béng may tinh) gém c6, da dugc ghi lai trén do6, chuong
trinh may tinh dé thyuc hién mot trong s6 cac phuong phap duoc md ta tai ddy. Vat mang
dit liéu, vat ghi luu tri s6 hodc vat ghi 1a hitu hinh va/hodc khong tam thoi, thay vi tin
hiéu v0 hinh va tam thoi.

Vi du khac gdm ¢4 bd xir Iy, vi du may tinh, hogc thiét bi logic kha trinh thuc hién

mot trong sd cac phuong phap duge mo ta tai day.

Vi du khac bao gdbm may tinh c6 chwong trinh may tinh duoc cai dit trén d6 dé

thue hién mot trong sé cac phuong phap dwoc md ta tai day.

Vi du khac gém c6 thiét bi hodc hé théng truyén tai (vi du, theo cach dién tir hodc
- quang hoc) churong trinh may tinh @& thyc hién mot trong sb cac phuong phap duge mod
ta tai day dén bo nhan. BO nhén c6 thé 13, vi du, may tinh, thiét bi di dong, thiét bi nhé
hodc tuong tu. Thiét bi hodc hé théng c6 thé, vi du, gém c6 may chu tép tin dé chuyén

chuong trinh may tinh dén bo nhan.

Theo mot s6 vi du, thiét bi 16gic kha trinh (vi du, mang céng kha trinh dugc dang
trudng) co thé dugc st dung dé thuc hién mot sd hoic tht ca céac churc ning cua cac
phuong phap dugc mo ta tai ddy. Trong mot s6 vi du, mang cdng kha trinh dang truong
c6 thé két hop vai bd vi xtr Iy dé thuc hién mot trong s6 cac phuong phap duoc mo ta
tai ddy. Thong thudng, cic phuong phép c6 thé duge thuc hién boi thiét bi phin cimng
thich hop bat ky.

Cac vi du duoc mo ta tai trén dugc minh hoc cho cac nguyén tic dugc thao luan
tai trén. Can hiéu rang c4c bién thé va bién ddi clia cac phuong 4n va cic chi tiét duoc
mb ta tai day s€ la 16 rang. Do d6, muc dich cua sang ché chi bi giéi han béi pham vi
clia cac diém yéu cau bao ho sip dua ra dudi day va khong bi giéi han béi cac chi tiét

cu thé dugc thé hién qua cic phin mo ta va giai thich ciia cc phuong 4n tai ddy.
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YEU CAU BAO HO
1. Heé théng loc tin hidu thong tin dau vao, dugc chia thanh céc khoang thoi gian
cép nhat khéac nhau, theo cac hé s6 thay d6i theo cac khoang thoi gian cdp nhat, dé thu
duoc tin hiéu dau ra duoc loc, trong d6 tin hiéu thong tin dau vao 13 tin hiéu Am thanh,

hé théng bao goém:

b loc thit nhét @ loc tin hiéu dAu vao b loc thir nhét it nhét tai khoang thoi gian
phu ban dau trong khoang thoi gian cép nhat hién tai dé xuét ra tin hidu dau ra bd loc
thr nhat, theo cac hé sb lién quan dén khoang thdi gian cdp nhat trude do6, bd loc thi
nhit dwoc tao cAu hinh dé dinh ti 16 cac hé sé doc theo it nhit 13 khoang thoi gian phu
ban dau, trong d6 bo loc thir nhét duogc tao cAu hinh dé dinh ti 18 cac hé s6 lién quan dén
khoang thoi gian cép nhét trudc do boi hé sb dinh ti 18 thu nhét thay ddi vé 0 hoac gia
tri gin 0, doc theo it nhét 1a khoang thoi gian phu ban dau; va

bd loc thir hai dé loc tin hiéu dau vao b loc thir hai, tai khoang thoi gian phu ban
dau, theo cac hé s6 lién quan dén khoang thoi gian cdp nhat hién tai dé xuét ra tin hiéu
dAu ra bo loc thr hai, b loc thir hai dugc tao cau hinh dé dinh ti 1& cac hé s6 doc theo it
nhét 13 khoang thoi gian phu ban dau, trong d6 bd loc thir hai dugc tao cAu hinh dé dinh
ti 1€ cac tham $6 lién quan dén khoang thoi gian cap nhat hién tai boi hé s6 dinh ti 18 tht
hai thay dbi tir 0 hodic gia tri gén 0, vé gia tri khac 0 hodc gia tri xa 0 hon so vo1 gia tri

gin 0, doc theo it nh4t khoang thoi gian phu ban dau,

trong d6 tin hiéu ddu vao bo loc thir nhit 13 tin hiéu thong tin d4u vao, tin higu dau
ra bd loc thi nhét 13 tin hiéu dau vao bd loc thir hai, va tin hiéu dau ra dugc loc 13 tin

hiéu dau ra bd loc thr hai.
2. Hé thdng theo diém 1, hé théng con bao gbm:

b0 loc thit ba dé loc tin hiéu thong tin dau vao tai khoang thoi gian phu tiép theo
trong khoang thoi gian cép nhat hién tai sau khoang thoi gian phu ban dAu theo cac hé
s6 lién quan dén khoang thoi gian cap nhat hién tai.
3. Heé thdng theo diém 2, hé théng con bao gom:

bo chon dugc tao ciu hinh dé kiém tra xem khoang c4ch gitta tham sd cho khoang

thoi gian cdp nhét hién tai va tham sb cho khoang thoi gian cdp nhat trude d6 1a 0 hay
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nim trong ngudng thi nhét, dé loc tin hiéu thong tin d4u vao it nhat trong khoang thoi
gian phu ban dau béng cach str dung b0 loc thw ba, trong d6 tham b cho khoang thoi
gian cap nhat hi¢n tai va tham sb cho khoang thoi gian cdp nhat trude d6 dugce léy tur
mot trong cac thong tin didu hoa, thong tin khuéch dai, thong tin do tré tan sd co ban,
phén nguyén cua do tré tAn sb co ban clia tin hiéu thong tin ddu vao va phan phén sb cua
d6 tr& tan sb co ban cia tin hiéu thong tin dau vao.

4, Hé théng theo diém 2, trong d6 bd loc thir ba dugc tao cAu hinh, doc theo khoang
thoi gian tiép theo dé duy tri cac hé s6 bo loc khong dbi.

5. H¢ théng theo diém 2, trong d6 bd loc thir ba hoat dong nhu bd loc trudc du bao
dai han (long term prediction-LTP), b loc sau LTP, bd loc truéc LTP diéu hoa, hoic
b0 loc sau LTP diéu hoa.

6. Hé théng theo diém 2, hé théng con duoc tao cdu hinh dé kiém tra d6 khuéch dai
gk ctia khoang thoi gian cdp nhat thir k hién tai va do khuéch dai gi.1 ctia khoang thoi
gian cdp nhat tht (k-1) trude do, sao cho:

- néu g-1=0 va gi=0, thi budc loc tai cac b loc thur nhét, thr hai va tha ba
duoc khir kich hoat; va/hoac

- néu g1=0 va g0, thi

o budc loc tai bd loc thir nhat duge khir kich hoat;

o 6 bude loc tai bd loc thit hai trong it nhit khoang thoi gian
phu ban dau;

o co buédce loc tai bd loc thir ba trong khodng thoi gian phu tiép

theo; va/hoac

- néu gi.1#0 va gi=0, thi

o 6 bude loc tai bo loc thir nhét trong it nhét khoang thoi gian
phu ban dau;

o budc loc tai bd loc thir hai duogc khir kich hoat;

o budc loc tai bd loc thir ba dugc khir kich hoat; va/hoac
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- néu g1#0 va g0, thi sy khac biét clia cac phin nguyén va phan thap
phan cua do tré tin sb co ban dugc kiém tra, sao cho:

o néu phin nguyén va phan thap phan ctia do tré tan s6 co ban
trong khoang thoi gian cap nhat thu k hién tai va trong khoang thoi gian
cap nhat thr (k-1) trude do 1a nhu nhau, thi:

= bude loc tai cac bd loc thir nhit va bo loc tht hai dugce khir

kich hoat;

= ¢6 bude loc tai bd loc thir ba doc theo toan bo khoang thoi

gian cdp nhat hién tai;
e hodc néu c6 su khac biét v& phdn nguyén hodc phin thip

phéan ctia do tre tan so co ban:

= c6 budc loc tai bd loc thir nhat trong it nhit khoang thoi gian
phu ban dau;

= ¢6 budc loc tai bo loc thir hai trong it nhat khoang thoi gian

phu ban dau;

= c6 budc loc tai bd loc thit ba trong khoang thoi gian phu tiép

theo.

7. H¢ théng theo diém 1, trong do it nhat mot trong $6 bd loc thtr nhat va thir hai
hoat dong nhu bd loc trude dy bao dai han (long term prediction, - LTP), bd loc sau
LTP, b0 loc truéec LTP diéu hoa, bd loc sau LTP diéu hoa.
8. H¢ théng theo diém 1, trong do it nhat mot trong $6 b loc thtr nhit va tht hai ¢6
ham chuyén bao gbm ttr s6 va mau sd, trong dé tir s6 bao gbm gia tri d6 khuéch dai duoc
bidu thi bang thong tin d6 khuéch dai, va trong d6 mau sé bao gdm phan nguyén cia do
tr& tAn s co ban duogc biéu thi bang thong tin d6 tré tan sb co ban va bd loc da cham
phu thudc vao phan thap phan cia do tré tan s6 co ban.
9. Hé théng theo diém 1, trong do:

cac hé sb caa bd loc ther nhit va bo loc thir hai dugc suy ra cac tham s6 dugc

chon trong $6 thong tin diéu hoa, thong tin do khuéch dai, thong tin do tré tan b co ban,
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phin nguyén ctia do tré tin s6 co ban cla tin hiéu thong tin ddu vao va/hoic phan thap
phéan cua do tré tn s6 co ban cua tin hiéu thong tin dau vao.
10.  Hé thdng theo diém 1, trong dé:
b0 loc thtr nhat va bo loc thi hai duge chon trong s6 bo loc ma hoa du béo tuyén
tinh (linear predictive coding-LPC), bd loc dép Ung xung v6 han (infinite impulse
response-IIR) va/hodc bd loc dap img xung hitu han (finite impulse response-FIR).
11.  Hé théng theo diém 1, trong do:
hé s6 dinh ti 16 thi nhit va hé s6 dinh ti 18 thir hai 13 cac gi tri khong 4m bo sung
cho nhau véi gid tri 16n hon 0.
12.  Hé théng theo diém 1, trong do:
hé sb dinh ti 18 tht nhét thay d6i vé 0 vé cuc tri cubi cung ciia it nhat 13 khoang
thoi gian phu ban dau, va/hodc
hé s6 dinh ti 16 thi hai thay dbi tir 0 hodc gi4 tri gan 0, tir cuc tri ban dau ciia khoang
thoi gian cip nhat hién tai vé gid tri khac khong hodc gia tri xa 0 hon so véi gi4 tri gin
0.
13.  Hé théng theo diém 1, trong do:
bd loc thir tu duge tao ciu hinh @ loc tin hidu thong tin dau vao, it nhat 13 tai
khoang thdi gian phu ban dau, sir dung hé s thu duoc bang cach ndi suy cac tham sb
lién quan dén khoang thoi gian cdp nhat hién tai va cac tham s lién quan dén khoang
thoi gian cap nhat trude do.
14.  Hé thong theo diém 13, trong d6 bd loc tht tu hoat dong nhu bd loc truée du béo
dai han (long term prediction-LTP), b loc sau LTP, bo loc truéc LTP diéu hoa, hoic
b6 loc sau LTP diéu hoa.
15.  Hé théng theo diém 13, con bao gom:
bd chon duoc tao ciu hinh dé kiém tra xem khoang cach giita cac tham sb cho
khoang thdi gian cip nhat hién tai c6 ndm trong ngudng thir hai hay khéng, dé loc tin
hiéu thong tin d4u vio it nhat trong khoang thoi gian phu ban diu bang cach sir dung b

loc thir tu.
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16.  Hé théng theo diém 15, con duoc tao ciu hinh dé chu dong dit ngudng thir hai
trén co s cac gia tri lién quan dén tin hidu thong tin dau vao.
17. Hé théng theo diém 16, con duoc tao ciu hinh dé:

thiét 14p ngudng thir hai 1a ngudng khoang cach do tré tan sd co ban bang véi mirc
t6i thiéu gitra phin nguyén ciia do tré tin s6 co ban tai khoang thoi gian cdp nhat hién
tai va phan nguyén ciia d6 tré tin sb co ban tai khoang thoi gian cap nhét trude do,

dé sir dung b6 loc th tur khi khoang cach gifta phin nguyén cia do tré tan s co
ban tai khoang thoi gian cdp nhat hién tai va phén nguyén cua do tré tin s co ban tai
khoang thdi gian cp nhat trude d6 nhé hon ngudng khoang céch do tré tan sd co ban;
va/hodc

dé st dung cac bd loc thir nhét va thir hai khi khoang céch gitra phan nguyén ctia
do tré tn $6 co ban tai khoang thoi gian cdp nhat hién tai va phé”ln nguyén cua do tré tan
s6 co ban tai khoang thoi gian cdp nhat trude d6 16n hon ngudng khoang cach do tré tAn
s6 co ban.

18.  Hé thdng theo diém 16, con dugc tao ciu hinh dé:
st dung diéu kién lién quan dén d6 khuéch dai cua tin hiéu tai khoang thoi gian

cap nhat hién tai va tai khoang thoi gian trude do,

dé sir dung b9 loc thir tu khi ca do khuéch dai cta tin hiéu tai khoang thoi gian cap
nhat hién tai va tai khoang thoi gian trude d6 khéc véi 0 va/hodc

dé st dung b loc thir nhét va thtr hai khi it nhat mot trong s6 cac do khuéch dai
cua tin hiéu tai khoang thoi gian cdp nhat hién tai va tai khoang thoi gian truée do la
khong.
19.  Heé théng theo diém 1, trong d6 bd loc thir nhat 1a d& cung cép tin hi¢u dau ra bd
loc thir nhat 13:

Q

P
y'ln) = xlnl + se-alnl | Y beairln=11= ) s y'n—1),

i=0 j=1
KT <n <kT 4T,

trong d6 hé sb dinh ti 18 s,_, [n] thay d6i vé gia tri gan 0 khi n ting,
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va bd loc tht hai 1a dé cung cép tin hiéu du ra bd loc thir hai 1a:

Q

P
yin) = y'[n] + selnl | ) by’ =il = ) ayin =l )
i=0

j=1
kT <n < kT +T,

trong d6 hé sb dinh ti 18 s, [n] thay doi tir gia tri gin 0 vé gia trj khac 0 khi n ting,
trong d6 T 1a khoang thoi gian cdp nhat thir k hién tai , T; 1a khoang thoi gian phu ban
dAu, n 13 khoanh khéc, x[n] 13 tin hiéu théng tin dau vao, by_y; va a;_y; 12 cdc hé s6 lién
quan dén khoang thdi gian cap nhat thit (k-1) trude do, a;; va by 1a cac hé s6 lién quan
dén khoang thoi gian cap nhat thi k hién tai, va P va Q lién quan dén loai bd loc.
20. HE théng theo diém 1, trong d6 bg loc thur nhét duoc tao cAu hinh dé cung cép tin
hiéu dau ra b6 loc thit nhat dudi dang

Lnum Lgen

— A n R ., . L
Sy () = 200~ 1= || > GBmGOR =+ Y el b pi ey (m = pliE™ +-57~ )
4/ Lk=0 k=0
Np
forn=0. T
va b loc thir hai dugc tao ciu hinh dé cung cap tin hiéu du ra di loc & dang
Lnum Lgen L
— 7 n . - 4
Tiepr (M) = Fiepy (1) = Np Z Craum () Xiepy (n = k) + Z Caen (K, Dfr ) Xiepr (n — Pint + 23” - k)
4 L k=0 k=0
Np
forn=20. T

trong do % 12 chidu dai cua khoang thoi gian phu ban dau, £(n) 13 tin hiéu théng
tin dau vao, Xip; 14 tin hiéu d4u ra bd loc thir nhét, Xiepr (n) 12 tin hiéu dau ra dd loc, n 1a
khoanh khéc, P va pipe™ tuong ung dua trén phan nguyén va phan thap phan cua do
tré tan sb co ban lién quan dén khoang thoi gian cdp nhat trudc do, py,. va psr tuong Utng
dua trén phan nguyén va phén thap phan ciia do tré tan sd co ban lién quan dén khoang
thoi gian cap nhat hién tai, ¢, (k) 12 hé s6 dua trén gia tri do khuéch dai cho khoang
thoi gian cap nhat hién tai, ¢z, (k, pgr) 18 hé s6 dua trén gia tri d6 khuéch dai cho khoang
thoi gian cap nhat duge xac dinh va dua trén phan thap phan cua tan s6 co ban, cmem (k)

12 hé sb dua trén gia tri do khuéch dai cho khoang thoi gian c4p nhit trude do,
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cmem (k, pe™) 1a hé s6 dua trén gié tri do khuéch dai cho khoang thoi gian cap nhat trude
do6 va dua trén phﬁn thap phan cua tan s co ban, Laen va Luum dugc c¢b dinh va/hoic dua
trén tbc do 14y mau cta tin hiéu thong tin dau vao.

21.  Heé thbng theo diém 1, trong d6 do dai thoi gian cua khoang thoi gian phu ban
dAu nim trong khoang tir 5% dén 40% ctia do dai thoi gian ciia khoang thoi gian cap
nhat hién tai.

22.  Hé théng theo diém 1, bao gdm phia bd mi héa va phia bd giai ma, trong do it
nhit mot trong sé bd loc thir nhit va thir hai ndm tai phia b giai ma.

23.  Hé thdng theo diém 1, bao gdbm phia bd ma héa va phia bd giai ma, trong do it

nhit mot trong s6 bd loc thir nhat va th hai nam tai phia by ma hoa.
24.  Hé théng theo diém 9, bao gdm phia bd ma héa bao gom:

bd udc luong tham s6 duoc tao cAu hinh dé udce lugng cac tham s6 cho it nhat mot

trong $6 b loc thir nhét va th hai.

25.  Hé théng theo diém 1, con bao gdm bd chuyén ddi dé chuyén d6i phép bicu dién
thir nhét cua tin hiéu thong tin diu vao thanh phép biéu dién thir hai cla tin hiéu thong

tin dau vao.

26. Heé thdng theo diém 1, trong d6 it nhat khoang thoi gian phu 1a khoang thoi gian
cap nhat.

27. Hg¢ théng theo diém 1, con duoc tao cAu hinh dé:
x4ac dinh xem b0 loc thir nhét va/hoic thit hai s& hoat ddng nhur bd loc nhan dang;
va
trong treong hop xac dinh, bo qua b loc thir nhat va/hoic thir hai.

28.  Hé théng theo diém 1, trong d6 bd loc thir nhit duoc tao ciu hinh dé dinh ti 1¢
céc hé sb dan dan bang cach 1am giam va/hodc mot cach don diéu hodc don diéu nghiém

ngat cac hé sé doc theo it nhét 12 khoang thoi gian phu ban dau.
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29.  Hé théng theo diém 1, trong d6 bd loc thir hai dugc tao cau hinh d€ dinh ti 1€ cac
hé s dan dan bz:ing cach 1am gidm va/hodc mdt cach don di¢u hodc don di€u nghiém

ngit cac hé sb doc theo it nhét 12 khoang thoi gian phu ban dau.

30.  Phuong phap loc tin hi€u thong tin d4u vao dugc chia thanh cac khoang thoi gian
cip nhat khac nhau, theo cac hé s6 lién quan dén cac khoang thoi gian cap nhat, dé xudt
ra tin hiéu du ra duoc loc, trong d6 tin hiéu thong tin dau vao 13 tin hiéu am thanh,

phuong phap bao gdm cac budc:

thuc hién bude loc thur nhét it nhét tai khoang thoi gian phu ban dAu cta khoang
thoi gian cdp nhat hién tai theo cac hé sb lien quan dén cac khoang thoi gian cip nhat
trude do, trong d6 cac hé s6 doc theo it nhét khoang thoi gian phu ban dau duoc dinh ti
18 boi hé sé dinh ti 16 thir nhét thay ddi vé& 0, hozic gia tri gan 0, doc theo it nhat khoang

thoi gian phu ban dau; va

thuc hién budce loc th hai it nhét tai khoang thdi gian phu ban d4u, theo cac hé sb
lién quan dén khoang thoi gian cdp nhat hién tai, trong do cac hé s6 doc theo khoang
thoi gian phu ban dau duoc dinh ti 18 béi hé sb dinh ti 18 thir hai thay dbi tir 0, hoac gia
tri g?m 0, vé gia tri khac 0, hodc gia tri xa 0 hon so voi gia tri g?m 0, doc theo it nhét

khoang thoi gian phu ban dau,

trong d6 budc loc thu nhét duoc thyuc hién trén tin hidu thong tin dau vao va buéde

loc tht hai dugc thue hién trén tin hiéu thu duoc tir bude loc thu nhét.

34, Vit ghi luu trit s khong tam thdi ¢6 chuong trinh may tinh dwgc luu trit trén d6
dé thuc hién phuong phép loc tin hiéu 4m thanh dau vao duoc chia thanh cic khoang
thoi gian cdp nhat khac nhau, theo cac hé s6 lién quan dén cac khoang thoi gian cap

nhat, dé xuét ra tin hiéu dau ra duoc loc, phuong phép bao gbm cac budc:

thuc hién budc loc thir nhat it nhét tai khoang thoi gian phu ban dAu cta khoang
thoi gian cdp nhat hién tai theo cac h¢ s6 lién quan dén cac khoang thoi gian cdp nhat
trude do, trong do cac hé s6 doc theo it nhat khoang thoi gian phu ban dau duoc dinh ti
18 béi hé s6 dinh ti 1& tht nhét thay déi v& 0, hodc gié tri gan 0, doc theo it nhét khoang

thoi gian phu ban dau; va
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thuc hién buéc loc th hai it nhit tai khoang thoi gian phu ban déu, theo céc hé s6
lién quan dén khoang thoi gian cdp nhat hién tai, trong d6 cac hé s6 doc theo khoang
thoi gian phu ban dau duge dinh ti 18 boi hé s6 dinh ti 1¢ thir hai thay ddi tir 0, hodc gia
tri gan 0, vé gia tri khac 0, hodc gia tri xa 0 hon so v6i gia tri gan 0, doc theo it nhét

khoéng thoi gian phu ban dau,

trong d6 budce loc thir nhét dugc thuc hién trén tin hiéu Am thanh dau vao va buéde
loc thir hai dugc thuc hién trén tin hiéu dugc xuét ra boi bude loc thir nhit, khi chuong

trinh may tinh da néu chay trén may tinh.
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