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LSi néi dau

Nhdn dang hé thong la moét trong nhitng cong viéc dau tién phdi thuc hién khi gidi
quyét mét bai todn Pidu khién Tu dong. Ly do don gidn chi la vi khong thé phén tich,
tong hop hé thong khi khong cé6 mo hinh todn hoc mé td hé thong. Trong qud trinh xdy
dung mé hinh hé théng trén phuong dién ly thuyét nguoi ta thuong khong thé khdo sdt
duge moi dnh hudng cia moi truong dén tinh déng hoc ctia hé théng ciing nhu nhitng tdc
déng qua lai bén trong hé théng mét cdch chinh xdc tuyét déi. Rat nhiéu yéu t6'da bi bé
qua hodc chi dudc xem xét dén nhu mét tdc dong ngdu nhién. Boi vdy, néu néi mot cdch
chdt ché thi nhitng hidu biét ly thuyét ban ddu vé hé théng mdi chi cé thé giup ngudvi ta
khoanh dugc ving I6p cdc moé hinh thich hop. DE cé thé ¢é duge mét mé hinh cu thé cé
chdt luong phit hop vdi bai todn diéu khién ddt ra trong Idp cdc mé hinh thich hop dé thi
phdi stz dung phuong phdp nhén dang.

Thoi diém ra doi ctia chuyén nganh Nhén dang c6 thé duoe xem la vao khodng cudéi
thép nién 50. Tuy ra doi mudén nhung Nhin dang dd phdt trién rdt nhanh va da cé
nhitng thanh tuu vuot bic. Nguyén nhan cia sy phdt trién vugt bdc dé mot phan ti yéu
cGu thuc té, song c6 lé phdn chinh la nho c6 nhitng hé tro tich cuc cia cde nganh khoa
hoc lién quan, ddc biét la X ly tin hiéu va Tin hoc.

Su phdt trién cia Nhan dang trong linh vue Diéu khién tu dong tir nam 1960 dén nay
6 thé chia ra lam ba giai doan phdt trién nhu sau:

—  Giai doan mot khodng tiz nam 1960 dén 1975 duge dinh déu bang nhén dang cdc
mé hinh khong tham s6 cho déi tuong diéu khién tuyén tinh ma trong tam chi yéu la
thiét lap ham trong luong hay ham ddc tinh tan bién—-pha dudi dang mot day gid tri
(phite). Kién thiic ly thuyét can thiét cho giai doan nay phan lén duoc xdy dung trén
0 s6 ly thuyét ham phite va phén tich phé tin hiéu.

—  Giai doan hai duoc ddc trung bdi su ra doi cia I6p mé hinh déng lién tuc hodc roi
rac ¢é6 tham s6 va duogc goi la giai doan ciia nhdan dang tham s6'mo hinh. Thong tin
Iy thuyét ban ddu vé hé théng & day chi vita di dé ngudi ta cé thé lua chon dude bic
(hay cdu triic) cho mo hinh lién tuc hodc roi rac. Nhiém vu cua nhdn dang trong giai
doan nay la xdc dinh gid tri cdc tham s6 ctia mé hinh dé véi hudng nghién ciiu tip
trung la xét tinh héi tu clia cdc phuong phdp va dnh hudng ciia nhiéu vao két qud.

—  Giai doan ba khodng t nam 1990 tré lai déy duoe danh déu bdng nhin dang mé
hinh déng hoc lién tuc phi tuyén va nhdn dang mé hinh tham sé cho hé nhiéu chiéu,
trong do hudng nghién cttu chinh la xét tinh nhdn dang dwoc ciia hé nhiéu chiéu.
Dén dan, ciing trong giai doan nay ngudi ta chuyén hudng di vao nhén dang cdc hé
thong suy bién (singular systems).



Trong vé van cdc phuong phdp nhin dang hé théng hién duoc dung réng rai, ching
t6i chi cé thé chon loc ra va gidi thiéu mot vai phuong phdp ddc trung lam dai dién.
Phuong hudng chon lua la di ti moé hinh khong tham sé vdi cong cu phén tich phé tin
hiéu (chwong 2) dé lam nén cho cong viéc nhdn dang tham s6'mé hinh lién tuc tuyén tinh
va moé hinh roi rac tuyén tinh sau nay (chuong 3 va chuong 4). Nhu vy cuén sdch cé noi
dung chii yéu la gidi thiéu cdc phuong phdp nhdn dang duoc hinh thanh trong giai doan
1 va 2. Mét phén ly do la nhitng phuwong phdp nay dé trd thanh chudn mue va da duge
cai ddt trong nhiing chuwong trinh tién dung cia MATLAB gitup ban doc c6 thé st dung
chiing dé kiém nghiém lai nhitng diéu da doc dugc. Phéan nita la nhitng phuong phdp ctia
giai doan 3 cho dén nay vén chua cé duoe nhiéu sic thuyét phuc trong ting dung nhu
mong muon.

Cuén sdch dwgc viét vdi muc dich cung cip thém mét tai liéu hé tro viée tu hoc cho
sinh vién nganh Piéu khién Tw déng dang hoc moén Ly thuyét Piéu khién ndng cao, sinh
vién nganh Pién, cing nhu cdc nganh khdc cé lién quan tdi viéc xdy dung moé hinh hé
théng. Ngodi ra, cubén sdch con c¢é muc dich xa hon la gidi thiéu duoc véi nhitng nguoi
dang coéng tdc trong linh vuc phén tich va téng hop hé théng ky thudt mot tai lidu tra
citu, tham khdo trong cong viéc xdy dung moé hinh hé thong.

Mdc du, ké t lan xudt ban ddu tién vao ndm 2001, cho tdi nay quyén sich Nhdn
dang hé théng diéu khién nay da duoce tdi ban nhiéu ldn, song chdc khong thé tranh khéi
con thiéu sét. Pé c6 thé dat duoe chdt luong hoan thién hon, cdc tdc gid rét mong nhdn
duoc nhitng gép ¥ sia doi hay bé sung thém ti2 phia ban doc. Thw gép y xin gui vé:

Truong Pai hoc Bach khoa Ha Noi
Khoa Bién, B mén Diéu khién Tu déng.
S8 1 Pai C6 Viét. C9/305-306

Ha Noi, ngay 28.5.2005

Cac tac gia
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1.1  Tai sao phai nhan dang

Xét mot bai toan didu khién theo nguyén tic phan héi ddu ra nhu & hinh 1.1. Muén
téng hop duge bo diéu khién cho d6i tugng dé hé kin c6 duge chit lugng nhu mong muén
thi trudc tién can phai hidu biét vé d6i tugng, tic 13 cAn phai c6 moét mé hinh toan hoc
mb ta d6i tugng. Khong thé diéu khién déi tugng khi khéng hiéu biét hodc hiu sai léch
vé né. Két qua t6ng hop bd didu khién phu thudce rat nhiéu vio mé hinh mé ta d6i tugng.
Mo hinh cang chinh x4c, hiéu suit cong viéc cang cao.

w € | Bddiéu | ¥ [Péitugng| Y
7 Iy _— o2
Hinh 1.1: Bidu khién theo nguyén tic khién diéu khién
phan héi dau ra.

\4

Viéc xay dung mé hinh cho déi tugng dudc goi 12 mé hinh héa. Nguoi ta thuong phan
chia cac phuong phap mo6 hinh héa ra lam hai loai:

— phuong phap 1y thuyét va

— phuong phap thuc nghiém.

Phuong phap 1y thuyét 13 phuong phap thiét lap mé hinh dua trén cac dinh luat cé
sn vé& quan hé vat 1y bén trong va quan hé giao ti€p véi méi truong bén ngoai cua déi
tugng. Cac quan hé nay dugc mé ta theo quy luat Iy—hoéa, quy luat can bang, ... dudi
dang nhiing phuodng trinh toan hoc.

Trong cac trudng hop ma & d6 sy hiéu biét vé nhiing quy luat giao tiép bén trong dsi
tuong ciing vé mdi quan hé gifta ddi tugng v6i méi trudng bén ngoai khéng dude ddy du
dé c6 thé xay dung duge mét mé hinh hoan chinh, nhung it nh4t tit d6 c¢6 thé cho biét cc
thoéng tin ban ddu v& dang mé hinh thi tiép theo ngudi ta phai Ap dung phuong phap
thuc nghiém dé hoan thién nét viée xy dung mé hinh déi tugng trén co sé quan sdt tin
hidu vao u(t) va ra y(t) cta d6i tugng sao cho md hinh thu dude bing phuong phéap thuc
nghiém thdéa mén cac yéu cdu ctia phuong phap ly thuyét dé ra. Phuong phap thuc
nghiém d6 dudc goi 14 nhdn dang hé théng diéu khién.



Nhu vay, khai niém nhan dang hé thong diéu khién duge hiéu 14 su bd sung cho viée
mb hinh héa d6i tugng ma & &6 luong thong tin ban déu vé doi tuong diéu khién khong
ddy dii. Cac thong tin ban dau nay c6 tén goi chung la théng tin A—priori.

Vi du 1: Ching han ta phai xy dung mé hinh cho di tugng 1a mét chiée xe chuyén hang.
Tin hiéu ddu vao tac dong dé diy xe 1a luc u(f). Dudi tac dong cta luc u(f) xe s di duge
quang duong ky hiéu béi y(¢).

my +—
a5 +—

u(@®)
Hinh 1.2: Xay dung mé hinh cho déi tugng la ’ m (t)
ot chié huyén hang. _-( >;< H y
mot chiéc xe chuyén hang

Khi chuyén dong sé c6 hai luc can tré sy chuyén dong ctia xe (bd qua ma sat tinh).
Thti nhat 1a luc ma sat dong xac dinh béi:

F,= d%, d 12 hé s6 ma sat dong

va thi hai 14 luc can trd sy thay d6i téc do

2
Fy=m ay ,m 1a khoi lugng cta xe.
2
dt
Theo nguyén 1y can bang luc ta c6 duge moé hinh mé ta ddi tugng, tic 1a mé ta quan
hé gitia tin hiéu vao u(¢) va tin hiéu ra y(¢) nhu sau:

2
mu+dﬂ=u = G(s)=L (1.1a)
di? dt s(1+Ts)

trong do6 & =1 vaT="
d d
M5 hinh (1.1a) duge xay dung tit cac hiéu biét ban d4u vé d6i tugng, nhung chua phai
12 m6 minh cu thé cho chiéc xe chd hang ma ta dang xét vi cAc tham s6 vé hé s6 ma sat d
ciing nhu khéi lugng xe m 1a chua cé. Néi cach khac md hinh ma ta cin chi 13 mét trong
cac mé hinh c6 dang (1.1a). D& c¢6 duge moét mo hinh hoan chinh thi ta cAn phai xac dinh
nét nhiing tham s6 £ va T con lai.

Pé lam duge diéu nay, ngudi ta 4p dung phuong phép thuc nghiém bing cach téc
dong tam thoi vao xe tai thoi diém =0 mét luc ¢§ dinh, vi du nhu u(f)=1 ri do tin hiéu
ra 12 quang dudng di dugc y(¢). Biéu dién quing dudng di duge y(t) phu thudc theo ¢ dudi
dang db thi ta c6 hinh 1.3. Tt d6 thi d6 ta tinh duge 7' 1a giao diém cta dudng tiém can



cua y(¢) v6i truc hoanh va k& z% . Cau hoi tai sao ta lai tinh dugc cac tham s6 nhu vay sé

dugc tra 161 sau trong chuong 3.

A h)
kR q---———————--- f—————— o
=
4
7 4 g
< ple "
a b
Hinh 1.3: Nhan dang tham s& cho mé hinh Hinh 1.4: Xac dinh tham s6 cho mé hinh déi
xe chd hang. tugng déng co mot chiéu.

Vi du 2: Ta xét thém vi du véi ddi tugng 14 dong co mot chiéu. Tu nhiing kién thic 1y
thuyét chung vé dong co mot chiéu (thong tin A—priori) ngudi ta méi chi c6 thé xac dinh
duge rang mé hinh x4p xi tuyén tinh ctia né c6 dang khau quan tinh bac hai nhu sau:

k

GE) =
1+ Tys)(1+ Tys)

(1.1b)
con lai chi tiét hon thi ba tham s6 &, T, va Ty chua thé x4c dinh duge do con phu thudce
vao dic tinh riéng cta két ciu tiing dong co. N6i cach khac, tit thong tin A—priori ngudi
ta méi chi biét duge rang déng cé mét chiéu thudce 16p mé hinh quan tinh bac hai (1.1b),
trong d6 &, T, Ty 12 nhiing phan tii bat ky ctia R.

D& ¢6 thé tim duge moét mo hinh cu thé cho déi tugng tit 16p cdc mé hinh dang (1.1b)
nguoi ta phai 4p dung phuong phap thuc nghiém (nhan dang). Néu nhu su tac dong ctia
nhiéu 14 bd qua dugc, cac phép do 1a chinh xac va coéng viée nhan dang cé thé duge thuc
hién bing cach cht ddong kich thich d6i tugng v6i mét tin hiéu ddu vao thich hgp chon
trude thi phusng phap thuong dung 1la xac dinh ham qua d6 thong qua do tin hiéu ra khi
tin hiéu vao 1a ham 1().

Tiép theo ngudi ta bidu dién A(f) dusi dang d6 thi réi ké dudng tiép tuyén véi A(f) tai
diém udn dé c6 @, b va dudng tiém can tai t= dé c6 £ (hinh 1.4). Hai tham s6 T, va T,
con lai sé& dugc xac dinh tit @ va b. Chi tiét thém vé cach xac dinh T, Ty, tit a, b s& dudc
trinh bay sau trong chuong 3. O day chung tbi chi dé cap so luge dé minh hoa cho su
khac biét gitia phuong phap xay dung md hinh theo kiéu 1y thuyét va thuc nghiém (nhan
dang).



111 Dinh nghia

Khai niém vé bai toan nhan dang viia néu trén da duge Zadeh thu gon vao dinh
nghia phat biéu nam 1962 véi hai nét cé ban nhu sau:
1) Nhan dang la phuong phap thuc nghiém nhim xac dinh mo6t mé hinh cu thé trong
16p cac md hinh thich hgp da cho trén co s6 quan sat cac tin hiéu vao ra.
2) Mo hinh tim dudc phai cé sai sd véi doi tugng 1a nhé nhat.
Theo dinh nghia nay thi nhiing bai toan nhan dang sé dugc phan biét véi nhau 6 ba
diém chinh. D6 la:

— Lép mé hinh thich hgp. Chdng han 16p cidc mé hinh tuyén tinh khong c¢6 ciu tric
(khong biét bac ctia m6 hinh) hodc c6 cau tric (vi du nhu 16p mé hinh (1.1)), 16p cac
mo hinh ludng tuyén tinh (bilinear), ...

— Loai tin hiéu quan sat dugc (tién dinh/ngiu nhién).

— Phuong thtic mé ta sai léch gitia md hinh va d6i tugng thuc.

1.1.2 L&p mo hinh thich hgp

Tap hop tat cd cAc mé hinh cé ciing ciu tric thda mén cic yéu cdu vé thong tin
A-priori ma phuong phap ly thuyét da dit ra duge goi 1a Iép cdc mé hinh thich hop. Vi
du nhu tat ca cAc md hinh dang (1.1b) véi &, T, va T, 1a ba phén tii bat ky cia R déu cé
thé 12 m6 hinh cta dong co mot chiéu.

Trong tai liéu nay ching ta sé chi quan tam t6i cac bai toAn nhan dang véi 16p nhiing
mo hinh tuyén tinh gan ding ctia d6i tugng. Mot mé hinh dude goi 1a tuyén tinh néu anh

uy (2) (@)
xa Ty md ta quan hé gitia r tin higu vao u(t)=| : | vastinhidura y(6)=| : | caa
u,(t) ¥5(®)
md hinh théa man
Ty(arus @)+ as us(®) = aiTawy ) +asTu(us(), (1.2)

trong d6 @,, @€ R. Tinh chét trén ciia mé hinh tuyén tinh, trong diéu khién, con duge

goi 14 nguyén ly xép chong.

Vi du: M6 hinh trang thai cho déi tugng khong diing dang
Ty %= A(t)x + B(t)u

y=C)x + D)u

10



xq (¢
v6i n bién trang thai x(f) = 15( ) va A(t), B@), C@t), D) 1a nhiing ma tran phu thudc
xp, (2)
thoi gian ¢ (phan ti clia ching la cAc ham theo £), 14 mot md hinh tuyén tinh. That vay,
néu véi kich thich (d4u vao) u;(¢) hé c6 dap tGng (d4u ra) ¥, () va véi kich thich u,(¢)

c6 dap tng Y, (), tac la

d
221 - A@)x, + Bty

dt (1.3a)
¥, =C(t)x, + Dty
dx,
—4 = A(¢ + B(¢
ar - A0zg +BOuy (1.3b)
¥, =C)xy + Dty
thi vé6i tin hiéu dau vao
u(t)=au (D +asuy(?), ap,aseR
dau ra sé la
y@)=ay () +azy,@),
vi tt (1.3) c6
d
a1 L= AW, +ayB(oua;
dixy
Ay = ayA(t)xy +agD(t)u,
d d
= al%"“h%: A(t)[alZ1 +a2§2]+B(t)[a121 +a2l_‘2]
e x u
dt
= y=C)x+Btu=C@t) a2, + agx, |+ B®) layu; +asu,]
=a,[C(&)x; + B(t)uy |+ as[C()xy + B(t)us | . Qa

Yy Y9
Ciing can phai nhan manh ring ba Iy do chinh cho viéc mé hinh tuyén tinh thudng
dugce st dung la:

1) Mo hinh cang don gian, cang ton it chi phi. Cac tham s6 mo hinh tuyén tinh dé dang
x4ac dinh duge nhd nhan dang ma khong cAn phai di tit nhiing phuong trinh héa Iy
phtic tap mé ta d6i tugng.
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2)

3)

Tap cic phuong phap nhan dang tuyén tinh rat phong phi va khéng phai ton nhiéu
thoi gian dé thuc hién.

C#u trac don gian ctia mé hinh cho phép dé dang theo ddi duge két qua diéu khién
ddi tugng va chinh dinh lai mé hinh cho phti hgp. Tinh chit nay déc biét rat cAn
thiét dé thuc hién cac bai toan diéu khién thich nghi.

Sau day la cac loai mo hinh tuyén tinh dugc st dung nhiéu nhat khi nhan dang d6i

tuong SISO khéng cé nhidu tic déng (ddi tugng chi c6 mot tin hiéu vao () va mot tin

hiéu ra y(¢)-single input, single output):

I.1.

I.2.

I.3.

12

Day gia tri {g;} cua ham trong lugng &) 0)
g(t) v6i g4=g(kT), hosc {h)} ctia ham ig ’;((g
qua d6 h(t) v6i h=h(kT), trong d6 T, 1a o — bai tugng > ()
chu ky trich mau tin hiéu. Nhan dang cé 8(0), G(s), Gz)

nhiém vu thong qua viéc quan sat (hodc Hinh 1.5: M6 hinh d6i tuong SISO khong

do) cac tin hiéu vao ra dé xac dinh dugc ¢6 nhidu tac dong.

{g3} hoac {h,}. Do déc thu nhu vay,

dang bai toan nhan dang nay dugc xép

vao 16p bai todn nhdn dang moé hinh khéng tham s6 (nonparametric
identification).

Ham truyén dat G(s), duge hibu 1a ty s gitia anh Laplace ctia dap tng véi anh
Laplace ctia kich thich va né chinh 1a anh Laplace ciia ham trong lugng g(?):

Y(s) g 1+bs+ - +bnbsnb

G(s) = -
U(s) 1+ays+ - ta, s

, (1.4)
trong d6 np< n, (n, n, goi la bac mod hinh) 1a diéu kién dé dsi tugng c6 kha
ning ton tai (theo nghia causal) va c6 thé da biét trude, 71a ky hiéu chi thsi gian
tré ctua d6i tugng. Nhiém vu ciia nhan dang 1a thong qua viéc quan sat nhiing tin
hiéu vao ra (hodc qua viéc do day gia tri {u, },{y,}) dé x4c dinh cac tham s8 7,
K, by, biy, ... ,by, a1, as, ... ,a, cing nhu bacn,, n, (néu ny, n, chua
cho trude) cia mé hinh. Cac dang bai toan nay cé tén goi nhdn dang mé hinh cé
tham sé (parametric identification).

Ham truyén dat G(z), dugc hiéu 1a ty s6 gitta anh 3 cta day gia tri dap dng {y,},
y,=y(kT,), v6i anh 7 cta day gia tri kich thich {u, }, u,=u(kT),

Y(2) - 1+bzt+ - +by, 2"

G@) = - —,
U(z) 1+aiz "+ - ta, z ¢

(1.5)




trong do6 z= eTa vy T, la chu ky trich

mau tin hiéu. Khi /=0, mé hinh (1.5) n(t)

trén duge goi 1a mé hinh ARMA. Nhan A8) l g
dang ¢6 nhiém vu théng qua viéc quan 1®) Dai tuong h(®)
st nhiing tin hidu vao ra dé xac dinh v Mo, Ges), Gy [ O
tham s6 ctia mé hinh. Bdi vay bai toan {ug} lon

nay cng thuge 16p bai todn nhdn Hinh 1.6: M6 hinh d6 tuong SISO c6 nhiu
dang moé hinh cé tham sé. tac dong.
Trudng hgp déi tugng nhan dang bi tac

dong bdi nhiéu thi théng thudng c6 hai bién

phap & giai quyét:

1) Loqi b6 dnh huéng nhiéu n(t) thong qua cuc tiéu héa phi€m ham danh gia sai léch
gifia mo6 hinh va d8i tugng.

2) Mo hinh héa tin hiéu nhiéu. Miac dit nhiéu n(f) la tin hiéu khong xac dinh duge mot
cach téng quat, song phan 16n cac nhidu ton tai trong tu nhién lai thude 16p ham cé
anh 4 mé ta duge duéi dang:

N() =H@x)W(@),
trong d6 W(z) 1a anh 2 ctia tin hiéu on tring (white noise) va H(z) 12 m6 hinh ctia
nhiéu.

Két hop véi (1.5) cho cac trudng hop H(z) khac nhau ta cé:

II.1. M6 hinh ARX:

T+bz 7l + - +b, 27
Ge) =2 K— m He)=—1_. (1.6)
lraiz " + - +a, z " A(z)
A(z)
II1.2. M6 hinh ARMAX:
1+bzte o b, 2™
Ge) =z"'K b - e He) =LE) 1.7
l+az + - ta, z A(z)
A(z)
trong do
C)=1+ciz L +-+ Cp 2
11.3. M5 hinh Box-Jenkin:
1+bzte o +b, 2™
G =z"'K b — e, He) =& (1.8
1+a2 + - ta, z ¢ F(2)
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trong do

c@) =1+clz_l N """Cnczinc va Fe)=1+ flz—l 4ot fnfz‘nf

1.1.3 M6 ta sai léch giira mé hinh va ddi tuong thuc

Trong moét bai toadn nhan dang, sai léch gifia d6i tugng thuc 7' va mé hinh T, thudng
dude biéu dién qua:

1) Sai léch ddu ra. Day 1a cach biéu dién dé ln(t)
chip nhan nhA4t, truc quan, song bi han
ché& do tinh phitic tap ctia m6 hinh sai u(®) T y@® e(®)

Dbéituogng —>O—>

A 4

léch va su phi tuyén giiia cac tham s&

can nhan dang véi dai lugng sai léch e(?).

M5 hinh sai léch d4u ra thudng dude st Ty yuE
dung cho cac bai toan nhan dang c6 mé > Mb hinh

hinh tinh, bai toan x4c dinh diém 14y

mau ctia chudi Voltera hay bai toan quan Hinh 1.7: Sai léch dau ra.

sat diém trang thai, ....
Bai toan nhan dang bay gid duge phat bidu cu thé hon 1a thong qua viéc quan sat
cac tin hiéu vao ra, hay xac dinh mé hinh T, sao cho:

a) Binh phuong n#ng ludng cta sai léch nhoé nhAat:

Q= Tb(t) —yu®dt — min!, (1.92)

b) Gi4 tri trung binh ctia binh phuong néng lugng sai léch nhé nhat:
T
Q= lim — [[y(®)- yy O dt — min!, (1.9b)
T—e 2T _r

Néu viéc quan sat tin hidu dude thuc hién bang cach do rdi rac day gia tri cac tin
hiéu vao/ra thi hai cong thtic trén dudc cai bién mot cach phu hgp thanh

D Q= YIyET,)-yy(T,)E - min!, (1.96)
f=—co
N
b) Q= lim S [k Ty) = 4y (RT,)F — min!, (1.9d)

N > 2N +1 k=—N
trong d6 7),1a chu ky trich mAu tin hiéu.

2)  Sai léch téng qudt e(t). Day 1a loai sai 1éch rat duge ua dung trong cac bai toan nhan
dang tham s6 v6i mé hinh tuyén tinh déng vi loai sai léch nay biéu dién dudc quan

hé tuyén tinh gifia cac tham s3 cAn x4c dinh véi nhiing gia tri do duge {y.}, {up}
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nhu hinh 1.8 mb t4, trong d6 A(s), B(s) 1a hai da

thiic cia md hinh tham s6 kiéu (1.4) l nhiéu
B(s,b) _ by +bis+-+b,, 5™ UGs) T Y(L;)
GG = em ; D3i tuong
A(s,@) gy +ags+-- +ay, s v v
B(s) A(s)
Qg bO
véi a=| | |, b=| i |. Sailéch e(®) khi d6 sé -
ap, by, EGs)
duge biéu dién thong qua anh Laplace cta né la Hinh 1.8: Sai lch (3 )
E(s) thanh inh 1.8: Sai léch tong quat.

E(s) = U(s)B(s,b) — Y(s)A(s,a).

Trong nhiéu tai lidu, sai léch e(¢) con dude goi 1a sai léch du bdo tuyén tinh.
Bai toan dat ra 1a qua viéc quan sat cac tin hiéu vao ra, xac dinh nhiing vector
tham s6 a, b sao cho

a) Binh phuong n#ng lugng ctia sai léch 1a nho nhat:
Q= |||’ dt — min!, (1.102)
va néu ap dung cong thiic Paserval
T2 1 Tl s 2
e(t) dt = — ||[E(jo)| dw
Jewf'ar = £ Tiaco)
thi (1.9a) con dugc tinh tryc ti€p trong mién phtic bing
Q= [|E(jo)| do— min!, (1.10b)
2r

trong d6 E(jw) 12 anh Fourier cua e(?).

b) Gia tri trung binh ctia binh phuong ning lugng sai léch 1a nhé nhat:
1 T 2 1 T 2
Q= lim — [le(t)"dt = lim —— [|E(jw) dt > min!, (1.10c)
T—e 2T 7 Toedrn T
Ciing tuong tu nhu & trudng hop 1), khi viéc quan sat tin hiéu dugdc thuc hién

bing cach do rdi rac diy gia tri cAc tin hiéu vao/ra thi nhiing cong thic trén sé dugc
stia d6i thanh

2 Q= 3[ekT,)P - min!, (1.10d)
f=—oo
N
b) Q= lim S ek T,) — min!, (1.10e)

N —oo 2N+1 k=—N
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3) Sai léch ddu vao. La loai sai léch thudng

dugc dung cho 16p cac bai toan nhan dang nhiéu ®

khéng cé nhidu dau ra. Loai sai léch dau u(®) T Y R
ae R _ Pai tuon i

vao, do phai xac dinh m6 hinh ngude TM1 e(t) 9

thay vi Tj; nén c6 nhiing han ché ctia né6 — | Tyt <

va cho t6i gitta thap nién 90 it dugc su up(t) | M6 hinh nguoc

dung trong thuyc t&. Khodng tit ndm 1992

trd lai day, véi su ra doi cua ky thuat dai Hinh 1.9: Sai léch déu vao.

s6 diéu khién vi phan, su han ché nay da
d4n c6 phan dudc cai thién.

1.2 Phan I6p cac bai toan nhan dang

Theo dinh nghia cta Zadeh vé nhan dang thi c¢6 ba tiéu chuén phan loai mét bai toan
nhin dang nhu sau:
— phan theo loai cac tin hiéu da quan sat dugc,
— phan theo 16p cac mo hinh thich hgp,
— phan theo dang sai s6 gifia d6i tugng thuc va mé hinh.

Thém vao d6 khi tién hanh nhan dang mdt d6i tugng con can phai chd ¥ téi cac diéu
kién khach quan do yéu ciu k§ thuat nhu:

— thdi gian quan sat tin hiéu khong thé 16n tuy ¥,
— tin hiéu quan sat dugc thuong bi chan.

Pé cu thé hoa nhiing khai niém trén ctia Zadeh, hay xét mét vi du. Chéng han c6 mot
d6i tugng T can duge nhan dang. Déi tuong T duge gia thiét, hoic ti phuong phap ly
thuyét xac dinh duge (théng tin A—priori) 1a SISO (single input single output / mét vao
mot ra), tham s6 hing va 6n dinh. Nhiém vu ciia nhan dang 1a trong 16p cac mé hinh
thich hgp A, (16p cac mo hinh dong hoc c6 tham s§ hing va 6n dinh), chi nhd vao quan
sat cac tin hiéu vao ra u(f) va y(t), xac dinh moét mé hinh Tye M, cho ddi tugng sao cho

sai s6 gifta mo6 hinh Ty, va d6i tugng that T, duge ky hiéu bdi S(T,Tyy), 1a nho nhat.
Ta c¢6 bai toan nhan dang thi nhat nhu sau:
1) Qua quan sat tin hiéu vao ra u(f) va y(¢), tim TyeM, dé ¢6 S (T,Ty; )— min!.

Néu nhu ngoai cac tin hiéu vao ra, tac dong téi doi tugng con cé nhiéu n(f) lam cho
tin hiéu thu dugc d4u ra y(¢) c6 sai léch so véi tin hiéu that y,() thi bai toan nhan dang
nay con c¢6 thém nhiém vu khéng don gian chiit no 1a tach sy anh hudng ctia nhiéu n(f)
vao y,(t). Ta c¢6 bai toan nhan dang thi hai:

16



2) Qua quan sat tin hiéu vao ra u(#), y() € loc ra yo(t) hay tim Tyem, theo u(t) va y,(t)

sao cho S(T,Ty; ) — min!.

Théng thudng, 6 nhiing bai todn nhan dang cé nhidu nhu bai todn 2, ma & dé y,(¢)
khoéng tach duge ra khéi y(¢) thi bt budc phai xac dinh T, €y phu thude vao u(z), y()
va sau d6 méi danh gia su anh hudng ctia nhiéu n(¢) vao két qua.

Véi gia thiét thém ring tit thong tin A-priori ctia phuong phap Iy thuyét ngudi ta con
dugc bidt thém 1a d6i tuong tuyén tinh, thi 16p cac mé hinh thich hgp bay gido 1a tap con
Ay Aty chi gdbm cAc mo hinh dong hoc tuyén tinh c6 tham s6 hang va 6n dinh. Bai toan

nhan dang ban dau duge don gian thanh:

3) Qua quan sat tin hiéu vao ra u(®), y(¢) dé loc ra ¥yo(t), xac dinh Ty, ety theo u(Z) va

o) sao cho S(T',T) — min!.

Tiép tuc, néu nhu sai s6 S(T,Ty,) dudc cho cu thé 1a sai lech d4u ra véi phuong trinh
biéu dién (1.8) thi s& c6 dugdc bai toan s& 4 nhu sau:

4) Qua quan sat tin hiéu vao ra u(t), y() € loc ra yo(), hay tim Ty, €My theo u(t) va

yo(t) sao cho Q= ”J’O(t) - yM(t)]Zdt — min!.
0
Gia thiét thém ring tit thong tin A—priori ¢6 duge mé hinh thich hdp 14 mé hinh
tham s6 hang, chdng han nhu T, ¢6 déc tinh tdn 14 ham héu ty phic véi vector tham s
@, b thi 16p cAc md hinh thich hgp bay gid sé 14 tap con Mg cMly chi gdm cAc ham hiiu ty
phicG(j@,a,b).

Néu ky hiéu Y,(jw) cho anh Fourier cia yy(t), U(jw) 1a dnh ctia u(f) thi bai toan 4 trd
thanh bai toan nhan dang mé hinh tham s6 duge phat biéu nhu sau:

5) Qua quan sat tin hiéu vao ra u(t), y(t) @6 loc ra yo(t), xac dinh vector tham s6 @, b dé

c6 %I!E( jofdo - min!.

Nhu vay, qua vi du v6i ndm bai toan trén cé thé nhan théy, tit mét vin dé xay dung
mo hinh déng hoc cho d6i tugng 7', véi nhiing thong tin A-priori khac nhau 1a nhiing bai
toan nhan dang khac nhau.

Trong ca nidm bai toan dugc néu trén, khi nhan dang, ta déu phai do ca tin hiéu vao
va tin hiéu ra. Béi vy nhiing bai toan d6 rat phu hgp véi cac diéu kién nhdn dang bi
déng (passive), hay con goi nhdn dang truc tuyén (on-line) ctia diéu khién thich nghi ma
G d6 d6i tugng nhan dang khéng thé tach riéng ra khéi hé théng ciing nhu qua trinh
nhan dang phai duge thuc hién song song cing v6i qua trinh 1am viéc ctia toan bd hé
théng.
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Né&u nhu diéu kién cho phép tach d6i tugng ra khéi hé thong khi nhan dang thi dé
tranh viéc phai do tin hiéu vao (va do d6 bét di mot sai s do) ta c6 thé chi dong kich
thich d6i tugng biang mét tin hiéu vao thich hgp va chi phai do tin hiéu ra. Nhiing dang
bai toan nhan dang nhu vay dude goi 1a kiéu nhdn dang chi déng (active) hay nhdn
dang khong truc tuyén (off-line). Mot trong nhiing tin hidu dau vao thudng hay dudc st
dung khi nhan dang cht dong 1a tin hiéu én tring, tic 14 loai tin hiéu c6 mat d6 phé 1a
hang s6 6 moi gia tri tan s6.

1.3 Qua trinh ngau nhién
1.3.1  Khai niém

Khi do tin hiéu vao/ra, trang thai A x(0)
dé nhan dang d6i tugng hay hé (
théng, két qua nhan dang sé phu
thudc rat nhiéu vao tinh chinh xac x() <
cua cac phép do nay. Khac vdéi loai ] V\/
tin hiéu tién dinh la véi nhiing diéu L
kién do nhu nhau cac phép do sé cho
ra cung mot két qua thi khi do tin Hinh 1.10: Qua trinh ng&u nhién 1a mét tap
hiéu ngéu nhién, mic di cac phép ::gtcéc ham ngau nhién cung tinh

do déu dudc thuc hién trong cing

mot diéu kién, cac két qua do sé rat

khac nhau. Vi du dé do duge tin hiéu x(f) ngudi ta c¢6 thé nhan duge rat nhiéu (tham chi
khéng d&m dugc) cac ham thdi gian khac nhau. Diéu nay gay khéng it khé khian cho viéc
md ta va xt 1y ching.

Tuy nhién, néu biét duge thém rang cAc ham thsi gian nhan dude nay cé ciing mot
tinh chét E nao d6 dic trung cho tin hiéu x() thi viéc mé ta tin hiéu x(¢) c6 thé duge thay
bing viéc mé ta tap hop 2(@) cla tit ca cac ham thdi gian c¢é ciing tinh chat E trén. Tap
(t) duge goi 14 mot qud trink ngdu nhién, trong d6 tin hiéu x(f) nhan dudc chi 1a mot
phén ta (hinh 1.10).

1.3.2 Cac tham s6 cla qua trinh ngau nhién
Mot qua trinh ngiu nhién a(f) dugc mb ta mot cach diy du béi cde ham phén bé.
1) Ham phan b bac mot
Fx, ) = P((®) <x) (1.11)

xac dinh x4c suét xuét hién ham théi gian ma tai thoi diém ¢ c6 gia tri khéng 16n
hon gia tri x cho trude.
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2) Ham phan bé bac cao
Flay, 2, s X bty oo ) = Paet) <y, ety <y, .., (t,) <x,)
xac dinh xac sufit xudt hién ham thoi gian ma tai thoi diém ¢, ¢6 gia tri khéng l6n
hon gia trix;,, chotruéc k=1, 2, ..., n.

Dao ham ctia cac ham phan bé

9 F(x,t)
1= 250 1.12
flx, ) ey (1.12a)
_ J"F
F1, g B s e 1) = T (1.12b)
xl ...&xn

dugc goi 1a mdt dé phdan b6 . D61 véi f(x, t) thi tit mot gia tri Ax>0 cho trude, tich
f(x,t)Ax sé& cho biét x4c sudt xuat hién ham thoi gian nhan duge trong khi do tin hiéu
ma tai thdi diém ¢ c6 gi4 tri ndm trong khodng [x, x+Ax |.

Cho hai quéa trinh ngiu nhién a(f) va ¢(¢). Ciing tuong tu nhu véi moét qua trinh, ham
phan bé cho hai qua trinh ngau nhién

F,y, t, t) = P(et) <z, y(t) <y)

dude hiéu 1a x4c suét xudt hién ham thdi gian cla () ma tai thoi diém ¢, c6 gia tri
khoéng 16n hon gié tri x va cta ¢(f) ma tai thoi diém ¢, 6 gi4 tri khoéng 16n hon gia tri y.

Mic du caec ham phan bé da c6 thé mo ta duge ddy du tap (), song né van con qua
phiic tap. Béi vay, thay vi phai xac dinh cu thé cac ham phan bd ngudi ta thudng hay xac
dinh cac tham s6 ngiu nhién dic trung ciia né. Vi mot 16p cac ham phan bo dic biét (vi
du ham Gauss) hoan toan c6 thé tit cac tham s6 nay x4c dinh duge chinh x4c cadc ham
phan bé.

Nhitng tham s6 ngiu nhién ctia nhiing ham phan bé bao gbm:

1) Gia tri trung binh:

m, (t) = M[2@)] = Tx - f(x,t)dx (1.13)

—oo

2) Ham tu tuong quan:

re(ty, t) = M) = | [lexaf(r,xg,t,ts) o day . (1.14)

Ham ty tuong quan chinh 1a gia tri trung binh cta méi tuong quan gitia a(t) tai
thoi diém ¢, véi 2(t) tai thoi diém ¢, .
3) Ham phuong sai:

ety =M[(et) - m(t) Gety) - m(t,)] (1.15)
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[y —my (1) () = (81))- £y, 2,81, 8)ldxy dcy

I
§—38
—.3

8

4) Gia tri tAn mat: 62(8) =r.(, 0. (1.16)

5) Ham hd tuong quan:

Tey (b 1) = Mlae @)y (t)] = | [y f(x,5.1.t) lddy (1.17)

—oco

6) Ham hiép phuong sai:
eyt 1) = M[ (et — m (1) (gts) — mo(2)] =

= ]? T[x mx(tl) (y my(tl)) f(x y,tl,tz)]dxdy (118)

C6 thé kiém chiing duge ngay rang
e, (t,ty) = r(ty, ty) — m(t,) m(t,) (1.19)
Coy(E1,t5) = Ty (E1, o) — my(Ey)-my, (E5) (1.20)
Hai qua trinh ngau nhién () va g(t) duge goi 1a khong tuong quan, néu
cxy(tl,tz) = 0, ttc la rxy(tl, ty) = mx(tl)-my(tz). (1.21)

Mot qua trinh ngiu nhién 2(¢), néu c6 cac tham s6 ngau nhién khong phu thudc vao
diém gdc thoi gian, tic 1a khong thay déi gia tri khi truc thoi gian duge tinh tién mot
khoang 7bat ky, thi qua trinh dé dugc goi 1a qud trinh ngdu nhién ding.

Mot qua trinh ngiu nhién diung a(t) cé cac tinh chit sau:

a) flx, t) = flx, t+7) v6i moi 7€ R. (1.22)
b) m,() = hing s6 =:m, , trong d6 ky hiéu =: chi phép gan. (1.23)
c) ry(ty,ty) =r.(0,t,—t) =7.(D. (1.249)
B eyt t) =, (D=ry(d - mi. (1.25)
e) o2(t) =r,(0)— m2 =hings6=: o2. (1.26)

Hai qua trinh ngiu nhién () va ¢() dudc goi 1a cung nhau ditng, néu ching la
nhiing qua trinh ditng v ham hé tuong quan Tyy (t,,t,) khong thay déi gia tri khi tinh
tién truc thoi gian moét khoang rbat ky, tic 1a

Fey(t 1) =1 0, £ — 1) =t 7, (9 = M)y (49| (1.27)
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C6 thé thdy ngay dugc ring, v6i hai qua trinh ciing nhau ding (), g() co:
Cuy (b1 t) =i ¢y (D =1y () —m,m, . (1.28)
Mot qua trinh ngau nhién a(t), néu cac tham s6 ngau nhién thay vi phai xac dinh tu
toan bd tap hop () c6 thé duge xac dinh chi véi mot phan ti dai dién x(¢) bat ky cta tap,

dudge goi 14 qud trinh ngdu nhién egodic. Nhitng qué trinh ngiu nhién egodic phai la cac
qué trinh ding (diéu ngudc lai khong ding) va cé cac tinh chat sau:

& me= lim %zx(t)dt. (1.29)
S

b 7 (@= lim ﬁ_jT x(t)x(t +7)dt . (1.30)

¢) r.(d1a ham chin va r(0) > |r(9|. (1.31)

d) lim r,(7)=m?2 (1.32)
- o1 T

e ry(d= lim ﬁ_jT x(t)y(t+7)dt . (1.33)

H ryE9=r,0 (1.34)

9 lry@l < [rno+nol (1.35)

h) lim r, () = m,m,, néux(f) va y(t+7) khi 7— o khong tusng quan.
T— oo

Cac qua trinh ngau nhién dugc xét trong ky thuat thuong dudc gia thiét 1 cac qua
trinh egodic va ti nay vé sau, moi qua trinh nglu nhién trong quyén sach nay, néu
khoéng néi mét cach chi tiét s& duge hidu 1a qua trinh egodic.

Anh Fourier S,(® clia ham tuy tuong quan r,(7) ctia qua trinh ngau nhién egodic 2(¢)
dugc goi 1a mdt dé phd hop cta tin hiéu. Do r(7) 12 mét ham chin nén S, (o) 14 mét ham
thuc (xem phan bai tap trong chuong sau). Béi vay thay vi S,(jw) ngudi ta thudng chi
viét S (@).

Anh Fourier Sy(i@) cha ham hé tusng quan r,(7) gitta hai qua trinh ngau nhién
egodic 2(f), g(t) dude goi 1a mdt do phd chéo ciia tin hiéu. Chi § ring khac v6i mat do
phé hop S,(w), mat do phd chéo S,y(j®) néi chung 1a mot s§ phtc. Pinh nghia vé anh
Fourier cia mdt ham thdi gian ciing nhu tinh chit cia né sé duge trinh bay trong

chuong tiép theo.

Mot qua trinh ngiu nhién egodic a(f) c6 ham tu tuong quan dang “ham” dirac
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r (D =k&2),
néi cach khac né c6 mat 6 phé hop 1a moét hang s6
S;(jo) =k,

thi qua trinh nglu nhién dé dudc goi 1a qud trink 6n trdng. Méi phan ti clia mét qua
trinh 6n tréng c6 tén 1a tin hiéu én tring.

1.3.3  Dailugng danh gia lugng thdng tin c6 trong ngudn phat tin hiéu
ngau nhién

Mot tin hiéu c6 kha ning truyén tai tin hiéu

dude nhiéu thong tin cing mot ldc. DE
tranh nham 14n, ta s& goi nhiing thong tin
dugce phat cing mot lic trén duong tin hiéu

14 mét tin tige. Qua duong tin hiéu, tin tic )
Nguon phat A c6

duge truyén tit noi phat (nguén théng tin) m théng tin. |

dén noi nhan. Vay lam thé& nio ma chi tu NGi nhan B s& nhan dudc
noi nhan tin tdc va ciing chi théng qua tin toi éa N=2" tin- tic. .
hiéu nhan duge ta c6 thé danh gia duge

Iugng thong tin ctia ngudn phat? Hinh 1.11: Danh gia lugng thong tin cGia ngudn

B . . N | phat tir s6 tin tc nhan dugc tai noi nhan.
Hay xem minh hoa ¢ hinh 1.11 lam vi

du. Gia sti ngudn phat A c6 m thong tin (tap
A c6 m phan ti). Tin ttc sé& dugc “ché bién” tit m thong tin nay va gli sang noi nhan B.
Mai tin tiic 14 mot tip con. S8 cac tin tic (hay tip con clia A) c6 i thong tin (phan ti)

chinh 1a C,in ,1=0,1, ..., m. B&i vay s6 tin tic t6i da ma B ¢6 thé nhan duge bing
m .
N=>C:, =2"
=0

Dit ngudgce lai van dé. Néu B nhan duge N tin tic thi lugng thoéng tin ctia ngudn phat
A it nhat 12 logyN. Ngudi ta néi lugng thong tin ma B nhan duge tit A qua N tin ttc 1a

H,=log,N (1.36)

Nhu vay dai lugng H 1 1a mét @6 do cho lugng thong tin clia ngudn phat A théng qua

tap cac tin tic ma B nhan dugc. Dai lugng nay c¢é tén la Entropie loai 1 véi don vi do 1a
bit.

Ky hiéu N céc tin tic ma B nhan dugc 14 x1, ..., xy va c6 dé § dén xac sudt plx;) ma

tin ttc tht i dude truyén, ndm 1947 Shannon d& mé réng céng thiic (1.36) dé x4c dinh
lugng thong tin ngudn phat cé tinh dén tinh ngdu nhién phat tin nhu sau
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_ N
Hy= - p(x;)logy p(x;) (1.37)
i=1

va dugc goi 1a Entropie loai 2. Truong hgp tat ca N tin ttc x;, ..., xy dudc phat véi cing
x4c suat nhu nhau
Py = - = play) =~
N
thi véi (1.37) c6

~ N N4 1 ~
Hy=-73" p(x;)logg p(x;) =— > —logg —=log,N= H;
i-1 iaiN N

va do @6 (1.37) khong mau thuan véi (1.36).

Xu4t xt, hai cong thiic (1.36), (1.37) duge dinh nghia nhu 14 mot d6 do cho lugng
thoéng tin ctia mot ngudn phat. Thuc t€, ching lai ¢6 ¥ nghia st dung nhiéu hon trong
viéc so sanh va xac dinh xem ngudn phat nio nhiéu théng tin hon trong sé cac nguén
phat da c6. Mit khac viéc tinh InN lai théng dung hon log,N. B6i vy y nghia st dung
ctia (1.36), (1.37) sé khong thay déi néu ching duge nhan véi hing s6 In2 dé xudt hién
InN. Ta di dén cong thiic “cai bién” c¢6 tinh phd théng hon nhu sau:

H, =InN (1.38)
N

va  Hy=-7) p(x;)Inp(x;) (1.39)
i=1

Tuong ty, khai niém Entropie loai 1 dd dugc Smylie dinh nghia thanh dai lugng do
lugng thong tin c6 trong ngudn phat mot qua trinh ngdu nhién (egodic) 2(¢), ma & dé6 mbi

mot tin thc x(¢) 14 mot ham lién tuc theo ¢, nhu sau

H,= TlnSx(a))d . (1.40)

—oo

Ciing nhu vay, khai niém Entropie loai 2 cho lugng théng tin cia ngudn phat qua

trinh ngau nhién () la:

Hy,=- _[Sx(a))lnSx(a))da). (1.41)
Céu hdi én tép va bdi tép
1. Thé nao 14 mot bai toan nhan dang bi dong mé hinh cé tham s6, mot bai toan
nhan dang cht dong m6 hinh khéng c6 tham s6?. Néu vi du minh hoa.
2. Xét d6i tugng diéu khién 14 mét hé co gdm 16 xo ¢ va mot vat khéi lugng m. Vat sé
chuyén dong trén truc nim ngang dudi tac dong cta luc F (hinh 1.12). Luc F dudge
xem nhu 12 tin hiéu vao va quing duong s ma vat di dudc 1a tin hiéu ra (dap ting
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ctia d6i tuong). Hay xac dinh 16p cac mo
hinh thich hop mé ta d6i tugng. D& c6 duge
mét moé hinh cu thé tucng ddi chinh xac
cho d6i tugng thi ngusi ta phai lam gi
thém?.

Hay xac dinh 16p cac mé hinh thich hgp
cho hé co 6 hinh 1.13 gém 1 16 xo0, mét vat
c6 khéi lugng m va khau suy giam van téc
d. Tin hiéu vao ctia hé 1a luc u(t) tac dong
vao vat, tin hiéu ra la quang dudng y(t) ma
vat di duge. P& c6 duge mdt mé hinh cu thé
tuong d6i chinh xac cho d6i tugng thi
ngudi ta phai lam gi thém va nhu thé
nao?.

Gia sl ring tit cAc thong tin A—priori ban
dau ngudi ta da xac dinh dudc ring mét
déi tugng tuyén tinh sé c6 moé hinh dang

k
1+Ts

G(s) =

Kich thich d6i tugng bing mét tin hiéu
1(£) tai d4u vao ngudi ta thu dudc dap tng
y(¢#) nhu 6 hinh 1.14. Hay tim c4c tham s&
k va T cho mé hinh trén.

Hay chtng minh cac cong thic (1.22)+

A0
32 Ly

Hinh 1.12: Cho bai tap 2.

F.’x‘_ my
Foe = we)
figd
d IO y(E)

Hinh 1.13: Cho bai tap 3.

1 \ DPudng ti€p tuyén tai o

1 EE)u’c‘Jng ti€p tuyén tai 0

v

5 25

Hinh 1.14: Cho bai tap 4.

(1.26) vé tinh chat cia qua trinh ngiu nhién ding va (1.29)+(1.35) vé tinh chat

ctia qua trinh ngau nhién egodic.

C6 thé néi mot qua trinh ngdu nhién egodic ciing 14 mot qua trinh nglu nhién

dting duge khéng va tai sao?

Mot qua trinh ngau nhién ding cé phai 1a moét qua trinh ngau nhién egodic khong

va tai sao?

Mot ngudi di xe may c6 4 s6 $,=0, s9=1, $3=2 va s,=3. Biét riing x4c suit st dung

cac s6 cua ngudi d6 1a p(s1)=0,08; p(s9)=0,12 ; p(s3)=0,3 va p(s,)=0,5. Hay tinh

lugng théong tin (Entropie) danh gia viéc st dung sd clia ngudi 1ai xe nay.



2 NHAN DANG MO HINH KHONG THAM SO NHO PHAN
TICH PHO TIN HIEU

Ky hiéu A(¢) 12 ham qua do6 ctia d6i tugng, tiic 1a dap tng cua ddi tuong khi duge kich
thich bdi tin hiéu Heaviside tai ddu vao

1 khi ¢2>0
10) = .
0 khi t<0

Theo dinh nghia néu ngay tit chuong md dau thi viéc md hinh héa d8i tugng chinh 1
viéc md ta anh xa gitia tin hiéu vao u(f) va tin hiéu ra y(f):
Ty u@®) = y(@©)

Véi d6i tugng tuyén tinh, 4nh xa trén sé dudc mo ta bdi tich phan Duhamel:
d t
y(@) :—Ih(t -nu(r)dr,
dt;

tiic 1a thong qua A(¢) ta luén xac dinh dugc y(¢) ti tin hiéu dau vao u(t). Béi vay ham qua
do h(f) da moé ta day da d6i tugng va do d6 né c6 thé dude xem nhu 13 moét mé hinh
(khong tham s6) cia ddi tugng.

Ciing nhu vay, néu goi g(¢) 1a ham trong ludng, tic 14 dap tng cua doi tuong khi dude
kich thich bdi tin higu dirac &) tai ddu vao

5(t) = % ©.1)

thi anh xa T, : u() = y() mo ta quan hé vao/ra sé la

t
() = u@®)h(O)+ [u(r)g(t - 7)d7.
0

Néi cach khac, giong nhu A(f), thong qua g(t) ta ludn cé dude y() ti u() va do d6 g(t)
ciing ¢6 thé duge xem nhu 1a mét mé hinh khéng tham s caa déi tugng.

Nhu vay, viéc nhan dang mo hinh khéng tham s6 sé déng nghia véi viéc nhan dang
ham qua d6 A(t) hay ham trong lugng g(¢). Mot trong nhiing phudng phap nhan dang mo
hinh khéng tham s don gidn nhat cho déi tugng tuyén tinh 14 phuong phap chi dong
(active) xac dinh ham qua d6 A(f) bang cach kich thich d8i tuong v6i tin hiéu Heaviside



tai ddu vao réi do tin hiéu ddu ra. Hinh 2.1 14 mot vi du minh hoa két qua nhan dang
cht dong md hinh khéng tham s6 A(¢) cua dong co xoay chiéu ba pha theo cach thtic viia
trinh bay trong truong hop 1y tudng rang khong c6 nhiéu tac dong vao d6i tugng va cac
phép do 1a chinh xac 100%.

h(t) (vong/phat)

T T T
1500 |- —— — £ ‘
| | |
120 m——Ff—+————4————— ————
| | |
900 - —f—— 4 ————4————— —————
| | |
. o A S P o
Hinh 2.1: Két qua nhan dang chd déng mé hinh 600 | | |
khong tham s& cho dong cd xoay chiéu ba 300 ———il——————lL ————— ; —————
pha. | | |
4 8 12t (giay)

Tuy nhién, khong phai ltc nao ciing c6 cac diéu kién ly tudng dé ap dung duge
phuong phap nhan dang cht dong. Trong bai toan nhan dang thuc t& ngudi ta luén phai
tinh t6i kha nang c6 nhiéu tac déng 1én ddi tuong, cling nhu 16i hoéc nhiéu cé 14n trong
gia tri cua phép do tin hiéu dan téi két qua thu dudc cé sai s6 anh hudng t6i su ing dung
sau nay ctia mé hinh. Mit khéac bai toan nhan dang chi dong luén yéu ciu dsi tugng
phai dugc tach rdi khéi hé théng va phai dude kich thich bing mét tin hiéu chon trudc
ma diéu nay khong phai lic nao ciing thuc hién duge. T 1y do d6, 3 day ching ta sé
khéng di sau thém vao nhiing phuong phap chit dong nhan dang m6 hinh khéng tham sé
véi nhiing tin hiéu miu dit trude & ddu vao, ma thay vao d6 1a cac phuong phap nhan
dang bi déng (passive) c6 kha ning loai bé anh hudng ctia nhiéu trong qua trinh nhan
dang va mot trong cic phuong phép nhu vay 1a nhan dang bang phéan tich phd tin hiéu.

V6i (2.1) thi tu g(¢) ta cing suy ra dude A(t) va ngude lai nén bai toan nhan dang mo
hinh khong tham s6 sé& dudc goi 1a da gidi quyét xong néu nhu da xac dinh dude g(t) hay
anh Fourier G(jw) ciia né. Chuong nay sé trinh bay cac phuong phap nhan dang dudng
déc tinh tAn G(j®) cling nhu day cac gia tri {G,,} véi G,, =G(inQ) cho mdt d6i tugng tuyén
tinh cAn nh4n dang trén co s quan sat ca hai tin hiéu vao va ra (nhan dang passive/ hay
on-line), bao gdm cac ndi dung sau:

— Nhan dang mat d6 phd tin hiéu bing ky thuat DFT. Panh gia sai s6 va cac ky thuat
lam gidm sai s8.

- Xé&c dinh ham trong luong, ham qué do ti phd tin hiéu theo thuat toan cuc tiéu sai
léch.

Sau khi d4 c6 dudng dic tinh tin G, =G(jnQ) md ta d6i tugng, trong chuong 3 ching
ta sé lam quen tiép cac phuong phap khac nhim xac dinh ciu tric mé hinh ciing nhu
tham s8 ctia né ti mo6 hinh khéng tham s da thu duge.
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2.1 Toan tu Fourier réi rac (DFT)

Toan tti Fourier rdi rac (discret Fourier transformation — DFT) 12 mét truong hop dic
biét clia toan tit Fourier lién tuc (CFT), duge st dung dé phan tich tin hiéu rdi rac c6 thsi
gian s6ng hiiu han, vi du nhu nhiing tin hiéu chi ton tai trong mét mién thoi gian giéi
ndi [0,T), ngoai mién nay thi dudc coi 14 bing 0.

Nhitng tin hiéu rdi rac, c6 thdi gian séng hiiu han x(t) déu c6 thé biéu dién duge duéi
dang mot ddy s6 hitu han {x,}, 2 =0, 1, ..., N-1 rat tién cho viéc xii 1y chiing trén may

tinh. Su bing né tng dung cta may tinh trong cac nganh k§ thuét hién nay da dua DFT
1én vi tri s6 mot trong tu dong héa phan tich va xt 1y thong tin, tin hiéu.

Tuy nhién, phan 16n cac tin hiéu c6 trong tu nhién lai déu ton tai duéi dang lién tuc,
va chi vi dé tién cho khau tu dong xii 1y ching ma ngudi ta da phai rdi rac héa ciing nhu
héiu han hoéa thdi gian séng clia né, bién né thanh mot tin hiéu rdi rac, c6 mién xac dinh
gi6i noi. Didu d6 da lam cho anh Fourier, hodc phé cla tin hiéu thu dude nhd toan ti
DFT, c6 chita sai s8 so v6i phd tinh bing toan ti Fourier lién tuc. Viéc phén tich sai s&
ctia DFT va dé ra cic phuong phap lam gidm sai s6 d6 12 nhiém vu chinh clia su ting
dung toan ti DFT.

Sau day, mot s6 két qua chinh ctia viéc nghién ctiu nay sé& duge trinh bay bao gém:

— DFT la dang toan ti Fourier lién tuc (CFT) theo quan diém ham mé réng,
— sai 6 cia DFT so véi CFT do viéc roi rac hoa tin hiéu sinh ra — hiéu t@ng trung phd
(aliasing),
— sai s6 cia DFT so v6i CFT do viéc hitu han héa thdi gian séng sinh ra — hiéu Ging rd
1 (leakage),
trong d6 DFT sé& duge xay dung bang cach xem né 1a toan ti Fourier lién tuc trén quan
diém 1y thuyét ham mé rong dirac &%).

211 Ham md rong dirac

C6 thé néi réing, nhd c6 1y thuyét ham mé rong (distributions) ma ban chit toan hoc
ctia "ham s6" dirac &¢) méi duge hiu mot cach chit ché va téng quat. Thé tai sao khong
¢6 khai niém ham md réng thi ban ch&t ham dirac lai chua duge hiu chit ché?. Ta hay
xét mot vi du minh hoa.

Vidy: T tinh chat
dx

2f o }=sX(s) — x(+0)

clia toan ti Laplace, trong d6 £ 1a ky hiéu chi phép bién ddi Laplace va X(s) 1a anh
Laplace cta x(¢), ta sé c6 véi x(t)=1(¢) diéu phi ly sau:
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2{&)} = sl -1 & 1=0.
S

Diéu phi Iy trén da dan ngudi ta t6i suy nghi rang céng thiic chinh xac phai la:

2{ % }=sX(s) —x(-0) =sX(s)  (vix(t) =0 khit<0)

va cong thic nay c6 thé duge chiing minh chét ché véi khai niém ham mé rong. Q
R
&)
x(0)

Hinh 2.2: Ham I anh xa ti D vao R. —
D

Khai niém "ham mé rong" cia &t) xuat phat ti ban chat "khéng ham sé" cia né,
chéng han né khéng ding nhu dinh nghia toan hoc kinh dién 1a 4nh xa tit R vao R.
Thuc ch4t né 1a mot phép tinh chuyén déi ham lién tuc x(¢) thanh s6 thuec.

Néu goi D 1a tap tat ca cac ham x(¢) lién tuc, c6

supp x(®)={ t eR | x(t) # 0}
gi6i noi trén R (ham c6 thoi gian séng hitu han) thi ham mé rong dirac &) duge hidu 1a
mot anh xa lién tuc, tuyén tinh, ti D vao R (hinh 2.2) nhu sau

o) o
x(@#) — x(0) = jé‘(t)x(t)dt, 2.2)

trong d6 dau tich phan khong cé ¥ nghia toan hoc nhu tich phan Riemann hay Lebegues
ma thudn tiy né chi 12 mot biéu tugng néi rang phép tinh &&):D—Rr cb cic phép bién déi
trong tinh toan (cong, trit, nhan, chia, dao ham, ...) giéng nhu mot tich phan. Ching han

nhu cac phép tinh sau:

1) 8- oxtde = [6@)a(t+ Dt (2.32)

o) [S0atdt=— [8t)i(e)dt = - i(0) (2.3b)

8 [satyndr=1 | 5(15)9{1}# hay S(at)= - &(t) (2.3¢)
- lal . a o

Ciing ti cac tinh chat niay ma cong thtc (2.2) dinh nghia ham dirac &) con dudc viét
thanh
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xp, =x(kT,) = T5(t—k:ra)x(t)dt = Té(t)x(t+kTa)dt. (2.4)

Nhiing khéi niém téng quat vé ham mé rong néi chung (khéng riéng ham dirac &¢))
ban doc c6 thé tim th&y trong chuong 5 clia quyén sach nay.
2.1.2 MO6 hinh héa qua trinh rai rac tin hiéu

Cong thiic dinh nghia (2.4) duge goi 14 coéng thiic trich mAu tin hiéu x(f) tai thoi diém
t=kT,. Nhim thong nhat ¥ nghia vé ky hiéu trich mau tin hiéu x(kT,) cho ca hai cach

viét v6i ham dirac &¢) va véi ham Kronecker k(t)

1 khi t=0
k() = '
0 khi t#0

tic la
xy =x(RT,) =k (t—kT,)x(t)=k (t—kT,)x (KT,),
tl nay vé sau coéng thiic dinh nghia (2.4) sé dugc viét lai thanh
x, =x(RT,)=8(t—kT,)x(t)=8(t~kT,)x (KT), 2.5)

AP

trong d6 phép “nhan” gitia ham dirac &%) véi mét ham thudng x() phai hiu 14 phép tich
phan (2.2).

a s b) N0

Tttt AT

a Ta

Hinh 2.3:  a) D4 thi ham rang lugc.
b) M6 hinh héa qua trinh trich mau tin hiéu.

D& thu duge day cac gia tri {x;,} v6i x, =x(kT,), tiic 1a day bidu dién cac gia tri cla tin

hiéu x(¢) tai nhiing thoi diém ..., -T,,0, T, , ... , tit (2.5) ta c6
{xp}= Y x@)5(t—kT,)=x®) > 6(-kT,). (2.6)
f=—eo b

Néu ky hiéu x,(¢) 12 day {x]} va s,(¢) 14 hAm md rong
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s, )= S 8(t—kT,), @.7)
he—oo

thi viéc roi rac héa x(f) thanh day gia tri {x;,} biéu dién dugc qua tich
{ar )= 2, = x(©)s4 () 2.8)

va do d6 x,(f) cing 14 mdt ham mé rong (tich cia ham md réng véi ham thuong 1a mot

ham mé rong). Ham s,(¢) con duge goi 1a ham rang luge (hay ham roi rac héa).

2.1.3  Anh Fourier cGia ham mé réng

Cho dén lic nay, khai niém ham dirac &t) da duge tém tit tuong d6i diy da, vé dinh
nghia, tinh ch&t, va quan trong hon ca 1a vé céc phép bién ddi duge xdy dung trén ¥
nghia ham mdé réng. Tuy nhién, dé ¢6 thé ap dung dugc ching vao viéc mé ta DFT nhu
mot toan ti Fourier lién tuc trén D thi vAn con thiéu khai niém vé anh Fourier cia ham
mé rong ma trong mot vai tai liéu khac nhau con dudge goi 1a todn tiz Fourier ma rong.

T nay vé sau ta sé théng nhat véi nhau ring, khi néi dén tin hiéu x (¢), thi x () dudc
hiéu 12 mét ham thuong va lién tuc titng khiic. N&u tin hiéu x (¢) lién tuc tai T, thi gia tri
x(T}) cia tin hiéu x (f) tai thoi diém T, theo nghia ham md rong sé 1a

x(T):=8(t-T)x(t)=x(T) 5(t-T).

Bay gid ta xét toan ti Fourier. Cho tin hiéu x (£). Néu x (¢) thoa méan:

D) [lx@)|dt <eo (tiic 1a mot s6 hitu han),

2) trong moét khodng gidi noi bat ky lién tuc ting khic chi ¢6 hitu han cac diém cuc tri,

3) tai diém khéng lién tuc £, théa man

1
x () = 2 [x (#~0)+ x (¢,+0)]
thi x(¢) ¢6 anh Fourier X(jw) xac dinh bdi

X(jo) = [x(t)e /" dt (2.92)

—oo

va ngudc lai x(¢) cing dugc suy ra ttt X(jw) theo
2O === [X(joye™dw. (2.9b)
2r -

C6 thé nhan th&y ngay ring toan tit Fourier 1a mét toan ti tuyén tinh, tic 1a
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ax(®)+byt) = aX(fo)+b-Y(w).

Ciing tuong tu nhu d6i v6i ham thudng, anh Fourier X, (jo) cia ham md rong x,(f)
thu dugc nho tinh chat tuyén tinh clia toan ti Fourier:

X, () = [xa(t)e e dt= T( ix(t)é(t—kTa)]e_ﬂ‘tdt
he—oo

—oco —oco

k=—co

—oo

> [ [x(0)5(¢ - 1T, )e—f“‘dt] ,

va cuing v4i cong thiic dinh nghia (2.2) dudgc:
X&) = Y x(kT,) [S(t-kT,)e dt = 3 ape™*Ta . (2.10)
h=—oo e h=—oo

oI T,

Theo (2.10), X,(j®) 12 mot ham tudn hoan véi chu ky Qa=;—”, tic la

a

X, (o) = X,[j(o+tnQ)],

trong dé n 14 s6 nguyén (ne€z).

21.4 Quan hé giira X(jw) va X,(jo)

Nhu vay, thay cho ké&t qué 12 tim anh Fourier X(j®) ctia x(¢), sau khi thuc hién viéc
rdi rac héa ta lai chi thu duge X,(j@). D& c6 thé tit X,(je) tinh nguge ra duge X(jo) thi
can thiét phai xac dinh duge méi quan hé gitta X(jw) va X, (jo).

Truée hét ta chiing minh hai dinh 1y sau.

Dinh ly 2.1:

sin(at) 2.11)

a—e L

At) -1 jcos(w tYdw= lim
2

Chitng minh:
Xuat phat tir hai cong thiic dinh nghia (2.9b) va (2.9a) vé toan ti Fourier ta c6

x0) == [ x( jo)do= [ [Tx(t)ej“tdtJda) =] [% Tej“tda)Jx(t)dt

va sau khi so sanh véi (2.2) sé duge
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&8 =% Ie‘jmdw.

—oco

Nhung vi

e /¥ = cos(at) - jsin(at) va [sin(ar)dw=0

—oo

do ham sin 13 ham 18, nén cudi cung ta c6 diéu phai chiing minh thi nhat:
1=
) =— jcos(w tHdw . (2.12)
2

Tiép tuc, néu viét (2.11) thanh

_ 10 _ .. sin(wt)|”
&) = lim — jcos(a) tdw = lim ———
a—e 27 a—e 2wt

-a

sé c6 dugc diéu phai chiing minh thi hai. d

Dinh ly 2.2 (Papoulis): Anh Fourier S,(® cua ham ring luge s,() dinh nghia bdi (2.7)

cling 1a mét ham réang luge va ¢6 dang (hinh 2.4)

S0 =0, 3 é@-nQ,)

n=—oo
S,(j )
Hinh 2.4: Anh Fourier clia ham rang Iugc ciing T T | T T Z)
1a ham rang lugc. 9 é
0,

Chitng minh:
Ciing lai xuat phat tit cong thitc dinh nghia toan ti Fourier thi

S, = Y el (2.13)

n=—oco

va do dé S,(jw) tuan hoan véi chu ky Qa:;_”- B6i vay sé du néu ta ching minh dudc

a

ring trong 1an can diém 0 ham S, (o) co gia tri
S, (o) =Q, & ). (2.14)

Ap dung cong thiic tinh téng ctia mot cAp s6 nhan cho (2.13)

32



S, = Ze JonTa = Jim Ze JjanT,

n=-—oo Noeoy 7N
(N + DT in(V + L),
e sin( +§)a) a | sn +§ o | zalT,
= llm —_— = 1lm
N oo . oT, NSe 7, . df,
sin sin

o(aTy,)
va theo cong thic trich mau (2.5) thi diéu nay tuong duong véi

. 7o T,
1 = T _-a
S0 =0Ty i — Tt

Két hop cung tinh chat (2.3c), suy ra dudc

S, (@) =2n &aT,) =;—” So).

a

va d6 chinh 1a cong thiic phai chting minh.

a

Tré vé van dé chinh 13 x4c dinh méi quan hé gitia X(jw) va X,(jo). Nhé lai mt tinh

chit ctia toan ti Fourier lién tuc 14 anh cta tich hai ham trong mién thdi gian chinh la

tich chap cta hai anh trong mién phic x(#)y(t) = X(Gw)*Y(jw), trong d6 tich chap trong

mién phic dugc dinh nghia béi
. . 17 . .
X(jo Yo =—— [X(GOY [j@-0ld¢,
thi tir cong thic (2.8) mé ta qua trinh trich mau, duge
. 1 7 . .
X0 = [X(GOS Liw-0))ds .
Thay cong thitic cia dinh 1y 2.2 vao (2.15) c¢6

X(m)——qu;)[ Y 8@-¢ -nQ >] ¢

a n=—oco

i XGOS~ ¢ -nQ,)d¢

—oco

€1
T,

X[j(@-nQ,)]

va cubi ciing ta di dén dinh 1y 2.3:

Pinh ly 2.3: Gitia anh Fourier X, (j®) cua x,(t) va X(jw) cta x(¢) c6 méi quan hé

X0 = o Y X[j@-n0,).

a n=—oco

(2.15)

(2.16)
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(2.16) 1a cong thiic rat dep, moé ta quan hé giia hai anh X,(jw), X(j®). Chi riéng cong
thiic nay @& néi 1én dude hiéu tng trang phd ctia DFT va ban chat dinh 1y Shannon sé
dugc dé cap t6i ngay trong muc tiép theo.

2.1.5 Hiéu iing tring phé va dinh Iy Shannon

Hiéu tng trung phé (aliasing) dude truc tiép nhin thdy trong dinh 1y 2.3 va hinh 2.5
biéu dién céng thic (2.16). D6 1a hién tugng ma cac thanh phin thita ctia X(jo) c6 1an

trong X, (jo) khi dich truc toa d6 dé thuc hién phép cong (2.16).

a) X(o) b) A X (o)

P P

a)L

ve

¢ >
Q, !
Hinh 2.5:  a) Phd X(j@) cla tin hiéu x(?).

b) Phd X, (j@) cta tin hiéu x,(#), tdc la clia day {x;}.

DE loai b cac thanh phan thita nay thi tit cong thic (2.16) ciia dinh 1y 2.3 ¢6

T, X,(jo) = X(jo)+ iX[ J(o-nQ,)]

n#0

Ban chat hiéu (ing tring phd

va do @6 hién tugng trung phd sé mat néu (hinh 2.6)
2 _ 1 1
> X[j(w-nQ,)] =0 , -5 WSO <5 Qe (2.17a)

n=-—oo

n#0
Trong trudng hop X(j@)=0 khi | @|> %thi dé c6 (2.17a) ta chi cin chon

T, < 2z
Q(l
va ldc nay, phd X(jo) sé dude suy ra tit X, (jw) mot cach don gidn nhu sau
X, (o) =TLX( o) khi - % Q<0< % Q, (2.17b)

a

T nhiing két luan trén ta suy ra dudc:
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Pinh Iy 2.4 (Shannon): N&u phd X(j@) cta tin hiéu x(f) dong nh&t bing 0 ngoai mién giéi noi

Q . x
| w|> 22|, thi véi chu ky trich mau
2
T <—. 2.18
.S o 2.18)

a

anh X(jo) cia x(¢) sé suy ra duge X, (jo) cta x,({)={x;} theo cong thic (2.17b).

Cong thiic (2.18) duge goi 1a chu ky trich mau Nyquist va dinh 1y 2.4 trén, ngoai tén goi
dinh 1y Shannon, ciing con c¢6 mot goi khac 1a Katelnikov, bdi 16 Shannon va Katelnikov
da doc 1ap v6i nhau tim ra né.

a) X(o) b) X, (o)
A @ AM’;
— >

Qa Qa

Hinh 2.6: Gii thich dinh ly Shannon—Khatelnikov va chu ky trich mau ctia Nyquist.

2.1.6 Hiéu ing ro ri (leakage) va ky thuat ham ctra sé

Mic du da roi rac héa tin hiéu x(f) thanh day {x;}= x,(¢), viéc tinh phd X, (o) theo

cong thic (2.10)
X, (o) = Y ape T (2.19)
he—oo

v&n chua thé thyc hién dugc trén may tinh chi vi mot 1y do 1a day {x;} c6 v6 s8 s6 hang (&
chay tit —eo d&n o) va diéu nay déng nghia véi viéc thdi gian quan sat (do) tin hiéu T phai
16n vo cung.

Dé c6 thé cai dit (2.19) thanh thuat toan tinh X, (je) thi cAn thiét phai cit bét nhiing
s6 hang x;, khi £ nim ngoai khodng quan sat [0,T), hay néi cach khac phai hitu han héa
thoi gian séng cta tin hiéu x(@), x,():

x(t) khi 0<¢t<T

2O o> F(t)= . )
0 khi ¢>T hodc ¢<0

x,(t) khi 0<t<T

= Xa(®) B X, () = {0 khi te[0,7)

35



Qua trinh hiiu han héa thdi gian séng ctia tin hiéu x(¢), x,(¢) thanh x(¢), %,(¢) theo

céc cong thic trén c6 thé md ta dude mot cach rat don gidn bing cach nhan ching véi
ham ctta s6 w(t) dinh nghia nhu sau (hinh 2.7)

(= [1Kni 0s<T (2.20)
Y70 khitelo,T) '
tic la
X(t)= w(t)x(t) va X)) = w(t)x, (2). (2.21)

x(2), x,(t) A X, T, @) wO

A

~
\:
N
-

—>
\

v
v

Hinh 2.7: M6 ta qua trinh hitu han héa thdgi gian s6ng cla tin hiéu.

Sau khi hitu han héa thdi gian séng ctua tin hidu theo (2.21) va ap dung coéng thic
(2.19) dé xac dinh anh Fourier X,(jw) cha X,(t) ta cb

- N _
X, (jw) = xpe I *Ta (2.22)
k=0

v6i N 1a s6 nguyén nhoé nhat nhung khong nhé hon Tl

a

Nhu vay, khi hitu han héa thsi gian séng cua x,(¢) v6i khoang [0,7T) thanh

% () =w()x, (), ta sé chi nhan duge anh Fourier X (Jo)
X, (o) WG X, 40 = [WGOX,Li@-Olds

cua ¥, () chtt khong phéi X,(jo) cia x,(t) nhu mong d¢i va gitia hai 4nh )Z'a (o), X,(o)
nay ton tai mét sai léch duge goi 1 sai léch ro ri (leakage). Sai léch nay cang nhd néu T
cang 16n. Tuy nhién khéng thé 4p dung phuong phap ting thoi gian qua sat T dé giam
sai léch ro i, vi nhu thé ta s& quay trd lai bai toan dau la thdi gian quan sat tin hiéu vo
cung 16n.
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Mot giai phap khac duge st dung dé gidm sai s6 rd ri 1a k§ thuat ham ctia s8. Tu
tudng ctia phuong phap nay ndm ¢ mo hinh hitu han héa thdi gian séng tin hiéu theo
cong thic (2.21) va vén dé dat ra 14 phai tim dude ham cta s6 thich hdp w(t) sao cho
binh phudng sai léch

Q= [ [X,(jo)- X, (jo) do

dat gia tri nhd nhét. DAy chinh 1a mét bai toan t6i vu phi tuyén [12], [13]. Ldi giai téng
thé cho bai toan t6i uu trén chua c6, song Geckinli, Yavus da dua ra trong [5] nhiing
tinh chat cin cé clia nghiém t&i vu w*(f) nhu sau:

1) w*@+ % ) 12 ham chin, khéng 4m,

T
2) w¥(=)=1,
) ( 3 )
3) khi dao ham bac m cta w*(t) khong lién tuc tai mot diém ¢ [0, 7] nao d6 thi cac
diém cuc dai cia duong dic tinh tin logarit cta w*(t—% ) trong mién phtic phai tién
dén 0 vé6i van téc 16n hon 6(m+1)dB/dec.

Cén cii theo ba tinh ch4t trén ngudi ta da dua ra bang cac ham cta s8 lam giam sai
léch ro ri mét cach hiéu qua thudng dudce st dung nhu sau:
1 khi 0<¢<T

X 0 H=
a) ung vudng wo( ) {0 khi t¢ [O,T)

T
T(t--)
b) Cosinus w,(t) = COSTZ khi 0<¢t<T
0 khi t¢ [0,T)
1-o/f 1 khi 0<¢<T
c) Bartlett wqy(t) = T
0 khi te [0,T)

. 05+05c0sT2E=T) ypi o<t<T
d) Hanning ws(t) = T

0 khi te [0,T)

. 054 +046c0sZ2 =D 1hi o<t <
e) Hamming w,(t) = T

0 khi te [0,T)

042+05c0sZZ=T) 1 008c0sZZZH=T) ypi 0<t<T
f) Blackman ws(t) = T T

0 khi te[0,T)
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Sinzz(Zt—T)
T |26-T |
+1- co
T

g) Papoulis wg(®) = ‘ s 7[(2;_ ) khi 0<¢<T

V4
0 khi ¢¢ [0,T)

2t -
T

1-6

2 o2t —T
T (L BT s 0<0< T hoge Bctar
2 T 4 4

3
2t T
h) Parzen w,(t) =42 1—u khi 2St<£
T 4 2

0 khi ¢¢ [0,T)

a) A U)O(t) b) wS(t)

v
v

Hinh 2.8.:  a) Xung vuoéng.
b) Ham Bartlett

Sau khi d& chon dude mot ham ctia s6 thich hop va nhan véi day gia tri tin hiéu do
dugc 1a {xp, }=x,@), gia tri tin hiéu cit x, trd thanh
xXp = x5 w(kT,) vl i=0,1, ... ,7 (2.23)

va khi d6 ph6 tim dudgc sé 1a

X, (jo) = Y Zpe I *Ta (2.24)

trong d6 N 1a s6 nguyén nhé nhit khéng nho hon Tl

a

So sanh véi hién tugng tring phé ma & d6 sai léch tring phd c6 thé duge loai bé hoan
toan cho 16p tin hiéu x(¢) c6 dai bang bi chén bang cach chon chu ky trich mau 7, théa
man cdng thic Nyquist (2.18), mot cau hdi sé duge dit ra & day 1a véi 16p tin hiéu nhu

thé& nao thi khéng xuat hién sai s6 ro ri?.

D& tra 151 cau hdi nay, trude hét ta chiing minh dinh 1y sau:
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Binh ly 2.5: Né&u x() 12 mot ham tudn hoan véi chu ky T thi () biéu dién duge dusi
dang

x() =xp(t)*sr(?), (2.25)

trong dé xp(?) 12 ham xac dinh trong mién [0,T) va tai d6 xp(t)= x(), sp() 12 ham

riang luge v6i khoang cach buée rang 1a T, néi cach khac

x(t) khi tel0,T)

*r(t) = {0 khi te[0,7)

VA sp(t) = Y6t —kT)
he—oo

Chitng minh:
Xu#t phat ngay ti cong thiic dinh nghia ham x4(¢) ta c6
x@) = Yxp(E-kT)= Y, ij (t-1)0(r-kT)dr
k=—co k=—c0_co
= j [xp(t-7) > 6(¢-kT)dr = IxT(t— 0)Sp(r)dt

—oco =—oc0 —oo

Sr(7)
va d6 chinh 1a diéu phai chiing minh. (|
Néu x(¢) 1a tin hiéu tudn hoan véi chu ky T thi khi rdi rac héa thanh x,(¢), v6i chu ky

14y mau T, dugc chon sao cho T=NT, dé trong mot chu ky 14y duge ding N mAu, thi x,(¢)

cling tuén hoan véi chu ky 7. Bdi vay
x () =g, (t)* sp(t)

x,(¢) khi e [0,T)

i £) =
voi g, () {0 khi ¢ [0,T)

hay xr (¢) la day htu han x7, () ={xg, %1, ... ,xn—1} c6 N phén tu.

Suy ra

k=0 =
Xr, (jo) Sy(jo)

N-1 . N-1
X, (o) = Xp, (jo)Sr(jo) =[ Y xpe I J(g 38t —nQ)J
k=0

& X0 =Q Y X5 (jns®).

n=—co
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No6i cach khéc, X, (jo) 14 mot ham roi rac, c6 gia tri tai nhiing diém tan s6 nQ, nez.

Song vi X, (jw) tudn hoan véi chu ky

:2_” =NQ
T,

a

'a

nén cudi cing ta ciing chi can xac dinh cac gia tri ctia X,(ja) tai @=nQ véi n=0, --- , N-1
(trong vong mot chu ky) 1a da va nhiing gia tri d6 1a

N-1 EnOT
X,(nQ=Q 3 xpe /e n=0, ---, N-1 (2.26)
k=0

do @6 khong can thiét phai hitu han héa thoi gian séng cho x,(f) vi téng trén chi gdm c6
hiiu han N s6 hang.
Téng két lai, ta di dén két luan:
Pinh ly 2.6: Néu x(f) 14 mét ham tuén hoan véi chu ky T va x(f) dudc rdi rac héa thanh
x,(®) v6i chu ky 1lay mau T, = % thi dnh Fourier X,(jo) clia x,() 14 tdng cta hitu
han céc s6 hang (nén khéng cin phai 4p dung k§ thuat ham cta s6 va do 6 khéng

xuét hién sai s8 ro ri). Ngoai ra X,(j») 12 mot ham tuan hoan véi chu ky Q,= NQ, ¢6

gi4 tri rdi rac tai nhiing diém o =n Q.
2.1.7 K&t luan vé DFT va thuat toan FFT

Viéc tinh phd X(jo) ca tin hiéu x() theo thuat toan DFT da cho ra két qua X (Jo)
ma gifia ching tdn tai hai loai sai léch sinh ra bdi hiéu tng tring phd (aliasing) va hiéu
tng rod 11 (leakage). Hai sai léch nay da dugc phan tich trong nhiing muc trén thong qua
ham mé rong &t).

D61 véi nhitng tin hiéu x(f) thoa man gid thiét ctia dinh 1y Shannon, ttc 1a cac tin

Qa

hiéu c6 dai bang bi chin X(j@)=0 khi | w|> , ta c6 thé loai bé dudc sai léch ctia hiéu

iing trang phd bang cach chon chu ky trich miu T, theo cong thic (2.18) cua dinh ly
Shannon.

V6i tin hiéu khong tudn hoan, dé gidm sai léch cia hiéu tng ro ri ta ap dung ky
thuat ham ctia s6 bing cach chon mot ham ctia s6 thich hgp trong s6 cac ham da duge
liét ké tai muc 2.1.6 thay vi chi don gian la cit b6t nhiing nhiing gia tri x;, = x(kT,) nim
ngoai khoang thoi gian quan sat tin hiéu [0,T).
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x(t - x v [
® Trich méu xa(t)‘ HGu han héa théi gian xa(tz Ap dung (2.24) X,(Jo)
> fin hiéu séng cua fin hiéu dé finh phé —>
® X(ow
t 0]
Viéc trich mau sé sinh X i)

ra hiéu (ing triing phé.

\» WW

“1;““

Qa
Viéc hitu han héa thai
“?Ca (t) gian séng cla tin hiéu sé X a(j)
sinh ra hiéu u’ng ro .
!
T

Hinh 2.9: Céac budc thyc hién toan t& DFT va nguyén nhan clia cac sai s6.

Sau khi d& chon duge chu ky trich mau va ham ctia s8, ta bién d6i tin hiéu x() thanh
%,(¢). Tiép theo, 4p dung cong thic (2.24) dé xac dinh )Z'a(ja)) va tich Ta)?a(ja)) sé
duge xem nhu 14 phé gin dung caa x(f).

Céac bude tinh phd gan ding X . (jw) cta tin hiéu lién tuc x(f) duge tém tit trong so
d6 6 hinh 2.9.

DE d& nhé cong thiic tinh Ta)N( ,(jow) duge xem nhu 14 két qua gin ding cta X(jw), co
thé xu4t phat tit cong thic dinh nghia toan ti Fourier (2.9a), trong d6 ddu | duge thay
béi =, dt thay béi T, d6i x(¢) thanh tich x, w;, va c6

~ N-1 kT
X(o) =T, X,(jo)=T, > xpwpe /¥ a .
k=0

Bay gio ta di vao van dé cai dit thuat toan DFT véi cong viéc chinh 1a cai dat cong
thitc (2.24). C6 thé thdy ngay rang viéc cai dat truc tiép (2.24) chua thé dude vi dau ra

41



(két qui) X 2 (jw) cta nd van con 1a mot ham lién tuc. Nhdm khéic phuc khé khan d6, ta

sé khong tinh truc tiép )Z'a(ja)) ma thay vao d6 la N cac gia tri roi rac )Z'a(an),

n=0,1, ..., N -1 ctia né véi Q 1a chu ky trich mau trong mién phiic. Cong thic (2.24)
trd thanh
~ N-l__am -
X,(jnQ) = Y xpe e n=0,1, ..., N-1 (2.27)
k=0

Vay véi Q nhu thé nao va véi N 16n bao nhiéu bao nhiéu thi viéc cai dat sé thuan lgi
ma khéng anh hudng dén két qua tinh toan?. Trudc hét, c6 thé thay ngay ring N cang
16n va Q cang nhé thi cang tét, song do c6 két luan ring X,(jw) tudn hoan véi chu ky
Q, nén thyc chat chi can cac gia tri )N(a(an) trong mot chu ky 1a da va s 1a du dé ¢6

N gié tri cha X,(jnQ) trong mét chu ky khi

o=t 27 (2.28)
N AT,

Bdi vay hiéu qua cdng viéc tinh toan chi phu thudc vao mot minh N vavéi N cang 16n,
két qué cang tot.

Thuat toan Fourier nhanh (dugc viét tit thanh FFT) 1a mot thuat toan dac bist dé
thuc hién nhanh céng thic (2.27). Thuat toan FFT do Cooley va Tukey tim ra ndm 1965.
Tit d6 t6i nay thult toan da duge b6 sung, phat trién thém rat nhiéu va da dang.

Vé § nghia thuc té& ctia thuat toan FFT, Bergland da nhan xét rat “kinh t&” trong [2]
nhu sau: “The fast Fourier transform algorithm can reduce the time involved in finding a
discret Fourier transform from several minutes to less than a second and lower the cost
from several dolars to several cents”.

Sau day, ta sé lam quen véi thuat toan FFT thai khai sinh do Cooley va Tukey tim ra
cho trudng hop

N=N =2”, véi  pen,

hay N=N 1la mot s6 nguyén liiy thiia ctia 2. Cac dang khac ciia FFT cho nhiing gia tri N,

N bat ky, doc gid quan tAm c6 thé tim th&y & tai liéu [3] ctia Brigham.

Khi ¢6 N=N thi NT, = NT, =T va do d6 v6i (2.28) cong thic (2.27) cia DFT sé la

X,(jnQ) =Y %e "N ,n=0,1, ..., N-1 (2.29)
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2
” o I . N o~
Hay xét (2.29) nhu 14 mét da thic Py(g,) bac N-1 cta bién g=e ~ N va cac hé s6 X,

k=0,1, ..., N-1:

N1,
Py(q@o) = 2 %90 (2.30)
k=0
vay N cac gia tri )Z'a(an), n=0,1, ... , N-1cta cho )N(a(ja)) trong mot chu ky duong

nhién dugc xac dinh ti Py(g,) qua

X, (jnQ)=P,(q}). (2.31)

Pinh ly 2.5: Bién s6 g, trong cong thic (2.31) 12 nghiém phtic cua phuong trinh =1 va
dugce goi 1a nghiém bac N ctia dudng tron don vi, thoa man céc tinh chat sau:
N Nk
a) qu#0; gy =1va D qp° =0; Vnez
k=0

b) néu N=2m véi meN thi —gf=¢2™ va q¢&; ciing 1a nghiém phitic bac m cuaa

duong tron don vi.

Chitng minh:
Do q(])v = /%7 = cos(27)—jsin(27) = 1 nén hién nhién q¢1a nghiém phiic bac N caa duong

tron don vi va g # 0. Thay cong thic caa g, vao téng trén ta duge diéu phai chiing minh
thi nhat
_qu—l e—2jn/r_1_

Nil -
q0 = 0.
k=0 qo -1 qf -1

Mait khac, do

_j 2mrn
at=e N =e7 /7 =cos(n)- jsin(r)=-1

+
-q0=90""
Bdi vay véi

a0 =q0" =1

thi g3" cting 1a nghiém phtc bac m cta dudng tron don vi va dé chinh 1a diéu phai

chiing minh thi hai. 4
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Duya vao dinh ly trén, véi diéu kién N=2m; meN, ta s& tach P,(q,) (dugc goi la da
thiic me) ctia (2.30) thanh hai da thtic (goi 1a céc da thiic con) P,y (q,) bac m—1 gbm cac
bién bac chan va P,,(q,) cling c6 bac m—1 gém cac bién bac 1é nhu sau:

ml, g Ml 2k+1
Pyqo) = D Xopqo + D Xop1190
k=0 n=0

m-1 - i m-1 - k .
= 2 Xgpdl +Qo X Xgpndl @:=4q,)
k=0 k=0

=Pyy(@1) + qoPoi(qy). (2.32)
S6' 0 dau trong chi s6 00 va 01 ctia Py(q,) va Py, (q,) xac dinh ring Py (q,), Py (q,) cing
dugc tach ra ti da thiic gbc Py(q,). Cac s6 0 va 1 sau dé trong chi s6 00 va 01 duge dung
dé phan biét ham da thic tach ra 1a chin hay 1é.
Pinh ly 2.6: Nhiing gia tri P,(¢3), n=0,1, ... , N-1 cia da thiic me Py(g,) dugc xac dinh

tit hai da thtic con Py(q,) va Py(g,) theo cong thtc c6é cdu tric “hinh budém”
(Butterfly) nhu sau:

Py(q0) = Poo(a1') + g0 Poi (a1') (2.33a)
PO(Q(’)H—m) :POO(q{L)_ Q(’)ZPOI(q{L)7 n’:0517 am_l' (233b)
Chitng minh:

Tu (2.32) ¢6 ngay duge ddng thic thi nhat.
DPéng thitc thit hai duge suy ra tit tinh chit — g = ¢/ *™ nhu sau:

Py(g6™™)=Py(=q5) = Py (q1) — q§ Py, (a7")

vi a1 =95

va d6 chinh 1a diéu phai ching minh. d
D& thay rang khi da c6 Py, (q") va P, (q}), n=0,1, ... ,m—1 thi véi (2.33) s8 cac

phép tinh nhan phtic phai thuc hién dé xac dinh P, (q}) = )N(a (jnQ), n=0,1, ... ,N-1 sé

chi bing mét niia so véi khi ap dung truc tiép (2.31). Cu thé & day thi s6 cac phép nhan
phttc phai thyc hién dé tinh )Z'a(an) chinh 1a gf Py, (¢"), n=0,1, ... ,m~1. Thong qua
viéc gidm mot ntia s6 cac phép tinh nhan phiic ma téc d6 tinh toan dudc ting lén gip
doi.

Tiép tuc, néu nhu m=2s, hay N=4s thi lai c6 thé phan tich hai da thiic Py(qg,) va
P,,(g,) thanh téng cac da thic bac thap hon, cu thé 1a bac s—1, theo ding nguyén ly da
lam véi Py(q,) nhu sau:
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Poo(q1) = Pooo(q2) + q:1Po01(q2)
Pyi(q1) = Ppio(@2) + q1Po11(q), (@:=q,*= %4)-

Cac gia tri Py(q7 ), Pyi(qt), n=0,1, ... ,s—1 cling s& dugc x4c dinh mot cach tuong

tu nho cac da thiic con Pyo( g5 ), Pooi(q5 ), Pooo( @5 ) va Pyy, (g5 ) theo cong thiic Butterfly

Po(q1 ) =Po(q3) + qi Poi(qs ) (2.34a)
Py(ar™® ) =Puo(q3) —af Pon(qs ) (2.34b)

va
Py(qt ) =Poo(q3) + qi Poin(qs ) (2.34c)
Py (g™ ) =Puo(qs) —qf Poi(q5 ). (2.34d)

Téng quat 1én cho trudng hep N= ZZL, L>1 thi tai buée tach da thic tha [ tu da thic
me P ;(q;), trong d6 b=0 hodc 1, sé c6 cac da thic con P po(q;+1) va P p1(q741)
Q11 = QZ2 c¢6 bac L-1. Nhiing gia tri P_;(q;"), clia cac da thiic me cling dugc xac dinh tit
cac gia tri tuong ting ctia nhiing da thic con theo cong thiic Butterfly:

P 4q)=P 40(q.1)+q'P 51(q},1), (2.35a)

P oY) =P 40(q))-9'P (),  n=0, .. ,L-1 (2.35b)

Khi N =27, ta thay L=2 va I=p-1 vao (2.35) va thu dudc cdng thiic Butterfly cho
buéc tach da thic thi p—1. Day ciing 1a budc tach da thic cudi cling vi cac da thiic con
P p0(gp)va P _3(q,) lic nay déu la nhiing da thic bac nhat.

Sau khi da c6 duge nhiing gia tri P 40(qp), P p1(qp), n=0, 1 cia 2P71 da thic con
tai bude tach da thiic cudi cing, ta ap dung (2.35) dé tim nhiing gia tri P 4(qp-1) cha
2772 da thtic me P 4(qp-1) . Tiép tuc, lai stt dung cong thiic Butterfly dé tim gia tri cac
da thiic me cuaa cac da thic P (g p-1) - Qua trinh trén s& dugc thuc hién ngugc lai véi
quy trinh tach da thtc cho téi khi x4c dinh dugc cac gia tri cua da thic goc Py(q,) ting véi
budc tach da thic dau tién. Theo (2.31) thi dé chinh 1a N gia tri )N(a (yjnQ), n=0,1, ...,
N-1 cin tim. S8 cac phép tinh nhan phtc phai thuc hién dé xac dinh )?a( jnQ) gidam
xuéng con 2pN thay vi N - N = N? so vé6i khi tinh truc tiép tir (2.29).

Trén day la néi dung thuat toan FFT. Thuat toan FFT da dudc cai dat thanh nhiing

ham chuén trong cac chuong trinh tién dung. Vi du nhu trong Toolbox Signalprocessing
hay Identification cia MatLab. Cach st dung chiing ciing rat don gian, ta chi cin goi
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ham d6 véi gia tri dau vao la day { X, }, £=0,1, ... , N-1. D4u ra ctia ham sé& la day két

qua { X,(jnQ) }, n=0,0,1, ..., N-1.

Vidu 1: Tim anh Fourier cta day { %, }={1,2,3,4,5,6,7,8} theo cong thic (2.29).
Dit

7
Pyqy = Zo?kqg =1+2qq + ng + 4q8’ + 5q§ + 6q8 + 7qg + 8q(7] ,
k=0

T
_jE
trong d6 g,=€ ¢ =g—j§.

Budc 1: Tach da thic

Py(q,) =1+3q; +5q7 +7q7 Py,(q,) =2+4q; +6q; + 84}
_iE
V6iq1=q02=e 2=—j.
Tiép tuc tach Py (q,) va Py, (q;) thanh
Pyo(qs) =1+5q,, Py(q,) =3+7q,, Py10(qs) =246 g5, Py11(qs) =448 g5,
v6iq,=¢q,"=qo'= e/ =1

Budc 2: Tinh gia tri

Pyy(@s”) =6, Pooo(qs) =4, Pyn(gs”) =10, Py(a2) =4,
Poiy(@s) =8, Poi(qs) =4, Pyu(gs) = 12, Pyyi(gy) =4.
Ap dung cong thiic Butterfly:

Poo( @ )=Pooo( a9+ a1 Ponn(g2")=16, Poo(a2)=Puon(a9)~ 41 Poon(93)=—4,
Poo(@)=Poos(@:)+q:Poo (@) =—4+4j, Po( @3 )=Poog(@2)~a:Poon(@5)= —4-4j,
Por(q?)=Puso( a9)+q, Ponn(a:")=20, Po(q2)=Puro(a9)- 41 Py (g9)=—4,
Poy(@)=P0iy(@)+q,Pory (@)= —4+4j, P4} )=Pu10o(@)4:Pon (@)= ~4-4).

Ap dung tiép cong thic Butterfly 14n niia ta sé thu dugc két qua
X,(0)=Py(q8) = Po(a )+ g0 Pou(a) = 36

X, (4Q) =Py(q,") = Poo( )~ a0 Pyy(af)) = —4

(@) =Py(q0) = Poo@)+qoPoy(q;) = ~4+(4+4+/2 )]

«(5Q) =Py(@,") = Poo(@1)~q0 Por(@,) = —4+(4-442 )j

(2Q) =P(q,) = Poo(@,)+ a3 Pi(q,) = —4+4j

X, (69Q) =Py(@,") = Poo(@:)~ a8 Poi(@,) = ~4-4j
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X,(3Q) =Py(qy) = Pos(@:")* 46 Pu(@,’) = —4+(4+/2 —4)

X,(19) =Py(q0) = Pos@:")- 4 Por(gs’) = —4—(4+44/2 )j. Q
Duéi day la chuong trinh con ££t () viét bing ngon ngit C mo ta viéc cai dat thuat

toan trén dé tham khao. Chuong trinh con ££t () ¢6 cac bién hinh thic 1a

a) Nexp chiia s6 mii liy thita 2 ctia N, véi N 1a do dai cua day tin hiéu vao {x},},

k=0,1, ... , N-1, tic la Nexp =logy/N.
b) Con trd x chi vao ddu mang x[] chtia day gia tri ddu vao {%,}, £=0,1, ... , N-1,

theo thii tu x[0]1=X, ..., x[N-1]=%x_; . Nhu vAy mang x[] phai c6 cac phan
t phiic va c6 do dai it nhat 1a 2V*P,

Cac gia tri )Z'a(an), n=0,1, ... , N-1 tinh dugc sé dudc chuong trinh con ££t ()

ghi lai vio méng x[] ciing theo thit tu x[0]1=X,(0), ..., x[N-1]= X, (j(N -1)Q) . Nhu
vay sau khi thuc hién xong diy { %), } sé bi x6a va thay vao d6 1a két qua { )Z'a(an) }.
Mang x[] ctia ham ££t () viia chiia cac gia tri dau vao { X }, vita chtia clc gia tri ddu
ra { )}a (jnQ) } ctia thuat toan nén né phai 12 mang cac sb phiic.

void fft(int Nexp,complex *x)

{
int N=pow (2. ,Nexp) ,Nl=Nexp,N2,k,1,p,m,i;
complex s,wp;
N2=N;
for (1=0;1<Nexp;1l++)
{
N1--;
N2=N2/2;
for (k=0;k<N;k+=N2)
{

m=k/pow (2., (double)N1) ;

p=ibr (m,Nexp) ;

wp=exp (complex (0.,-M PI*2*p/N)) ;

for (i=0;i<N2;i++)

{ s=x[k+N2]*wp;
x[k+N2]=x[k]-s;
x[k++]=x[k]+s;

}

}
}
for (k=0;k<N;k++)
{
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i=ibr (k,Nexp) ;
if (i>k){ s=x[k]; x[k]l=x[i]; x[i]=s;}

Chuong trinh ££t () trén st dung mot ham con ibr () c6 nhiém vu tach da thtic va
sau d6 sip x€p lai mang gia tri { )Z'a(an) } tinh dugc. Ham con ibr () c6 hai bién vao:
a) index chiia chi s6 cil ctia gia tri X;, 14 k trong mang x[].
b) Nexp chtia s6 mii lity thia 2 caa N, tic 1a Nexp =log, N.
Ham ibr () tra vé chi s6 méi phai c6 ctia gia tri %), trong mang x[].

int ibr(int index, int Nexp)
{ int k=0,i,j=index;
for (i=0;i<Nexp;i++)
{
k=2*k+(j%2) ;
3=3/2;
}

return (k)

}
Vidy2: Ta sé thuc hién lai vi du 1, nhung 14n nay st dung ham ££t (). Trudc tién viét
chuong trinh tao diy dau vao gom 8 gia tri { %5, }={1,2,3,4,5,6,7,8} nhung phai la cac gia

tri phtic cho mang x[] va sau dé goi ham ££t():

void main()

{
complex *x;
int i,Nexp=3,N=8;
x=new complex [N];
for (i=0;i<N;i++) x[i]=complex(double (i+l));
fft (Nexp,x) ;
for (i=0;i<N;i++)
printf ("\nx[%d]=(%£,%£f)",i,real (x[i]) ,imag(x[i]));
delete [] x;
getch() ;
}

Chuong trinh sé cho ra két qua:
x[0]1=(36.000000,0.000000)
x[1]1=(-4.000000,9.656854)
x[2]=(-4.000000,4.000000)
x[3]1=(-4.000000,1.656854)
x[4]1=(-4.000000,0.000000)
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x[51=(-4.000000,-1.656854)
x[61=(-4.000000,-4.000000)
x[71=(-4.000000,-9.656854) . (|

Két hgp ££t () ctung véi k§ thuat ham clia s6 nhiam lam gidm sai s6 ro ri va quan hé
(2.17b) ta s& c6 dugec ham dft () viét trén C cho sau diy dé phuc vu viéc tinh &nh
Fourier X(jnQ)) ctia mot tin hiéu x(f) tit day cac gia tri tin hiéu x;, = x(kT,), k=0, 1, ...,
N-1 ctia n6. Ham d£t () c6 cac bién hinh thic sau:

a) Con tré x chi ddu mang s thuc x[1 chiia cac gia tri tin hiéu do dugc x5, = x(kT,),
v6ik=0,1,...,N-1.

b) Ta chita hing s6 thdi gian trich miu tin hi¢u T, .

c) Nla sd cac gia tri tin hiéu x;, = x(T,,) do dudc.

d) wlachis6ham cia s§ dude st dung dé 1am gidm sai s6 ro ri. DAy chinh 1a chi s6'i
ctia w;(t) cho trong muc 2.1.6, bdi vay i chi c6 nghia khi ndm trong khoang 0< i<7.
Néu gi4 tri clia w ndm ngoai khoang [0,7] ham dft () sé st dung ham cla s6
xung vudéng w(z).

e) Con trd X chi ddu mang s6 phtic X[] chtia cac gia tri anh Fourier X(jnQ)), n=0,1,

2

..., A tinh dudc véi Q)=
AT,

a

khéng nhé hon N dé phu hdp véi chuong trinh con ££t (). Ham dft () tinh anh

trong d6 A phai la s6 nguyén dang liiy thiua cua 2

Fourier ctia day {x,} gdm A phan tit va cAc phan ti x; c6 chi s6 & tit N dén A-1
duge gan bing 0 sau d6 ct két qua vao mang X[] ¢ d6 dai it nhat 1a A

Ham tra vé gia tri 414 d6 dai cia mang X[] chia két qua X(jnQj). Noi dung cta
mang d4u vao x[] khong bi thay d6i.

int dft(double *x, double Ta, int N, int w, complex *X)
{
int i,k,p,Nexp=0;
double T=Ta*N,s,t;
k=N/2;
for (i=0;i<=k;i++)
{
t=Ta* (double) (i-k) ;
s=fw(w,t,T);
X[i]=complex (x[i] *s*Ta) ;
if((i>0) &&(i'=(p=(N-i)))) X[p]l=complex (x[p]*s*Ta) ;
}
while ((k=pow(2.,Nexp))<N) Nexp++;
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for (i=N;i<k;i++) X[i]=complex(0.) ;
fft (Nexp,X) ;
return (k) ;

Ham dft () trén st dung thém ham con fw() c6 nhiém vu phu gitp viéc tao day

{ %, } tu day gia tri cac tin hiéu {x;} d4 cho trong mang x[] theo cong thiic
Ek = kal(kTa)

bang cach xac dinh w;(t+ %) khi da biét chi s6 i, thoi gian ¢ va khoang thoi gian séng T
ctia tin hiéu. Ham c6 cac bién hinh thic
a) w chiia chi s6 ham ctia s6 dude st dung. Noi dung cia w 14 mot s6 trong khoang
[0,7]. N&u gia tri ctia w 16n hon 7, ham £w () sé st dung ham ctia s6 w(?).
b) tla gid tri thoi gian.
¢) T chita gia tri T x4c dinh suppw;(#)=(0, T) —xem thém ham ctia s & muc 2.1.7.

Ham £w () tra vé gia tri s = w;(t+ %) tinh dudgc.

double fw(int w, double t, double T)
{

double s;
switch (w)
{
case 1: s=cos(t*M PI/T); break;
case 2: s=1.-2.*fabs(t)/T; break;
case 3: s=0.5+0.5*cos (t*2*M PI/T); break;
case 4: s=0.54+0.46*cos (t*2*M PI/T); break;
case 5: s=0.42+0.5*cos(t*2*M PI/T)+0.08*cos (t*M PI*4/T);

break;
case 6: s=fabs(sin(t*M PI*2/T)/M PI)+l.-
2.*fabs (t/T) *cos (t*M_PI*2/T) ;
break;
case 7: if (fabs (t)<(T/4)) s=1.-24.*t*xt*x(1.-
2.*fabs (t/T)/ (T*T)) ;
else s=2.*pow(l.-2.*fabs(t/T),3.); break;
default: s=1.;
}

return(s) ;
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2.1.8 Toan tir DFT ngudc

Muc 2.1.7 da trinh bay thuat toan FFT dudc dung dé tinh nhanh cac gia tri

{ X,(jnQ) } tiuday { %, }, £=0,1, ... , N-1 theo cong thtic
~ N-1 —jZ—ﬂnk
X,(nQ) =Y xpe N n=0,1, , N-1,
k=0

trong d6 X), 1a mAu tin hidu x(¢) tai thoi diém ¢= kT, da dugc nhan véi gia tri ham cta s6
w(kT,) cing tai thoi diém d6 theo (2.23) nhim lam gidm sai s6 o ri:

%, = xwkT,)
K&t hop véi thuat toan FFT ma cu thé 13 ham ££t (), ham dft () cho trong muc 2.1.7 ¢6
nhiém vu tinh

X(jnQ) =T, X, (jnQ)
va né duge xem nhu 14 cong thiic tinh gin ding cta toan ti Fourier

X(o) = ]?x(t)e_j"tdt (2.36)

—oo

Bai toan ngude dudc xét & day 1a tim x(f) ti cac gia tri phd da c6 cia né X(nQ),

n=0,1, ... , N-1, trong d6 X(jnQ) 1a gia tri cia X(jo) tai diém tan s6 e=nQ= 2m

, tiic
a
la xac dinh

0 == [X(jo)e!™do ©.37)

2

Thay @=—w vao (2.37)

0 = — [X(=j)e " do (2.38)

2

roi so sanh véi (2.36) thi thay ngoai hing s6 ZL chiing c6 c4u tric hoan toan tucng ty.
V4
Cu thé 14 vai tro cta x(f) trong (2.36) thi nay trong (2.38) dugc thay bdi
X(Hd) = X(jo')

con X(jw) trong (2.36) thi lai dudc thay bang x(¢). Do d6, néu 1y luan nhu da lam véi DFT
ta sé di dén cong thiic tinh x4p xi cho x(¥) nhu sau

Q N-1 . —jz—”kn 1 N-1 o —j2—”kn
x(kT,) = o > wnr)X(jnQe N = NT > Xpe N (2.39)
n=0 a n=0
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trong d6 w(w) 1a ham ctia s6 trong mién phtic nhim lam gidm sai s6 ro ri cia phép tinh

Fourier ngudc va X n =w(nQ)X(jnQ).

1T thi (2.39) chinh 1a cong thiic ctia DFT (2.29) véi day céc gia

a

Khong ké hing s6
tri dau vao:
{wnQ)X(jnQ)}, n=0,1,..., N-1.
N6i cach khéc, thuat toan FFT hay ham ££t() khong nhiing c6 tic dung dé tinh
{ )Z'a (jnQ) } tit day { %; } ma con c6 thé duge ding dé xac dinh nguge j, tit day cac gia
tri lién hgp
X, = w(nQ)X(jnQ)
ctia anh Fourier ctia né.
Ap dung két qua thu duge & trén, ta di dén thuét toan st dung FFT cho viéc tinh
ngude gia tri x(kT,) cua tin hiéu x(¢) nhu sau:
1) Tao day { w(nQ)X(jnQ) }, n=0,1, ..., N-1 tit cac gia tri phd X(jnQ) cta tin hiéu.

2) Goiham ££t () v6i du vao viia tao. K&t qua ddu ra sé 1a day N-1 cac gia tri X,

k=0,1, ..., N-1.

Yk k=01, .., N-1vi Ty=—%
NT, NQ

3) Tinhx(kT,) =

Thuat toan trén da dudc cai dat thanh chuong trinh con invd£t () viét trén C cho
dudi day dé tham khao. Chuong trinh con nay c6 cac bién hinh thic sau:
a) Ta la chu ky 14y mau tin hiéu. Tic 1a day gia tri dau vao {X(nQ)}, n=0,1, ... ,
2
NT,

a

N-1,s6c6 Q=

b) Nexp chia s6 mii liy thtia 2 cta N. Nhu vay day tin hiéu vao {X(jnQ)} caa
chuong trinh sé c6 d6 dai la N=2N*P,

¢) w xac dinh ham cta s6 dude st dung nhdm gidm sai s6 ro ri ciia ky thuat DFT.
Noi dung cta w 1a chi s6 0< i<7 clia w;(¢) cho trong muc 2.1.6. N&u gia tri cia w
nim ngoai khodng [0,7] chudng trinh s& st dung ham ctia s6 xung vudng wq(t).

d) Con trd x chi ddu mang s6 phiic x[] chiia diy gia tri ddu vao {X(nQ)}, n=0,1,
... , N-1, theo tht tu x[0]1=X(0), ..., x[N-1]1=X({(N-1)Q). Mang x[] phai c¢6 dd

dai it nhat 1a 2V*P,
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Day két qua {x(kT,)}, #=0,1, ... , N-1 s& dugc chuong trinh invdft () ghi lai vao
mang x[]. Néi cach khac, sau khi thuc hién chuong trinh thuc hién xong, day {X(nQ)}
58 bi x6a va thay vao d6 1a day két qua {x(T,)}.

void invdft(double Ta, int Nexp, int w, complex *x)
{
int i,k,p,N=pow(2,Nexp) ;
double T=Ta*N,s,t;
k=N/2;
for (i=0;i<=k;i++)
{
t=Ta* (double) (i-k) ;
s=fw(w,t,T);
x[i]=conj (x[1]) *s/T;
if ((i>0) && (i!=(p=(N-i)))) x[pl=conj(x[p])*s/T;
}
fft (Nexp,x) ;

2.2 Nhan dang mat dé phé tin hiéu

Cho hai qua trinh ngau nhién «(f) va ¢(). Nhu da quy uéc é chuong 1, néu khéng co
chi din gi thém, hai qua trinh ngiu nhién nay sé duge hiéu 1a nhiing qua trinh ngiu
nhién egodic. Qua trinh «(f) duge xem nhu 14 tap hop ctia tit ca cac tin hiéu d4u vao u(f)
¢6 thé c6 ctia d61 tuong va ciing nhu vay ¢(¢) duge xem 12 tap hop tit ca cac tin hiéu dau
ra y(¢) c6 thé c6 tit 461 tugng.

Nhan dang mat d6 phé S,(®), Su,(j@) tic la phai xac dinh anh Fourier cia ham
tuong quan r,(7), r,,(7) theo cong thiic Wiener—Chitchin:

Su(@) = Tru(t)e_j”dt va  S,(0) = ]?ruy(t)e_j“tdt (2.40)

—oo —oo

trong d6 S,(®) thuan thuc vi r,(7) 14 ham chin, bdi vay né dudc viét don gian 1a S, (@)
thay cho S, (jw).

V6i dinh nghia trén thi dé ¢6 S,(a), S,,(j@) truée hét ta phai tinh duge r,(d), ry,(2)
trén cd s6 quan sat clc tin hiéu vao ra u(f), y(). Néi cach khac viéc nhan dang S, (w),
S,,(ja) theo nguyén téc phai gom hai budc:

1) Xac dinh r,(29), r,,(9) tit day gia tri tin hiéu {u,}, {u,}, £=0,1, ... , N-1.

2) Tinh S,(@), S,,(j®) tit r,(7), r,,(7) theo cong thic Wiener-Chitchin (2.40) nho ky
thuat DFT, cu thé 1a ham dft () d4 trinh bay & muc 2.1.
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Van dé dat ra 6 day ciing giong nhu trong muc truée 1a viéc quan sat tin hiéu chi c6
thé duge thuyc hién trong khoang [0,T), nén cing chi cé thé cung cap dude day {u}, ),
k=0,1, ... , N-1 hiiu han céc gia tri tin hiéu u(kT,), y(kT,), trong d6 N 1a s6 nguyén
nho nh4t khéng nhé hon Tl Diéu nay dan téi S,(@), S,,(j®) nhan duge khong phai mat

a
d6 phd chinh x4c ctia tin hidu ma chi 14 nhiing gia tri gdn ddng.

Sau day, trong phan nay ta sé lam quen véi nhiing phuong phap xac dinh xap xi
S, (), S,,(jo) thong qua viéc quan sat tin hiéu trong khoang thoi gian hiu han [0,T)
cling nhu k¥ thuat lam tang d6 chinh x4c cho két qua.

2.21 Nhan dang ham tuong quan

Tit nay vé sau, khai niém ham tuong quan sé dugc hiéu chung 1a ham tu tudng quan

r,(9) va ham ho tuong quan r,(2).

Do khoang thoi gian quan sat [0,7T) céc tin hiéu vao ra u(t), y() 14 hitu han nén dé
tudng minh ta s& thay w(t), y(t) bdi #(¢), ¥(t) bing cach nhan u(), y() v6i ham cia s6

xung vudéng w,(¢) nhu sau

u() khi 0<t<T

4(t) = ult)w(t) ={0 khi te[0,T)

y(t) khi 0<t<T

y(&)=yOw, (@) ={0 khi ze [0,T)

Khi d6 hai cong thic tinh ham tuong quan 7,(9), r,,(? cho trong (1.30), (1.33) dudc sta
lai thanh

T

7 ()= % { Tt +7)dt (2.41a)
1 T

Ty (D) = —[a@)y(t+7)dt (2.41b)
T 0

va tat nhién #(¢), y(¢) ciing 1a nhiing phan ti bat ky cta tap hdp «(t), g(). Ly do viéc

VI | N S oo - PR .
sua hé sb T trong (1.30), (1.33) thanh % nam 6 ban chat khai niém gid tri trung binh

mél tuong quan cua r,(7) va (D), tic 1a phai chia gia tri tich phan (téng) cho ding
khoang thdi gian da quan sat tin hiéu (hay s6 cac s6 hang néu dau tich phan dugc thay
bing d&u téng).

Trudc hét ta chting minh dinh 1y sau:
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Dinh ly 2.7: Ham tuong quan 7,(7) va 7,,(7) xac dinh theo (2.41) sé& dong nhat bang 0
khi 7ndm ngoai khoang (-T, T).

Chitng minh: Khi 7 (-T, T) ta ludn c6 u(t+7)=0 va y(t+7)=0 v6i moi e [0,T). Do d6

cling ¢6

()t +1) =)yt +17)=0, vte[0,T), 7 (-T, T)
va d6 chinh 1a diéu phai ching minh. d

Van dé dit ra 6 day 1a két qua quan sat tin hiéu u(f), y() trong khoang thdoi gian
te[0,T) khong phai 1a #(¢), y(t) ma chi 1a nhiing gia tri a,=u(kT,), y,=y(kT,),

k=0,1, ... , N-1 cua chung, trong d6 T, 1a khoang thoi gian trich mau, N 1a s6 nguyén

nho nhat khéng nho hon Tl Néu ap dung k§ thuat ham mé réng &t) dé mé hinh héa

a

qua trinh trich mau nay, ta sé& c6 dugc cong thiic tinh gan ding 7, () va 7uy(7) nhu sau:

~ 1 NSt
7, (mT,) = N > Uplpim (2.42a)
k=0
~ 1 N=L
ruy(mTa)z N ULYham (2.42b)
=0

k
bang cach thay { &, }, { ¥, } vao (2.41), 61 d&au [ thanh X, thay dt bing T, .

Do {4}, { ¥ } 1a nhiing day hitu han véi k=0,1, ..., N-1, ttc 1a khi £<0 hodc k=N
6 @,= y,= 0, nén ngoai khodng 0<k< N—-|m|thi @4,,, = Y4sm= 0.BSi vay hai cong
thiic (2.42a) va (2.42b) c6 thé stia lai duge thanh:

1 N—‘m‘—l
FM(mTa)z F LNLkik+m (2.43&)
k=0
1 N*‘m‘fl
Fuy(mTy)= = 2V him (2.43b)
k=0

Mat khac, mudn tinh gia tri trung binh 7,(mT,),7,,(mT,) mot cach chinh xac, ta

chia téng c¢6 dudc cho ding s6 cac s6 hang c6 trong téng va di dén dang khac cta (2.43)

nhu sau
1 N—‘m‘—l
Fu (mTa) = N |m| zﬁkik+m (2.44&)
- k=0
1 N—‘m‘—l
Tyy(mTy) = N—|m| 2 Uk Yhem (2.44b)
- k=0
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Ca hai cong thiic (2.43), (2.44) déu dudc st dung dé tinh gin ddng céc gia tri
7, (mTy) , 1y (MmT,) ctia ham tuong quan, trong dé6 (2.44) duge goi 1a cong thic unbias

(ttic 12 s& khong con sai léch tinh khi N —e) va (2.42) 14 coéng thiic bias (van con sai léch
ngay ca khi N —e),

Theo dinh 1y 2.7, thi véi |m|> N c6
1, (mTy)=71,,(mT,)=0,
do @6 trong coéng thiic tinh x4p xi (2.42), (2.44) chi s6 m chi can chay ti — N+1 dén N-1 1a
da.

Ngoai ra, két hgp thém véi tinh chat (1.31), (1.34) vé ham tuong quan, ta ciing khéng
can phai tinh 7,(mT,),7,,(mT,) cho tat ca chi s6 m tit - N+1 dén N-1, ma chi can tinh
cho m tit 0 dén N-1, vi khi m<0 gia tri caa 7, (mT,),7,, (mT,)sé suy dugc ra tit cac gia
tri doi xting 7, (-mT,) , 7y, (-mT,) :

7 (mT,)=7,(-mT,), Ry (MT,) = Ty (-mT,)

Tém lai, c¢6 hai cach tinh gdn ding ham tudng quan nhu sau:

1) Cong thitc bias

1 N—m:l - N
- — uLu v6i m=0,1,...,.N-1
7 (mT,)={N ,EO k% ktm (2.45)
7(-mT,)  v6i m=-N+1,.,-1
1 N-m-1
— Uy v6i m=01,...N-1
Ry (mTy)= {N ,EO kI ktm (2.46)

?yu(_mTa) v6i m=-N+1,...,-1

2) Coéng thic unbias

1 Nmol :
7 (nT,)= N -m kgoukukm véi m=0,1,.,N-1 (©.47)
7, (-mT,) vii m=-N+1,...~1
1 Nl "
o (mT,) - Nom kgoukykm véi m=0]1,.,N-1 ©.48)

Fyu (-mT,) v6i m=-N+1,..,-1

Mot diéu can chid ¥ thém 14 mic du nhiing cong thiic trén cho phép tinh dudc gan
ding 2N-1 gi tri 7,(mTy,),1,,(mT,), m=—N+1,...-1,0,1, ..., N-1 ciia ham tuong quan

ti N gia tri do duge 4y, k=0,1, ... , N-1 cta tin hiéu vao u(¢) va N gia tri y,, k=0,1, ...,

N-1 do dugc cua tin hiéu ra y(¢), nhung vi thdi gian do 1a hitu han nén véi |m| cang 16n,
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s& cang c6 it gia tri 4}, y;, tham gia vao cong thic (2.45)+(2.48), (hinh 2.10), do d6 sai s6
sé cang 16n. Béi vay, trong s§ 2N-1 gia tri 7,(mT,),7,, (mT,)tinh dugc chi c6 mot & it

cac gia tri xung quanh diém 0 14 tuong d6i chinh xac.

3
P

|
|

Hinh 2.10: M6 ta sai s& phu thudéc vao m clia cac Thanh phan @, , ¥,

gia tri ham tuong quan 7, (mTy) . tham gia vao cong thic
tinh ham tuong quan

Vay 14y bao nhiéu thi da?. D& tra 16i cAu héi nay, ngudi ta da 1ap bai toan théng ké
va di dén két luan trong [10], [12] rang con s6 dé 1a khoang 5+20% ctia 2N-1, tic 1a chi
14y thuc su cac gia tri

R (mT,) %y (mT,) 6 |ml<M  véi _<21\270— D MS(2N5 =1y

trong d6 M dudgc goi 1a chi s6 Lag (cit bét).

Mot ham cor () viét trén ngdn ngii 14p trinh C thuc hién viéc cai dat thuat toan nhan
dang ham hé tuong quan 7uy (mT,)theo cac cong thic (2.45)+(2.48) cho dudi day dé
tham khao.

Ham cor () ¢6 6 bién hinh thtc, bao gbm:

a) Con trd u chi ddu mang s6 thuc u[] chia cac gia tri u,, £=0,1, ... , N-1.

b) Con trd y chi ddu mang s6 thuc y[] chtia cac gia tri ¥, k=0,1, ..., N-1.

¢) S&nguyén N chita d6 dai hai day { @, }, { 7 }, ttc 1a chia chi s6 N.

d) S6 nguyén M chiia chi s§ Lag, tiic 1a d6 dai cAn phai c6 ctia diy két qua r[].

e) S0 nguyén bias xac dinh gia tri ham tuong quan sé dugc tinh theo cong thiic bias

(bias=1) hay unbias (bias#1).

f) Con trd r chi ddu mang s6 thuc r[] chta cac gia tri Ty (mTy), m=01, .., M
tinh duge theo thit tu £[01= 7,y (0), T[11=7,,(T,) , ... , £ [M]= T, (MT,).

Ham tra vé gia tri bao 15i bang 0 néu M<N hoic bang 1 trong trudng hgp ngude lai.
Ham khéng lam thay d6i néi dung cac mang u[], y[1.
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int cor(double *u, double *y, int N, int M, int bias, double *r)
{

int m,k,err=0;

if (M<N)
for (m=0;m<=M;m++)
{
r[m]=0.;

for (k=0;k<N-m;k++) r[m]=r[m]+ul[k]*y[k+m];
if (bias==1) r[m]=r[m]/N;
else r[m]=r[m]/(N-m);

}

else err=l;

return (err);

Muén tinh gia tri ham ty tuong quan 7, (mT,), m=0,1, ..., M ta goi ham trén véi hai
diy diu vao ulkl, y[k] chda ciing mét gia tri 1a u[k]= y[kl=u;, £=0,1, ... , N-1.

Caing nhu vay, dé tinh nhiing gia tri con lai Ty (mTy), m=—M,...,~1,0 caa ham hb tuong

quan ta goi ham cor () véi cac gia tri ddu vao u[k]=7,, ylkl=u,, k=0,1, ..., N-1. Két
qua séla r[0]1=7,,(0), r[11=7,,(-T,), ..., t [M]=7,, (-MT,).

Vi du: Viét chuong trinh nhap di liéu va goi ham cor ()

void main ()
{
double *u,*y, *r;
int N,M,i, k,bias;
printf ("N= "); scanf ("%d",é&N);
printf ("M= "); scanf ("%d",&M);
printf ("bias= "); scanf ("%d", &bias);
u=new double [N+l1l]; y=new double [N+l1l]; r=new double [M+1];
for (i=0;i<N;i++) {printf ("u[%d]=",i); scanf ("$1f",u+i);}
for (i=0;i<N;i++) {printf ("y[%d]=",i); scanf ("$1f",y+i);}
printf ("err=%d\n",i=cor (u,y,N,M,bias,r)) ;
if (i==0) for (k=0;k<=M;k++) printf("r[%d]=\t%1.4f\n" , k,r[k]);
delete [] u;
delete [] y:
delete [] r;
getch() ;
}

sau d6 thuc hién véi cac gia tri sau cho tu ban phim

N=4,M=2, bias =1,u[0]=y[0]=],u[1]=y[1]=2, u[2]=y[2]=3,u[3]=y[3]=4,

ta s& nhan duoc

err=0, r[0]=7,5; £ [1]1=5,0 va r[2]=2,75. a
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2.2.2 Nhan dang mat do phé

Khai niém nhan dang gian tiép mat d6 phé duge hidu 1a xac dinh cac gia tri mat do
phd théng qua viéc nhan dang ham tuong quan, ttc 1a nhan dang ham tuong quan trudc
roi sau d6 st dung dft () dé tinh gia tri mat d6 phé.

Dé xac dinh mat d6 S,(w), S, (jo) ta di tit cong thiic Wiener—Chitchin (2.40) cho

7, (7) va 1, (1) s&cd

~ T . ~ T .
Sy(@)= [r,(De/dr  va Sy (jo) = [7, (e /7 d T (2.40)
T -T

Giéng nhu da 1am véi tin hidu x(¢) 6 muc 2.2, 6 day ta lai st dung ham &¢) mé ta qua
trinh trich mau 7,(7), Ty (v) thanh 7, (mT,), 7, (mT,), m=—N+1, ... -1,0,1, ..., N-1 va

di dén cong thiic tuong duong véi (2.29) nhu sau

~ N-1_ _jmnzi”
S (nQy)=T, Y 7,(mT,)e  2N-1 (2.49a)
m=-N+1
~ N-1_ ,jmni
Suy(JnQN) = Ta Z ruy(mTa )e 2N-1 (249b)
m=-N+1
trong d6 QN:Z—” 1a khoang thdi gian 14y mau gi4 tri mat 6 phd cta cac ham
@N-1T,

S.(@), S,,(jo)trong mién phtic va nhu vy ta c6 thé sit dung ky thuat DFT dé thuc
hién hai coéng thtc trén.

Tuy nhién, nhu da dé cap 6 muc trude, do chi c6 cac gia tri 7,(mT,), Ty (mT,) véi chi
s0 |m| nho 1a con tuong ddi chinh xac, nén ta s& khong ldy tat ca 2N-1 gia tri
7, (mTy) , 1y, (mT,) da c6 vao vige tinh mat do phd ma chi 14y mot s6 it ndm xung quanh
diém 0, gi6i han béi chi s6 Lag M

R (mT,) %y (mT,) o6 |mI<M.

Céc gia tri khac khéng bd di ma don thuan duge xem 1a bing 0. N6i cach khac ta sé xéac
dinh dnh Fourier ctia day gia tri gdm 2N-1 phén tt nhu sau

0,"',0, ij(_MTa) DI ij(_Ta) ,7'1;(0) 77u(Ta) P ?u(MTa) 70,"'70 (2503)
0,"',0, ity(_MTa) P Fuy(_Ta)y?uy(O)7?uy(Ta)7"'7 Fuy(MTa)7O7'“7O (250b)

Véi viéc ap dung chi s6 Lag cat b6t nhiing gia tri 7, (mT,), 7, (mT,) c6 sai s6 16n do,

hai cong thic (2.49) trd thanh:
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M . 2
~ - Jjmn
S, (nQn)=T, > 7,(mT,)e 2N-1
M

m

M —imn2F_
~ . N Jjmn
Suy(JnQN) =T, Y 1y(mTy)e 2N-1

m=-M
?‘u (T) ’ ;:uy (T) “7‘u (T) ’ 7uy (T)
T
P i
b %
Day gém cb 2/N-1 s8 hang Day gém cb 2N-1 s8 hang

Hinh 2.11: Ap dung thuat toan FFT cho day gia tri (2.50).

Cong viéc cudi cang dé c6 thé ap dung dude ham dft () mot cach truc tiép cho day
(2.50) @& tinh anh Fourier §u (nQy), §uy (jnQp) cta né la phai chuyén hai cong thiic
trén vé dang { ), } nhu (2.29) yéu cAu, tic 1a chi s6 m cta cic s6 hang trong diy khong
chay tit -N+1 dén N-1 nhu trong (2.50) ma phai di tit 0 dén 2N-2.

PE lam duge diu nay, ta ap dung dinh 1y 2.6 cho cong thiic (2.29) sé thay gia tri mat
d6 phd nhan dugc §u(nQN) , §uy(anN) trong (2.49) khong chi don thuin 1a anh
Fourier cta day (2.50) ma la cia mot day tudn hoan trong dé6 (2.50) 14 cac gia tri trong
mét chu ky. Béi vay dé c6 §u (nQpy) ,§uy(anN) didng nhu dang ma (2.29) yéu cau, ta cé
thé ap dung DFT cho nhiing gia tri trong mot chu ky khac b4t ddu tit diém 0 (hinh 2.11)
va di dén dang day thich hgp cho FFT nhu sau:

7:(0), 7, (Tg) -, 7y (MT,) ,0,-++,0,++,0, 7, (-MTg,) , -+, 1, (-T,) , (2.51a)

2(N-M-1) s6 hang 0
Tuy(0), Ty (Tg) -+, 7,(MT,) ,0,-+,0,:+-,0, 7, (-MTy) -, 7,(-T¢) , (2.51b)
2(N-M-1) s6 hang 0

Téng két lai tdt cd nhiing két qua néu trén vé vin dé nhan dang mat d6 phé tin hiéu
S.(nQy),S,,(jnQy) tit cac gia tri tin hidu vaolra { @, },{ 5, }, #=0,1, ... , N-1 da

do dugc cta tin hiéu u(f), y(f) ta di dén thuat toan:
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1) Chon mot s6 M trong khoang 5+20% cua 2N-1 lam chi s6 Lag.
2) St dung ham cor () dé tinh 2M+1 cac gia tri ham tuong quan 7,(mT,), Tuy(mT,),
m=M, ... ~1,0,1, ... ,M tU cac gia tri tin hieu { &}, },{ ¥, }, #=0,1, ... , N-1.
3) Chon ham ctia s6 w(t) xac dinh trong khodng |¢|<M T, nhim lam gidm sai s& ro ri
khi thuc hién cong thic (2.49) bing cach 14y mot trong s§ 8 ham ctia s6 w;(#), i=0,1,
... ,7 da cho tai myc 2.1.6 v6i T=2M T, rdi dich sang trai mot khoang M T, sao cho
ham cé gia tri cuc dai tai =0 (ndm d6i xtng qua truc tung).
4) Nhan cac gia tri 7,(mTy,), 1, (mT,) v6i w(mT,) dé ¢6
r,mT,)=7,(mT,))w(mT,)
Tuy(MTy) =1, (mTy )w(mT,)
5) Chon s6 nguyén A 12 liy thita ca 2 khéng nhé hon 2N-1. Sép xép lai day
{ 7Ty ), { Fuy(T,) }, m=—M, ... 0, ..., M thanh
r, (0,1, (Ty) -+, r,(MT,) ,0,---,0, 1, - MT,) , -+, r,(-T,)
Tuy(0), 1y (Ty) s+, 1y (MT,) ,0,-+,0, 1y, (=MT,) , -+, 1,y (- T},)
bing cach thém A-2M-1 s6 0 vao giiia, sao cho mbi diy c6 ding A phan ti.
6) Nhan tiing phén tl ctia day trén véi chu ky trich miu T, roi st dung ££t () dé tinh
2r

anh §u(n§21),§uy(jn§2,1),n=0,1, ..., A, trong d6 Q= T

a

Cha y: Hiéu ting aliasing va leakage cua toan ti DFT ciing tdc dong 1én viéc nhan
dang S,(nQ;),8S,,(jnQ;)vi ddu vao cha chuong trinh chi la day gia tri 7,(mT,),
Fuy (mT,), m=—M, ... 0, ..., M chi khong phai ban than ham tuong quan. Hon niia, do
ta da st dung s6 Lag M dé han ché sy tham gia cac gia tri 7,(mT,), Tuy(mT,) c6 sai s6
16n vao viéc tinh mat d6 phd, nén toan bd 2N-2 gia tri phé tinh duge S,(nQ;),
§uy(jn£21), n=0,1, ..., 2N-2 khéng c¢6 d6 chinh xac nhu nhau. Cu thé 14 khi chi s6 n
cang cao, sai sd cia S, (nQ;), S, (jnQ,) cang 16n. Theo két qua thong ké trong [12] thi
chi ¢6 nhiing gia tri §u(n£2/1),§uy(jn£24) trong khoang 0<n<2M 1a c6 sai léch khong
dang ké.

Thuét toan trén da duge cai diat thanh ham va chuong trinh chuén trong céc phan
mém tién dung nhu ham spa () trong Toolbox Identification cia MatLab. Mot chuong

trinh khéac c6 tén spec () dugc cai dat trén C phuc vu viée tinh §u (nQ,), §uy (jnQ,) tu

{u, ), {9, },k=0,1, ... , N-1 duéi dang ham cho duéi day dé tham khao.
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Ham spec() nay st dung thém ham con cor() phuc vu viéc tinh 7,(mT,),

Fuy (mT,) theo cong thic bias (2.45), (2.46) hodc unbias (2.47), (2.48).

Ham spec () c6 cac bién hinh thic sau:

a)
b)

c)
d)

e)

2)

h)

Con trd u chi ddu mang s6 thuc u[] chta cac gia tri &}, k=0,1, ..., N-1.

Con trd y chi ddu mang s6 thuc y[] chta cac gia tri ¥, k=0,1, ..., N-1.

S6 thuc Ta chiia hing s6 thdi gian trich mAiu.

S6 nguyén N chiia d6 dai hai day { &), }, { ¥ }, ttc 1a chda chi s6 N.

S8 nguyén Sexp chtia s6 mii lity thita 2 cia dd dai cua day két qua { §uy (jnQy) },
n=01,..,2%%1,

S6 nguyén M chiia chi s¢ Lag, tiic 1a d6 dai cAn phai c6 ctia diy gia tri ham tuong
quan { 7, (mT,) }.

S6 nguyén bias xac dinh gi4 tri ham tuong quan sé duge tinh theo céng thic bias
(bias=1) hay unbias (bias#1).

S6 nguyén w x4c dinh chi s§ 0<i<7 ctia ham ctia s6 sé dugc st dung nhdm lam
gidm sai s8 rd ri (muc 2.1.6) khi st dung k§ thuat DFT. Néu noi dung cta w 1a
mét s8 ngoai khoang [0,7] thi ham sé st dung ham ctta s8 w(z).

Con tré S chi ddu mang s6 phtic S[] chia két qua { §uy( jnQ;) } theo thu tu
S[01=8,,(0), S[11=8,,(jQ,), ... , S[n1=S,,(jnQ,), .... Nhu vay mang S[]

phai c6 d6 dai it nhat 1a 25°*F.

Ham spec () khong 1am thay déi noi dung ctia hai mang u[] vay[].

Ham tra vé gia tri —1 néu M> N. Truong hop M< N ham sé tra vé gia tri 1a d6 dai

thuc c6 cia day két qua { .§uy(jn£2/1) } trong mang S[].

int spec(double *u,double *y,double Ta,int N,int Sexp,int M,

int bias,int w,complex *S)

{ int i,j,p=pow(2,Sexp);
double *r,T=Ta*2*M,s;
r=new double[M+1];
if(cor(u,y,N,M,bias,r)!=0) return(-1);
for (i=0;i<=M;i++) S[i]=complex(r[i])
for (i=M+1;i<p-M;i++) S[i]=complex(0.) ;
if(cor(y,u,N,M,bias,r)!=0) return(-1);
for (i=1;i<=M;i++) S[p-i]=complex(r[i]) ;
for (i=0;i<=M;i++)
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s=fw(w,Ta*i,T)
S[i]=S[i] *s*Ta;
if (i>0) {j=p-i; S[jl=S[jl*s*Ta;}
}
fft (Sexp,S) ;
delete [] r;
return (p) ;

Muén st dung ham spec () dé tinh { §u (nQ,) } ta chi cdn goi ham véi hai diay dau

vao giong nhau u[k]=y[k]l=u, £=0,1, ..., N-1.

2.3 Nhan dang mé hinh khéng tham s

2.31 Xac dinh duéng dic tinh tan bién pha

Cho mét d6i tugng cdn nhan dang. Gia st ring thong tin A—priori da cho ta biét d6i
tugng c6 thé mo ta duge bdi mot moé hinh tuyén tinh. Néu chon diy ham trong lugng {g;}
lam 16p md hinh tuyén tinh thi nhiém vu dit ra cho bai toan nhan dang sé 1a: Thong qua
viéc quan sat cac tin hiéu vao ra u(f), y(t) véi két qua quan sat 1a day gia tri {u}, ),
trong do

up =ukT), y, =yE&T)
va T, 1a chu ky trich mAu, hdy xac dinh diy ham trong lugng {g)} sao cho téng binh

phuong céc sai léch e, 14 nhoé nhét (hinh 2.12).

Hinh 2.12: Phat biéu bai toan nhan dang u(®)

mé hinh khéng tham sé. >

Ky hiéu y,ze” 12 gia tri tin hiéu ddu ra cta mé hinh tai thoi diém kT, thi sai léch e,

ciing tai thoi diém d6 sé 1a
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_ M o_ _ -
eV =Yk =YR BEYRTYe~ 2 8&nlh-n
n=—oo
do @6 t6ng binh phuong céc sai léch dugde tinh bing
2

Y — zgnuk—n

n=—oco

Q= Yleaf= >
k=—c k=

=—oc0

Day 12 ham theo bién {g;}. Ham c6 dang toan phuong véi gia tri khong 4m va bing 0
khi va chi khi {g;} m6 ta chinh x4c d6i tugng, tiic 1a tin hiéu d4u ra cta d6i tugng ding
bing tin hiéu d4u ra ctia md hinh. Bdi vay dé @ c6 gia tri nhd nhat thi cAn va du 1a

2Q _
d g

v61 moi /.

Dbiéu nay din dén

0= i {[yk— ignukn]ukl}

b=—oco

n=—oco
= DUk~ X [gn zuk—nuk—lJ .
k=—co n=—oo k=—co
Thay kI bing ¢ trong téng thi nhat va k—n bing p trong téng thi hai

Zuqu+l: z [gn zupup+n—l}

p=—o°

g=—c0 n=—oo

sau d6 14y gia tri trung binh ctia hai vé

ry(ITy) = i gntu((n-0T,)=g/*r,(T,)

n=—oo
rdi chuyén sang mién phtc, chdng han nhu véi chuong trinh spec () da dude trinh bay
trong muc 2.2, sé dugc

S,y (inQ;)=G(inQ ) S, (nQ,)

=  G(nQy=— ,
Su (I’LQA )

(2.52)

trong d6 Q :/127” v6i A 1a mot sd nguyén lity thita cia 2 nhé nhat nhung khéng nhé
a

hon 2N-1, §u(nQ/1), §uy(jn§21), n=0,1, , ..., A1 1a cac gia tri nhan dang dugc cua

ham méat d6 phé S, (), S,,(jo) tai cac diém tin s6 @ = nQ  va N 1a s6 cac gia tri tin hiéu

uy ,y, da quan sat dugc.
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Cong thitc (2.52) néi ring ham trong ludng g(t) cta ddi tugng tuyén tinh, nhan dang
theo phuong phap cuc tiéu héa sai léch dau ra, ¢6 cac gia tri anh Fourier 12 ty s gitia gia
tri mat 6 phd chéo va gia tri mat d6 phé hop tin hiéu vao/ra. Két qua ctia phuong phap
nhan dang nay sé khéng bi anh hudng bdi nhiéu n(f) néu nhiéu dé tac dong tai dau ra

ctia d61 tugng, c6 gia tri trung binh m,=0 va khéng tuong quan véi tin hiéu vao u(f), vi

Suy (70 =Sy, (JO) + S, (j0) =Sy, ()
=0

Ciing tit cong thic trén ta di dén thuat toan xac dinh anh Fourier G(jnQ)) cua day

ham trong lugng {g;,} tu N cac gia tri tin hidu uy, , y, nhu sau:

1) Nhan dang mat d6 phé S, (nQ;), S,,(jnQ;), n=0,1, ... ,A-1 tit nhiing gi4 tri tin

hiéu vao/ra uy, y;, , k=0,1, ..., N-1 ctia d6i tugng theo thuat toan da trinh bay trong

muc 2.2, chdng han nhu theo chuong trinh spec (). Ching duge xem 14 nhiing gia

tri gan dung cua S,(nQy), S, (iny).

2) Xac dinh gia tri anh Fourier G(jnQ)), n=0,1, ... ,2M cta ham day trong lugng {g;}

theo cong thic (2.52).

Thuét toan trén d4 dugc cai dit thanh ham nonpar () viét trén C cho dudi day dé

tham khao. Ham nay c6 c4c bién hinh thtic sau:

a)
b)
c)
d)
e)

g)

Con trd u chi ddu mang s8 thyc u[] chia cac gia tri uy, £=0,1, ..., N-1.

Con trd y chi ddu mang s6 thuc y[] chia cac gia tri yg, £=0,1, ... , N-1.

S6 thuc Ta chiia hiing s6 thdi gian trich mAu.

S6 nguyén N chita d¢ dai hai day {u}, {y}, ttc 1a chia chi s6 N.

S6 nguyén M chiia chi s§ Lag, tiic 1a @6 dai cAn phai c6 ctia diy gia tri ham tuong

quan { 7,,,(mT,) }, dong thoi ciing xac dinh do dai cua day két qua {G(nQy)} 1a

OM+1, tic1an=0,1, , ..., 2M véi Qg :,12;

a

thiia cia 2 nh6 nhat nhung khong nhé hon 2N-1.

, trong d6 413 mot s6 nguyén liy

S6 nguyén bias xac dinh gi4 tri ham tuong quan sé duge tinh theo céng thiic bias
(bias=1) hay unbias (bias#1).

S6 nguyén w xac dinh chi s6 0<i<7 ctia ham cta s s& duge st dung nhim lam
gidm sai s8 1o ri (muc 2.1.6) khi st dung k§ thuat DFT. Néu noi dung cta w 1a

mét s8 ngoai khoang [0,7] thi ham sé st dung ham ctta s8 w(z).
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h) Con trd G chi ddu mang s6 phiic G[] c6 d6 dai 2M+1 chita két qua {G(inQ,)} theo
thtt tu G[0]1=G(0), G[1]1=G(Qy), ..., G[2M]=G((2M)Q)).

Ham nonpar () tra vé gia tri bao 16i —1 néu M> N. Trudng hop khong cé 161 (M<N)

ham sé tra vé gia tri . Ham khong lam thay d6i néi dung ctia cac mang u[], y[1.

int nonpar (double *u,double *y,double Ta,int N,int M, int bias,
int w,complex *G)
{
int p,Sexp=0,k=2*N-1,1i;
complex *Su,*Suy;
while ((p=pow(2,Sexp))<k) Sexp++;
Su=new complex[p];
Suy=new complex[p];
if ((p=spec(u,u,Ta,N,Sexp,M,bias,w,Su))>0)
if ((p=spec(u,y,Ta,N,Sexp,M,bias,w,Suy))>0)
{
k=2*M;
for (i=0;i<=k;i++) G[i]=Suy[i]/Su[i];
}
delete [] Su;
delete [] Suy:;
return (p) ;

Chid § rang trong sd cac gia tri §u(nQ,1), §uy(jn§2/1) tinh bang chuong trinh
spec() via trinh bay trong muc 2.2 thi chi nhiing gi4 tri c6 chi s6 n trong khoang
0<n<2M 13 c6 sai s6 chdp nhan duge ([12]). Béi vay khi st dung (2.52) dé xac dinh
G(jnQ, ) ta cling chi nén cho n chay tit 0 dén 2M.

Hinh 2.13 12 mét vi du minh hoa cho diéu khing dinh trén. Pudng dam nét trong
hinh 12 d6 thi biéu dién phén thuc va 4o cta dudng dic tinh tin G(jw) d6i tugng quan
tinh bac hai:

2,5

G(s) = .
(1+1,6s)(1+0,55s)

(dudng dic tinh tan chinh xac).

St dung ham nonpar () v6i 2048 gia tri tin hiéu vao ra {u;}, {y;}, trong d6 thoi gian

trich mau 7,=0,1ms, chi s6 Lag M=280 ta c6 dugc day {G(jnQ,)}, Q1 =15,8s7" tinh theo
thuat toan vita trinh bay. Pudng nét thanh trong hinh 14 dudng biéu dién day cac gia tri
d6 (duong dic tinh tdn nhan dang dugc).
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Gid tri phdn thyc Budng dam nét la duang dc tinh tan chinh xac Gid tri phdn do
A Buong nét thanh la dudng dac tinh tan nhan dang dugc A
Nhimng gia tri nhan dang 405
dugc c6 thé chip nhan ’
dudc la nhimg gia tri trong
khoang tir 0 dén 2M=560

+-05

0 L ,/u\ﬁwﬂﬂ iy

T UU ki 'ru_

Phan thuc

| | | | | I | I
T T T
150 300 450 600 750 900 1150 1300

Hinh 2.13: So sanh dudng dc tinh tdn G(j@) nhan dang dugc véi dudng thuc phéi c6 cla
mét d6i tugng quan tinh bac 2.

Ta nhan thiy ngay ring trong khoang
0<n <560 =2M,

sai léch gitta hai dudng 12 khong dang ké, tham chi chiing gn nhu tring nhau. Nguge
lai, khi n >2M=560 dudng dac tinh tdn nhan dang dugc c6 mot sai léch kha 16n so véi
dudng dac tinh tan chinh xac.

2.3.2 Xac dinh ham trong lugng tir duéng dic tinh tan

Dé tinh ngugc gia tri g, cia ham trong lugng g(¢) tit diy G(inQy), n=0,1, ... ,2M ta st
dung chuong trinh invdft () da trinh bay trong muc 2.1.8. Két qua nhan dugc sé 1a day

cac gia tri g, =g (kT,) cua g().

1) St dung ham nonpar () dé x4c dinh {G(inQ)}, n=0,1, , ..., 2M v6i Q = f; ,
a

trong d6 412 mot s6 nguyén liiy thita cia 2 nhé nhat nhung khong nhé hon 2N-1 va
N 1a @6 dai day gia tri tin hiéu {u;}, {y,} do duge véi chu ky 14y mAu T,

2) Gén thém nhiing gia tri 0 vao sau diy G(jnQy), n=0,1, ... ,2M && day mdi c6 dung A
phan ti.
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3)

St dung ham invdft () dé chuyén nguge {G(nQy)}, n=0,1, , ..., A-1, trong d6
G(inQ2)=0 néu n > 2M sang mién thoi gian. K&t qua thu duge sé 1a {g,}, #=0,1, ...,
A-1vé6ig, =gkT,).

Cau hdi 6n tap va bai tap

1.

68

Véi nhiing diéu kién gi thi viéc nhan dang anh Fourier cia mét tin hiéu theo cong
2

. N-1 ~ Jkn . o
thie X(nQ)= Y x(kT,)e N v6i Q=
k=0 NTa

s& khéng c6 hiéu tng tring phé va

v6i nhiing diéu kién gi thi viéc nhan dang anh Fourier ciia mot tin hiéu ciing theo
codng thic d6 sé khong c6 hiéu tng ro ri.
Véi nhiing tin hiéu nhu thé nao thi viéc nhan dang anh Fourier ctia né theo céng
21
. . —jkn— 2
thic X(nQ)= > x(kT,)e N v6iQ=
k=0 a

sé cho ra két qua dung, tic la khong

chiia ca hai loai sai s6 triing phé va sai s6 10 ri?.
Hay chi ring ti diy gobm N gia tri uy, , v, #=0,1, ..., N-1 do dugc cta tin hiéu u(?),

y(t) trong khodng thdi gian [0, T) véi chu ky 14y miu T, , tic 1a up = u(kTy), v, =
y(kT,) va T = NT, thi c4c gia tri cia ham tuong quan
N—‘m‘—l

D URYhim » M =-N+1,..,-1,0,1, ..., N-1

1
uymTa) = ; k=0

¢ 6 N néunhan dang bias
rong d6 p = . )
gdop N —m néunhan dang unbias

¢6 thé dugc tinh nhanh theo thuat toan sau:

a) Tim mot s6 nguyén A liiy thita ctia 2 nhé nhat nhung khong nhoé hon 2N-1, sau dé
xdy dung diy c6 A phan tit nhu sau

~ up, nfu0<k<N-1

“ _{0 nfuN<k<l1-1

~ _|¥p-Ns1 nBuN-1<k<2N -2
0 nfu 0<k<N-2 hojc 2N-1<k<Ai-1

b) Goi ham ££t() dé tinh anh Fourier U,(jnQ;) cta day { &, } va Y,(jnQ;) cha

day { ¥, },n=0,1..., 2-1.

¢) Xac dinh day R,(jnQ,)=U,(jnQ,)¥Y,(jnQ,),n=0,1 .., A-1.



d) Chuyén nguge { Ea(ani) } sang mién thdi gian bing cich st dung ham ££t ()
moét 14n nita véi day ddu vao R,(jnQ;)=U,(jnQ;)Y,(jnQ,).

e) Chia ting phan ti cta diy két qua thu duge sau khi chuyén ngude sang mién
thoi gian cho hang so p ta sé duge day cac gia tri {r,,(mT,) } theo thit tu

{ruy((_N+1)Ta) PR ruy(_Ta) ’ ruy(Ta) 3 ey ruy((_N+1)Ta) }

Hay dé x4y dung mot chuong trinh tinh nhanh cac gi4 tri mat d6 phd tin hiéu
S,,(inQy), n = 0,1 ..., -1 tU cac gia tri tin hiéu u;,, ¥, £=0,1, ... , N-1 do dugc cua

tin hiéu u(¥), y(¢) trong khoang thdi gian [0, T) véi chu ky 14y mau 7, bing cach st
dung thuat toan da cho 6 bai 3, trong d6 T = NT,,, A1 s6 nguyén nhd nhit c6 dang
2

liiy thita cia 2 nhung khéng nhé hon 2N-1va Q= T
a

Chiting minh ring cac gia tri mat do6 phd

N-1 . 2m

. - —jmn="—

Sy (inQ) =Ty Y. 1y (mTy)e N
m=0

V6l Q = ]5; , tinh t& N gia tri u,, , y;, £=0,1, ... , N-1 do dugc cua tin hiéu u(?),

a

y(t) trong khoang thdi gian [0, T) v6i chu ky 14y mau T, , c6 thé dugc xac dinh
theo cong thic

S, (jnQ) = ﬂUa (JnQ)Y,(jnQ)
p

3 N néunhan dang bias
trong d6 p = . )
N —m néunhén dang unbias

N 7 N i
U,GnQ) =Y upe N | Y (n® =3 yre N,
k=0 k=0

n6i cach khac U,(jrnQ) 1a anh Fourier thu duge nhé £££() cua {u;}, k=0,1, ...,

N-1va Y,(jnQ) la anh Fourier cta {y,}, £=0,1, , ..., N-1.
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3 NHAN DANG MO HINH LIEN TUC, TUYEN TINH CO THAM
SO TU MO HINH KHONG THAM SO

M5 hinh lién tuc c¢6 tham s6 duge ding dé mé ta déi tugng tuyén tinh & chuong nay 1a
ham truyén dat biéu dién ty s6 gifta anh Laplace Y(s) cta tin hiéu d4u ra y() v anh
Laplace U(s) ctia tin hiéu dau vao u(?):

_Y(s) _ Do +bis+t by, s

) ng, 2 ny 3.1)
U(s) ap +als+~~+anasn“ ¢

trong d6 n, , ny c6 thé 1a cho trude (md hinh c¢6 ciu tric) hodc 1a nhiing tham s6 can phai

dugc xac dinh (md hinh khoéng cé ciu tric). Bai toan dit ra 1a tit mé hinh khéng tham s6

da c6, hay xac dinh b, b,, ..., bnb 1 Qgs Qs een s Qg thudc R cho (3.1).

M6 hinh khéng tham s6 da c6 1a ham qua d6 A(f) thu dude tai ddu ra nhd phuong
phap nhan dang chti déng véi tin hidu chon truéc 14 ham Heaviside 1(¢) & dau vao, hodc
day cac gia tri anh Fourier G(jnQj) cia ham trong lugng g(t) thu duge trén co s6 quan
sat cac tin hiéu vao/ra (nhan dang bi dong). Phuong phap nhan dang day gia tri G(jnQy),
n=0,1, ..., 2M v6i M 1a mot chi s6 Lag chon truée trén c6 s phan tich phd tin hiéu, c6

dé ¥ @&n nhiém vu loc nhiéu d& dude trinh bay trong chuong 2.

3.1 Xac dinh tham sé mé hinh tir ham qua dé
3.1.1  Nhirng két luan téng quat

Mot s6 két luan téng quat trinh bay dusi day c6 thé chua dua cho viée xac dinh toan
b6 cac tham s6 b, by, ..., b, » @0, A1y v s @y, ER ctia m6 hinh (3.1) tit ham qua dd A (),

song ciing 14 cAn thiét dé c6 duge nhiing kién thiic ban ddu hd trg cho cac cong viée tiép
theo. Nhiing két luan dé sé la:
— Két luan vé bac mé hinh, ttcla vé n, vany .
— K&ét luan vé cac thanh phan co ban nhu khau khuéch dai P, tich phén I, vi phan D
¢6 trong mo hinh (3.1).



— K&t luan vé dang cac diém cuc ciing nhu céc diém khong ctia (3.1) va néu c6 thé thi
con vé su phan bd ctia ching trong mit phing phiic.

K&t luan 1: 1) Néu A(+0) = 0 thi n, > np . Ngugc lai néu A(+0) # 0 thin,=ny .
2) Néu %h(+0) =0 thi n, — ny >1. Ngudgc lai néu %h(+0) #0 thin, = ny+1.

3) Néu A(+) =  thi ay= 0, hay trong G(s) c6 moét khau I néi tiép:

by +bys+---+b,, s"
G(s) = 0 1 ng

s(ay +a2s+---+anas""_1)

4) Néu h(+e) = 0 thi b,= 0, hay trong G(s) c6 mot khau D néi tiép:

-1
s(by +bgs+---+b, s™7)
- b
G(s) = —.
ap +ars+-+a, s

5) Néu h(+e0) 1a mot hiing s6 khac 0 thi trong G(s) ¢c6 mot khau P néi tiép véi

hé s6 khuéch dai & ~bo :
ag

1+bys+-+b, s
G(s) =h—— %

L4+ays+ -+, 5"

PE chting minh két luan 1 ta ¢6 thé st dung cac cong thic sau caa toan ti Laplace:

1) x(+0) = lim sX(s) (3.2a)
2)  x(too0) = hn(l) sX(s) (3.2b)
3) 2{ % } = sX(s) — x(+0) (3.2¢)

trong d6 ky hiéu £{} chi phép tinh 14y anh Laplace va viéc d6 danh cho ban doc nhu
nhiing bai tap 6n luyén.

h(®) Ham c6 A(+0)20 nén mé hinh (3.1) cla

A néphdicé n, = ny .

Ham c6 h(+0)=0 nén md hinh (3.1)

cua né phdicé n, > ny .

Hinh 3.1: Xac dinh quan hé ban dau gilta
bac clia da thirc tir s6 va da thic
mau sé théng qua gia tri clia ham hs(t)
qué do h(?) tai diém t=0.

\4
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Cac hinh 3.1, 3.2 va 3.3 minh hoa truc quan ndi dung két luan 1.

Ham k() cb dao ham tai =0 khéc 0 nén mé hinh (3.1) cta nd phdi cé n,— ny =1

A hy®

ho(2) Hai hdm hy(#) va h3(#) c6 dao ham tai £=0 bang 0
nén mé hinh (3.1) cla nd phéi cé n,— ny >1

hy(t) ;

»
»

Hinh 3.2: M6t s6 dang ham quéa dé clia déi tugng ma mé hinh (3.1) clia nd c6 bac cla ti
s6 16n hon bac clia mau sé.

hs(®) Ham cé chia thénh phén tich phan (1)
ho(8)

hy(@) Ham c¢6 chia thanh phén khuéch dai (P)

Hdm cé chia thanh phdn vi phan (D)

»

N t

Hinh 3.3: Xac dinh cac thanh phéan cd ban (P, I, D) c6 trong mé hinh (3.1) théng qua dang
ham quéa d6 khi ¢ — oo.

Vidu 1: Mot d6i tugng véi ham tryén dat G(s) dang (3.1) c6 ham qua d6 (hinh 3.4)
—t3 +15¢% — 42t + 6

6e’ .
Do h(+0) = 0 nén n, > n; . Thém niia dao ham

h(t) =1-

<= t® -18t> +72t - 48
dt 6e!
tai diém ¢ =+0 c6 Mio nén n,—n,=1.
dt
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Ngoaira, vi lim A(¢)= 1 nén trong G(s) c6 thanh phan khau khuéch dai, ttc 14 hai tham

t—oo

o aA 1 _ b
s6 dAu s& théa man —2 =1, |
Qo

3
v

Hinh 3.4: Hinh minh hoa cho vi du 1. Hinh 3.5: Ham qua dé cho vi du 2.

Vi du 2: Tt ham qua d6 A(t) cho trong hinh 3.5 cia mét déi tugng ta c6 thé suy ra duge

1+T;s

nhiing ké&t luan cho mé hinh G(s) = clia n6é nhu sau:

'S
— T, >T,, néuh() khit <o ludn c6 gia tri 16n hon A(e) =1.
— T, <T,, néuh(f)khit < o ludn cé gia tri nho hon A(e) =1. (|
Téng quat héa két qua minh hoa ciia vi du 2, tiép theo ta sé xét d6i tugng mo ta béi

:ka+n@xuqygma+ﬂﬁ)
1+Ty8)1+Tys) - (1+T,, s)

G(s) (3.2)

tdc 1a ti A(f) nhan biét duge rang d6i tugng ¢ thanh phin khuéch dai. Tham s6 T duge
goi 1a hing 8 thoi gian ctia da thic miu s va 7' 1a hing s thoi gian da thic ti s6.
Khéng mat tinh téng quat néu ta gia thiét

T\<Ty<..<T, va T/<Ty<..<T,

Két luan 2: Né&u A(¢) khong lugn séng va khong giam, ttc 1a A(f) khong chia thanh phan
qué diéu chinh, thi cac tham s6 T}, T;' ctia m6 hinh (3.2) tuong tng phai 1a nhiing

14
s6 thuc va phai théa man:

Tna > Tr'zb ’ Tna—l > rILb—l LR Tna—nb—l >Ty (3.3)
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Hinh 3.6 minh hoa mot s6 dang ham qua d6 A(¥) khéng giam, khong lugn séng
(khéng c6 d6 qua diéu chinh) ma mo hinh (3.2) tuong ting ctia né c6 dang nhu két luan 2

viia néu.
AL(t) G (s)= 110758
AR
2
1 e O
0,64 GZ(S): (1 + 0553)
1+s)(1+0,8s)
0,4+ Gl(s):
x 1 (1+0,55)(1+1,8s)
02+ G= 15
, 1+s
_ 1+s)1+2s)(1+3s)
Go(s)= 3
} } } } } > (14+0,55)1+1,25)(1+2,28)"
1 2 3 4 5 t t
Hinh 3.6: Mot s6 dang ham quéa dé minh hoa Hinh 3.7: Mét s6 dang ham quéa dé minh hoa
cho két luan 2 cho két luan 3.

Két luan 3: Néu A(t) khong luon séng, c6 d6 qua diéu chinh nhung sau d6 gidm din vé
h(>)=k va khong nhé hon £ thi tham s6 7} , 7;' cia m6 hinh (3.2) tuong tng phai
12 nhiing s thuc va phai ton tai duy nhat mot chi s6 le {1,2, ... , n, } d& mot
trong n;, bat ding thic (3.3) khong duge thda man.
Hinh 3.7 12 mot s6 vi du vé cac ham qua do A() c6 dang théa man gia thiét cua két
luan 3 cting v6i mé hinh (3.2) tuong ng ctia n6. O day ta thay trong G,(s) ¢6
T2:1,5 < TZ':].,S
va trong Gy(s) co
T4 22,2 < TS':3'
K&t luan 4: N&u A(t) c6 m diém cuc tri, trong d6 diém cuc dai ndm trén dudng h(e)=k va
diém cyc tiéu ndm dudi dudng h(w)=k thi nhiing tham s T; , T;' ctia md hinh (3.2)

tuong tng phai 1a nhiing s6 thuc va phai ton tai m chi s6 trong khoang {1, 2, ...,

ny} dé c6 m bat ddng thic trong (3.3) khong duge théa man.
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P& minh hoa cho két luan 4 ta xét lai vi du 1 v6i ham A(@) cho trong hinh 3.8. Ham
nay c6 dang théa man gia thiét yéu clu trong két luan 4 véi m=3 diém cuc tri. Kiém tra
lai mé6 hinh (3.2) tuong ting cia n6

3
Gls) = 1+ 23)4
1+s)

ta thdy ding 12 c6 3 bat ding thic (3.3) khong duge théa man va d6 1a
T =1<T/=2, i=1,23.
Ngugc lai, tu

3 —18t2 + 72t — 48
Be'

d
_h t = —
R @)
. d _ .
cb Eh(t) =0 tai t,=0,8,t,=4,6,t,=12,6.

Suyra: hgi=24,h,;,=09, h,.0~101.

min

\ h(t);A]
Gs) = (1+2s)

(1+s)4

max max.

h(t) A

=
D
D

)

|
t
0,8

I
[}
[}
[}
[}
[}
[}
t
4

6 2

Hinh 3.8: Ham qua do véi 3 diém cuc tri. Hinh 3.9: Dang ham qua d6 c6 vé s6 diém cuc
tri phan bé cach déu nhau trén va dui
dudng gidi han h(eo)=Fk.

Theo két qua ctia két luan 4, néu nhan thay tit dudng dd thi ham qua d6 1a ) cb
hitu han m diém cuc tri phan bd xen ké trén va dudi dudng gidi han A(e)=Fk thi c6 thé
khing dinh ngay dugc ring mé hinh (3.1) ctia n6 phai c6 n, > n; > m.

Mot dang nita cia ham qua d6 A(f) thudng gip ma ta cAn phai dé ¥ 1a A() c6 vo 6
diém cuc tri phan b8 xen ké trén/dudi dudng giéi han A(es)=k va cach déu nhau nhu &
hinh 3.9 mé ta. Chéc chén ring cac ham A(f) dang nay phai c6 chita nhiing thanh phan
dao dong (c6 thé bién do tit dan) dang

eiat(sinat + cosax)
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bdi vy mé hinh (3.1) tudng tng ctia né ciing phai ¢6 cac diém cuc phic (khéng ndm trén
truc thuc) va ta di dén két luan tht 5 nhu sau:

K&t luan 5: N&u A (¢) c6 vo s6 diém cuc tri cach déu nhau, trong d6 diém cuc dai ndm trén
dudng h(e)=k va diém cuc tiéu ndm dudi dudng A(es)=k thi mé hinh (3.1) cta né
phai ¢6 cac diém cuc 14 nhiing gia tri phiic (da thiic mau s§ ¢c6 nghiém phic).

Vi du 3: Xét ddi tugng v6i ham truyén dat
G(S) = ;2 , D<1.
1+2Ds+s

Pa thtic mau s6 ¢6 hai nghiém phiic s; ; =—D+ja. Ham qué do tuong tGng cta né c6 dang

h(t) = 1-[Dsin(at) + acos(at)e ™,
a

véia =y1-D? . Ham h(?) ¢6 v6 s8 cac diém cuc tri phan bs ndm xen ké trén/duéi dudng
gidi han h()=1 va cach déu nhau (hinh 3.10). 1

| h(t) | -D=001
D=0,1

1500

LO0D

Hinh 3.10: Ham qua do c6 vo s6 diém
cuc phan b xen ké va cach déu
nhau minh hoa cho vi du 3.

500

000

000 5.000 10.000 15.000 20,000

Niam két luan trén diat mot co sé cho su suy luan vé dang mé hinh dé ta c6 thé tiép
tuc gidi quyét dudc bai toan xac dinh tham s6 tit ham qua do A(®). Tuy nhién mot diéu
phai chi ¥ 14 khong bao gid lai chon mé hinh ¢é c4u triic phtic tap qua mic cAn thiét, vi
du nhu ti A(f) ma ta da suy ra dudc n,—n; >1, h(t) khong c6 dang lugn séng, c6 thanh
phin khuéch dai h(«)=k va khong bao gid vudt qua gia tri giéi han h(e)=Fk, tiic 12 mo
hinh c6 céc gia tri T} , T}' thuc thda man (3.3), thi dd néu ta gia thiét mé hinh cta né la:

k

Gs)=———— .
A +Tys)(1+Tys)

Véi phuong cham xay dung mo hinh da chinh x4ac nhu yéu ciu chi khéng phai chinh
xéc nhu c6 thé, sau day ta sé tap trung chi yéu vao viéc x4c dinh tham sé cho:
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k

1) Mo hinh PT;: G(s) = .
) o ! © 1+Ts
2) Mo hinh IT;: G(s) . .
s(1+1Ts)
3) Mo hinh IT,: G(s) -k .
s(1+Ts)"
k
4) M6 hinh PTy: Ge)=———r——— T1#T,.
) Mohinh PT, © = T 1T
5) M6 hinh PT,: G(s) =L .
(1+Ts)"
6) Mo hinh Lead/Lag: G(s) = 1+Ts .
1+T,,s
7) Mo hinh khau dao dong bac hai tit dan: G(s) =+22 , 0<D<1.
1+2DTs+T"s

3.1.2 Xac dinh tham sé md hinh quan tinh bac nhat

Gia st ring khi kich thich mét d6i tugng tuyén tinh bing ham Heaviside 1(¢) tai dau
vao ta do dugc ham A(f) 6 d4u ra c6 dang nhu hinh 3.11. Dua theo 5 két luan viia néu
trong muc truée thi:

- bac cta da thiic miu s6 phai 16n hon bac cua tli s6 mot bac, tic 1a n,—ny, =1, vi A(@)
xudt phat tit 0 va c6 dao ham tai d6 khac 0,

— do c6 h(e0)=k nén ham truyén dat G(s) caa doi tuong phai théa man G(0)=k,

— ham A(¢) khong c6 dang luon séng, luén cé xu huéng ting dan dén gia tri giéi han &
nén céc diém cuc va khong ctia G(s) phai 1a s6 thuc théa mén (3.3).

Buong tiém can tai oo

DPudng tiép tuyén tai 0
a | ¢

Hinh 3.11: Ham qué dd cla khau quén tinh
bac nhét. T

v

Can ct nhitng so kién nhu vay ta thdy hoan toan du dé c6 thé mé ta déi tugng néu st
dung ham truyén dat
k

G(@s) =
© 1+Ts

(3.4)
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va van dé con lai 1a phai xac dinh not tham s8 T, vi da c6 & = h(e).
Xu#t phat tit (3.4) va cong thitc gisi han (3.2a) ta ¢6 tai diém 0:

= ARG _ g(+0) = lim 5G(s) = lim —5_ =%
dt §—>o0

tgor ==
soel+Ts T

cho nén 7T c¢6 thé s& duge xéc dinh mot cach don gian nhu sau:

1) K& duong tiép tuyén véi A(t) tai ¢=0.

2) Xac dinh giao diém cta dudng tiép tuyén dé véi dudng tiém can k=h(co).

3) Hoanh do cta giao diém vita xac dinh chinh 14 tham s6 T c4n tim (hinh 3.11).

Tuy nhién phuong thic xac dinh T vita néu ciing ¢6 nhuge diém 1a phu thudc kha
nhiéu vao do6 chinh xac viéc ké dudng tiép tuyén, ttc 1a phu thudc vao su khéo tay caa
ta. N&u rti ro ta dit dudng tiép tuyén tai 0 "sai mot ly" thi cé thé sé nhan duge két qua
T c6 sai s6 "mét ddm", nhét 14 6 nhiing ham A(f) c6 hé s6 khuéch dai % tuong d6i 16n. Dé

tranh diéu "rai ro" nay ngudi ta da di tir (3.4) dé c6 H(s) = GGs) rdi chuyén nguge sang
s
mién thoi gian sé dudec:
_t
h@)=k(l-e T)
va nhu vay tai thoi diém T thi:
R(T) = k(1-e ') = 0,632k (3.5)

N6i cach khac, tai ding thoi diém 7 ham A@) sé dat duge 63,2% gia tri cuc dai. Gia
tri (3.5) dudc xem nhu coéng thic xac dinh tham s6 T cho mé hinh (3.4) tu dudng thuc
nghiém A(¢). Ta di dén thuat toan (hinh 3.12):

1) Ké duong tiém can v6i A(f) tai t=co
dé c6 k=h(co). A

2) Xac dinh diém c6 tung d6 bing
0,632k ctia h(). 0632k |

3) Hoanh d¢ cia diém vita xac dinh
chinh 14 tham s6 T can tim.

v

Trong kha nhiéu trudng hgp, véi mot T
1y do khach quan nao d6 ngudi ta khong

tao ra dudc ham Heaviside 6 ddu vao ma Hinh 3.12: X4c dinh gén ding tham s6 T

thay vao d6 la ham wu(f)=uy1(t) thi do
tinh ch&t tuyén tinh clia d6i tugng, dap tng y() tai thoi diém T ciing c6 gia tri ding
bing 63,2% gia tri cuc dai y(e) clia né. Bi vay thuat toan trén van st dung duge dé xac
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dinh tham s6 mé hinh (3.4) tit tin hiéu y(#)= u, k() do duge 6 ddu ra véi mot thay d6i nhé
nhu sau:

1) K& dudng tiém can véi y(f) tai t—eo dé c6 y(e), sau d6 suy ra k =) .
Up

2) Xac dinh diém c6 tung d6 bing 0,632- y() cta y(t).
3) Hoanh d¢ cta diém vita xac dinh chinh 14 tham s6 7' c4n tim.
Vi du: Xét d6i tugng 1a 16 nhiét dién trd véi tin hidu dau vao u(t) do theo ap trong dai tu

0V dén 10V. Tin hiéu diu ra y(¢) ctia 16 dién trd 1a nhiét d6. Khi dat dién ap 10V tai thai
diém #=0 ngudi ta da do dude cac gia tri sau ¢ dau ra:

t[giays]| o [ 10 [ 20 [ 30 [ 40 [ 50 [ 60 [ 70 [ 80 | 90
y@®) [°Cl | 0 |205] 335395 435 | 441 | 449 | 453 | 457 | 459

t

»

Hinh 3.13: Minh hoa cho vi du nhan dang i r —>
tham s6 mé hinh PT. 10 20 30 40 50 60 70 80

Dung dudng d6 thi tit cac két qua do duge d6 ta c6 hinh 3.13. Véi dudng d6 thi nay ta

dude h(t)=% . Theo céc budc cia thuat toén vita trinh bay, ta c6

Y() =500 = k =h() = 50
Sau dung khoang thdi gian T, tin hiéu ddu ra y(t) sé dat dudc gia tri x4p xi bang 63,2%
gia tri cuc dai y(e) ctia né, tic 1a khi d6 né cé gia tri
0,632- y(0) = 316.
Suy ra
yT)=316 = T=~14
Vay mé hinh ctia 16 dién tr6 la:

Gis) = —22 Q
1+14s
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3.1.3 Xac dinh tham sé cho mé hinh tich phan quan tinh

Cho mét ddi tugng tuyén tinh cAn nhan dang. Bing phuong phap thuc nghiém cha
dong véi tin hidu ddu vao dit truée 13 ham 1(¢), ngudi ta do duge 6 ddu ra ham qua do
h(®) c6 dang cho trong hinh 3.14. Ham A() cting ¢6 thé nhan duge théng qua phuong
phap nhan dang bi déng c6 dé ¥ dén su anh hudng cia nhidu bang phén tich phé tin
hiéu da dugc trinh bay 6 chuong 2.

Cén ct theo nhiing két luan da trinh bay 6 muc 3.1.1 ta di dén nhan dinh ban dau vé
mo hinh tham s6 ctia d6i1 tugng nhu sau:

— bac ctia da thtic mau s6 phai 16n hon bac ctia da thtc ti s6 it nhat 14 2 bac, tic la
ng—np = 2, vi h(t) xuit phat tit 0 va c6 dao ham tai dé ciing bing 0,

— docé lim A(f)=ec nén ham truyén dat G(s) cuia déi tugng phai cé chita thanh phan
t—eo

tich phan, néi cach khac né phai c6 dang

by +bys+ - +by,, ™

G(s) =

b
s(ay +a23+---+anasna_l)

— ham A() khong c6 dang lugn séng nén cac diém cuc va khéng cta G(s) phai 1a s
thuc.

Hinh 3.14: Ham quéa d6 cla khau IT;.

Trén cd sd cac so kién vita néu va theo nguyén tic khong phtc tap mé hinh qua mtc
can thiét, ta c6 thé gia thiét ring déi tugng c6 ham truyén dat thuge 16p IT; :
k

G(s)= ———. 3.6
© = 0 Ts) 36)
hoac 16p caAc md hinh IT :
G(s) = L 3.7
s(1+Ts)"

trong dé n c6 thé 1a cho trude, song ciing c¢6 thé 14 mot tham s6 cin duge xac dinh.
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Xéc dinh tham s mé hinh tich phén quén finh béc nhét

Trude tién ta tap trung vao md hinh IT; (3.6). Bai toan dit ra & day 1a phai x4c dinh
cac tham s8 & va T ti dudng thuc nghiém A(¢) da cé.

Ké duong tiém can cua A(f) khi t—e. Theo céng thiic tinh giéi han (3.2b) c6

tger=Tim LD = lim g(t) = lim sG(s) = & ,
t t—oo s—0

t—oo

do d6 muon xac dinh % ta chi cn 14y moét doan bat ky ciia dudng tiém can, chiéu né lén
hai truc toa do dé c6 Ak va At (hinh 3.14), rdi tinh:

Ah
k=tga= —
& At
M A s 1ot s 43 s 121 A N _G(s)
Vén dé con lai la tim T va dé lam duge viéc nay ta chuyén nguge H(s) = sang
s

mién thoi gian:
t
h@®)=k[t-T(1-e T)]

Pudng tiém can véi A(¢) khi t—eo phai 12 dudng thing c6 sai léch so véi A(f) tién téi 0,
¢
mat khac khi ¢—e thi e T — 0 nén mé hinh dudng tiém can sé chinh la:

h, @ =k(t-T).
Suy ra T 1a giao diém ctia dudng tiém can h;.@) v6i truc hoanh. Ta di dén thuat toan:
1) Ké duong tiém cin h,(¢) v6i h(f) tai t=c.

2) Giao diém ctia dudng tiém can h,,(¢) véi truc thdi gian (truc hoanh) chinh 1a tham s&
T ctia md hinh (3.6).
3) L&y mot doan bat ky ciia dudng tiém can, chidu né 1én hai truc toa do dé c6 Ak va At
réitinh & = 2%
At
O nhiing trudng hgp c6 tin hiéu d4u vao khéng phai 1a ham 1() ma 1a u(t)=ugl(t) thi
v6i tinh chat tuyén tinh clia d6i tugng, tin hiéu ddu ra sé& 1a y()= ugh(t). Thuat toan
tuong ting cho cac truéng hgp nhu vay c¢6 dang nhu sau:

1) Ké duong tiém cln y,, () v6i y () tai t=c.
2) Giao diém ctia dudng tiém can y,.(¢) v6i truc thdi gian chinh 1a tham s 7.

3) Lay mot doan bat ky ctia dudng tiém can y,.(£), chi€u né 1én hai truc toa do dé c6 Ay
Ay
qut ’

va Af roi tinh & =
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Vi du 1: P& minh hoa cho thu4t toan trén ta xét bai todn nhan dang mé hinh dong co
chinh vi tri v6i tin hiéu vao 12 dién ap u(f) tinh theo Volt va tin hiéu ra 1a quiang dudng
ban trugt di dudge y(¢) tinh theo em (hinh 3.15 bén trai).

Cht dong kich thich déi tugng bang dién ap u()=50V tai dau vao ta thu dude quing
dudng ban trugt di duge y(t) nhu sau:

t[giays]| O 0,5 1 1,5 2 2,5 3 3,5 4 4,5
y(¢) [em] 0 |015|035| 08 [165]| 22 | 2,7 |335]| 3,9 |445

Bidu din két qua do duge dudi dang db thi ta c6 hinh 3.15 bén phai. Tt dudng db thi d6
clia y(¢) va sau khi ké duong tiém can véi y(¢) khi t—e ta duge T=1s 12 hoanh d6 giao
diém ctia dudng tiém cAn véi truc thoi gian. LAy hai diém A, B b4t ky trén dudng tiém
can roi chiéu doan AB 1én hai truc toa do ta c6 Ay=1,45cm va At=1s. Suy ra:

1,45¢cm cm

k= = 0,03
50V -1s V-s

Vay mé hinh tham s ctia dong co chinh vi tri 1a:

0,03
Gl = s(l+s)

Tin hiéu vao u(t) 20

Tin hiéu ra y(¢) 2T

> s T
Chiéu truot 2
| Ban trugt | —> 15T |1,45
AN ARRRRR ARRRRN T R
<& 05T s 1 7 ¢
Chiéu quay : I'/ } >
05 1 15 2 25

Hinh 3.15: D&i tugng nhan dang 1a ddng ca chinh vi tri.

Xéc dinh tham s mé hinh tich phén quén finh béic cao
Thuat toan xac dinh cic tham s6 & va T ctia mé hinh (3.6) ¢6 thé duge md rong cho ca
trudng hgp m6 hinh tham s8 IT, caa d6i tugng dang (3.7), ttc la

_k
sA+Ts)"

trong dé n c6 thé 1a cho trude hoic c6 thé 14 mét tham s6 mé hinh cin phai xac dinh. Pic
biét mo6 hinh (8.7) nay ciling thda méan cac so kién ting véi dang ham quéi d6 A(f) cho
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trong hinh 3.14. B&i vay thuat toan xac dinh tham s6 &, T, n mé6 hinh (3.7) s& 1a sy quan
tam tiép theo cua ta.

Dit tin hidu u(f)=uy1(@) tai ddu vao, anh Laplace Y(s) ctia tin hiéu ra y(t) s& dugc suy
ra tu (3.7) nhu sau

Y(s) = 4ok (3.8)

s2(1+Ts)"
Phan tich (3.8) thanh téng cac phan thiic téi gian
n _n\72
Y(s) =ugh) - "Ly 3 (11 =0T
s s o1 (1+Ts)
rdi 4p dung cong thiic bién d6i Laplace ngudc

t

-1 1 _tTle T
L - =—

A+Ts) = TiG-1)!

ta c6 dap ting dau ra cta IT,:

¢
n gl
() =ugk- t—nT+Z% )
S Ti%i-1!

Hinh 3.16: Ham quéa d6 cla khau IT,,.

Véi ¢ rat 16n thi tat ca cac thanh phan e T trong tong trén c6 thé duge xem nhu
bing 0. Do d6 dudng thing Yio(®) tiém can voi y(t) tai t—eo sé la
Yie@) =uogk(t-nT)
Dudng tiém can c6 hé s§ géc 1k nén dé tim k ta 14y mot doan bat ky ctia né, chiéu
1én hai truc toa d6 dé c6 Ay va At. Hé s6 khuéch dai % khi d6 dugc tinh bing

g _ Ay
Ug qut

b= (3.9
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Giao diém ctia dudng tiém can ¥4e(®) v6i truc hoanh 1a T,.=nT (hinh 3.16). Néu nhu n
1a cho trude, ta c6 thé tinh ngay ra duge tham s6 T bing cach chia T, cho n. Ta di dén
thuat toan xac dinh hai tham s6 k2 va T cho mé hinh (3.7) tit dudng thuc nghiém y(#) khi
biét truée n nhu sau:

a) Dung dudng tiém can y,.(f) caa y(¢) khi t—e. LAy mot doan AB bat ky trén Vi)
sau d6 chiéu lén hai truc toa d6 dé c6 Ay va A¢. Hé s6 khuéch dai % s& dude tinh tit
Ay va At theo (3.9).

b) Xac dinh T, 1a giao diém ctia dudng tiém can y,.(t) véi truc thoi gian.

¢) Tinh T =Lt
n

Trong trudng hop n khong biét trude thi trude tién ta phai xac dinh n. D& lam duge
diéu nay ta tinh gia tri dap tng y() tai thoi diém Ty :

& (41—t
=y(T,) =ugke "TY —— "
yr=y(Ty) =uo El D)
Sau d6 lap ty s&
e I (n+l-i)nt
- yT - yT - z ( ) = fo(n) (310)

uothc uoknT n2 i=1 (l—].)'

roi biéu dién quan hé giita ¢ va n dudi dang bang tra (bang 3.1) nhim phuc vu céng viée
xac dinh ngudc n ti @ sau nay dudc thuan tién.

Bang 3.1: Bang tra ciu n tif gia tri @.

n 1 2 3 4 5 6 7 8 9 10
¢ | 0,3679|0,2707 | 0,224 | 0,1954 | 0,1755 | 0,1606 | 0,149 | 0,1396 | 0,1318 | 0,1144

Béng 3.1 trén dugc thiét lap béi ham phi_n() thuyc hién coéng thic (3.10) viét trén
ngdn ngit 14p trinh C cho duéi ddy. Ham phi_n () c6 bién hinh thiic n chia gia tri dau

vao n va tra vé gia tri ¢ tinh dugc:

double phi_n(int n)
{
int i, j,mau_so;
double phi,sum=0.,tu_so=l./n;
for (i=1;i<=n;i++)
{
mau_so = 1;
for(j=2;j<i;j++) mau_so=mau_so*j;
sum=sum+(tu_so*(n+1—i))/(float)mau_so;
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tu_so=tu_so*n;
}
phi=sum*exp (-n) ;
return (phi) ;

V6i bang 3.1, ta thdy chi c6 thé x4c dinh dude n=10 (tng véi gia tri ¢=0,1144) la cao
nhat. T4t nhién 14 ta c6 thé md rong bang 3.3 véi sy trg giip ctia ham phi_n (). Nhung
téng quat hon ca 1a xy dung ham giai ngude phuong trinh (3.10) x4c dinh n tit ¢ . D&
thuc hién diéu nay ta dya vao tinh chat nghich bién ctia (3.10) va di dén:

— Xudt phat véi k=1 va tinh f{(k) theo (3.10).
— Néu fi(k)>¢ thi tiép tuc ting k cho téi khi c6 dude fy(R)<e.
— Trong trudng hgp 2¢ > [f(k—1)+ fy(%)] thi n= k-1, ngudgc lai thi n=k.

Theo cac bude tinh nhu trén thi s6 nguyén n ¢ duge sé lam cho sai léch | fy(n) — ¢ 1a
nhé nhéat. Mot ham n_phi () viét trén C phuc vu viée xac dinh n tit ¢ theo cac bude vira
néu cho dudi day dé tham khao. Bién hinh thtc phi ctia ham chita gia tri ddu vao @ va

sé tra vé s6 nguyén n tim dudc.

int n_phi (double phi)
{
int n=1;
double save=0.3679, result;
do
{ n=n+l;
result=save;
save= phi_n(n);
} while (save>phi);
save= (save+result) /2. ;
if (save<phi) return(n-1); else return (n);

Chua y: Gia tri diu vao ¢ thich hgp cho ham n_phi () phai théa méan ¢ < 0,3679.

Cung v6i bang 3.1 hodc ham n_phi () ta di dén thuat toan xac dinh tham s6 &, n va

T cho mo hinh (3.7) tit dudng thuc nghiém y(¢) nhu sau:
a) Dung dudng tiém cln y, (f) cua y(f) khi ¢—eo. LAy mot doan AB bat ky trén Vi)
sau d6 chiéu 1én hai truc toa d6 dé c6 Ay va At. Hé s6 khuéch dai % sé& dudc tinh tit

Ay
uOAt '

Ay va At theo k =

b) Xac dinh giao diém T, ctia v, () véi truc thoi gian va gia tri yp = y(T},) tit dudng
thuc nghiém.
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C) Tinh Q= ﬁ
0vLtc

d) Xac dinh n theo ¢ tit bang 3.1 hodc stt dung ham n_phi ().

T,
e) Tinh T=2f.

n
Vi du 2: Gia st bing phudng phap nhan dang bi d6ng véi viéc do ca tin hiéu vao u(t) va ra
y(t) ta d3 c6 day gia tri G(inQ)) ctia dudng dic tinh tan clia mot d6i tugng tuyén tinh can
nhan dang, trong d6 Q = 0,061359875571 van=0,1,2 .., A1 véi 1=1024. Lay chi s6
Lag M=100 rdi chuyén nguge day {G(inQy}, n=0, 1, 2 ..., 200 sang mién thdi gian ta c6

2

duge day gom 200 gia tri ham trong lugng g,=g(kT,) véi T, :lQ_ =0,1svak=0,1,2 ...,
A

[
200. Tiép theo ta x4c dinh ham qua dj theo cong thic A(T,) = T, > g, 1=0,1, ..., 200
k=0

rdi bidu dién céc gid tri 2(T,) duéi dang dé thi ta 6 hinh 3.17.

4,78

Hinh 3.17: Hinh minh hoa cho vi du 2. 0,85;

Duong dap ting A(¢) ting véi kich thich diu vao 1(f) nén & day c6 uy=1. Tt d6 thi A()

va dudng tiém can cia né khi t—e ta doc ra duge T, = 0,8 ; yp= 0,85 ; Ay = 4 va At =1.
Do d6

Y _yva p=—YT =966
uOAt uOthC
Tra bang 3.1 ta dudc n =2 (dugdc chon ting vdi gia tri ¢ gin nhat 14 ¢ =0,2707). Ta
cling c6 thé st dung hAim n_phi () v6i diu vao ¢=0,66, ham s& tra vé gia tri n =2. Vay:

va m6 hinh tham s6 cia d6i tugng 1a
G =———. 0
s(1+0,4s)
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3.1.4 Xac dinh tham s md hinh quan tinh bac cao

Ngay & chuong 1 ta 8@ md dau véi mot vi du vé viéc nhan dang mo hinh déng co mot
chiéu bang phucng phap cht dong kich thich ¢ diu vao tin hidu 1() réi thu duge ¢ dau
ra dudng thuc nghiém A(¢) c6 dang mb ta trong hinh 3.18.

Trong thuc t& c¢6 kha nhiéu d6i tugng c6 duong thuc nghiém A(¥) giong nhu vay.
Chung déu c6 chung nhiing dic diém sau:

a) A(t) xudt phat tit 0 va c¢6 dao ham tai dé cting bang 0. Theo két luan 1 ctia muc
3.1.1 thi m6 hinh (3.1) tuong tng caa d6i tugng phai c¢6 n,-ny = 2.

b) DPuodng thuc nghiém A(f) c6 gia tri hing s6 & khi t—ee nén ciing theo két luan 1
ham truyén dat G(s) phai thda man G(0) “bo _

Qo

c¢) Duong A@) khong c6 dang luon séng, cé toc do khong Am (khong cé d6 qua diéu
chinh) va gia tri luén ting dan dén A(e)=k nén theo két luan 2, cac hang so thoi
gian cua ti s6 cling nhu cia miu s6 phai 14 nhiing s6 thuc thoa man (3.3).

Nhu vay da dé c6 thé mo ta d6i tugng néu ta st dung mé hinh (3.1) ¢6 c&u tric:

k .
GO = roasms 0 Tzl 6 hinh PT 3.11
(s) A+ Tys)(1+Tys) véi 1# Ty (md hin ) 3.11)
hodc
Ge&)=——  (mohinh PT,) 51
(1+Ts)"™

Vén dé ti€p theo dit ra cho bai toan nhan dang 1a tit dudng d6 thi cha A(@) ta phai
xac dinh loai m6 hinh nao trong s8 (3.11), (3.12) thich hgp véi d6i tugng, cling nhu cac

tham s6 &, T, Ty hodc k, T, n cho md hinh d6.

A

R(T,) {===--==-

Hinh 3.18: Ham qua do cla khau
PT, va PT,,. 0

v

Trong khi tham s6 & ctia ca hai mé hinh c6 thé doc dugc ngay mét cach truc tiép tit
h(t) theo cong thic:
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k= tlim h(t)= h(e)

hay % chinh 12 tung d6 ctia giao diém dudng tiém can cla A(t) khi t—e, thi viéc xac dinh
nhiing tham s8 con lai (7, Ty ho#ic T, n) c6 phan phtc tap hon va ching s& dude xac
dinh dya vao hai gié tri a, b (hinh 3.19) c6 tit d6 thi A(Z).

Pudng thuc nghiém cta k@) c6 mot dic diém mau chét ma ta sé st dung dé xac dinh
T, Ty hodc T, n tU a, b 1a trong khoang thoi gian 0<¢<T,, (hinh 8.19) A(¢) c6 toc do ting
dén (gia téc duong), sau d6 1a gidm dan van tdc vé 0 khi t—e (gia téc 4m), néi cach khac
h(t) c6 van toc cuc dai

v* = max 28
¢t dt

tai thoi diém T, va nhu vay tai T, dudng cong h(t) c6 diém udh.

RJ) Pudng tiép tuyén k(¢

L R 7“; ““““““““
Piém uén
h(T) ) —____
i
o) t
0 L >
Tu
<> 5 >

Hinh 3.19: Xac dinh hai tham s6 a va b tu h(?).

Ké dudng tiép tuyén h,(t) cta h(¢) tai T, thi phuong trinh dudng tiép tuyén do sé 1a
hyd) = tgat - a), (3.13)

trong d6 a dude dinh nghia 12 hoanh d¢ giao diém cta dudng tiép tuyén clta h(t) tai diém
uén. Goi b 1a khoang thdi gian dé dudng tiép tuyén d6 di dudc tix 0 t6i & ta co:
k

k
*=tga=— = b=— 3.14
vistga= ¥ (3.14)

W@ _ BT

u *

tgo v

=T

u

(3.15)
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Xdc dinh tham s& mé hinh PT, (T # T,)

Khong mat tinh téng quat néu ta gia thist 7; > T, , nhu vay thi tit (3.11) ta c6 mo
hinh ctia dudng thuc nghiém A(Z) bing phép bién d6i nguge toan ti Laplace nhu sau:

t t
o, T
h(t) =k- 1_u
Tl _TQ
Suy ra:
ottt
dh(t) _,e M -e ™
dt T, -T,
_t _t
. d>ht) _ e A e B
va B =R- + .
dt T1(Ty-T1) To(Ty -Ty)

Béi vay dé c6 T, ta xac dinh thoi diém ma
r - 00 T
T,-Ty Ty

Thay (3.19) vao (3.17) c6

Ty
oo AT _ k(T 00T,
dt T\ Ty
va thay (3.19), (3.16) vao (3.15) dugc
a=T,-b+T+T,

Do d6 néu ta ky hiéu

xzﬁ O<x<1lvi T;>T,).
T
thi cting véi (3.14), (3.19) ta sé dugc
Ty x
i=—k = & el =xxf=f1(x)
Tl Tlv* Tl

va véi (3.21), (3.21) ¢o

d?h(t)
2

bi triét tiéu va di dén

(3.16)

(3.17)

(3.18)

(3.19)

(3.20)

(3.21)

(3.22)

(3.23)
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_ V¥ (RT, —bv*) :xﬁ xlnx+x2 -

a 1 _
b k2 P AL @29

Ba cong thiic (3.22), (3.23) va (3.24) chinh 14 cong cu d8é tim T,,T,tutavab. Cu thé

nhu sau:

— Tim x thdéa man 0<x<1 tu % bing cach giai ngudc (3.24), ttc 1a x = f{l(%)
— Tim T, tu x theo (3.23), ttc1a T, = b
fi(x)

— Tim Ty theo (3.22), ttc 1a Ty =xT;

Nhung phai chd § ring cac buée xac dinh T, Ty tit @ va b trén day khong phai lic nao
ciing ap dung dudc. Tai sao lai nhu vay?. Cau tra 16i nim 6 ngay diéu kién 1a gia tri x
tim dudc 6 bude dau tién phai thoa mén 0<x<1. Néu nhu rang gia tri x tim dudc 6 bude
d4u tién ndm ngoai khoang (0,1) thi ta c6 thé ditng ngay cong viéc tinh toan va dua ra

két luan rang d6i tugng khong thé mé ta bdi mé hinh PT,,
Hon niia, ham fy(x) dinh nghia theo (3.24) 1a ham dong bién (phan chiing minh danh
cho bai tap) v6i gia tri gi6i han
X 2
 xInx+x” -

lim fo(x) = lim| x 1= ! —-1{=0,103648
x—>1 x—>1 x—1

nén ta c6 thé kiém tra didu kién thuc hién thuat toan ma khéng cin giai nguge phuong

trinh (3.24) bang cach kiém tra xem ty s % ¢6 ndm trong khoang
0< % <0,103648 (3.25)

hay khéng.

Tong két lai t4t ca cac két qua néu trén, ta c6 duge thuat todn xac dinh cac tham sé

k, Ty, Ty cia m6 hinh (3.11) ti dudng thuc nghiém A () nhu sau:

1) Tim hang s6 % theo & = h(eo).

2) K8 dudng tiép tuyén h,,(t) v6i h(f) tai diém usn. Sau d6 xac dinh hai tham s§'a 1a
hoanh d6 giao diém ctia dudng tiép tuyén h,(¢) véi truc thoi gian va b 1a khoang thai
gian dé dudng tiép tuyén dé di dudge tix 0 t6i k.

3) Laptyso 2 Néu ty s6 nay nam ngoai khoang (3.25), ttc 1a 25 0,103648, thi ding

b b
thuat toan véi két luan rang d6i tuong khéng mo ta duge bang mé hinh (3.11).
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4) Tim x théa man 0<x<1 tu % bang cach giai ngudc (3.24), tic lax = fz_l [%) .
5) Tim T, tu x theo (3.23), ttc 1a T, -0 .
fi(x)

6) Tim T, theo (3.22), ttc 1a Ty=xT1.

Duya vao tinh chédt 1a fo(x) =% don diéu tang trong khoang 0<x<1, mdt ham viét

trén ngén ngi lap trinh C c6 tén x_adivb () theo nguyén tic chia d6i khoang nghiém

sau mbi 14n tinh cho dusi day dé phuc vu viéc xac dinh ngude x = f{l[%] nhu budéc 4)

yéu cau. Ham nay c6 bién hinh thitic adivb chia gia tri dau vao 1a ty s6 % va tra vé gia

tri x tinh dugc véi do chinh xac 10 °.

double x_adivb (double adivb)
{
double x1=0., x2=1.,f2,x,mu,err=0.00001;
do {
x=(x1+x2)/2.;
mu=pow (x, (x/ (1.-x))) ;
£2=(mu* (x*log (x) +x*x-1.)/(x-1.))-1.;
if (adivb<f2) x2=x; else xl=x;
} while (fabs (f2-adivb) >err) ;
return (x) ;

}
Béang 3.2 dudi day dugc thiét 1ap nhd trg gitp cia ham x_adivb () biéu dién mot vai gia

tri x dude tinh ngudc ti nhiing ty s6 % dic trung.

Bang 3.2: Mot s6 gia tri x ¢6 tir nhiing gia tri a/b tuong Ung.

a/b| 0,01 0,02 0,03 0,04 0,05 0,06 0,07 0,08 0,09 0,1
x| 0,012 | 0,0275 | 0,0467 | 0,707 | 0,1008 | 0,1393 | 0,1904 | 0,2622 | 0,3740 | 0,6113

Néu tin hiéu kich thich chu doéng & ddu vao ctia doi tugng khong phai la ham
Heaviside 1(f) ma 1a u(t)=u,1(t) va tin hiéu do dugc & dau ra 1a y(¢) thi do tinh tuyén tinh
ctia d6i tugng, ham qua do @) sé 1a

ey =D (3.26)
Ug

Do d6, cing véi (3.26) thuat toan trén ciing c6 mot stia déi nhé cho phit hop véi bai toan

xéc dinh cac tham s6 %, T, T, cia md hinh (3.11) tit dudng thuc nghiém y(¢) nhu sau
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1) Tim hing s6 & theo k =2
Uo

2) K8 dudng tiép tuyén y,(t) v6i y(¢) tai diém udn. Sau d6 xac dinh hai tham s§ a 1a
hoanh d6 diém ma tai d6 c6 y,,(1)=0 ctia dudng tiép tuyén va b 1a khoang thoi gian dé
dudng ti€p tuyén dé di dugc tit 0 t61 y(co).

. . . a
3) Laptysd —.Néu —

) Lapty b b
khong mé ta duge bang mo hinh (3.11).

>0,103648, thi diing thuat toan véi két luan ring d6i tugng

4) Timx= fz‘l[%j bing cach giai ngugc (3.24).

5) Tim T, tix theo (3.23), tic 1a T =% .
1(x

6) Tim T, theo (3.22), ttc 1a T, = «T.

Vi du 1: Gia st ta phai xac dinh mé hinh c6 tham s8 dang (3.1) cho b6 cAm bién chuyén

d8i 4p suét thanh d6 dich chuyén nhu hinh 3.20 bén trai mé ta. Kich thich véi dau vao

u(t)=1,5bar ngudi ta do dugec 6 ddu ra duong thuc nghiém y(f) cho 6 hinh 3.20 bén phai.

Tu dudng thuc nghiém y(f) va sau khi ké dudng tiép tuyén y,,(¢) véi né tai diém uén ta co
k=£= 1,7, a=0,1 va b=1,15.

)

Suy ra

%: 0,087 < 0,103648

va do d6 ta ap dung dudc thuat toan trén dé tim T;, Ty . Goi ham x_adivb () v6i gia tri
adivb =0,087 & d4u vao ta c6 x = 0,334.

L)
, P it ettt
khoang dich :
chuyén &p sudt
y(@® u(t)
. t -
1 : >
0,1 1,25

Hinh 3.20: Xac dinh mé hinh bd cadm bién chuyén di ap suat/dé dich chuyén.
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Vay Ty =L) ~0,6638 , Ty=xT~ 0,2214 va md hinh tham s6 ctia b cam bién la:
x

G(s) = L7 . 0
(1+0,66385)(1+0,22145)

Céc bude 3), 4), 5) va 6) cua thuat toan x4c dinh tham s6 mé hinh PT, trén da duge
cai dat thanh ham pt2 () v6i 4 bién hinh thic a, b, T1 va T2 dugc viét trén ngon ngii lap
trinh C cho dudi day dé tham khao, trong d6 hai gia tri ddu vao a, b 12 ndi dung cta hai
bién hinh thtc a, b va hai tham s§ ddu ra T, T tinh dugc s& duge ham c4t giti trong cic
bién hinh thic T1, T2 .

Ham pt2 () c¢6 st dung thém ham x_adivb () dé tinh ngudc x tit % theo cong thic

x=fy 1[%) . Gia tri tra vé ctia pt2 () 12 mot s6 nguyén. Néu pt2 () tra vé gia tri O thi déi

tugng md ta duge béi md hinh PT,, trudng hop nguge lai thi khong.

int pt2(double a, double b, double &T1, double &T2)
{
double adivb, x;
adivb=a/b;
if ((0<adivb) &&(adivb<0.103648))
{
x=x_adivb (adivb) ;
Tl=b/pow(x, (x/(x-1.)));
T2=x*T1;
return 0;
} else return 1;

}

Vi du 2: Gia st ti dudng thuyc nghiém y(¢) ngudi ta da xac dinh duge a=2,5 va b=30. Goi
chuong trinh pt2 () bang lénh

void main()

{
double a=2.5,b=30,T1,T2;
if (pt2(a,b,T1,T2)== 0) printf("T1=%1.4£f\tT2=%1.4£f\n",T1,T2);
getch() ;

}

ta sé nhan duge T, = 18,0312 va T, = 5,2829. |
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Xéc dinh tham s mé hinh quan finh béc cao
O thuat toan trén c6 mot diéu kién rang budc 1a ty s6 % phai théa man (3.25) va néu

diéu @6 khong xay ra ngudi ta phai nghi t6i mdt moé hinh khac. M6 hinh diu tién cé
nhiéu kha ning thich hgp 14 mé hinh PT, (3.12) v6i n 12 mdt tham s8 cAn phai xac dinh.

Xuét phat ti (3.12) véi cong thiic bién d6i Laplace ngude sang mién thsi gian sé c6

t 12
_in—l[ij
h@t)=k-|1-¢ T T—' (3.27)
i=0 L.

va nhu vay ta duge

3| le)_pols)
dh(t) _ke T | n\T) nd\T

¢ oy A (3.28)
i i i
) A Llirvon-| L] 2r2 o[ L] 2
d2h(t) ke T n=IT T T 5.99
a? 21 5 i! (5.29)
2
Dat ddhz(t) =0 va gidi ra dé tim T, ta di dén
t
T,=m-1T (3.30)
Thay (3.30) vao (3.28) va (3.27) ¢6
pr =BTy )" (3.31)
dt T(n-2)! '
ne1 5 (=)
h(T,)=Fk|e - z 3 (3.32)
i=0 L
Thay tiép (3.31) vao (3.14)
—92)!
p=—=2 n-ip (3.39)

(n _ 1)71-2

va (3.30), (3.31), (3.32) vio (3.15)

a =(n—1)T——T(n_2)! [e”‘l —nf (”Tl)l}

(n _ 1)n—2 ’
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Suy ra

a_ 1 | (n=D" -1
b EESTIR }1"03(”)- (3.34)

Cong thic (3.34) chinh 14 cong thiic x4c dinh tham s8 n cho mé hinh (3.12) bing cach
giai ngugc

n = phin nguyén gin nhit cha f3! (%J ) (3.35)
va sau khi da cé n tit (3.35) ta cling sé& c6 noét tham s6 T con lai nhd (3.33):
_1\n—2
T =% . (3.36)
e (n-2)!

Do neN nén khi n tuong d6i nhé (3.35) ¢6 thé duge thay thé bing bang tra cho don
gian, ttc 14 sau khi da c6 ty s6 % ta chi can tra bang &€ c6 n ma khong cin giai ngugc

phuong trinh (3.35). Mot bang tra nhu vay 1a bang 3.3 cho duéi day.

Bang 3.3: Bang tragiatrin trtysé a/b.

n 2 3 4 5 6 7 8 9 10 11
a/b|0,1036 | 0,218 | 0,3194 | 0,4103 | 0,4933 | 0,57 |0,6417|0,7092 | 0,7732 | 0,8341

Bang 3.3 dugc tao lap bdi ham adivb_n () véi gia tri ddu vao n 12 nfi dung clia bién

hinh thiic n va gia tri trad vé 1a ty s6 % viét trén C nhu sau:

double adivb_n(int n)
{

int i;

double tu_so,mau_so,sum;

mau_so=l.;

tu_so=n-1.;

sum=1. ;

for (i=1;i<n;i++)

{ mau_so=mau_so*i;
sum=sum+ (tu_so/mau_so) ;
tu_so=tu_so*(n-1.);

}

return ((exp(1l.-n)*( (tu_so/mau_so) +sum))-1.);

Téng quat, mot ham khac viét trén C véi tén n_adivb () cho sau diy c6 tac dung

thuc hién cong thic (3.35) tinh ngugc n ti ty s6 % ma khéng can tra bang 3.3. Gia tri
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d4u vao ctia ham % 14 n6i dung ctia bién hinh thiic adivb va ham sé tra vé gia tri n
tinh dugc c6 sai lach | f3(n) — %| nhd nhat.

int n_adivb (double adivb)
{ int n=2;
double save=0.1036, result;
do
{ n=n+l;
result=save;
save=adivb_n(n);
} while (save<=adivb)
save= (save+result) /2. ;
if (save<adivb) return(n); else return (n-1);

cha y: Goi rdng téng quat, song ham n_adivb() ciling c6 nhuge diém 1a khong thuc
hién dugc khi %> 4,75 do tran 6 nhé. Véi %z 4,75 ham s tra vé gia tri n=127. Nhung
mot mé hinh (3.12) v6i n>50 da duge xép vao loai moé hinh cé cdu tric phitc tap, it ¢6 ¥
nghia thuc t& nén nhude diém nay sé khong han ché kha ning tng dung cia ham.

Ngoai ra, do d6i tugng 1a tuyén tinh nén cac cong thic (3.35), (3.36) ciing nhu ham
n_adivb () x4c dinh n, T ti a, b khéng phu thudc vao tin hiéu chu dong kich thich doi
tugng ¢ dau vao u(t) 1a 1(f) hay u,1(). Bdi vay khi u(f)=u1(f), thuat todn xac dinh cac
tham s6 &, T va n tit dudng thuc nghiém y(¢) do dugc tai ddu ra sé c6 dang nhu sau:

1) Tim hing s6% theo k& =M.
Up

2) Ké dudng tiép tuyén y, () v6i y(@) tai diém udn. Sau d6 xéc dinh hai tham s6a 1a
hoanh d6 giao diém ctia dudng tiép tuyén y,,(t) v6i truc thdi gian va b 12 khoang thai
gian @€ dudng ti€p tuyén d6 di duge tit O t6i y(eo).

3) Laptys6 % . Néu %< 0,103648, thi diing thuat toan véi két luan ring d6i tugng
phai dudc mb ta bing mé hinh (3.11). Ta ciing diing thuat toan khi %> 4,75.

4) Tim n bing cach tra bang 3.3 hodc nhd ham n_adivb().

5) Tim T ti n va b theo (3.36).

Mot phin thuat toan trén, cu thé 1a cac bude 3), 4), 5) nhdm xac dinh tham s6 n, T
cho mé hinh PT da dudc cai dat thanh ham ptn () véi 4 bién hinh thic a, b, n va T viét

trén C cho duéi day dé tham khao. Hai gia tri ddu vao a, b 12 noi dung cta a, b. Hai
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tham s8 diu ra n, T sé& dudc ham cat trong n va T. Gia tri trad vé ctia ptn() 1a mot s6
nguyén. Néu ptn () tra vé gia tri 0 thi d6i tugng mé ta duge béi moé hinh PT, (3.12), 1
néu déi tugng phai dugc mé ta bdi mo hinh PT, (3.11) va 2 néu d6i tugng khong thé mo
ta bdi mo hinh PT, va PT, . Chi khi gi4 tri cia ham tra vé& bing 0 thi két qua n, T ma
ham tinh dudc méi c6 § nghia.

int ptn(double a, double b, int &n, double &T)

{
double adivb=a/b;
int k,p=0;
if (adivb<0.103648) p=1;
else if (adivb>4.75) p=2;
else
{ n=n_adivb(adivb) ;
T=b* (double) (n-1) /exp (n-1) ;
for (k=2;k<n-1;k++) T=T*(n-1)/k;
}
return (p);
}

Vi du 3: Gia st khi kich thich bing tin hiéu 1(¢) tai ddu vao ctia mot d6i tugng cdn nhan
dang ngudi ta thu duge 6 dau ra dudng thuc nghiém A() cho 6 hinh 3.21. Véi dudng thuc
nghiém d6 thi £ =3 va sau khi ké dudng tiép tuyén tai diém uén ta c6 thém a =1,7 ;b =
2,9.

Hinh 3.21: Ham quéa dé cla doi 0
tugng trong vi du 3. ?“T)

Goi ham ptn(a,b,n,T) vé6i hai gia tri ddu vao trén sé nhan duge n =7, T = 0.4658.
Vay m6 hinh ctia d6i tugng 1a

ge— B 1
(1+0,4658s)
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3.1.5 Xac dinh tham s mé hinh Lead/Lag
Néu dudng thuc nghiém A(f) cia mot doi tugng c6 dang gidng hinh 3.22 bén trai thi
véi céc so kién:
— h(¢) khong xuat phat tir 0 va c6 dao ham tai O cling khac khong nén theo két luan 1
trong muc 3.1.1, bac ctia t s6 va bac cia miu s6 cia md hinh tham s (3.1) phai
bing nhau, tic la n, =ny ,

— khi t—e ham A(f) tién t6i mot hdng s6 £ # 0 nén ciing theo két luan 1, mé hinh

P, . b
(3.1) phai thda man k =—2,
Qo
— h(#) khong c6 dang lugn séng, ludn c6 xu huéng ting din téi £ nén theo két luan 2
cac hing s6 thoi gian cta da thic ti s6 va mau s6 phai 14 nhiing s6 thuc va phai
théa man cac bat ddng thc (3.3),

ta c6 thé mo ta d6i tugng mot cach tam di bing mé hinh Lag (cit bét) nhu sau

1+Tys

G@s) =k ,
® 1+T,,s

T, <T, (3.37)

Hinh 3.22 bén phai 1a biéu d6 Bode cta (3.37). Tt biéu dé Bode d6 ta th&y md hinh
(3.37) khéng uu tién nhitng thanh phan tin hiéu cé tan s6 cao khi di qua né, chinh vi vay
ma mo hinh (3.37) ¢6 tén la 1a mé hinh Lag.

A K@) AlG(w)
A(o0) fm=m=m-—====mooooom oo LU |

i St

ol NG L
| |
|

h(0) AR ik

L | [ | LY
¢ T! T, ! 2

v

Hinh 3.22: Ham quéa d6 va biéu dé Bode clia md hinh Lag (cét bét).

Tuong tu, trudng hgp dudng thuc nghiém A(t) cia mot déi tuong c6 dang nhu hinh
3.23 bén trai, ta sé c6 cac so kién sau:

— viA(#) khong xudt phat ti 0 va ¢6 dao ham tai 0 khac khong nén n, =n,,

— do v6i t—eo ham h(¢) tién t6i mot hdng s6 & # 0 nén k =—2
Qo
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— h(@) khéng c¢6 dang lugn séng, c6 mot diém cuc dai tai =0 sau d6 gidm dan téi k&
nhung khéng nhé hon % nén theo két luan 3 cac hing s6 thoi gian ctia da thiic ti s6
va mAu s6 phai 1a nhiing s6 thuc va phai c6 mot bat ding thic trong (3.3) khong
dugc thoa man.

T cac so kién néu trén ta c6 thé di dén nhan dinh ring d6i tugng sé mé ta duge mot
cach tam du bdi mé hinh Lead (din qua) nhu sau:

1+T,s
GGi)=Fk £ T, >T 3.38
®) 1+T, s £ om (3.38)

m

trong d6 tén goi Lead ctaa (3.38) dugc suy ra tit tinh ch4t 1a (3.38) s& uu tién cac tin hiéu
¢6 tin s8 cao khi di qua né (xem biéu d6 Bode tuong tng trong hinh 3.23 bén phai).

Van dé con lai 1a xac dinh cac tham s8 &, T, va T, cho m hinh.

ARQ® A GG
h(0) T T T TTTI T T T
A e AT | AR
——r‘rﬁmﬁ'—i—i‘r
Ry |||||
h(eo) fm======-=---——m—mmmmmees i -t
£ T, T,! 2

Hinh 3.23: Ham qua d6 va biéu d6 Bode clia mé hinh Lead (dan qua).

Xéc dinh tham s6 mé hinh Lag

Kich thich mét cach cht dong tai ddu vao cta d6i tugng c6 thé mé ta béi duge mé
hinh Lag (3.37) bang tin hiéu u(f)=uy1(f) ta sé thu duge § ddu ra tin hidu y(¢) c6 dang cho
trong hinh 3.24.

y(e) = ugk

Hinh 3.24: Xac dinh tham s6 kT
S . y(0) =uy—
cho mé hinh Lag (cét 0
bét). " ¢y
T
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Nhiém vu bay gi6 1a phai xac dinh cac tham s6 k, T, va T,, cho m6 hinh ti& dudng
thuc nghiém y(¢) thu dugdc d6. Trong khi tham s6 & xac dinh ngay duge bdi

-1y y(t):& (3.39)
uo {—o0 uo

tic 12 bing ty s6 clia gia tri y(=) va u, thi viéc xac dinh hai tham 8 T, , T, con lai c6
phan phiic tap hon.

Trude hét ta c6

_Up _ k(1 + Tts)
Yes) =20 sy =y, FAET18) 3.40
© s (8)=uo s1+T,,s) ( )
cho nén
3(0) = lim s¥(s) =ug 2t (3.41)
frared T,

Ké tiép dudng tiép tuyén y,,(¢) véi y(?) tai diém ¢=0 va goi tgar 12 hé s6 goc ctia dudng
tiép tuyén d6 thi (hinh 3.24)

tga=% = lim sY(s)

§—00
trong d6 Y(s) 1a ky hiéu chi &nh Laplace caa % . Véi (3.40), (3.41) va céng thtc bién
ddi (3.2¢) ta duge

Y(s) =5Y(s) —y(0) =u, (M — ﬂ}

1+T,s T,
Suy ra
uok-u KT,
orR—Uy
teor= Tm =y(°°)—y(0)
Tm Tm

Do d6 T, chinh 1a hoanh d¢ cla giao diém gita dudng tiép tuyén y,(f) véi dudng tiém
can y(s). T T, ta cting c6 ludn T, nho (3.41) nhu sau

7, =0T (3.42)
uok

Ta di dén thuat toan thi nhat:

a) Ké dudng tiém can y(e) v6i y(#) tai t=co rdi xac dinh & theo (3.39).

b) Ké dudng ti€p tuyén y,(¢) v6i y(¥) tai £=0, sau d6 xac dinh T, 14 hoanh dd caa giao
diém gitia dudng ti€p tuyén y,,(f) véi dudng tiém can y(wo).

c) Xac dinh T, theo (3.42).
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Thuat toan trén vuéng lai van dé da dugc dé cap khi nhan dang tham s6 T cho md
hinh PT; & muc 3.1.2 1a diém y(0) noi bt ddu dat dudng ti€p tuyén nim kha xa dudng
tiém can y(e0). Diéu nay din téi nguy co két qua sé bi sai s6 kha 16n khi méa chi can c¢b
mot sai léch nhd trong viéc dung dudng tiép tuyén.

Pé tranh nguy co nay ngudi ta sé khong dung dudng tiép tuyén tai y(0) nita ma thay
vao d6 12 tai mot diém khéc ndm tuong d6i gin hon so v6i duong tiém can y(e), ching

han diém A c6 toa d6 {ZJ nhu hinh 3.25 mé ta.

4@

Hinh 3.25: Xac dinh tham s6 T, c6 sai s6

nhd cho m6 hinh Lag (c&t bét). y0)

Duodng tiép tuyén nay sé c6 phuong trinh
Yu(®) = tga (t-a)+b (3.43)

Pé xac dinh hé s6 géc tgerta di tit anh Laplace Y(s) ctia y(¢) theo cong thic (3.40) va
sau khi chuyén ngugc sang mién thoi gian sé c¢6

t

y(t):uok(l_ue Tm)
Tm
T T 7
= tga=j) =ugh—"Le T (3.44)
Tm

Goi B 1a giao diém cua tiép tuyén y,,(f) véi dudng tiém can y(w) va T.. 12 hoanh dd cta
B thi

Yir(Tw) = tgol Toma)+b = y(e0) = kug
do d6 cung véi (3.43), (3.44) dugc

2 f—
Te—a= Y =y(@) T uok —ugk(1 In =T e
tga @
uok(T,, —T,)e m

m
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Vay T, chinh 1a khoang thdi gian cAn thiét dé ¥y, () di dude tu diém A t6i diém B. Ta
¢6 dudc thuat toan thi hai:
1) K& duong tiém can y(eo) véi y(£) tai t=eo rdi xac dinh % theo (3.39).
2) L&y mot diém A bat ky trén y(f) va ké dudng tiép tuyén y,, () véi y(¢) tai A, sau d6

x4c dinh B 14 giao diém gitia dudng tiép tuyén y,,(t) véi dudng tiém can y(eo).
3) Chiéu doan AB lén truc thoi gian (truc hoanh) dé c6 T,,.
4) Xac dinh T, ti T, va k theo (3.42).
Xéc dinh tham s mé hinh Lead

Vé co ban, viéc xac dinh cac tham s6 &, T, va T,, cho mé hinh Lead cling giéng nhu
cho m6 hinh Lag. Piém khéc biét duy nhat 1a dudng thuc nghiém y(f) ctia mé hinh Lead
lu6n nim phia trén dudng tiém can y(e) nén phai cé T, > T, (hinh 3.26).

Thuat toan tim &, T, va T, tit duong thuc nghiém y(¢) c6 dang nhu sau:

1) Xac dinh diém y(0).

2) Dung dudng tiém can y(e) cta y(¢) va tinh & =1 lim y(¢) =M
Uy t—ee Upy
3) K& dudng tiép tuyén y,,(t) véi y(¢) tai mot diém A bat ky trén y(t), sau d6 xac dinh
giao diém B cta ¥;,(¢) v6i duong tiém cén y(eo). Thong thuong diém A duge chon 1a

diém khoéng ndm qué xa dudng tiém can y(eo).
4) Tinh T,, 12 hinh chiéu ctia doan AB lén truc hoanh.

YOT,

5 TinhT,=
uok

Hinh 3.26: Xac dinh tham s6 cho P T,
mé hinh Lead (dan qua). >
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3.1.6 Xac dinh tham s6 mé hinh ddi tugng dao dong bac hai tat dan

Xét mot doi tugng tuyén tinh can phai nhan dang ma khi kich thich cht dong tai dau
vao bang ham u(t)=1(t) ta thu dugc ¢ dau ra dudng thuc nghiém ctia ham qua do A() c6
dang giéng nhu trong hinh 3.27.

Hinh 3.27: Ham qué d6 clia ddi tugng dao 14
doéng bac hai. t

Pudng thuc nghiém nay c6 nhiing dic diém sau:

— Ham A() xust phat ti diém 0 va c6 dao ham tai 0 bang 0. Theo két luan 1 da néu
trong muc 3.1.1 thi mé hinh (3.1) ciia né phai c6 n,— np >1.

— Khi ¢t—eo thi A(Z) tién t6i mot hing s6 e . Ciing theo két luan 1 thi m6 hinh tham
s6 (3.1) cia né c6 ag# 0.

— Ham A() c6 vo s6 diém cuc tri phan b xen k&, cach déu nhau, trong dé cac diém
cuc dai 16n hon Ae con cac gia tri cuc tiéu thi nhd hon Ae . Theo két luan 5, mo
hinh tham s6 (3.1) phai c6 nhiing diém cuc 1a s6 phiic lién hgp.

V6i nhitng két luan nhu vay, ta hoan toan cé thé mé ta d6i tugng bang mé hinh

2
G(s) =% trong d6  0<D<1 (3.45)
s“+2qDs+q
Tu mo6 hinh nay ta cé duge ngay:
hoo =1lim A(¢)=1im G(s) =k (3.46)
t—>oo s—0

bdi vay van dé con lai phai lam chi 14 xac dinh nét D va q.

Goi s; va sy 12 hai diém cuc ctia mé hinh (3.45), ta ¢6

$1.9=—Dq* jgN1- D>

Suy ra
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—Dqt
h(t) = kll —%Sin(qxll —-D? t+arcos Dj
1-D?

va

—Dqt
dht) _ r-28 sin(q\/ 1-D? tj

dt \/1—D2

0 d@é tim cac diém cuc tri (ké ca tai diém ¢=0) dugc:

Giai phuong trinh % =

7= % i=0,1, ... (3.47)

l c]\ll—D2 ’

4

h max

k=heo -

Hinh 3.28: Xac dinh tham s6 mé hinh dao
dong bac hai ti ham qué do.

Do d6

A = h(T) =k 1- sin(zz+arcos D)exp —nD

V1-D? V1-Dp?
=k|1+exp i (3.48)
1-D?

Tyt (3.48) cho (3.46) ta sé& c6 dd qua diéu chinh (hinh 3.28):

AR = By — heo =kexp D (3.49)

1-D?

Né&u chia (3.49) cho (3.46) theo tiing vé dudc:
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(3.50)

va d6 chinh 1a cong thiic cho phép xac dinh tham s6 D tit duong thyc nghiém A(f).
Tham s6 ¢ con lai s& dugc xac dinh ti D véi su trg gitp cta T, theo (3.47) nhu sau:

v T

T = o gE——
1 qV1-D? T;V1-D?

Ba céng thiic (3.36), (3.50) va (3.51) dit co sé cho viéc xac dinh cac tham s6 &, D, ¢
ctia mé hinh (3.45) tit dudng thyc nghiém A(). Néu nhu ring vi mot 1y do nao d6 ta
khéng c6 dugc ham qué d6 A(¥) ma chi c6 dap tng y() khi déi tugng dudc kich thich béi

(3.51)

u(t)= uyl(?) thi do d6i tugng la tuyén tinh, nhiing céng thiic trén sé c6 mot stia d6i nho lai
thanh (phan chitng minh danh cho bai tap):

Yoo = lim y(t) = ku, (3.52a)
t—oo

D= ’ tI‘Ol’lg do Ay = Ymax — Yoo (352b)

id (3.53¢)

q —_———
T\V1-D?
Téng két lai, ta di dén thuat toan:

1) K& duong tiém can véi y(¢) tai t=oo rdi x4c dinh & theo (3.52a), ttc la & =Y
U

2) Xac dinh y,,,, va T; 12 toa d6 ctia diém cuc dai ddu tién cta dudng y(#).
3) Tinh D theo (3.52b), trong d6 Ay = ¥,4x — Yo
4) Tinh q tu T; va D theo (3.53c).

Céc budc tinh toan bao gém tinh &, D va q tU Yoo , Ymae va T ctia thuat todn da dudgc
cai dat thanh chuong trinh con pte () viét trén C cho dudi day dé tham khao. Chuong

trinh pte () c¢6 7 bién hinh thiic, trong dé u0, yp, ym, T1 chiia cac so kién dau vao ug, yeo

s Ymax » T1 cOn k, D, g chtia két qua tinh dugc 1a cac tham s6 mé hinh &, D, q.
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void ptc(double u0,double yp,double ym,double T1,
double &k,double &D,double &q)

{
k=yp/ul;
D=1./sqrt(l.+(pow(M_PI,2.)/pow(log(£fabs (ym-yp)/yp),2.)));
q=M PI/(Tl*sqrt(1l.-D*D));

}

Vi du: Gia st ring khi kich thich mét déi tugng bing tin hiéu u(¢)=1() ¢ dau vao ta thu
dugc tai ddu ra dudng thuc nghiém cho trong hinh 3.29. T dudng thuyc nghiém d6 ta doc
ra dudgc:

Yoo =2,2 Ymax =3,D T,=2,6
4@
4.
ym :ymax :3'5
a4
YP =Yoo =22~ 1N T e -

Hinh 3.29: Vi du minh hoa thuat toan xac
dinh tham s6 mé hinh dao déng bac

i

hai. ¢
i >
1] 2 4 [i] ] 10 12 14 16 12 0

T1=2.6

Goi chuong trinh pte () v6i cac gia tri
double u0=1.,yp=2.2,ym=3.5,T1=2.6,k,D,q;
ptc(u0,yp,ym,T1,k,D,q) ;
sé thu dugdc két qua
k =2,2 D =0,165161 q=1,22513 d

3.2 Xac dinh tham s mé hinh tir nhirng gia tri G(jnQ)) da cé

Nhiing phuong phap xac dinh mo6 hinh tham sé tit dap ting dau ra y(t) cia d6i tudng
tuyén tinh cAn nhan dang khi déi tugng dugc kich thich béi tin hidu dau vao u(t)= uyl()
da duge trinh bay trong muc 3.1 ¢6 uu diém 1a chi cAn tit dang dudng thuc nghiém y()
ngudi ta da c6 thé khoanh ving 16p cac mé hinh thich hgp cho d6i tugng, nhung lai c6
mét nhuge diém chinh han ché& dng dung téng quat 14 viéc xac dinh tham s6 cho m6 hinh
thudc 16p cac mé hinh d6 phu thudc kha nhiéu vao dang 16p cac mé hinh cu thé va khéng
téng quat héa dude cho mot 16p mé hinh c6 c&u tric bat ky (bac mé hinh 1a cho trudc).
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Chinh vi vay, cac phuong phap d6 chi c6 thé duge géi gon trong pham vi st dung véi
nhiing md hinh don gidn (b4c mé hinh thap) thudéc mot trong 7 16p:

1) Lép cac md hinh PT,

2) Lép cac md hinh IT,

3) Lép cac mé hinh IT,

4) Lép cac md hinh PT,

5) Lép cac mé hinh PT

6) Ldp cac m6 hinh Lead/Lag

7) Lép cac m6 hinh khéau dao dong bac hai tit dan.

DPE bu dip dude han ché trén, muc nay sé gidi thiéu thém cac phuong phéap xac dinh

tham s6 by, by, ... sbyy > @0, @1, ... s @, cho mo hinh thuge 16p

Y(s) _ o +bys+- et by, 5"

G(s) = , ngny (3.54)

U(s) a +a18+-~-+anasn“

tit cac gia tri {GGnQy)}, n=0,1, ..., 2M ctia G(s) dugc gia thiét 14 da c6, chdng han nhu
nhg thuat toan nhan dang bi dong bing phan tich phd va ham nonpar () da giéi thiéu ¢
chuong 2. Cac phuong phap nay ciing cAn thém gia thiét niia 14 bac cia m6 hinh n, , n,

da biét truée (m6 hinh cé cau tric).
Do cac phuong phap nhan dang by, b4, ... ,bnb T ST c6 st dung phuong

phap tinh Cholesky giai hé phuong trinh tuyén tinh phtic

€11 G2 v Cip B

c c PRy c xl 1

Momme =] 1| veicg, kieC (3.55)
xn kn

Cn1 Cn2 " Cnn

nén dé tién cho viéce theo doi, thuat toan Cholesky sé& duge gidi thiéu trude khi di vao cu

thé cac phuong phap nhan dang tham s& by, b1, ... by > @05 @15 sy

3.21 Thuat toan Cholesky

Néu st dung cac ky hiéu

C c e C
Cll cl2 cln x kl
c=0 T x=| | ke[
Xn kn

Cn1 Cn2 Cnn
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phuong trinh (3.55) véi cac hé s phtcc;;, k;, i, j =1, ..., n viét duge thanh

iy
Cx=Fk (3.56)
trong d6 nghiém x ciing 14 vector gém cac phan ti phiic.

Viéc giai phuong trinh trén khéng thé dudc thuc hién don gian 1a tinh ma tran
nghich déo C 1 48 dua ra nghiém x= C 'k vi nhu lam nhu vay, s8 luong cac phép tinh
phai thuc hién 1a rat nhiéu kéo theo sai s6 16n, dic biét sai so tinh toan sé cang 16n khi
ma tran C tuy khong suy bién nhung c6 dinh thtc tuong d6i nhd. Béi vay dé giai
phuong trinh (3.56) ngudi ta cAn phai cé nhiing thuit toan thich hgp va mét trong
nhiing thuat toan do6 1a thuat toan cua Cholesky.

Piéu kién dé ap dung dugc thuat toan Cholesky 14 cAn phai ¢ gia thiét ring ma tran
C x4c dinh duong va d6i xting Hermitian, ttc 1a
«ZCx >0, x®Cx=0 Xkhivachikhi x=0,
cf=c,
trong d6 ky hiéu ma H chi phép tinh chuyén vi va 14y cac phin ti lién hop ctia mot ma

tran (hay vector). Gia thiét trén, nhu sau nay chi rd, hoan toan phu hgp véi bai toan
nhan dang tham s6 mo hinh cua ta.

Tu tudng chinh ctia thuat toan Cholesky 1 phan tich ma tran C thanh tich C=DD¥
véi D 1a ma tran ma cac phén ti phia trén dudng chéo chinh dong nhat bang 0
dy O - 0

, tacla d;=0 khii<j
dnl dn2 dnn

Viéc phén tich C thanh C =DD* luén thuc hién dudc néu C xac dinh duong va thoéa
man CH=C.

Néu C da duge phan tich thanh C =DD* thi cong viéc giai hé phuong trinh (3.56) sé
khéng cdn dén ma tran nghich dao C ! nita ma trd nén don gian hon nhiéu bing viéc
giai hai hé phuong trinh tuyén tinh:
dy 0 - 0

2T =| (3.57a)

!
|2
1l
]
()

dnl dn2 dnn
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Dix=y & o 22 T N (3.57b)

trong d6 Ey 12 ky hiéu chi s6 phtic lién hgp cta d; .

Nhu d3 néi, viéc tim nghiém hai phuong trinh trén khéng cdn phai théng qua ma
tran nghich dao D . That vay d8 giai phuong trinh (3.57a) ta chi cAn tién hanh cac bude

sau:

1) Xac dinhy, =;—1
11

il

i-1
2) Lan lugt véii=2, ..., n tinh y, :di[ki - Zldijyj]
J:
va dé giai phuong trinh (3.57b) ta thuc hién (phan ching minh danh cho bai tap):

1) Xé&c dinh x,= In

nn

n _
2) Thuyc hién 1an lugt choj =n—1, ..., 1 cong thic x; =%£yj - Zdijxi]
i i=j+1

biéu ban khoan rang hai thuét toan trén cé thuc hién dude khong, tic 1a thuc su cac
phin ti d;; trén dudng chéo chinh ctia D c6 khac 0 hay khong, s& duge tra 16i véi tinh
chat xac dinh duong ctia C nhu sau:
Pinh ly 3.1: Néu ma tran C véi cac phan ti ¢;; 1a nhiing s phtc c6 tinh xac dinh duong
thi
a) C khong suy bién.

b) Céac phan ti trén dudng chéo chinh ¢;; 1a nhiing s6 thuc duong.

Chitng minh: a) Tinh khong suy bién ctia C dudc suy ra ti dinh nghia vé tinh xac dinh
duong, vi néu C suy bién thi tdn tai x#0 dé c6 Cx=0 va do d6 x™ Cx=0.

Vé b) ta chi cin thay x=e; vao cong thiic x7Cx > 0 khi x#0, trong d6 e; 1a vector don vi c6
phén ti thi i bing 1 con cac phan ti khac bang 0, sé dudc

gf{Cgi >0 = ¢;i>0 (d.p.c.m). 0
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V6i dinh 1y 3.1 va quan hé C= DD® thiD cling phai 14 ma tran khéng suy bién, tic
n

la det D# 0. Nhung do det D =[] d;; nén phai ¢6 d;; # 0 v6i moi i va d6 chinh 1a diéu kién
i=1

dé thuat toan giai phuong trinh (3.57) thuc hién dugc.

Bay gio ta sé xac dinh céng thiic thuc hién phan tich C =DD. Tu

dp 0 - 0 ‘711 dyp - Em €11 C2 " Cip
do1 dyg -+ 0 || 0 dy dna |_|C21 €22 Can
dnl an dnn 0 0 Enn Chl Cna ** Cpp
co
n _ min(i,j) = _
cij = D digdi, = Y digdj, (3.58)
g=1 g=1
Suy ra

Zqu Ja z|qu|

Coéng thiic nay khing dinh lai mét 14n nita rdng cac phén ti trén dudng chéo chinh ¢ i
ctia C 1a nhiing s6 thuc duong. D& don gidn ta sé tim ma tran D c6 cac phdn td trén
duong chéo chinh ciing 1a cac s6 thuc duong, khi d6 thi

(3.59)

9 A 2
cjj=dji+ Zl|djq|
=

Muén tim nhitng phéan tit d;; v6i i>j con lai ta di tir (3.58). Do c6 gia thiét i>j nén
(3.58) trd thanh

Zdlq jg =diid i + z dtq Ja

= dy =%[cij 5 digd jq] (3.60)
J q=1
va d6 chinh la céng thic xac dinh d;; khii>;.
Dua vao (3.59), (3.60) ta c6 thuat toan tim D: Thuc hién v6ij=1,2, ..., n
a) Tinhd;; theo (3.59).
b) Tinh lan lugt cac gia tri djjc6i=j+1, ..., n theo cong thic (3.60).
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Né&u ghép chung thuat toan tim D vita phat biéu véi hai thuat toan giai hé phuong
trinh (3.57a) va (3.57b) ta sé di dén thuat toan Cholesky gbm cac buéc tinh sau:

1) Phan tich C thanh DDH, ttc la tim d;; v6i i 2, bang cach thuc hién 1an Iugt cac
buéde sau v6ij =1,2, ..., n:
mhd;, = ?
a) Tin i = |

j-1
cji— 2 |djq
g=1

i
b) Lan lugt véii=j+1, ..., n tinh d; =%[cij - diqdjq]
Jj q=1

i-1
2) Lan lugt véii=1, ..., n tinh y, :di[ki - Zdijyj]
j=1

i
N 1 n—
3) Lanlugtvéij=n, ..., 1tinhx; :I[yj - Zdijxij
J 1=j+1
Thuat toan viia trinh bay trén da duge cai dit thanh ham cholesky () viét trén C
cho dudi day dé tham khéo. Ham nay c6 3 bién hinh thic:
a) S6&nguyén n chtia bac cia ma tran C, ttc 14 chia s6 cac phuong trinh 12 n.
b) Con tré ¢ chi ddu mang s6 phiic c[] chita gia tri cac phan ti ¢;; cia ma tran C.
Do ma tran C da dugc gia thiét 1a d6i xting Hermitian (C=C*) nén ham ciing chi
can cac gia tri ¢;; c6 i 2 j la da. Nhiing phén t& nay 1a cac gia tri dau vao cta

ham cholesky () va phai dugce dua vao mang c[] theo thii tu nhu sau:

¢ c[0]

. c[l] cl[2]

‘21 €22 dua vao : : .

o n(n-1) n(n+1)
Chl Cn2 ' Cnpn C[T:| C[T_1:|

(i—1)
2

néi cach khac, phan tu ¢;; phai duge dua vao c[p] véi p= ! —1+j.

Sau khi ham thuc hién xong, mang sé chiia cic phan ti d; J cua D ciing theo ding
thi tu nhu trén.
¢) Con trd k chi ddu mang s6 phiic k[] chtia cac gia tri ddu vao k;, i=1, ... , n theo
tht ty £; nim trong k[i-1]. Khi ham cholesky () thuc hién xong, mang nay
sé chtia két qua x;, i=1, ..., n cing theo dung thu tu do.
Ham tra vé gia tri 0 néu qua trinh thuc hién khéng c6 161 (ma tran C xac dinh duong)

hoic 1a mét gia tri i khac 0 théng bao C ¢6 phan ti c;; <0.
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int cholesky(int n,complex *c,complex *k)

{

}

int i,j,q9,p,1;

double s;

for (j=1;j<=n;j++)

{ p=(i*(3-1)-2)/2;
s= real (c[p+]jl])
for (g=1;9<j;g++)

s -= pow(real (c[p+ql) ,2)+pow(imag(c[p+q]),2);

if (s<=0.) return(j); else s=sqrt(s):;
c[p+j]l=complex (s) ;
for (i=j+1;i<=n;i++)
{ 1=(i*(i-1)-2)/2;

for(gq=1;9<j;q++) c[l+j]l-= c[l+g]l*conj(c[p+ql);

c[1+jl=c[1+3]/s:
}
}
for(i=1l;i<=n;i++)
{ p=(i*(i-1)-2)/2;
for (j=1;j<i;j++) k[i-1]-= c[p+jl*k[j-1];
k[i-1]=k[i-1]/c[p+i];
}
for(j=n;j>0;3j--)
{ for(i=j+1;i<=n;i++)
{ p=(i*(i-1)-2)/2;
k[j-1]-= conj(c[p+j]) *k[i-1];
}
k[j-11=k[j-11/c[(3*(3+1)-2)/2];
}

return (0) ;

Vi du: Goi ham trén véi cac gia tri ddu vao n=3,

c[0] 36 k[0]) (102-30j
c[1] c[2] =|24+6j 42 va |k[11|=|153-18;
c[3] cl4] c[5]) | 6+6; 15+8j 16 k[21) | 84+22j

sé thu dugdc két qua
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c[0] 6 k[0]
cll] c[2] =l4+; 5 va k[1]|=
c[3] c[4] c[5]) (1+j 2+; 3 k[2]
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3.2.2 Nhan dang tham s& mé hinh

Sau khi dd c6 ham cholesky () gidi phuong trinh tuyén tinh phtc, ta quay lai bai
toan nhan dang tham s6 mé hinh (3.54).

(i st rdng bing cach nao d6, chdng han nhu thong qua nhan dang mé hinh khéng
tham s6 nhd phéan tich phé tin hiéu v6i ham nonpar () da trinh bay & chuong 2, ta d c6

day céc gia tri {G(nQy)}, Q/Fﬂ,zT” ,n=0,1, ..., 2M ctia ham truyén dat G(s) tit day cac
a

gia tri tin hiéu do duge {u,}, {y,} v6i chu ky 14y mau T, cta tin hiéu vao ra u(t), y(t),

trong d6 A 1a s6 nguyén liiy thita 2 nhé nhit nhung khong nhé hon 2N-1, N:Tl , T'la

a
khoang thdi gian quan sat (do) tin hiéu [0, T) va M 1a chi s6 Lag. Nhiém vu dit ra bay

gio 1a xac dinh cac tham s6 b, by, ... ,bnb A0, @1,y e, Ay cho mo6 hinh (3.54) tu cac gia

tri G(GnQy) da cé nay.

Néu nhu tir thong tin A-priori ngudi ta khong nhiing biét duge d6i tugng 1a tuyén
tinh cling nhu bac cia mo hinh n, , n; ma con biét thém ring déi tugng khong c6 thanh
phén tich phan néi ti€p, vi du nhu ham qua do A(f) khong tién dén co khi t—eo, thi do
a,#0 mb hinh (3.54) hoan toan c6 thé duge thay thé béi dang tuong ducng

by +bys+ - +by, 5™

Gy(s) = —, (ng = ny). (3.61)
1+ays+--+a, s

Véi (3.61) va G(jnQy), n=0,1, ... , 2M thi khi thay s bdi jnQ, vao vé phai cta (3.61)
con vé trai 1a nhiing gia tri G(nQ,) da co, sé dudc:

by +b1(jnQ )+ +by, (jnQ;)"™

G(inQy) = (3.62)
L+ay (jnQy)+-+a, (jnQ;)"
np . Ng .
= e, = G(jnQ,)—| D b;(jnQ,) —G(jnQ;)> a;(jnQ,)" | #0 (3.63)
i=0 i=1

Ly do cho viéc ddu = § (3.61) dugc thay béi ddu = trong (3.62) va do d6 e, #0 1a v€& trai

cua (3.62) chi 1a nhiing gia tri G(inQ}) nhan dang dudc ma c6 nén khong phai 1a gia tri

ding thuc su ciia ham truyén dat.
T (3.63) ta thay bo tham s6 by, b, ... oy s @1y sy, tot nhat sé 12 bd ma véi nd

téng binh phuong cac sai léch e,, c6 gia tri nhé nhat:
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M
Q=Y ;| - min!. (3.64)
n=0

Néu st dung ky hiéu

bO
e G(0) :
e iQ b
e= 1 ’ g= G(J ﬂ,) , x= ny
: - : —aq
e G(jMQ ) :
_ana

R gy e Q™ UGGy - Q)™ G(Qy)
va U= : : - : : - :

1 (JMQy) - (GMQ"™ (GMQ)GMQ;) - (JMQy)"«G(MQ;)
(3.65)

thi cong thiic (3.63), (3.64) cho tat ca n=0,1, ... , M =2M s& viét duge thanh

Q

Vi chi c6 thanh phin thdt 314 @ chia vector cac tham s x phai tim nén @ nhé nhat khi
va chi khi

Q=0 g-UHUun)® UHU) U g-UHUx) - min!.
Hon niia theo (3.65) ma tran U c¢6 M+1 hang n,+n,+1 cdt. Nhung do & bai toan nhan
dang thuong cé M> n,tny nén n,+ny+1 vector cot 1a doc lap tuyén tinh, tic 1a U c6
hang n,+ny+1, din dén UP U khéng suy bign. Khi UZU khéng suy bién, né sé xac dinh
duong, kéo theo (UH U)_1 cling 14 moét ma tran xac dinh duong (phan chiing minh danh
cho bai tap). Bdi vay gia tri nho nhat ctia @ chi c6 thé 1a 0 véi

UMg-U"Ux =0 & U"Ux=U"g (3.66)
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va d6 chinh 1a céng thiic x4c dinh bs tham s8 x cho mé hinh (3.61).
So sanh (3.66) véi (3.56) ta thay chiing hoan toan giong nhau, trong dé6
c=U"U wva k=Uf"g (3.67)

nén (3.66) c6 thé duge giai truc tiép nhd ham cholesky () viét trén ngdn ngit 1ap trinh
C da gidi thiéu tai muc trude.

Goi cac phan tticta C lac;y, i, k=1, ..., n,+np+1, cta U la Ugh>q=1, ... ,Z\7I+1, k=1,
o, ngtmptlvacuaklak;,i=1, ..., ntny+1 thitu (3.67) 6

Ni@-ne, Tt khi 1<k<ny+1

gh= e . (3.68)
L@-0Q, 1 G(i(g-1)Q,) khi ny+1<k<n,+ny+1
M+1
Cip = 2Ugillgh (3.69)
g=1
M
ki= Y u,G(ilg-1)Q,). (3.70)
q=1
Thay (3.68) vao (3.69) duge
Ci11 = M"’l
k-1 M i+k—2
DY (—jg@,) e khi 1<k<i<ny+1
q=1
k-1 U i+h—2-y v Ty N . .
cip =D Y (—je2y) ®G(jg,;) khi 1<k<ny,+1<i 3.71)
g=1
k-ny-1 M . i+k—2-2n, . 2 . .
(-1) zl(—JqQﬂ) |G(jgQ,)|” khi ny+1l<k<i
P
va (3.68) vao (3.70) co
Mo
> (g9, G(jgQ,)  khi 1<i<n,+1
;=197 (3.72)

M . i-1-n . 2 . .
2 (Jg2y) b|G(]qQ/1)| khi ny+1<i
q=1

Hai cong thic (3.71), (3.72) cling nhu ham nonpar () di cho é muc 2.3.1 (chuong2)

dit co s6 cho viéec xay dyung thuat toan tim bd tham s6 téi vu by, by, ... ybp, s ars
sQp, cho m6 hinh (3.61) truc ti€p tit day cac gia tri tin hiéu {u}, {y;}, k=1, ... , N-1 do

dugc trong khoang thoi gian quan sat [0, NT,), trong d6 T, 1a thoi gian trich mau.
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Thuat toan nay c6 dang nhu sau:

1) Goi ham nonpar () v6i ddu vao {uy}, ), k=1, ..., N-1 dé ¢6 G(jnQz), n=0,1, ... , M,

trong d6 M =2M, M 1a chi s6 Lag (muc 2.2.1), Q4= T

2z va A1a s6 nguyén liiy thia 2

a

nhoé nhat nhung khéng nhé hon 2N-1.

2) Xéc dinh ma tran C = U U va vector k =U* g bing cach thyc hi¢n lan lugt véi

i=1, ..., n,+tn,+1 cac budc sau:

a) Khik=i, ..., n,+nyt+1, tinh c;;, theo (3.71).

b) Tinh k; theo (3.72).

3) Goi ham cholesky () v6icac tham s& ddu vao da c6 & bude 2) dé xac dinh x chia bd

tham s6 b, b1, ... oy s Q1 sy to1 uu.

Thuét to4n trén da dugc cai @it thanh ham par () cho dudi day dé tham khao. Ham
par () cé cac bién hinh thtec:

a)
b)

c)
d)
e)

g)

h)
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Con trd u chi ddu mang s8 thyc u[] chda diy {u,}, k=1, ..., N-1.
Con trd y chi ddu mang s8 thyc y[] chda day {y,}, k=1, ..., N-1.

S6 thiic Ta chiia thoi gian trich miu 7).

S6 nguyén N chita d¢ dai hai day {u,}, {y], ttc 1a chta N.

S6 nguyén M chiia chi s6 Lag, ttc 1a d6 dai cdn phai c6 cia day gia tri ham tuong
quan {7, (mT,) }, dong thoi cing xac dinh d¢ dai M =2M cta day két qua
2r

AT, ’

a

{G(inQ;)} cia ham nonpar () 1a M +1, ttc 1a n=0,1, , ..., M véi Qy =

trong d6 A 1a mot s6 nguyén liiy thita cia 2 nho nhat nhung khéng nhd hon
2N-1.

S6 nguyén bias xac dinh gia tri ham tuong quan sé& dudc tinh theo cong thiic bias
(bias=1) hay unbias (bias#1).

S6 nguyén w xac dinh chi s§ 0<i<7 ctia ham ctia s6 s& duge st dung nhdm lam
giam sai s6 ro ri khi st dung ky thuat DFT. Né&u noi dung cua w 13 mot sd ngoai
khodng [0,7] thi ham sé& st dung ham ctia s6 wy().

S6 nguyén na xac dinh bac da thtic mau s6 cia mo hinh (3.61).

S6 nguyén nb xac dinh bac da thiic ti s& cia mé hinh (3.61).



)

Con tr6 x chi ddu mang s6 phiic x[] c¢6 d¢ dai n, +n,+1 chta két qua theo thi ty

x[0]=lm,“.,x[nb]=bnb,x[nb+1]=—a1,.“, x[nb+nal=-a,,_ .

Ham s& tra vé gia tri bao 16i -2 néu n,<n; , -1 khi M>N hoic i > 0 thong bao viu
suy bién véi phan ti thi ii khéng phai 1a s6 duong. Trong trudng hgp khong c6 16i, ham
tra vé gia tri 0. Ham khéng lam thay ddi néi dung hai mang u[] vay[].

int par(double *u,double *y,double Ta,int N,int M,int bias,

int w,int na,int nb,complex *x)

{ int i,k,m=na+nb+l,q,L,ik,Q=2*M;
double om, *s;
if (nb>na) return(-2);
complex ci,*G,*c,im=complex(1l.) ;
G=new complex[Q+1];
c=new complex[m* (m+1)/2+1];
s=new double[Q];
if ((L=nonpar(u,y,Ta,N,M,bias,w,G))>0)
c[0]=complex (Q+1) ;
x[0]=G[0];
om=(2.*M PI)/(Ta*L);
for (1i=0;i<Q;i++)

{

{

}

s[i]=1.;
x[0]=x[0]+G[i+1];

for (ik=1;ik<=2*na;ik++)

{

for (q=0;q9<Q;q++) sl[qgl=s[q]*om* (q+l1) ;
im=im*complex (0. ,-1) ;
if (ik<=nb)
{ x[ik]=complex(0.) ;
for (g=0;9<Q;g++) x[ik]+=im*G[g+1l]*s[q]:’
}
if (ik<=na)
{ x[nb+ik]=complex(0.)
for (g=0;9<Q;g++) x[nb+ik]+=im*s[q]*pow(abs(G[g+1]) ,2.);
}
for (i=1;i<=na+nb+1;i++)
for (k=1;k<=i;k++)
{ if(i<=nb+l) L=i+k-2;
else L=(k<=nb+1l)? i-nb+k-2:i-2*nb+k-2;
if (L!'=ik) continue;
L=k%2;
ci=complex(0.) ;
if (i<=nb+1l) for(g=0;9<Q;g++) ci += im*s[q];
else if (k<=nb+1l)
for (g=0;9<Q;g++) ci += im*conj (G[g+1l])*s[q]l;
else
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{ for(g=0;g9<Q;g++) ci+=im*s[q]*pow (abs(G[g+l]) ,2.);

L=(k-nb) %2
}
c[i*(i-1)/2-1+k]=(L==0)? -ci : ci;
}
}
L=cholesky (na+nb+l,c,x) ;
}
delete [] G; delete [] c; delete [] s;

return (L);
}
Chi y: Thuat toan trén ciing nhu ham par () chi st dung duge khi d6i tugng khong cé
thanh phan tich phan I, ttc 1a lim A(t) <ce.
t—eo

Vi du: Cho mét déi tugng tuyén tinh c6 mé hinh
O R —
l1+a;s+ags
trong do6
by=2,5,a,=1,6.10"° va ay =5,5.10".
Dol tugng lam viée tin hiéu vao u(f) 1a ngiu nhién egodic c6 dai tdn s§ 16n. Do 2048 gia

tri tin hiéu vao u(f) va ra y(f) cia d6i tugng véi tan so trich mau Ta=Ta=1O_4s duge day

{upt, i), k=1, 2, ..., 2047,

St dung ham par() véi ham cia s6 Hanning (w=w=3), na=n,=2, nb=n;=0,
N=N=2048, bias=1 cho cac gia tri M=M khac nhau ta sé& c6 nhiing két qua sau:

Lag M by =2,5 a;=1,6.10" ay=5,5.10""
195 2.39445e+00 1.46897e-03 5.43231e-07
225 2.41471e+00 1.51376e-03 5.54454e-07
300 2.42715e+00 1.53705e-03 5.50963e—07
350 2.42666e+00 1.50772e-03 5.43697e-07
365 2.44589e+00 1.51191e-03 5.50411e-07
390 2.34944e+00 1.45696e-03 5.22151e-07

Khi d6i tugng c6 chtia thanh phan tich phan I thi khong m4at tinh tong quat ta c6 thé
gid thiét by#0, ttic 1a khéng chiia thanh phan vi phan D néi tiép, vi trong trusng hop
ay=b,=0 thi sau khi gian udc thita s6 chung cta ti va miu cta (3.54) 1a s dé ha bac ta lai
¢6 md hinh méi khong chiita dong thoi ca hai thanh phan I va D.
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Khi 50, ta lam tuong tu nhu trén v6i moé hinh rat gon

np
L+byis+-+bys

Guyls) = (3.73)
ap +ays+-+ay s
sé di dén
S, (jnQ
Gu(inQ4) Z—Zy(J 2)
Su(nQi)
~ ny . ~ ng .
= S, (nQ ) 1+ 2 b;(jnQy)" |= 8y, (nQ;)> a;(jnQ,)"
i=1 i=0
~ ~ ng . . ~ ny . .
= e, = S, (nQy)—| Syy (nQ;) Y a;(jnQy)" =8, (nQ;) Y b;(jnQ,)" |#0
i=0 i=1
= e=s-Lx
trong do
Qo
e : S,(0)
a
e=| V|, x= _'g’l ., 8= S"(:Qi) . L=(,)
oM gu(ZMQﬂ)
~by,
v6i
z (jnQ)*S,, (jnQy) néu k<n,
nk = ~
(jnQ ) "8, (jnQ,;) néu n, <k
n=0,1,,...,2Mva k=0,1,, ... ,n,+tn,.
Nhu vay bd tham s6 b, ... Dy s @05 @1y sy ctia mé hinh (3.73) ma véi né phiém

ham sai léch (3.64) dat gia tri nho nhat sé 1a nghiém cta

LoLx=1"s
va cung v6i két luan dé ta dude thuat toan xac dinh bo tham s6 t61 vu x cho mé hinh
(3.73) tit day gia tri tin hiéu {u;}, {y;}, k=1, ..., N-1 do dugc trong khoang thsi gian quan
sat [0, NT,) v6i thoi gian trich mAu T, nhu sau:
1) St dung ham spec() tinh S,(nQ,),S,,(nQ,), n=0,1, ... .2M v6i M 1a chi s Lag,

r
Q=
AToT

a

va A1a s6 nguyén liiy thita 2 nhé nhit nhung khéng nhé hon 2N-1.
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2) Tinh C=L¥L vak=L"s.
3) Goi ham cholesky () dé tim x chtia bo tham s6 b, ... vbpy 5 @0y ALy s Oy 01 uu.
Viéc cai dat thuat toan trén thanh chuong trinh trén ngén ngit lap trinh C dudc tién

hanh tuong tu nhu da lam v6i ham par () va sé dudgc danh cho ban doc nhu bai tap 6n

luyén.

3.2.3 Nhan dang lap tham s mé hinh

Vi du minh hoa cho ham par () trinh bay trong muc 3.2.2 dé nhan dang tham s& by,
by, ... ,bnb N CTRTAN cho m6 hinh d6i tuong khéng chiia thanh phan tich phan
bo +bys+--+by, 5™

Guls) = —, (ng=nyp) (8.74)
l+ays+-+a, s

x4c nhan kha ning ap dung tét clia thuat toan. Tuy nhién khéng phai trong moi trudng
hop ta déu c6 thé st dung thuét toan d6. Ching han nhu & bai toan nhan dang bi dong
¢6 nhiéu tac dong 16n 1lam cho két qua do {u;}, {y;} phan anh khong duge sat thuc tin
hiéu hién c6 cta d6i tugng. Piéu nay anh hudng truc tiép téi gia tri G(jinQ,), n=0,1, ...,
2M thu duge ciia ham truyén dat va giia gia tri thu duge d6 véi gia tri ding Gy (jnQy)
ton tai sai 1éch khéong thé bd qua.
Viduy 1: Gid sti mot doi tugng tuyén tinh mé ta chinh xac dugc bdi
by +b
Guls) =—212

l1+a,s+ags
vl by=2,b,;=0,5,a;=0,8vaay=2.

Do 1000 gia tri tin hiéu vao u(?) va ra y(f) cia déi tudng véi tdn s6 trich mau
Ta=T,=10 %s dugc day {u,}, |y}, k=1, 2, ... , 999, trong d6 & cA d4u vao/ra chia d6i

tugng c6 14n 12% nhiéu phan b8 chuin véi gia tri trung binh bing 0. St dung ham
par () véi clia s6 Hamming (w=4), na=2, nb=1, N=1000, bias=1 va M=200 ta thu dugc
két qua c6 sai léch dang ké ([12]):

bo=0,38,b;=0,12,a; =0,35 vaa, =0,17. d
Nhim hiéu chinh két qua thu dugec nhd ham par () mot cach t6t hon, ngudi ta can
phai loai b su anh hudng ctia nhiéu trong G(inQ)) va mot trong nhiing phuong phap

loai bd sit anh hudéng d6 ctia nhiéu 1a nhan dang theo nguyén 1y l4p qua nhiéu buée dude
trinh bay sau day.
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Xu4t phat tit mé hinh (3.74) va cac gia tri G(jnQ,), n=0,1,

phuong trinh mo t4 sai léch dau ra:

e, =G({nQy) - Gy(inQy)

G(nQ;) -

nb : na .
2.b;(jnQ )" ~G(jnQ ;) Y a;(jnQy)"
i=0 i=1

g ,
1+ Zai(anﬂ)l
i=1

..., 2M da co6 ta lap

Néu ky hiéu algk) , bi(k) 14 cAc tham s& ctia md hinh (3.74) thu dudc tai buée lip thi &,

ta sé& cai bién sai léch trén mot it cho phit hop véi thuat toan lap nhu sau:

trong do

G(jnQy)-

Li=0 i=1

) ; & (k)
2.5, (nQy)" —G(nQy) ) a;" (jnQy)'

ng .
1+ a*V(jna,)

i=1
N : S (B |
G(nQy)—| 26,7 (jnQy) —G(jnQy) Y a;” (jnQ,)
i=0 i=1
= = (3.75)
wr(‘tk_l)
g .
wh V=14 Zagk_l)(jngl)l va w®=1,Vn.
i=1
V6i ky hiéu ma tran U vector g cho trong (3.65) va
50 10 0 0
0 1
~ : = 0 0
€o . wl
g L P 1
1 = T w 10 0 0
i o® |’ Wi
€am : : : 1
(k) 0 0 0 —_—
%, wlkD
thi (3.75) cho t&t c& n=0,1, ..., 2M s& vi&t chung lai dugc thanh
e=w* PV g-w* Vuy, (3.76)

Né&u xem bg tham s6 x;, t6t nhat ctia bude 1ap thi £ 12 by ma véi né tdng binh phuong

cac sai léch
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2M
Q=Y ="z
n=0

dat gia tri nhé nhat, thi tuong tu nhu da 1am véi (3.64) tai muc 3.2.2 dé dén (3.66), & day

ta cling c6 phuong trinh xac dinh nghiém x; nhu sau:

o e

¢ k
va phuong trinh nay hoan toan giai dudc truc tiép nhé ham cholesky () vdi nhiing gia
tri G(jnQ4), n=0,1, ... , 2M ciing nhu by tham s8 ¥V, i=1, ..., n, da c6 tit budc lip tha
k-1 trudce dé.
Ta di dén thuat toan 14p xac dinh bo tham s6 t6i uu b, ... ybp, s a1, ... @y (sailéch

d4u ra nhé nhat) cho mé hinh déi tugng khong chta thanh phén tich phan tit nhiing gia

tri G(jnQy), n=0,1, ... , 2M da c6 (chdng han nhu nhd phuong phap nhan dang bi dong

mo hinh khéng tham s da trinh bay & chuong 2) nhu sau:

1) Xac dinh b6 tham s6 khéi phat 55" ,56(”, ..., b, a{”,al’, ..., a?) tit G(inQ),
n=0,1, ..., 2M (c6 thé st dung mét phan ham par () khong c6 cong doan goi
nonpar () dé tinh G(inQy), n=0,1, ..., 2M tit {u}, {y;}, k=1, ..., N-1).

2) Thuc hién 14n lugt cac buéc sau véi k=1, 2, ...
a) TmhC=W*"P0?W* 0 var=w" oWtV g
b) Goi ham cholesky () dé tinh bék) , b{k), e br(l];) , ay"’) , aék) Y s afl? .

c) Neéu sai s6 Z(‘bi(k_l) —bi(k)‘+‘a§k_1) —al(k)D < &£ v6i £1a mot s6 duong da nhd cho
i

trude thi diing thuat toan va cho ra két qua by = b(()k) sy by = bfll?, a;= aye) Y s
_ _(k
ap, = a,(la) )

Né&u nhu biét chéc riing bo tham s6 mé hinh phai xac dinh véi it nhat hai vong lap thi

ta c6 thé bit ddu tai ngay budc 2, trong d6 gia tri khéi phat 6,6, ..., b,(l?, al?,
ago) e ailo) chi can chon sao cho c6 dugc wﬁto) =1, V n. Vi du nhu véi

a{o) =... =a£LO) =0
va 0,6, .., bfg)) 1a tiy §.
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Dé tién cho viéc cai dat thuat toan trén, nhat 14 tai buée 2a) khi phai x4c dinh C

ciing nhu & ta ¢6 thé goi U= W DU va Ugy 12 cac phén ti cha U,q=1, ..., 2M+1, n=1,
..., ngtny+l. Vay thi

[j(q_l)Q/i]n71 khi

k-1
- w((I—l )

Litg-nQ, " ™!

1<n<ny+1

G(j(g-1)Q,) khi npt+l<n<ng+n,+1

(k-1)
Wy
trong dé w(()k_l) =1. Néu goi tiép C=(W(k_1)U)H(W(k_1)U) VA Cpypy s M, N=1, L, ngtnytl 1A
cac phan tl ciia né sé dugc
2M
c11 = 1+ ;2
A
2M
va Copn = Z(Eqmuqn)
q=1
2M (— iaQ) m+n-2
oty G l<n<m<n,+1

2
q=1 (k-1)
[

oM (_ ; Q m+n-2-n,
SISy %G(quﬂ) khi 1<n<ny+l<m

q=1 ‘wflk‘l)‘
(_1)"‘"17_12%4 (_quﬂ)m+n—2—2nb

. GGa@ )] khi nmy+l<ns<m
g=1 ‘wl(lkq)‘

Ciing nhu vay, néu ta tiép tuc goi k,, n =1, ..., n +n,+11a cic phan ti cia k thi

W = G(j(g-1RQy)
k,= Y uqnw(Tl)l

g=1 q-1
2M i
Y (—jg)" —G(qué) khi n<ny+1
S
k,= 9
oM i
S (gt GUEL g e
q=0 wlkD

q
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St dung cac cong thiic xac dinh C va k viia néu trén, ta tién hanh viéc cai d#t thuat

toan nhan dang by, ... ,b,,, a1, ... ,a, cho ddi tugng khong chita thanh phén tich
phan tit nhiing gia tri G(inQy), n=0,1, ... , 2M clia né bing ngdn ngii lap trinh C sé cb

dugc ham itpar () cho duéi day. Ham itpar () nay cé cac bién hinh thic sau:

a) Con trd G chi ddu mang phtic G[] chiia cac gia tri G(inQ,), n=0,1, ... , 2M.

b) Con tré x chi ddu mang phtic x[1 chta cac tham sb c6 ti vong lap thi k-1 trudec

d6 theo thi tu:

x[01=5{"", ... x[nb]=b{'"V x[nb+1]1=-a{*"V, .. x[natnb]=—a{' "V

g
Sau khi ham thuc hién xong, cac gia tri tham s6 méi sé& duge ghi lai vao mang nay
ciing theo dung thi tu d9, tic la:

x[0]=bf, ... ,x[nb]=b’]§b,x[nb+1]=—a{e ..., x[na+nb]=-a .
a

c) S6 thuc Om chiia gia tri Q.

d) S6 nguyén M2 chita do dai day {G(GnQy)}, tic 1a M2=2M.

e) S0 nguyén na chtia bac da thiic mau sd n, cia md hinh.

f) S8 nguyén nb chita bac da thic ti s6 ny cia mo hinh.

tha

Ham tra vé gia tri bao 161 —1 néu n,<n; hoic i > 0 thong bao C suy bién véi phan ti

ii khong phai la s6 duong. Trong trudng hgp khong c6 16i, ham tra vé gia tri 0. Ham

khéng lam thay d8i néi dung mang G[1.

int itpar (complex *G,complex *x,double Om,int M2,int na,int nb)

{

124

int n,m=na+nb+l,q,L,mn;

double *s,*w;

if (nb>na) return(-1);

complex cik,*c,im=complex(1l.) ;

c=new complex[m* (m+1)/2+1];

s=new double[M2];

w=new double[M2];

c[0]=complex(0.,0m) ;

for (n=1;n<na;n++) c[n]=c[n-1]*complex(0.,0m) ;

for (n=0;n<M2;n++)

{ cik=complex(1l.);
for (m=0;m<na;m++) cik+=c[m]*pow(n+l,m+1l) *real (x[nb+1+m]) ;
w[n]=1./ (pow(real (cik) ,2) +pow (imag (cik) ,2)) ;

}

c[0]=complex(1l.) ;

for (n=0;n<M2;n++) c[0]+=complex(w[n]) ;



x[0]1=G[0];

for (g=0;9<M2;g++)

{ slql=1.;
x[0]=x[0]+G[g+1]*w[q];

}
for (mn=1;mn<=2*na;mn++)
{
for (g=0;q<M2;qg++) s[q]l=s[q]*Om* (q+1) ;
im=im*complex (0.,-1) ;
for (m=1;m<=na+nb+1;m++)
for (n=1;n<=m;n++)
{
if (m<=nb+1l) L=n+m-2;
else L=(n<=nb+l)? m-nb+n-2:m-2*nb+n-2;
if (L'=mn) continue;
cik=complex(0.) ;
L=(n-1)%2;
if (m<=nb+1l) for(g=0;q<M2;q++) cik+=im*s[q]*w[q];
else if (n<=nb+1l)
for (g=0;9q<M2;g++) cik+=im*conj (G[g+l]) *s[q]l*w[q];
else
{ for(g=0;qg<M2;qg++)
cik+=im*s[q] *pow (abs (G[g+1]) ,2.) *w[q] ;
L=(n-nb-1)%2;
}
c[m* (m-1) /2-1+n]=(L==0) ? cik:-cik;
}
if (mn>na) continue;
if (mn<=nb)
{ =x[mn]=complex(0.);
for (gq=0;9q<M2;g++) x[mn]+=im*G[g+1l]*s[q]*w[q];
}
x[nb+mn]=complex (0.) ;
for (g=0;qg<M2; g++)
x[nb+mn] +=im*s[q] *pow (abs (G[g+1]) ,2.) *w[q] ;
}

L=cholesky (na+nb+l,c,x) ;
delete [] c; delete [] w; delete [] s;
return (L) ;

}
Vi du 2: Ham itpar () trén diy c6 thé duge dung thay cho ham par () da gidi thiéu &

muc 3.2.2 &8 xéc dinh tham s6 mé hinh b, , ... ybp, > @1, ... @y, cho nhing déi tugng

khéng chiia thanh phéan tich phan mdot cach truc tiép tu day cac gia tri {G(inQy)} chi
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khong phai tit diy gia tri tin hiéu vao/ra {u,}, {y,} bing cach goi ham itpar () véi dau

vao x[n]=0,n=0,1, ..., n,+n, . Vi du véi cac 1énh

void main ()
{ complex *G,*x,b0,bl,al,a2;
int i;
bO0=complex(2.); bl=complex(0.5);
al=complex(0.8); a2=complex(2.)
G=new complex [1000]; x=new complex [7];
G[0]=complex(2.) ;
for (i=1;i<1000;i++) G[i]=(bO+bl*i))/ (complex(l.)+bl*i-b2*i*ji) ;
for (i=0;i<7;i++) x[i]=complex(0.) ;
if(itpar(G,x,1.,999,2,1)==0)
for (1i=0;i<4;i++)
printf ("x[%d]=(%£f,%£f)\n",i,real (x[i]) ,imag(x[i]));
delete [] G; delete [] x;

getch();
}
sé co
x[0]1=(2.0,0.0) x[1]1=(0.5,0.0)
x[2]1=(-0.8,0.0) x[3]1=(-2.0,0.0). |

Vidu 3: Quay lai xét vi du 1 ban dau 14 d6i tugng tuyén tinh cdn nhan dang c¢6 mé hinh

by +bs
Guls) :0—12,
l1+a,s+ags
vl
bo =2, bl 20,5 , A = 0,8 va a9 = 2.
T day {G(nQy)}, n=0, 1, ..., 999, Q; = 1,55 " bi 14n nhidu phan bd chuén ta st

dung thuat toan lap véi cac bude lap £=1,2,3,4 chdng han nhu nhd lénh

for (i=0;i<7;i++) x[i]=complex(0.) ;
for (k=0;k<3;k++)

{
i=itpar(G,x,1.5,999,2,1);
printf ("k=%d\titpar ()=%d\n" ,k,1i);
if (i==0)
for (i=0;i<4;i++)
printf ("x[%d]=(%£f,%£)\n",i,real (x[i]) ,imag(x[i]));
}

sé thu dugc két qua:
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k by =2 b, =0,5 a;=0,8 ay=2

1 0.3876989 0.121715708 0.35801470 0.174858337
2 1.9936758 0.47759602 0.80031561 1.79909552
3 1.9999577 0.49980766 0.80189254 1.99115383
4 1.9999984 0.49802213 0.80144393 1.99111318

Thuat toan lap trén day cting c6 thé dugc cai bién cho d6i tugng chta thanh phan
tich phan I nhung khong c6 thanh phan vi phan D v6i m6 hinh rit gon

1+bys+---+b, s
Gls) =—— i

agp +als+m+anasn“

Trude hét ta xem quan hé xap xi

p .
1+ 356,nQ,)  ~ .
. ‘ +i=21 ;(Jn2y) 8, (ng2y)
G (nQ)) = G(nQy) o . - 2K
=0

nhu 14 mét sai 1éch tai bude lap thi &

~ ~ g . ~ np .
Su(nQ/l)—(Suy(nQ/l)Zal(k)(an/l)L —Su(nQA)Zbi(k)(anl)’J
i=0 i=1
#0

e, = —
S, (n2,) Y a* PV (jnQ )
=0
réi tim
k k k k k
B, ., b, o 0P, ., o
tu day
cting nhu tw a§k71>, i=0, ..., n,, trong d6 aéo) =1, a§0> =... =a§lo) =0 sao cho
2M 9
Q= X len|
n=0
dat gia tri nho nhat. Khi d6 ta sé duge
(Fe-oL)f [FE-L) 5, = [FEDLf -0, (3.77)
C k
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k
o

; S, (0)
a(k) §u (Q/i)

g

o L=, WEV=@Y)
lhe!

’§:

&
Il

S,(2MQ;)

_p®
np

| (n@p)*S,, (jnQy) néu k<n,
nk — - s
(jnQ,;)" 8, (jnQ;) néu n, <k

0 néu m#n

1 .
néu m=n

kD — _

m 3 4 (k-1 i

S, (nQy)> ;" (jnQ,)
i=0

m,n=0,1,,...,2Mva k=0,1,, ..., n,tn,.

Nhu vay ta sé ¢6 duge thuat toan xac dinh by tham s6 t61 uu x;, tit day gia tri tin higu

{ur), ), k=1, ..., N-1 do dugc trong khoang théi gian quan sat [0, NT,) véi thoi gian
trich mau T, cting nhu tu aék_l) , aﬁk_l) Y s aflk_l) , trong do

a(()o) =1, a§0) =.. =a;0) =0,
nhu sau:

1) St dung ham spec() tinh §u (nQ,), §uy(n§2/1) .

9) Tmh C=FEDLI [FEDL) vap= ([FE-DLf D,

3) Goi ham cholesky () dé gidi phuong trinh (3.77) theo x,.

Cau hoi 6n tap va bai tap

1. Gia st rang khi kich thich tai ddu vao clia déi tugng cAn nhan dang mét tin hiéu
u(t)= uy1(t) ngudi ta thu duge & dau ra dudng thuc nghiém y(¢) c6 dang mot khau dao
dong tit dan (hinh 3.30) v6i mo hinh tham s8 thudc 16p
kq?

s+ 2qDs +q

0<D<1

GGs) = =
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Gol ¥ 12 gi4 tri gi6i han cta y(¢) khi ¢ va A;,i=0, 1, ... 12 khoang cach cuaa cac

diém cyc tri t6i dudng y=ye. . Chiing minh ring

+y@®

Yoo

Hinh 3.30: Cho bai tap 1.

Véi két qua caa bai tap 1, hay xay dung thuat toan nhan dang cac tham s6 &, D, q
cla d6i tugng c6 mé hinh (3.54) ti toa d6 cac diém cuc dai cta dudng thuc nghiém
y(t) thu duge khi kich thich d8i tugng bang tin hiéu u(t)= uy1(¢) & dau vao. Cai dit
thuat toan viia xay dung thanh chuong trinh viét trén C.

Chiing minh ring ma tran U cho trong cong thiic (3.65) khi Q20 va G(jnQ,) khong
phai la hing s6 v6i moi n=0,1, ..., M vd M>n+n; s& c6 hang la n +ny+1.

Chiing minh rang néu ma tran U c6 m hang, n ¢t véi m > n va cac vector cot 1a doc
lap tuyén tinh thi UYU sé khong suy bién véi hang 1a n. Hay chi ring UPU va
(UHU)_1 la cac ma tran xac dinh dudng.

Diéu gi sé xay ra khi st dung thuat toan nhan dang tham s6 mé hinh theo phuong
phap bi déng da trinh bay trong cac muc 3.2.2 va 3.2.3 (chdng han nhu véi ham
par () hay itpar ()) néu tin hiéu diu vao cé dai tdn sé rat hep, vi du tin hiéu hinh

sin hodc cos.
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4  NHAN DANG THAM SO MO HINH ARMA

41 Ditvan dé

41.1 Phat biéu bai toan nhan dang mé hinh ARMA

Cung véi su bung nd tng dung 16p mé hinh tham s6 khong lién tuc biéu didn méi
quan hé vao—ra cho mot hé tuyén tinh, tham s6 hing trong diéu khién tu déng, nganh
nhan dang ciing chuyén bude tit nhan dang mé hinh lién tuc trudc ddy ma trong tdm chu
yéu 1a xay dung ham trong ludng hodc ham dic tinh tdn bién—pha duéi dang mot day s6
(phtic) sang linh vyc nhdn dang mé hinh roi rac.

N&i dung chinh ctia chuong nay la trinh bay nhiing phuong phap nhan dang tham s6

a by
K,a=| : |,b=| : | chomo hinh rdi rac ARMA (Autoregressive moving average)
apy, bnb
1+bzl+4b, 27
G =2&) - g i ZR)
U(z) l+a;z 7t ++ a2

trén cd sd quan sat, do tin hiéu vao u(¢) va ra y(¢) sao cho sai léch gitia mo6 hinh va déi
tugng 14 nhé nhat. Véi nhiing kiu mo ta sai léch khac nhau sé ¢6 cac phuong phap nhan
dang khéac nhau.
Cac phuong phap nay dudgc chia ra lam hai loai chinh:
— loai nhan dang active (cht dong). Tin hiéu ddu vao u(t) dudc chon la tin hiéu 6n
tring c6 gia tri mat d6 phd bang 1, tic 1a
m,=0va S,(w=1. (4.2)

— va loai nhan dang passive (bi dong).

Pac biét, khi n;= 0 m6 hinh (4.1) tré thanh

Gz) = K (4.3)

14 T
l1+a27 + tap, 2

va duge goi 12 mo6 hinh AR (Autoregressive) cia d6i tugng.



Ngugc lai khi n,= 0 thi mé hinh (4.1) tré thanh
G@=KQ1+biz™" +...+b,, 27") (4.4)
¢6 tén goi 1a mé hinh MA (Moving average).
Chuyén (4.1) sang mién thdi gian, sé ¢6 duge mé hinh tuong duong dang phuong
trinh sai phan sau:
ng ny,
Yn T zakynfk =K Up + zbkun—k (4.5)
k=1 k=1

Hoan toan tuong tu, dang thdi gian ctia m6 hinh AR 1a

ng
Yo+ 2 apYn-i =Ku, (4.6)
k=1
va ctia m6 hinh MA 1a

np
Y = K[un + Zbkun_k] 4.7
k=1

4.1.2 Chuyén thanh bai toan tuong duong c6 hé sé khuéch dai cia mé hinh
béng 1

Dé don gian, ta chuyén bai toan vita néu vé dang mé hinh c6 hé s6 khuéch dai bing 1
(hinh 4.1), bing cach tach G(z) thanh hai khau K va (N}(z) méc néi tiép. Khau (N}(z) khi

d6 s& c6 ham truyén dat

_Y(2) _ 14627t +ot by, 27

Ge)=% - o 4.8
(2) 1+a;z +otay 2
Tin hiéu dau vao qua khau khuéch dai K ciing 14 tin " y
hiéu nglu nhién egodic cé gia tri trung binh bang 0 va —» K > (N;(z) —>
gia tri mat d6 phéd bing K. V4i su bién d6i ma & d6 hé s&
khuéch dai ctia mé hinh duge chuyén thanh gia tri mat Hinh 4.1: Chuyén thanh bai toan
A 2 o . A A N P ¢6 mé hinh v6i hé s8
dd phod cua tin hiéu dau vao, ta c¢6 dang tuong ducng khugch dai 1.

ctia bai toan chuéin cho viéc nhan dang chi dong tham
$6 mo hinh ARMA. Bai toan tuong duong nay phat bidu
nhu sau: Trén co s quan sat, do tin hiéu ra y(¢), duge day {y,}, hay xac dinh cac vector

a b

tham s6a =| ! |, cia m6 hinh é(z) va gia tri mat 6 phd K cta tin hiéu dau

IS,
1l

b

a
g p

vao u(t) sao cho sai léch gitia mé hinh va déi tugng 1a nhé nhat, trong d6
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m,=0 va S,(w =K. (4.9)

Tuong Gng, mo6 hinh é(z) trong mién thdi gian c6 dang

ng np
Yo+ D QpYn g =y + D b, (4.10)
k=1 k=1

Hoan toan tuong tu, dang thdi gian cia mé hinh AR tuong duong la
na
Ynt zakyn—k:un 4.11)
k=1

va cua md hinh MA tuong duong 1a
ny
Yn=Up + Zbkun—k (4.12)
k=1
4.2 Nhan dang chi dong tham s mé hinh AR

Nhiém vu ctia bai toan nhan dang cht déng 1a khi d6i tugng dudc kich thich chu
dong bang tin hiéu 6n tring u() thoa man (4.9), hiy xac dinh cac vector tham s6 a, K
ctia md hinh (4.11) tu day gia tri {y;}, £=0,1, ... , N-1 do dugc cta tin hiéu ra sao cho sai
léch gitia m6 hinh va d6i tugng 12 nhd nhat.

4.21 Phuong phap Yule-Walker

Trude hét, ta nhan ca hai v& ctia m6 hinh (4.11) véiy,,, vé phia trai

n’a
Yn-mY¥n t Zakyn—myn—k =Yn-mlUn
k=1

sau d6 lap gia tri trung binh theo céng thiic (1.30) va (1.33) cho ca hai v&, sé c6
Ng
ry(mTy) + > apry(m —k)Ty) =r,, (mTy,)
k=1

Néu goi g, =g(mT,) 1a gia tri ham ham trong lugng ciia mé hinh AR (4.11) tai cac

diém trich mau mT,, m=—o, ... , = thi do d6i tugng c6 hé s& khuéch dai bing 1 nén
(1 khi m=0
gm0 Khi m<0

Ngoai ra, theo gia thiét (4.9) con c6
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K khi m=0

r”(mT">={o khi m#0

bdi vay tit diéu hién nhién

ryu(mTa)=ruy(_mTa)=ru(_mTa)*g—m = zru(_kTa)gfmfk :Kg—m

k=—oo
ta dugc
K khi m=0
Ty (mT) =10 khi m>0
Kg_,, khi m<0
Suy ra
N K khi m=0
r,(mT,)+ Zakry((m -k)T,)=40 khi m>0 . (4.13)
k=1

Kg_, khi m<0

Viét lai (4.13) 1an lugt cho m=0,1, ..., n, duéi dang ma tran ta di dén

ry(O) ry(_Ta) ry(_n’aTa) K
ry(Ty) ry(0) 1y (g +1)T,) ( 1 J: 0 (4.14)
: a : :
ry(naTa) ry((na -DT,) - Ty 0) 0
H,,

DAy 1a phuong trinh xac dinh vector tham s6 a, K tit viéc do tin hiéu ra y(f) va c6 tén
goi la phuwong trinh Yule—Walker.

4.2.2 Sai sé du bao tuyén tinh cia phuong phap Yule-Walker

Uu diém co ban cta phuong phap

Yule-Walker 12 v6i tham s6 md hinh a, Phan tin higu da

40 I8 do dugc a0 Ha

-~ . ., . . Du béo lui g Du bdo tién
K da xac dinh dude, gia tri trung binh o, » - -
< -« > >

ciia binh phuong sai léch du bao tuyén

tinh nhé nhét. Uu diém nay da dudc >f\—/%

Burg st dung dé xay dung phap truy héi

»
»

rat c6 ¥ nghia trong ting dung thuc t& va t

sé dugc trinh bay sau trong muc 4.2.4.
Hinh 4.2: Giai thich khai niém phuong phap du bao
Hinh 4.2 minh hoa khai niém du bao ti€n va du bao Iui.
tuyén tinh. Gia st qua viéc quan sat tin
hiéu ta da c6 y(¢) trong khodng quan sat
[Ty, T . Nhiing phuong phap du bao cho ra két qua x4p xi caa y(t) khi t>T, duge goi la
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phuong phap du bao vugt trudc hay du bao tién. Ngudc lai, phuong phap cho ra két qua
gan dung y(¢) khi t<T; dugc goi 1a du bao lui.

Nhiing phudng phap du béo c6 dang t6 hdp tuyén tinh tit cac gia tri tin hiéu quan sat
dugc thi dude goi 14 du bao tuyén tinh. Cac cdng thiic du bao tuyén tinh tuong ting véi
md hinh AR gém:

1) du bao tuyén tinh tién:

n

yr];:_ apYn-k (4.15)
k=1

Q

cho phép xac dinh y£ duge xem nhu 13 gié tri gn ding cla y, ti n, cic gia tri da c6
trude d6 yp_1,.-s Ynon, - S6 mii f trong y,{ khoéng c6 ¥ nghia liiy thita ma don gian

chi 1a ky hiéu néi ring gia tri xap xi d6 duge xac dinh theo phudng phap du bao
tuyén tinh tién ma déi khi trong mét vai tai liéu khac nhau con goi 1a phuong phap
du bao tuyén tinh vugt trudc (forward).

2) du bao tuyén tinh lui:

na
Yo == Yk (4.16)
k=1

cho phép xac dinh yz dugc xem nhu la gia tri x4p xi caa y,, ti n, cac gia tri da c6
sau d6 Y,41.--sYnan, - S6 mii b trong y,l; la ky hiéu chi ring gia tri x4p xi duge tinh
theo phuong phap du bao tuyén tinh lui (backward).

Pinh ly 4.1: V6éi cac tham s6 @, K cia m6 hinh AR xac dinh theo thuat toan

Yule-Walker, phuong phap du bao tuyén tinh tién (4.15) 14 phuong phap cé gia tri
trung binh binh phuong céc sai léch nho nhat.

Chitng minh:

Truée hét 1ap sai léch e,’; =y, - y,’: . Vay gia tri trung binh ctia binh phuong sai léch nay

sé la
na 2
M[l er)Z |2] =M Yn t zakyn—k
k=1
2 na na na
=M[yn]+2M Yn 2.0 Ynk |t M|| 2 arYn_p | 2
k=1 k=1 =1
Ng Ng Ng
=1y (0)+2> ary (RT)+ D, Y apary(k—DTy)
k=1 k=1 1=1
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St dung ky hiéu

() r,(0) ry(=T,) o ry((ng —1DTy)
P R S Hy, = ry(;Ta) HO e (e =B
ry(naTa) P -DT,) (g —2)Ty) ~  1r,(0)

dang thic trén vist duge thanh
Mllef "] =r,©+r"a+a"r+d"H, a
= ry(o)_ETH,_ll_lfJ" &"’Hna—lg)TH;l_l(’_“i_Hna—lg)

Riéng biéu thic tht 3 chta vector tham s ¢ phai tim. Bdi vay khi ¢ 1am cho biéu
thiic nay c6 gia tri nhé nhat, né ciing sé lam cho M [|ef{2] c6 gia tri nho nhit. Nhung ma

tran H, _;xac dinh khéng 4m, nén biéu thitc thi 3 s& c6 gia tri nhé nhat khi

0

) 1 |,
r+H, ja=i| = [ H, _1).[ ]: : 4.17)
a - a a
0 Y o

So sanh véi (4.14) ta thay ngay duge 12 nghiém cta (4.14) théa mén (4.17) vi

T
m, =" I (4.18)
¢ LS Hna -1
va d6 1a diéu phai chting minh. |

Mot cach hoan toan tugng tu, ta cling sé chi ra dugc:

Pinh ly 4.2: V6i cac tham s6 @, K cia m6 hinh AR xac dinh theo thuat toan
Yule-Walker, phuong phap du bao tuyén tinh lui (4.16) 14 phuong phap cé gia tri
trung binh binh phuong cac sai 1éch nho nhAt.

Trén day 13 hai dinh 1y khng dinh hai vu diém trong ky thuat du bao tuyén tinh ctia
cac hé s6 ay, a,, ..., a,, va K ctia m6 hinh AR (4.3) dugc xac dinh theo phuong phap

Yule-Walker. Hai vu diém nay da duge Burg st dung dé xay dung thuat toan truy héi
giai phuong trinh (4.14) s& gi6i thiéu sau 8 muc 4.2.4. Bén canh hai vu diém vita néu,
nghiém cta phuong trinh Yule-Walker con ¢6 mét wu diém thi ba rat 1y tha cho viée
danh gi4 lugng thong tin ngudén phat. Vi uu diém nay khéong lién quan dén céng viée
chinh cta ching ta 14 nhan dang d6i tuong diéu khién nén & day né chi duge gi6i thiéu
duéi dang mot hé qua khéong cé chiing minh dé tham khao thém.
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Hé qua 4.1: Trong 16p t4t ca cAc mat d6 phd tin hiéu c6 dang

K
Sy(@) =
& kT,
1+ > ape /™
k=1
thu dugc tit dy céc gia tri tin hidu {y,} thi mat d6 phd c6 cac hé s6a;, ay, ..., a, ,

K x4c dinh theo Yule-Walker sé& c6 lugng théng tin (entropie) nhiéu nhat vé ngudn
phat tin hiéu ngau nhién y(f). Néi cach khac véi cac hé s6 d6 sé co
H,= [InS,(w)d® — max!

—oo

4.2.3 Giai phuong trinh Yule-Walker nhé& thuét toan Levinson
Ma tran H,_ cta (4.14) c6 nhiing tinh chat rat dac biét, d6 la:

a) H e 14 ma tran Toeplitz, tic 14 cAc phan ti tai hang thi i, cot j duge xac dinh tit
hiéu i—j va do d6 ngudi ta c6 thé xay dung lai dude toan bd ma tran chi tit cac
phén ti cia hang diu tién va cot dau tién.

b) H,, d6i xting qua dudng chéo chinh, ttc 1a H Z =H, . Két hop véi H n, 12 ma

a

tran Toeplitz, ngudi ta chi cAn cic phdn tl cia hang dau tién 1a da dé cé dude
toan b6 ma tran.

¢) H, lama tran xic dinh khéng am. Diéu nay c6 thé suy ra tit tinh chat (1.31) cla
ham tuy tuong quan theo phuong phap quy nap.

Tinh chét b) va c) 1a diéu kién dé ap dung duge thuét toan Cholesky va do d6 ta c6
thé st dung dudc ngay ham cholesky () da gi6i thiéu & chuong 2 (muc 3.2.1) dé giai
phuong trinh 4.14 duéi dang

K1 0
n[F1)

0

Tuy nhién cung véi tinh chat a) viéc cai dat thuat toan gidi phuong trinh (4.14) sé don
gidn hon nhiéu. Mét thuat toan chudn dé giai (4.14) theo phuong phép truy hdi thude vé
Levinson.

Thuat toan Levinson khong giai tryc tiép phuong trinh Yule-Walker (4.14) bac n,, dé

c6 cac tham sd a,, a,, ..., ap, va K ma 1an lugt giai (4.14) v6i nhiing béc i thap hon, bt
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d4u véi i=1, sau d6 cho i ting dan dén n, . D& tién trong trinh bay ta s& ky hiéu phuong

trinh (4.14) cho bac i ¢6 dé § dén tinh d6i xting H} = H; nhu sau:

r,(0) ry (Ty) ry(iT,) 1 K,
) O o G-DT | |alil|_| 0 @19)
ry@T,) ry((@-DTg) - r,(0) a;i] 0
H;
néi cach khac, cac tham sé nay sé duge ky hiéu bang a,[il, alil, ... , a;lil, K; dé nhén

manh ring ching thudc vé phuong trinh Yule-Walker bac i. V4n dé dit ra cho bai toan
x4y dyng thuat toan truy héi 1a xac dinh i+1 tham s6 a,[il, a,[il, ... , a;[i], K; cda (4.19) ti
i cac tham s8 a4[i-1], a,[i-1], ... , a;—[i-1], K;—; cia phuong trinh Yule-Walker bac i-1
dugc gia thiét 1a da biét:

r, (0) r(T) e 1y (G-DT,) 1 K, ,
ry(Ta) ry(O) ry((i_z)Ta) ) al[i—ll _ 0 (4 20)
ry(@-DT,) r(@-2)T,) - r,(0) a;_1[i-1] 0
Hi—l
Trude hét ta ching minh dinh 1y sau:
a[i]
Pinh ly 4.3: Néu g[i]=| @ | va K, la nghiém cta (4.19) thi ching ciing sé thda man
ai]
alil) (0
H| S |=| 4.21
“lagli 0 @21
1) |k
Chitng minh:
0 1
Nhan ca hai v& ctia (4.19) véi ma tran J=| : .-° ! | vé phia trai ta c6
1 - 0

1 K,
JH|  |=7
L[Q[llj [Qi ]

Néu dé y tiép rang
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va J, H; 1a hai ma tran déi xtng, ttc 1a tich cia ching cling 14 mot ma tran déi xtng

JH;= (JH)"'=H,J

ta s€ dugc
a;[i] 0
HLJ[Q[l]]_J(Ql j = HL a [l] - 0 (dpcrn) D
1) (&

Bay gid ta sé xac dinh quan hé truy héi giita cac tham s8 ctia (4.19) va (4.20).

a, [l] a; [ - 1]
Pinh ly 4.4: Gilta vector cac tham s6 g[i]=| : |, K; cua (4.19) va a[i-1]= : ,
a;li] a;_1[i-1]
K, cla (4.20) c6 quan hé truy héi
a) ailil = qili-11+ q;i] a;—[i-1] véi k=1,2,...,i-1 (4.22a)
b) K=K, (l—ai[i]Z) (4.22b)
Chitng minh:
Véi ky hiéu
ry(Ty) r, @T,) 0o -1
L N R N I ol R
r, @Ty,) ry(Ty) 1 .- 0
a;[i] a;li] 0 -1
alil=| & |, alil=| ¢ |=]i 7 ilali]
a;[i] aq[i] 1 -0

trong d6 chi s8 r (reflection) clia vector r,[i] néi ring thit tu cdc phan t& clia né duge ddo

lai so véi r[i], thi ti phuong trinh (4.17) cho trudng hgp n,=i+1 ta cé:
r[i] + H; a[i] = 0, *— Vector gém c6 i phan tr 0.

Ky hiéu tiép
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;1]
va
ry(Ta) rli-1]
rli-1]= : = rli]= [r' (T )J
ry(((-1T,) re
ding thic trén sé tré thanh
rli-1] . Hiy r.l)(ali] .
ry(T) )\ el 0 ) ()
= rli-1+Hdlil+r [al]=o0; (4.23)
Mt khac, khi n, =i, cong thic (4.17) c6 dang
rli-1]+H,; ;di-1]=0, ;. (4.24)

Bdi vay khi trit (4.23) va (4.24) theo tiing vé ta sé& dudc
H;_ (@li]-ali - 1)) =, [il; [i]
= all-di-1]=#7r,5) ol (4.25)

Ngoai ra, do H;; 12 ma tran d6i xtng nén c6 JH; ;= H;J, trong d6 J 1a ma tran

reflection

bdi vay sau khi nhan ca hai v& clia (4.24) véi J s& dude
Jrli-1]+JH; 1 ali-1]=0,
&  rli-1+H,_Jdi-1]=0, ,
e rli-1+H_ e li-1]=0,,
néi cach khac ding thic (4.24) s& khong d6i khi thay afi-1] bdi a,[i-1] va thay r[i-1]
bing r.[i-1]. Suy ra
-H4r,[i]=a,li-1] (4.26)

Thé (4.26) vao (4.25) ta di dén
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alil-dli-1]=q,li-1] ]
va d6 chinh 1a coéng thic (4.22a) phai chiing minh.
Ta chuyén sang chiing minh (4.22b). Tu (4.27) va (4.19) dugc

[IQ{Z]:H{;[L']):HL‘ Z:,-lfi]] =H, Q[i(l)—l] +H, Qr[g—l] o.li]

Do s6 hang tht nhét & v& phai c6 thé bién déi thanh

H, a[il_l] :[Hi—l Er[i]] _[il—l] i Hi_l(g[i—l]] ) IO{'L'—1

. a
rt [z] r,(0) 0

K; 0
K' i-1
o) o |em|eh-ad

Sy

Tudng ty, ta lam v6i s6 hang thi hai trong téng vé& phai ctia (4.29) sé c6

mgﬁﬂw%P@E?WanMHHﬁEﬂ%m

1 ] Hia ) 1 H; ‘[Qr [Ll_ ﬂJ

Mt khéc, theo dinh 1y 4.3 thi tit (4.20) ta ciing c6 diéu tuong duong

i)

Do d6 (4.30) trd thanh

Thay (4.31) vao (4.29) ta di dén
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K, =Ki_1+zT[i]-[2r["”jai[i] w32

va

o=zf[i1-[g[j_ﬂ]+m1ai[i1 - ﬁ[ﬂ-[g[j_l]]:—mlai[i] (4.39

Thay (4.33) vao (4.32) ta c6 dugc diéu phai chting minh tht hai (4.22b):

K, =K, | - K; (a;[i]] a

Nhu vay, dinh 1y 4.4 véi hai céng thtc (4.22a), (4.22b) da cung cap cho ta kha nang
x4c dinh truy hdi cac tham s6 ailil, aslil, ... , @;—[i] va K; clia (4.19) ti cc tham s&
a[i-1], agli-1], ... , a;j—1[i-1], K;—; cta (4.20) véi gia thiét ring da biét q;[i] cta (4.19).
Noi cach khac vAn @€ con lai phai giai quyét 1a di tim g;[i].

Dé tim a,[i] tit cac tham s6 ay[i~1], agli-1], ..., a;—1[i-1], K;—; ctia (4.20), trudc hét ta
viét lai (4.22a) nhu sau:

1 1 0
aq[i] ai-1] a;_1[i-1]
: = + ai[i] :
a;_1[i] a;_1[i-1] a;[i-1]
a;[i] 0 1

K; 1 1 0
0 a;[i] aq[i-1] a;_1[i-1]
=H, : =H, : +a;[i]1H; : . (4.34)
0 a;_ 1 [l] a;_q [l—l] aq [l—l]
0 a;[i] 0 1
Nhung vi
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H, z,[i]J:[r 0) f:rT-[iJ

H.= . y
‘ [E,T[l] r 0 )| rli o
trong d6
ry(Ta) ry(iTa)
rli] = : , r.li] = :
r T, ry(T,)
nén (4.34) c6 thé viét duge thanh
K; 1 0
0 . -1 -1
. [Hi—l ’_"r[l]J al[l- ! +a[i][’“y(0) ET[iJ “ 1[1 ]
: - T . i .
0 ; .
o| (O il Hia) | oy
0 0 1
1 a; l[i 1]
-1 :
K, |Hpy 01 T
0 a; [l_]-]
PN L= ai‘lg_” +ali] ! (4.35)
a;_1[i-1]
0 a[i—1] :
T @li- :
H;_
LA U gfi-1)
a;1[i-1] 1
Miit khéc tit (4.20) c6
1 K,
-1
H_, ap [l. ] _ 0
0

a;_1[i-1]
va v6i dinh 1y 4.3 cho trudng hgp i—1 thay vao vi tri caa i, ding thic (4.35) dudc bién d6i

thanh
a;1[i-1]
K; K T
0 0 a;[i-1]
. : . 1
T = 0 +a;li] 0
O . i_l . . :
0 ry(@Ty)+ X ry [ = k)T lag[i-1] :
k=1 0
K;
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So sanh riéng phan ti cudi cling ctia hai vé ta dudc

i-1
0= 1T+ L li-BTalayli=1) + afi K-y

i—-1
ryGT)+ Yory [~ k)T, )ag i~ 1]
k=1

(4.36)
K; 4

=4 ai[i]:—

va d6 chinh 14 cong thtc cho phép xac dinh q;[i] tit cac tham s6 aq[i-1], agli-1], ... ,
a;—1[i-11, K;—, da biét.
Trong trudng hgp i=0 thi tit (4.19) c6 ngay dudgc K= r,(0).
Ta di dén thuat toan Levinson dé giai phudng trinh Yule-Walker (4.14) nhu sau:
1) Gan K,=r,(0).
2) Thuc hién cac budc sau cho i=1, 2, ..., n, .
a) Tinha;[i] theo (4.36).
b) Tinh a4[i], aslil, ... , a;—[i] va K theo (4.22a) va (4.22b).

Thuat toan trén da dugdc cai dit thanh ham Levinson () viét trén ngén ngi C cho
duéi day dé tham khao. Ham c6 hai bién hinh thic 1a

— con trd r chi ddu mang r[] chia diy cac gia tri hAm tuong quan theo tht tu
r[01=r,0), x[11=r/(Ty), ..., x[1]1=1,GT), ...
- bién nguyén na chtta kich thudc cia mang, tic 1a n +1 (bac cua phuong trinh).
Cac gia tri a1[n,], asln,], ..., A, [n,] va Kna tinh dugc sé dugec ham dua ra ngoai théng
qua mang a[] theo thii tu
a[0]= Kna ,alll=a4[n,], ..., alnal= Uy, [ng].
Nhu vy mang a[] it nhat phdi ¢6 n,+1 phin ti. Ham tra vé gi4 tri nguyén 0 thong bao
phuong trinh (4.14) gidi dudc, tiic 1a ma tran H n, Khong suy bién, ho#c 1 khi (4.14)
khong giai dugc.

int levinson(double *r,int na,double *a)
{

int i,k,j,ik,p=0;

double sum, save;

a[0]=r[0];

for (i=1;i<=na;i++)
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sum=0;
for (k=1;k<i;k++) sum=sum+r[i-k]*a[k];
if (a[0]'!=0.) a[i]l=-(r[i]+sum)/a[0];
else {p=1; break;}
j=i/2;
for (k=1;k<=j;k++)
{
ik=i-k; save=alk];
a[k]=save+a[i] *a[ik];
if (k!=ik) a[ik]=al[ik]+a[i] *save;
}
a[0]=a[0]*(1.-a[i]*a[i])
}
return (p) ;

}

Vi du: Goi ham trén bang lénh
k=levinson(r,na,a);

véi cac gia tri ddu vao na=2, r[01=2, r[1]=1, r[2]1=3, ta sé nhan dudc
k=0, a[0]=-2,6667, a[1]1=0,3333 va a[2]=-1,6667.

Tht lai ta thay d6 1a két qua dung:

21 3 1 —2,6667
1 2 1} 03333 |= 0
3 1 2)(-16667 0

a

Dua vao chuong trinh Levinson() thuit toan xac dinh cic tham sb a, K theo

phuong phap Yule-Walker c6 dang:

1) Xac dinh gia tri ham tu tuong quan ry(mTa), m=0,1, ..., n, bing ham cor () da

dugc trinh bay trong chuong 2, tit day gia tri {y,} do dugc cta tin hiéu ra.

2) Goiham Levinson() dé tinh g, K tit ry(mTa), m=0,1, ..., n,.

Thuét toan trén da duge cai d4t thanh ham Yule Walker () viét trén C cho sau day

dé tham khao. Him Yule_Walker () c6 5 bién hinh thic, bao gdm:
a) Con trd y chi ddu mang y[] chta cac gia tri y, £=0,1, ... , N-1.

b) S8 nguyén N chiia do dai day {y,}, tic 1a chta chi s6 N.

¢) S6 nguyén na chiia bac md hinh AR.
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d) S6 nguyén bias xac dinh gia tri ham tuong quan sé& dugc tinh theo cong thiic bias
(bias=1) hay unbias (bias#1).
e) Con trd a chi ddu mang a[] chita két qua theo thi tu:

a[0]= Kna ,alll=a4n,], ..., alnal= ap, [n,].
Ham tra vé gia tri bao 16i bang 0 néu M<N hoic ma tran H, Xkhong suy bién. Ham
& tra vé gia tri 1 khi c6 16i. Ham khéng lam thay déi néi dung cta y[1.

int Yule Walker (double *y,int N,int na,int bias,double *a)
{

int k;

double *r;

r=new double[na+l];

if ((k=cor(y,y,N,na,bias,r))==0)

k=levinson(r,na,a);
delete [] r;
return (k) ;

4.2.4 Phuong phap du bao diéu hoa va thuat toan Burg

Thuat toan gidi truc tiép phuong trinh Yule-Walker (4.14) dua vao chuong trinh con
Levinson () da trinh bay trong muc 4.2.3 cAn phai c6 mdt budc trung gian 12 nhan dang
cac gia tri ham tuong quan r,(mT,), m=0,1, ... , n, dé c6 duge ma tran H, va diéu nay
lam cho trong két qua thu dugc cé 14n thém sai s6 tinh toan khéng can thiét.

Nham tranh cic sai s6 thita d6, Burg da dua vao két qua cla hai dinh 1y 4.1 va 4.2 vé
sai s6 du bao tuyén tinh xay dung 1én mot thuat toan truy héi cho phép x4c dinh nhiing
tham sd a,, ay, ..., @, va K cia md hinh AR truc tiép tir cac gia tri tin hiéu do dugc ma
khéng cin théng qua ham tuong quan. Tuong tu nhu thuat toan Levinson, thuat toan
Burg ciing tinh truy hoi cac tham s6 a,[i, a,lil, .. , @,—[i] va K; cta (4.19) ti cac tham s6
aq(i-1], agli-1], ... , a;—[i-1], K;—; cta (4.20) theo cac cong thic (4.22a) va (4.22b) vi hai
cong thic truy héi nay khong sit dung gia tri ham tuong quan r,(kT,). DPiém khac co ban
so v6i Levinson 1a Burg khong tinh a;[i] theo cong thiic (4.36) ma dya theo tinh chat vé
sai s6 du b4o tuyén tinh ctia phuong phap Yule-Walker.

Pé tim a;[i] Burg da dua vao hai dinh ly 4.1, 4.2 phat biéu ring véi bo tham s a4[i],
alil, ..., a;[i] va K; va xac dinh dudc theo thuat toan Yule-Walker, gia tri trung binh
cta binh phuong sai léch du béo tuyén tinh
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el lil=y, - y1lil (4.37a)

eblil=y,_; -5l (4.37b)

14 nho nhat. Ky kiéu i trong ngoéc vudng cua e,’z [i], e,bl [i] chi ring sai léch d6 1a dng véi

mo hinh bac i. Nhiing gia tri ngoai suy tién y,’; [L] va lui y,’: [z] tinh theo cong thic (4.15),

(4.16) cho mé hinh bac i ¢6 dang nhu sau:

v [i] lily, (4.38)
¥ J

[i] [i1y,0k (4.39)

e;[ﬂ v M{

13
=-Ya
k=1
i
=-2a
k=1

2
Néu gia tri trung binh ctia binh phuong sai léch M { eﬁ’z [l1 } 14 nho

nhA4t thi duong nhién téng
N-1
Q=Y (/[P +eliP) (4.40)
n=i
cling nhd nhat. Nhung trude khi di tim diéu kién cho a;[i] dé @ nhan gi4 tri cuc tiéu, ta
sé tim moi quan hé truy hdi giiia e,’i [i], e,I; [i] va e£ [i-1], eZ [i-1].

Dinh ly 4.5: Gita e,{ [l] , ez [l] va e,’; [i - 1], e,l; [i - 1] ¢6 quan hé truy hoi

a) eplil= efi-1]+a;liles_1li-1] (4.41)
b) eplil= epili-1]+a;[ikefli-1] (4.42)
Chitng minh:

Tu dinh nghia vé sai s6 du bao tuyén tinh lui (4.37b) va gia tri duge du bao (4.39) c6

i-1
e li-1] =y, -0 li-1=y, i+ Sapli-1ly,_iin

k=1
-1 ; )
=ypi+ Yai_pli-1ly,_p (th&k bdii-k) (4.43)
k=1

Mt khac, véi (4.37a) va (4.38) cho cong thiic du bao tién thi

ol - efli-1] z[]yz[lly

—arlilyn s + S aglil- agli-1)- yos (4.44)

k=1
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Thay hiéu a,[i] — a5 [i-1] tu (4.22a) vao (4.44) dugc

eflil-efli-1]=q, [i(yn_,- ¢ Sapali-1] yn—k} (4.45)

k=1
So sanh (4.43) véi (4.45) ta c6 diéu phai chiing minh (4.41)
eplil-efli-1]=a,li]- e} _1[i-1].
Cong thic (4.42) duge chiing minh mot cach hoan toan tuong tu. |

Quay lai cong viéc chinh 1a xac dinh a,[i] dé @ c6 gia tri nhé nhét. Véi dinh 1y 4.5,
phi€m ham @ dinh nghia theo céng thiic (4.40) trd thanh

Q=% [+l efli1F el 6P st i1
hon niia, do @ 1a ham xac dinh duong nén dé @ cuc tidu thi cin va du la

=39 =" bl 1P e s sfli -k 1]

=  qfi]= =25 (4.46)

Nhu vay véi (4.22a), (4.22b), (4.41), (4.42) va (4.46) ta da c6 day du cac cong thic truy

héi dé xac dinh a[i], ayli], ..., a;[i] va K; tng v6i m6 hinh béc i tit cac tham sé’al[i—l],
agli-1], ..., a;—[i-1], K;—; ciia m6 hinh béac i-1. Song dé xay dung thanh thuat toan

hoan chinh con cin phai cé nhiing gia tri khdi phat e,f [0] , eg [O] va K,,.
Khi i=0 thi véi (4.38), (4.39) ¢6 y), = ys =0vay,=K,u, , do dé6
eflo]=eol=y, , n=0,1,..,N-1 (4.472)
va
1 N-
K,=r,(0)=— z (4.47b)
N ;o
Cudi cling, ta di dén thuat toan truy héi nhu sau:
1) Xac dinh e/ [0],e2[0] va K, tit {y,}, n=0,1, ..., N-1 theo (4.47).

2) Thuc hién cac buée sau 1an lugt véii=1, 2, ..., ng:
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a) Tinh g; [l] tu e,’; [i—l],ez_l [i—l] theo (4.46).
b) Tinh ali] vakK; , k=0,1, ..., i theo (4.22a), (4.22b).
¢) Tinh ef[i],e[i], n=0,1, ..., N-1 theo (4.41), (4.42).

Thuat toan trén da dugc cai dit thanh ham Burg () viét trén ngdn ngii lap trinh C
cho dudi day dé tham khao. Ham nay c6 cac bién hinh thtc sau:

a) Con trd y chi ddu mang y[] chta céc gia triy, , £=0,1, ..., N-1.

b) S6 nguyén N chtia do dai day {y;}, tdc 1a chda chi s6 N.
c) S&nguyén na chiia bac mé hinh AR.

d) Con trd a chi ddu mang a[] chita két qua theo thi tu:
a[0]= Kna ,alll=a4[n,], ..., a[nal= ap, [n,].

Ham tra vé gia tri bao 16i bing 1 néu khéng tinh dudgc a;[i] theo (4.46) vi mau s6 bang
0 hod#c tra vé gia tri 0 khi khong c6 15i.

Ham Burg () khéng lam thay déi ndi dung ctia mang y[].

int Burg(double *y,int N,int na,double *a)
{ int i,k,3j,ik;
double *ef,*eb,suml=0.,sum2;
ef=new double][N];
eb=new double[N];
for (i=0;i<N;i++)
{ ef[i]=eb[i]=y[i];
suml=suml+y[i] *y[i];
}
a[0]=suml/ (double)N;
for (i=1;i<=na;i++)
{ suml=sum2=0.;
for (k=i;k<N;k++)
{ 3I=k-1;
suml=suml+ef[k]*eb[]j];
sum2=sum2+ef [k] *ef[k]+eb[j] *eb[]];

}
if(sum2'=0.) a[i]=-2.*suml/sum2; else return(l);
j=i/2;
for (k=1;k<=j;k++)
{ ik=i-k;
suml=a[k];
alk]=suml+a[i] *a[ik];
if (k!=ik) a[ik]=a[ik]+a[i]*suml;
}
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a[0]=a[O0]*(1.-a[i]*a[i]);
for (k=N-1; (k>i)&&(i'=na) ;k--)
{ J=k-1;
suml=ef [k];
ef[k]=suml+a[i] *eb[]j];
eb[k]=eb[j]l+a[i] *suml;

}
delete [] ef; delete [] eb;
return (0) ;

425 Kétluan

Muc 4.2.2, cu thé 1a hai dinh 1y 4.1 va 4.2, da chi réng by tham s a, , a,, ..., @, cia

m6 hinh AR lam cho phi€ém ham mé ta trung binh binh phuong sai léch dy bao tuyén
tinh:

2
Qf=ﬂlhe£|ﬂ 254{yn-y£ } — min!,
5 b2 |2 .
va Q@ =M[|en| 1=M||y, -»2| | - min!,

dat gia tri nhé nhat chinh 12 nghiém cta phuong trinh Yule-Walker (4.14).

Tuy nhién diéu khing dinh d6 chi ddng néu nhu tit ci cac gia tri ham tucng quan
ry(mT,), m=0,1, ... , n, thu dugc la phai hoan toan chinh xac, song diéu nay la khong
hién thyc vi ban than ching cling chi duge nhan dang (x&p xi) tit day cac gia tri {y},
k=0,1, ..., N-1 cua tin hiéu y(¢) do dugc trong khoang théi gian quan sat [0,7') tuong
d6i ngén. Chinh vi diéu nay ma Burg da dua ra giai phap nhan dang a, , a,, ...,
An, khoéng théng qua budc trung gian xac dinh ham tuong quan bang cach cuc tiéu héa
phi€m ham sai léch diéu hoa:

QBurg = Nil ([e,’;]Z + [62 ]2) —min!.
n=ng,
dude xem nhu mot gidi phap dung hoa ctia hai diéu kién cuc tiéu.

Ngoai hai thuat toan trén con c¢6 mot s6 thuat toan khac ciing dude st dung kha phd
bién d8 nhan dang m6 hinh AR nhu thuat toan Morf, thuat toan Marple .... Nhiing
thuat toan nay rat thich hop véi cac bai toan c6 khodng quan sat 16n (s6 lugng 16n cac

gia tri y;). Doc gid quan tdm c6 thé tham khao ching trong tai ligu [10], [11].
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4.3 Nhan dang chu déong tham sé mé hinh MA

4.31 Thay mé hinh MA bing md hinh AR tuong dudng
Bai toan nhan dang cht déng tham s6 mo6 hinh MA phat biu nhu sau: khi d6i tugng
mo ta bai

G(2)=1+biz ™ +. . +b,, 27" (4.48)

dugce kich thich chta dong bing tin hiéu 6n tring u(f) thda mén

m,=0va S, (o =K, (4.49)
b
hay xac dinh cac vector tham s6 b5 =| : | clia m6 hinh (4.48) va K cta tin hiéu vao u(t)

by,

ti day N gia tri do duge {y;} , £=0,1, ..., N-1 cta tin hiéu ra, sao cho sai léch gitia md
hinh va déi tuong 1a nhé nhat.

Phai néi raing viéc xdy dung mot cong thitc tuong tu nhu phuong trinh Yule-Walker
dé tim b, K 1a ¢6 thé, song kha ning ting dung ctia né rat thap do quan hé gitia vector
tham s8 b va sai léch d6i tugng/mé hinh c6 tinh phi tuyén manh, sinh ra béi déc thit mo
hinh MA. Chinh vi vay ta sé& khéng di tiép vao huéng giai quyét d6 ma tim cach st dung
lai nhiing thuat toan da biét ctia nhan dang cht déng moé hinh AR phuc vu viéc nhan
dang tham s6 mé hinh MA. Y tudng nay c6 dudc trén co sd nguyén ly d6i ngdu Markov
phat biéu nhu sau:

Pinh ly 4.6: V6i m&i mét md hinh MA (4.48) bao gid cling ton tai mét mé hinh AR tucng

duong bac vé han. Néi cach khac bao gid ciing ton tai diy vo han cac tham s6 ¢y, co

, ... saocho
ng 1
1+ Ybz "= (4.50)
n=1 1+ Y ¢z
n=1
Gitta cac tham s6 by, by, ..., b, Vacy, Cg, ... €6 quan hé truy héi
np-1
Cring = 2bis1Cnsi > trong d6n>1 (4.51)
i=0

Ta s& bd qua viéc chiing minh dinh 1y trén va ¢éng nhan ching nhu diéu hién nhién.
Nhiing ban doc quan tAm c6 thé tim th&y phin ching minh trong cac tai liéu [10] hoic
[12].

Dua theo dinh 1y 4.6 thi viéc nhan dang tham s6 m6 hinh MA sé dudc thay thé bang
cac thuat toan nhan dang tham s6 mé hinh AR da biét, tiic 1a nhan dang cac tham sé ¢,
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¢y, ... . Sau d6 tinh ngudc by, by, ... b, tl ¢y, ¢y, ... theo (4.51). Phuong hudng giai
quyét rat rd rang nhu vy, song dé thuyc hién né ta sé gip cac khé khan gi?.
Trude mét c6 thé thay ngay dude hai khé khan ¢ ban sau:
— M6 hinh AR tuong ducng c6 bac v6 han, ttic 1a phai xac dinh v6 han cac tham s6 ¢y,
Coy eene
— Viéc tinh ngugc b, , by, ... ,bnb tit ¢y, co, ... theo (4.51) déng nghia véi viéc tim
nghiém ctia hé phuong trinh cé s6 cac phuong trinh (2=1,2, ...) nhiéu hon s§ 4n s6
by, by, ... ,bnb nén ta thuong gép phai truong hgp hé vo nghiém.

PE loai bd khé khin thtt nh4t, ta sé thay mo hinh AR bac v6 han bing mot mé hinh
AR bac hitu han s va cung véi né (4.50) duge stia d6i thanh

np
1+ b=t (4.52)

n=l 1+ i cpz "
n=1

va do dé phai chdp nhan mdt sai s6 sinh ra béi su thay thé nay. Cung véi su thay thé do,
day vo han ¢y, ¢y, ... tré thanh day htu hancq, ¢y, ..., ¢, . T4t nhién bac s cang 16n, sai
s6 d6 sé& cang nho.

P& tranh duge khoé khin thi hai ta c6 hai cach:
1) Chon s= 2n; . Khi d6 v6i n=1,2, ..., n; sé c6 dudc tu (4.51) dung n; phuong trinh

cho nyan by, by, ... by -
2) Chon s> 2n,, . V4y thi khong thé sit dung (4.51) dé xac dinh by, by, ..., by, tlicy, ¢y,

.., € . Ta 88 tinh truc tiép by, by, ... ,bnb nho (4.52), trong d6 tham s6c;, dudec xem
nhu bing 0 khi £>s.

4.3.2 Thuat toan nhan dang cho truéng hop s=2n,

Sau khi thay mé hinh MA (4.48) bdi m6t mé hinh AR tuong ducng theo cong thiic
(4.52) va da xac dinh dugc cac tham sd ¢y, ¢g , ..., ¢; cia m6 hinh AR tuong duong d6
ciing nhu gi4 tri mat d6 phd K cta w(f) thi viéc cudi cing phai lam 1a tinh bd tham s6 b,

by, .y by, cua m6 hinh MA tit cac gia trieq, g, ... , ¢g d@ tim duge.

Véi gia thiét s= 2np ta c6 thé ap dung truc tiép cong thitc Markov (4.51) dé tim b, , by

s s by tliey, cg s o, ¢ v khi d6 6 cac phuong trinh sé ding bing s6 cac 4n s6. Viét lai
(4.51) 14n lugt cho n=1, 2, ..., 2n, dudc:
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cl 02 ces cn

b b
1 Cnp+1
C2 Cs3 " Cpy+l .
; b = (4.53)
b c
n 2n
Cnb+1 Cnb+2 Can b b

va d6 chinh 1a hé phuong trinh tuyén tinh cho phép xac dinh b, b, ..., bnb tiey,cy, ...,
Cony -
Ta di dén thuat toan thi nhat:
1) St dung cic thuat toan nhan dang tham s6 moé hinh AR da biét nhu thuat toan
Levinson (muc 4.2.3) hay thuat toan truy héi cia Burg (muc 4.2.4) dé xac dinh ¢;, ¢y

;e s Cop, VA K tlt ddy N gid tri do duge {y.}, k=1, ..., N-1 ctia tin hiéu dau ra.
2) Giai phuong trinh tuyén tinh (4.53) dé ¢6 b, b, ... Jbp tliey, Coy ey Cop, -

Chd ¥ ring trong thuat toan vita trinh bay ta phai chdp nhan sai s6 do gia thiét bac
mo hinh AR tuong duong la hitu han va ban than thuat toan khéng lam gidm dudc sai s6
nay. Riéng trudng hgp khi bac ciia mé6 hinh MA 14 n;, 16n thi bac cua AR tuong duong 1a

2np cling sé 16n, nén sai s6 d6 & giam.

4.3.3 Thuat toan nhan dang cho truéng hop s>2n,

Khi s> 2n; ta khong thé st dung cong thic Markov (4.51) dé x4c dinh truc tiép b, ,

by, ..., by, tlicy, g, ..o, ¢5 . Thay vao d6 ta st dung (4.52). Néu ky hiéu
np S
B@) =1+ Y. b,z™" va C) =1+ > c,z2™"
n=1 n=1
ta s& thay B(z) chinh 1a anh toan tii § ctia day gia tri {1, b, b, ... N } va C(2) 1a anh
Jcta{l,¢q,cq, ..., cs}. Do theo (4.52), tich ctia hai anh bang 1
B(z)-C(z) =1

nén tich chap cta hai day gia tri trén phai 1a ham dirac

b 1 néu n=0
c, = .
"0 néu n=z0

Suy ra

np
c,*t 2.bpe, =0 v6i n2l. (4.54)
k=1
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Déng thiic (4.54) chi thuc su ding khi mé hinh AR tucng duong c6 bac v ciing va céc

tham s6 ¢y , ¢y ... 1a chinh x4c. Nhung & ddy mé hinh AR lai ¢6 bac hiiu han s va cac

tham s6 ¢y, ¢y, ... , ¢; clia no6 cling chi duge nhan dang bing thuat toan Yule-Walker

ho#c Burg, ttic 1a cAc gia tri ma ta c6 chi 1a nhiing gia tri x4p xi. N6i cach khac

np
¢, + D bye,_p, =e, #0 véi  n2x1
k=1

trong do e, 1a sai s0.

Bdi vay mot thuat toan nao d6 xac dinh b, by, ... ,bnb tit ey, cqg, ..., cg S€ dudc goi la
t6t nhat néu né mang lai gia tri trung binh cta binh phuong sai s6 M{e,,*} nhé nhéit. Néu
nhu ring trong bai to4n vita néu ta xem 1, ¢y, ..., ¢, nhu 14 ddy {y;} thi né s& chinh 1a bai
toan du bio tuyén tinh tién ma ta da dé cap tai muc 4.2.2. Do d6, theo dinh 1y 4.1,
nghiém b, by, ... ,bnb phai thda man phuong trinh Yule-Walker (4.14) véi vai tro day
{yp} dugc thay bing {1, ¢y, ¢q, ..., ¢, }.

Ta di dén thuat toan thit 2 dé nhan dang tham s6 mé hinh MA nhu sau:

1) Chon s> 2ny, . Ciing ¢6 thé chon s > 2ny .

2) St dung cac chuong trinh nhan dang chti dong tham s6 moé hinh AR d4 biét nhu
Yule Walker () hay Burg() dé xac dinh c1,Cq, ..., cg va K tit day N gia tri do dugc
{yu}, k=1, ..., N1 caa tin hiéu dau ra.

3) St dung cac chuong trinh nhan dang tham s6 md hinh AR Yule Walker () hodc

Burg () mot 14n nita dé xac dinh b, , b, ... by, tit day gid tri 1, cq,c9, 0y €

Duéi day 1a ham MA () viét trén ngén ngii 1ap trinh C md ta viéc cai dit thuat toan
vita trinh bay dé tham khao. Ham nay st dung him con Yule Walker () cho ci hai

budc ctia thuat toan, ttc 1a vita @6 nhan dang tham s6 cq, ¢y , ... , ¢, cia md hinh AR
ciing nhu dé xac dinh b, , by, ... , by, tit day gia tri {Lepe9, . ycq )

Ham MA () cb cac bién hinh thiic sau:
a) Con trd y chi ddu mang y[] chtia cac gia tri v, £=0,1, ..., N-1.

b) S6 nguyén N chtia d6 dai day {y,}, tc la chtia chi s6 N.
¢) S&nguyén nb chia bac mo6 hinh MA.
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d) S6 nguyén s chtia bac mé hinh AR dudc thay thé& tam thoi cho mé hinh MA.

e) S6nguyén bias xac dinh gia tri ham tuong quan sé dugdc tinh theo cong thiic bias
(bias=1) hay unbias (bias#1).

f) Con tré b chi ddu mang b[] chia két qua theo thi tu:

b[0]=K,b[1]=b,, ..., b[nb]= bnb.

Ham tra vé gia tri bao 16i bing 1 néu Yule Walker () c6 16i hodc 2 khi gia tri dau
vao s clla s va n, cia nb khéng théa man diéu kién s> 2n; . Trudng hgp khéng c6 15i,
ham s& tra vé gia tri 0 va két qua dugc luu giti trong mang b[]. Ham MA () khéng lam

thay d6i noi dung ctia mang y[].

int MA(double *y,int N,int nb,int s,int bias,double *b)
{ int i;

if (s<2*nb) return(2);

double K, *c;

c=new double[s+1];

i=Yule Walker(y,N,s,bias,c);

if (i==0)

{ K=c[0];
cl[0]=1.;
i=Yule Walker(c,s+l,nb,bias,b);
b[0]=K;

}

delete [] c;
return (i) ;

Cha y: Trong qua trinh xay dung thuat toan thi hai ta da khong st dung gia thiét
s> 2n; nén chuong trinh MA () hoan toan vin st dung dugc cho ca trudng hop s= 2ny .

Thuc t& Ging dung d4 chi ring ngay ca khi s= 2n; thi MA() ciing cho ra két qua tét hon
14 ap dung truc tiép thuat toan thi nhit dé gidi hé phuong trinh (4.53).

4.4 Nhan dang chi dong tham s mé hinh ARMA
Viéc nhan dang truc tiép tham s8 mé hinh ARMA (4.10), trong d6 tin hiéu dau vao
u(f) duge gia thiét 1a ngau nhién egodic véi
m, =0 va S, (w) =K

¢6 thé néi 14 khong kha thi vi quan hé gitia ham sai léch @ ctia mé hinh—d6i tugng véi
cac tham s6 mé hinh rat phic tap va mang tinh phi tuyén manh. Tuy nhién sau khi da
c6 cac thuat toan nhan dang tham s6 mé hinh AR va MA, trong dé vé thuc chat bai toan
nhan dang MA ciing &4 dugc chuyén vé bai todn nhan dang AR tudng duong, thi viéc
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nhan dang mé hinh ARMA ciing s& don gian hon va cé tinh ing dung cao hon néu ta
chuyén bai toan dé thanh hai bai toan nhan dang AR va MA riéng biét.

u(t)| M6 hinh |x(@®)| M6 hinh | ¥(®)
> —>

—>
Hinh 4.3: Chuyén bai toan nhan dang ARMA MA AR
thanh hai bai toan AR va MA

4.41 Nhan dang tham s& AR cia md hinh ARMA

Tuong tu nhu da 1am 6 muc 4.2, ta nhén ca hai v& cia mé hinh (4.10) véi y,,—;, vé€ phia

trai sau dé lap gia tri trung binh cho ca hai vé, sé dugc

ng n,
ry(RT,) + ' agry (R —iYT) =1y (RTy) + S bty (R —i)T,) .
i=1 i=1
Do d6i tugng c6 hé s6 khuéch dai bang 1 nén néu goi g;, =g(kT,) 14 gia tri ham ham
trong lugng ctia mé hinh ARMA thi theo gia thiét (4.9) c6

K khi k=0

0 khi £#0

(1 khi k=0
86710 khi k<0

va r (kT ={
Nhung vi

ryu(kTa) :ruy(_kTa) :ru(_kTa) * 8-r= _Zru(_iTa)g—k—i = Kgik

l=—o0

K khi k=0
ryu®T) =10 khi k>0
Kg_, khi k<O

B6i vay v6i k>n, sé duge

ry(RT,) + _’iairy (k-i)T,)=0. (4.54)

Tuy nhién (4.54) ciing chi 14 cong thiic gin ding. Ly do 14 cac gia tri ry(kT) ctia ham
tuong quan chi c6 thé 1a cac gia tri x4p xi, ching c6 dudc 14 bdi ta da ap dung cac thuat
toan nhan dang ham tuong quan tit day {y,} do dudc cta tin hidu dau ra (vi du nhu véi

ham cor ()). Néi cach khac

ng
ry (BT + Y agry (k= i)T,) = e #0
i=1
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Béi vay cac tham s6 aq, aq, ..., n, cAn phai dugc xac dinh sao cho gi4 tri trung binh
cua binh phuong sai léch Mfe,? 1a nhé nhat. So sanh véi dinh 1y 4.1 thi 6 d4y a4, ay , ...
s Qp, chinh 14 nghiém ctia bai toan Yule-Walker ting véi cac gia tri ddu vao ry [((ny+1)T,],
ry[(nb+2)Ta], -, r(MT,) thay cho day {y;}, trong d6 M 1a s6 Lag ta da chon khi st dung
thuat toan nhan dang ham tuong quan.

Ta di dén thuat toan nhan dang tham s6 AR cia mé hinh ARMA nhu sau:

1) Chon s6 Lag M >>n, va st dung chuong trinh nhan dang ham tuong quan cor ()
dé xac dinh day gia tri ry(kT,), k=01, .., M.

2) St dung cac chuong trinh nhan dang off-line tham s6 moé hinh AR d& biét nhu
Yule Walker () hay Burg() dé xac dinh @y, A, ... s Ay, tu day cac gia tri

ry[(nb+1)Ta], ry[(nb+2)Ta], -+, r (MT,) cua ham tuong quan.

4.4.2 Nhan dang tham sé MA cta mé hinh ARMA

Budc tiép theo sau khi da c6 c4c tham s6 aq, ag , ... , ap, 12 ap dung chuong trinh
nhan dang tham s6 mé hinh MA (vi du nhu MA()) dé tinh cac tham s& b, by, ... by -

Mudn nhu vay ta cdn phai cé cac gia tri ctia tin hiéu dau ra x(f) ciia khoi MA tuong tGng
trong mé hinh ARMA (hinh 4.3) va tin hiéu nay ciing chinh 14 tin hiéu ddu vao ctia khéi
AR nén duge xac dinh theo (4.11), tic 1a

ng
X =Y+ DAYk (4.55)
i=1

Nhu vay viéc tinh cac tham s MA ctia m6 hinh ARMA sé& goém hai budec:

1) Xac dinh day {x;} t@ {y,} vaaq, aq, ..., an, theo (4.55)
2) Ap dung chuong trinh MA () dé tinh by, by, ..., b, v6i ddy déu vao la {x;}.

Nhung do day {y,} c6 do dai 1a N nén day {x;} ciing chi c6 thé c6 do dai 16n nhat 1a
N+n,, ttc 1a khi k>N+n, —1thi x;, = 0. Ngoai ra do tdng bén vé& phai ctia (4.55) c6 dang
mot tich chap cta hai day gia tri {1, aq, aq, ..., an, }, {yx} va anh Fourier ciia mot tich

chap chinh 14 tich ctia hai 4nh Fourier nén ta c6 thé 4p dung dft () dé tinh nhanh {x;,}

nhu sau
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D

2)

3)

Ap dung chuong trinh dft () dé tinh anh A(2Q)) cia day {1, a1, Q9 , ..., @y } VA

2r
AT

a

Y(RQ)) cia {y,} v6i Q =

Tinh X(GRQ ) =A(GRQY)-Y(EQ)) .
Ap dung chuong trinh invdft () dé tinh nguge xp, ti X(RQY).

cha y: Tich X(EQ)=A(Q) Y(72Q,) chi ¢6 ¥ nghia khi {A(EQ)}, {Y(RQ)) c6 cing

d6 dai A, trong d6 413 s6 nguyén dang liiy thita 2 nhé nhat nhung khéng nhé hon N va

n,. Do N > n, nén trudc khi st dung dft () & budc 1 ta phai thém cac phin ti 0 vao diy
{1, a1, a9, ..., a,, } sao cho nhiing ddy méi nay c6 ding N phén ti (xem thém ham

dft () da gi6ithiéu 6 muc 2.1.7 trong chuong 2).

4.4.3 Thuat toan nhan dang tham s mé hinh ARMA

Téng két hai phan trén lai ta c6 thuat todn chung dé nhan dang tham s8 mé hinh

ARMA nhu sau:
1) Chon s6 Lag M >> n, va st dung ham cor () dé nhan dang ham tudng quan, ttc la

2)

3)

xac dinh day gia tri r,(kTy), k=0,1, ... , M.
St dung cac chuong trinh nhan dang cht dong tham s6 mé hinh AR da biét nhu

Yule Walker () hay Burg() dé xac dinh @y, A, .5 Gy, tu day cac gia tri

ry[(nb+1)Ta], ry[(nb+2)Ta], -+, r (MT,) cia ham tuong quan.

Xac dinh day {x;} tit {y,} vaas, aq, ..., @, tructiép theo (4.55) hodc c6 thé tinh
nhanh theo cac buée:
a) Lapday {1, a4, ... s@n, s 0, 0} bang cach thém céc gia tri 0 vao cudi diy sao
cho day méi c6 dung N phan tu.
b) Tinh anh Fourier A(jRQ)) cia {1, a;, ... ,a, , 0, ..., 0} va anh Y(RQ)) cta {y,}
nho dft ().
c) Lap tich X(GkQ)) =AGEQ)-Y(EQ)), k=0,1, ..., 1-1.
d) Ap dung invdft() véi diy diu vao { X(jkQ,)} dé tinh ngugc {x,} tu

{XGRQD}.
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4) Ap dung ham MA() dé tinh K, b, , by, ... , by, tit {x;}.

Mot ham ARMA () viét trén ngdn ngii 1ap trinh C mo ta viéc cai dit thuat toan trén
dugc cho dudi day dé tham khao.

Ham ARMA () c6 cAc bién hinh thtic sau:

a)

b)
c)
d)
e)

f)

g)
h)

Con trd y chi ddu mang y[] chtia day cac gia tri tin hiéu {y,}, k= 0,1, ... , N-1
do dugc.

S6 nguyén N chila s6 cac gia tri y;, tic la chia N.

S8 nguyén na chiia bac clia da thiic mAu s6 cia mé hinh, tic 1a n,,.

S6 nguyén nb chiia bac ctia da thic ti s6 cia m6 hinh, ttc 1a n,,.

S8 nguyén s chtia bac mé hinh AR dugc thay thé tam thoi cho mé hinh MA caa
mo6 hinh ARMA can nhan dang.

S6 nguyén bias xac dinh gia tri ham tuong quan sé dugc tinh theo cong thiic bias
(bias=1) hay unbias (bias#1).

S6 nguyén M chiia chi s6 Lag cin thiét cho viéc nhan dang ham tuong quan.

Con trd a chi ddu mang a[] c6 dd dai n,+1 chta két qua theo thi tu:

a[0]=1,a[l]=aq, ...,al[nal= ay, -

Con trd b chi ddu mang b[] c6 do dai ny+1 chtia két qua theo thu tu:

b[0]1=K ,b[1]=b;, ..., b[nb]= b,, .

Ham ARMA () tra vé gia tri bao 161 3 néu M > N, gia tri 4 khi khéng thuc hién dugc
ham Yule Walker ()va gia tri 1 hodc 2 khi ham MA() c6 18i. Trudng hgp khong c6 16i,
ham ARMA () sé tra vé gia tri 0.

Ham ARMA () st dung thuat todn Yule-Walker, titc 12 ham Yule Walker() cho

buée 2) dé xac dinh @y, Ay, ... s Ay, véi cac gia tri ddu vao ry[(nb+1)Ta], ry[(nb+2)Ta], e
ry(MT,) thay cho day {y}.

int ARMA (double *y,int N,int na,int nb,int s,int bias,int M,

double *a,double *b)

{ 4int i k,err;
double *x;
x=new double[N];
err=2+cor(y,y,N,M,bias, x) ;
if (err==2)
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if (err==3)
{ al0]=1.;
for (k=0;k<N;k++)
{ =x[k]=0.;
for (i=0; (i<=na) && (i<=k) ;i++) =x[k]+=a[i]*y[k-i];
}
err=MA (x,N,nb,s, bias,b);
}
delete [] x;
return (err) ;

4.5 Nhan dang bi ddng tham sé mé hinh ARMA

Bay git ta xét bai toan téng quét hon cho viée nhan dang tham s6 m6 hinh ARMA.
D6 1a bai toan nhan dang bi dong (con goi la passive hay on-line). Trong bai toan nay,
tin hiéu d4u vao u(f) khong duge gia thist 1a da biét trude, né cé thé 1a mot tin hidu bat
ky va nhu vay dé nhan dang ta phai do ca tin hiéu vao u(¢) 14n tin hidu ra y(z).

Bai toan dude phat biéu nhu sau: Cho d6i tugng mé ta bdi mé hinh roi rac, duge gia
thiét 12 tuyén tinh, duéi dang phuong trinh vi sai phan (4.1). Ti cac gia tri da do dudc

ctia tin hidu dau vao 1a {u;} va cia tin hiéu dau ra 1a {y,}, £=0, ..., N, hay xac dinh cac
tham s6 K, ay, ..., Ay, vaby, ..., bnb ctia m6 hinh (4.1) sao cho sai 1éch gitia mé hinh va

d61 tugng 14 nhé nhat.

lnhiéu

Pai tuong (e }

{ue}
7] ARMA

B(z) A@)
Hinh 4.4: Nhan dang bi déng tham

PR >0
s6 m6 hinh ARMA. i
{ek}

Dé giai quyét bai toan vita néu ta cé hai cach:

— Nhan dang c4c tham s8 K, ay, ... , ap, Vi by, ..., by, truc tiép ti day cac gia tri do
duge {u,}, {yp} sao cho tdng binh phuong sai léch mé réng gitta mé hinh va d6i
tugng 1a nho nhat (hinh 4.4).

— Chuyén vé bai toan nhan dang chti déng va st dung cic thuat toan nhan dang chu
dong tham s6 mo6 hinh ARMA d4 biét.
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4.51 Nhan dang bi déng khi cac tin hiéu vao ra la tién dinh

Dé don gian, ta chuyén mé hinh (4.1) vé dang

50 + I;lz_l +ot I;nb z " _B(2)

G(z)=1+ — T AG)
a2 +ta, 2

(4.56)

Nhu vay thi so véi (4.1), trong (4.56) c6

b, = Kb, v6i  i=0,1..., ny va b,=1.

Dang tuong ducng cua (4.54) viét truc tiép theo quan hé viao ra cta tin hiéu trong
mién thoi gian, 1

Yo+ Y1+ - Ay Vpop, =boUp +bjup_y + - +byup_p, (4.57)
Mb hinh (4.57) trén chi ¢6 thé ding néu nhu n(t)=0 va cac gia tri do dude {u}, {y;)

1a chinh xac. Song vi khéng c6 mét su ddm bao nao cho ring diéu d6 thuc hién duge nén
trong thuc t& gitia v& phai va vé& trai ton tai mot sai so, tiic 1a

ng np ~
Yo+ 2 Yp—i % D bup_;
i=1 i=0

Ky hiéu sai s6 d6 la e, , thi
ng np
er=Yp + 2 ¥p—i— 2 by (4.58)
=1 =0

Gia tri tong binh phuong sai 1éch mé rong khi d6 dudc viét thanh:

2

N 9 N ng ny o

Q= 2er= 2 |Yr+ 2V i~ 2bup; (4.59)
k=ng, k=n, i=1 i=0

trong do, dé c6 thé chi nhiing gia tri uy, , ¥y, da do dugc trong khoang k= 0,1, ..., N, tham

gia vio thuat toan nhan dang thi e, phai ¢6 k=n, , ... , N va nhu vay diéu kién dé tng

dung dugc thuat toan sé laN>n, .

Bai toan nhan dang bay gid dudc phat biéu nhu sau: Trén ¢d s quan sat cac tin hiu

vao ra, hay xac dinh aq, ... s G, va by, ... ,bnb sao cho @— min.

Viét lai (4.59) véi cac ky hiéu vector
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—a
y Ing-1 Yo Un, o Ung—my
Ng —Qa e u e u _
v E|ope| P s e 2 et T et 60)
- 0 : ) : : ) :
: YN-1 7 YN-n, UN T UN-_p,
b,

ta sé dugc

Q=(y-Mp/ (y-Mp)=y"y ~y"™Mp-p"™M " y+ p"M"Mp.

Gi4 thiét thém ma tran vuong S=M M Ekhéng suy bién, vay thi
T Tara-114T T Tq- T
Q=y"y-y"™MS'M"y + (M"y-Sp)'s(M"y-Sp).
Déng thic trén c6 thanh phan tha ba bén v& phai 1a thanh phin duy nhit chaa
vector p phai tim. Béi vay, do S xdc dinh duong nén @ s& nhan gia tri nhé nhét khi va
chi khi

0=M"y-Sp e p=S"M"y (4.61)

va d6 chinh 1a céng thiic x4c dinh cac tham s6 cia m6 hinh ARMA. Ta di dén thuat toan:
1) Lap vector y va ma tran M, S theo (4.60) ti ddy cac gia tri {u}, {yz}, k=0, ... ,N
da do dugc cua tin hiéu.
2) Kiém tra tinh khong suy bién ciing nhu tinh x4c dinh duong ctia ma tran S.
3) Tinh vector p ctia tham s6 md hinh theo (4.61). C6 thé st dung ham cholesky ()
da trinh bay trong chuong 3 d€ giai hé phuong trinh tuyén tinh nay.
cha y: Trong khi vector tham s8 p c6 s6 chiéu ¢d dinh 1a n +n,+1 thi s6 chiéu cua ma
tran M va vector y phu thudc vao s6 mAiu tin hiéu trich duge. S6 lugng mau tin hiéu trich
dudgc cang 16n, khoang thdi gian quan sat tin hiéu sé cang rong, lugng thong tin thu duge
vé déi tugng cang nhiéu, song chiéu ctia ma tran M va vector y cling vi thé ma cang ting
kéo theo s6 ludng cac phép tinh phai thuyc hién 16n, lam cho sai s6 tinh toan cling 16n. Béi
vay ta can phai chon khodng thdi gian quan sat khong nén qui ngin nhung ciing khéng
qué lau va két qua nhan dang sé phu thudc dang ké vao khodng thdi gian quan sat tin
hiéu duge chon. Ngoai ra thuat toan trén khong cé kha ning loc nhidu nén chi c6 thé
ting dung cho cic bai toan nhan dang ma sy dnh hudng cta nhidu vao déi tugng la
khong dang ké va ¢6 thé bé qua duge. Ciing nhu vay thuat to4n ciing sé khong st dung
dugc khi tin hiéu vao/ra 1a nhiing tin hiéu ngdu nhién.
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Néu goi 85 V0L 1,7 =1,2, ..., n +ny+11a cac phan t& cia S=MTM thi tit (4.60) c6:

(N—na+1)-ry((i—j)Ta) néu 1<j<i<n,
8;; = (N =ng +1)-1, (i~ j—n, ~1)T,) néu 1< j<n, <i<n,+ny+1

(N -n,+1)-1r,(G- )HT,) néu ng<j<is<ng+ny+1
trong d6 ry(mTa), ryu(mTa), r,(mT,) la gia tri ham tuong quan dudc xac dinh theo cong
thiic bias (2.45) va (2.46) va T, 1a khodng thdi gian trich mAu tin hiéu. Ciing nhu vay
néu ky hiéu k; véi i =1, 2, ..., n+n;,+1 12 nhiing phan ti caa vector k=M" y thi:

i

_{(N—na+1)‘ry(iTa) néu 1<i<n,

(N -ng+1)-1,(i-n, -1DT,) néu n,<i<ng+n,+1

Hai cong thiic nay 1a céng cu dé x4y dung day gia tri ddu vao cho ham cholesky ()
khi cai dit thuat toan trén. Him online d() viét trén ngdn ngii lap trinh C cho dudi
day 1a mot vi du vé viée cai diat thuat toan nhan dang bi dong tham s6 mo6 hinh ARMA
khi cac tin hiéu vao ra 1a tién dinh.

Ham online_d() st dung thém ham cor () phuc vu viéc thuc hién hai cong thiic

tinhs;;i, k;, j< i =1,2, ..., n,+n,+1 va c6 cac bién hinh thic sau:

i

a) Con trd u chi ddu mang thyc u[] chtia diy cac gia tri {u;,}, #=0,1, ..., N do dugc
cta tin hiéu vao.

b) Con tro y chi ddu mang thuc y[] chta diy cac gia tri {y,}, 2 =0,1, ... , N do dugc
cua tin hiéu ra.

c) S&nguyén N chtia sb cac gia tri tin hidu do dudc, ttc 1a chtia N+1.

d) S8 nguyén na chtta bac n, cta da thic mau s6 cia m6 hinh.

e) S0 nguyén nb chiia bac ny, clia da thic ti s cia md hinh.

f) Con trd p chi ddu mang phiic p[] chita tham s8 tim dugc theo thiic tu

pl0l=-aq, ... ,p[na—1]=—ana ,plnal= by, ..., plna+nb]= bnb .
Mic dit tham s8 @, b mé hinh chi 14 nhiing s6 thuc, song dé tién cho viéc st dung
ham cholesky () ching dugc khai bao & day 1a cac gia tri phtc. Phan 4o cua két
qua néu khac 0 c6 thé duge xem nhu sai s tinh toan cta chuong trinh.
Ham tra vé gia tri bdo 16i # 0 khi N<n +n; hodc ham con cor () hay cholesky () c6
161, trudng hop ngudc lai s& tra vé gia tri 0. Ham online_d() khong lam thay d8i noi

dung hai mang u[] vay[].
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int online_d(double *u,double *y,int N,int na,int nb,complex *p)

{

if (N<=na+nb) return(l);
int n=na+nb+l,i,j,q,1l,err;
double *ru, *ruy, *ryu,*ry;
complex *s;
ry=new double [na+l];
ru=new double [nb+1];
ruy=new double [nb+l];
ryu=new double [na+l];
s=new complex [n*(n+l)/2];
err = cor(y,y,N+1,na,l,ry)+cor(u,y,N+1,nb,1,ruy);
err += cor(y,u,N+1,na,l,ryu)+cor(u,u,N+1,nb,1,ru);
if (err==0)
{ for(i=l;i<=n;i++)
{ g=i*(i-1)/2-1;
pl[i-1]=(i<=na)? complex(ry[i]) :complex(ruy[i-na-1])
for (j=1;j<=i;j++)
{ if(i<=na) s[gt+jl=complex(ry[i-j])
else if (j<=na)
{ 1l=i-j-na-1;
s[g+j]=(1<0)? complex(ryu[-1]) :complex(ruy[l])
}
else s[g+j]=complex(rul[i-j]);

}

err=cholesky(n,s,p);
}
delete[]ru; delete[]ruy; delete[]ryu; delete[]lry; delete[]s;
return (err) ;

4.5.2 Nhan dang bi dong véi cac tin hiéu vao ra la ngau nhién

Xét bai toan nhan dang bi dong tham s6 md hinh ARMA véi cac tin hiéu vao/ra 1a
nhiing ham ngu nhién. Khong m4at tinh tdng quat néu gia thiét thém rang u (), y() va
nhi&u 14 nhiing tin hiéu c6 phan tinh bang 0. Khi d6, sau khi nhén ca hai v& ctia (4.57)

v6i véi u,,—,, , r6i 1ap gia tri trung binh ca hai v&, s& dugc

trong (4.57) nay da dugc thay thé béi r,,(mT,) va r,(mT,). Do d6, néu ta ly luan ding nhu
da 1am véi (4.57) dé di dén (4.61) thi khi xudt phat tit (4.62) ciing s& duge cong thiic xac

Fuy (MT,) + ; @iy (m=i)T,) = gbo bir, (m—i)T,)

Hai phuong trinh (4.57) va (4.62) nhu vay la tuong duong, trong d6 vi tri y, va u,



dinh cac tham s6 aq, ... s Qn,, va Z;O, ,I;nb theo nguyén tic cuc tiéu héa téng binh

phuong céc sai 1éch nhu sau:

-
. _l-a N ruy(naTa)
(MT M) g"a =MmT : (4.63)
) Tuy(NT,)
by,
ruy((na -DTy) - ruy(o) 1y (ngTy) ru((ng —np)Ty)
véi Bf= Tuy (1 Te) Tuy (Te) r,((ng +1)T,) - r,((ng,—ny+1)T,)
Tuy((N=1T5) - 1y (N —ng)Ty) r,(NT,) o (N =np)Ty)

va cudi cuing, ta c6 dude thuat toan (dang thd):

1) St dung chuong trinh cor () dé tinh gi4 tri cic ham tuong quan ruy(mTy) va r,(mT,)
tit nhiing gia tri tin hiéu do dugc.

2) Xac dinh cac tham sd ay, ... ) @y, VA 50, ,l:nb bing cach giai hé phuong trinh
(4.63). Ta c6 thé st dung chuong trinh cholesky () d& gidi thiéu trong chuong 3 dé
giai hé phuong trinh nay.

Viéc ap dung thudn tiy thuat toan trén dé xac dinh tham s6 thuong dan t6i két qua
¢6 sai s6 16n. Ly do ndm 6 sai s6 nhan dang ham tuong quan r,,(mT,) va r,(mT,) ti N+1
gia tri tin hiéu thu dudc {u}, {yz}, #=0,1, ... , N. Nhu da trinh bay trong chuong 2 thi
sai s6 trong r,,(mT,) va r,(mT,) cang 16n khi chi s8 m cang cao. B&i vay dé loai trit nhiing
sai s6 nay, ta nén ap dung lai viéc dung s6 Lag M trong khoang 5%+20% ctia N+1 s6 cac
gia tri tin hiéu nhan dude nham han ché su tham gia tiép tuc ctia nhiing gia tri ruy(mTy),
r,(mT,) c6 sai s6 16n (chuong 2, muc 2.2.1). Néi cach khac ta sé& chi st dung trong phuong
trinh (4.63) nhiing gia tri r,,(mT), r,(mT,) c6 chisd m=0,1, ..., M.

Ap dung chi s6 Lag, phuong trinh (4.63) trd thanh:

_a,
—a ruy (naTa )
MTmy | S |=mT : (4.642)
5, : .
: ruy (MT,)
by,
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ruy((na -DT,) - ruy(o) ry(ngTy) o n((ng —np)Ty)
W= ruy(n.aTa) ruy(Ta) r,((ng +DT,) - r,((ng—ny+1T,)
Tuy(M=1DTg) - 1, (M —ng)T,) r,(MT,) o 1, (M=ny)T,)

(4.64b)
Ta di dén thuat toan dang tinh nhu sau:
1) Chon sé Lag M >>n, va st dung chudng trinh nhan dang ham tuong quan cor ()

dé xac dinh day gia tri ry(mTy) var,mTy) , m=0,1, ..., M.

2) Xay dung ma tran M theo (4.64b) va kiém tra tinh khong suy bién cta (M Ty ).

3) Giai hé phuong trinh (4.64a) dé xac dinh ay, ... s Ay, VA Z;O, ..,b

g, -
Thém niia, thuat toan nay sé khong bi anh hudng bdi nhidu n(f) tac dong tai dau ra
néu nhu nhidu d6 khong tuong quan véi tin hiéu dau vao, vi khi d6 c6 r,,,(=0.
Nhu vay, thuat toan trén hoan toan tuong ty nhu ham online_d (). Diéu khac biét
duy nhét ¢ day 1a vai tro cta day {u}, {y;}, k=0, ... , N nay dudc thay bang Tuy(mTy),
r,(mT), m=0,1, ..., M.
Ham online_s() cho dudi diy minh hoa viéc cai @4t thuat toan. Ham ¢6 cac bién
hinh thtec:
a) Con trd u chi ddu mang thyc u[] chtia diy cac gia tri {u;,}, £ =0,1, ..., N do dugc
cua tin hiéu vao u(t).

b) Con tré y chi ddu mang thuc y[] chda day cac gia tri {y;}, £ = 0,1, ... , N do dugc
cua tin hiéu ra y(¢).

¢) Bién nguyén N chiia s6 cac gia tri tin hiéu do dugc 14 N+1.

d) Bién nguyén M chta chi s6 Lag 1a M.

e) Bién nguyén bias xac dinh gii tri ham tuong quan sé dugc tinh theo cong thiic
bias (bias=1) hay unbias (bias#1).

f) Bién nguyén na chiia bic n, cia da thiic miu s6 cia mo hinh (n, > 0).

g) Bién nguyén nb chiia bac n;, cta da thic ti s6 cia mé hinh (n; < ny).

h) Con trd p chi ddu mang phtic p[] chtia tham s6 tim dudc theo thiic tu

plO0]l=-aq, ... ,p[na—1]=—ana,p[na]= I;O, ..., p[nat+nb]= l:nb.
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Thuyc chit cac tham s6 mo hinh ay, ... sQp, s 50, s bpy chi 14 phan thyc cia p[].

Phén 4o ciia p[] c6 thé duge xem nhu sai s8 tinh toan clia chuong trinh.

Ham online_s() st dung thém hai ham con cor(), online_d(). Ham bao 161
bing gia tri tra vé # 0 khi cac ham con nay c6 16i, trudng hop ngudge lai sé tra vé gia tri 0.
Ham online_s () khéng lam thay d61 noi dung hai mang u[] va y[].

int online_s(double *u,double *y,int N,int M,int bias,
int na,int nb,complex *p)
{
if ((na+nb==0) | | (na<nb)) return(-1);
int err;
double *ru, *ruy;
ru=new double[M+1];
ruy=new double[M+1];
err=cor (u,u,N+1,M,bias, ru)+cor (u,y,N+1,M,bias, ruy) ;
if (err==0) err=online_d(ru+na-nb,ruy,M,na,nb,p);
delete [] ru; delete [] ruy;
return (err) ;

4.5.3 Chuyén vé bai toan nhan dang chi déng

Trong cidc muc 4.2, 4.3, 4.4 ta da 1am quen véi cac thuat toan nhan dang chu dong
tham s6 mo hinh AR, MA va ARMA khi tin hiéu d4au vao u(¢) 1a on tring, ttc 1a tin hiéu
ngau nhién cé

m, =0 va S,(w) =hing s6.

Muc dich chinh ctia muc nay 12 tim cach tng dung nhiing thuat toan da biét d6 dé nhan
dang bi dong (con goi 12 truc tuyén/online) tham s6 m6 hinh ARMA

Y@ _ g 14b27 4ot by 2™ _x B

G(e) = ;
UR  1+az" ++a, 2" A(z2)

(4.65)

cho mét tin hiéu vao u(f) ngau nhién bat ky.

Néu u(t) 12 mot tin hidu bat ky thi nhu ngay 6 chuong 1 mé dau da néi, anh 5 ctia n6
¢6 thé mo ta duge béi:

~ C(2) ~
Ue)= K—=U
® 7o) (2)
trong d6
Cl) =1+c;z7! +~-~+cncz_nc , F)=1+fiz" +~-~+fnfz_nf
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va ﬁ(z) 12 anh 3 ctia tin higu #(¢) én trdng c6 my =0 va Sy (@) =1 (hinh 4.5). Khi d6 bai

toan nhan dang bi dong tham s6 mé hinh ARMA sé& dudc chuyén vé bai toan nhan dang
chu dong véi cac bude nhu sau:

1)

2)

3)

Nhan dang cac tham s6 md hinh ¢y, ¢, ... ¢y, f1, 25 - ,fnf va K cla tin hiéu
ngau nhién dau vao u(f) tit day cac gia tri {u}, £ =0,1, ..., N do dugc ctia né bing

cac thuat toan nhan dang cht dong da biét.

~ C(2)

Xem md hinh K 7 ctia tin hiéu dau vao nhu mét khau méc ndi tiép ngay sau d6i

z
C@2) sé
F(z)

ddong thai 1 tin hiéu ra ctia d6i tugng khi déi tugng duge chti déng kich thich bing

tuong K i(Z; cAn nhan dang (hinh 4.5), thi tin hiéu ddu vao 5(¢) cta K
z

tin hiéu én trang #(t). Xac dinh day cac gia tri { ¥ } ti {y,}, #=0,1, ..., N vi mb

hinh g L&) theo cong thiic
F(z)

Yt hiYh-1t =+ o Yien, =K(§k +eypo1t +Cnc§k—n5)

Xacdinhay, ay, ..., a, , by, by, ... by, va K clia K% ti day { ¥ } bang cac
¢ z

thuat toan nhan dang chti dong (off-line) da biét.

Nhu vay diéu kién dé ¢6 thé 4p dung dude thuat toan trén 1a thong tin A—priori phai cho

ta biét thém bac n,, , ny cia m6 hinh tin higu d4u vao hoic it nhat cling phai nhan dang

dugc ching trude khi ap dung thuat toan.

On tra"mgi> 7 Ce)| u B(z)| Y,

—> >
F(2) A(®)
Hinh 4.5: Chuyén bai toan on-line o N
thanh off-line. Ontrang U .- B(2) | ¥ 7R Y
A(z) F(z)

Do m6 hinh ARMA ctia d6i tugng va tin hiéu vao 14 dang téng quat ctia cac mé hinh

AR, MA nén tuy theo cac diéu kién cho trudc cua thong tin A—priori khac nhau vé bac
ctia md hinh ddi tugng cling nhu ctia tin hidu vao u(f) ma ta sé c6 dudc nhiing hinh thiic

khac nhau cia thuat toan vira néu. Vi du:
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a) Thuat toan AR_AR néu n, = ny = 0, ttc 1a tin hiéu vao u(f) va dél tugng cb cung
mod hinh AR.

b) Thuat toAn AR_MA néu n, = n, = 0 hay m6 hinh tin hiéu vao u(¢) 1a AR con mo
hinh d6i tugng 1a MA.

¢) Thuat toan AR_ARMA néu n, = 0 ttc 1a tin hiéu vao u(t) ¢6 moé hinh AR con doi

tugng ¢6 mo6 hinh ARMA.

d) Thuat toAn MA_AR néu n, = ne= 0, noi cach khéc tin hiéu vao u(f) ¢c6 mé hinh

MA con mb hinh d6i tugng 1a AR.
e) Thuat toon MA_MA néu n, = n,y= 0, tic 1a ca tin higu vao u(f) va déi tugng déu
md ta dugc bdi moé hinh MA.

f) Thuét toan MA_ARMA néu ny= 0, hay ca tin hig¢u vao u(f) va déi tugng déu mo ta

dudc béi mo6 hinh MA.
g) Thuat toan ARMA_AR néu n; = 0, tic 1a tin hiu vao u(f) c6 mdé hinh ARMA con
md hinh d6i tugng 1a AR.

h) Thuat toAn ARMA_MA cho trudng hop tin hiéu vao u(f) c6 m6 hinh ARMA con d6i
tugng ¢6 moé hinh MA (n, = 0).

i) Thuat toAn ARMA_ARMA cho trudng hdp ca tin hiéu vao u(f) va doi tuong cung
¢6 md hinh ARMA.

Hai dang b) va d) c6 nét dic biét riéng. Md hinh chung ctia tin hiéu vao va déi tugng
¢ nhiing dang nay 14 mét mé hinh ARMA c6 kich thich d4u vao 1a tin hiéu 6n tring,
trong d6 ban than ting da thic tit s6 hay miu s6 14 mot mo hinh. Do d6 vé6i nhiing bai
toan ¢6 md hinh chung dang AR_MA hay MA_AR nhu vay thi xac dinh day cac gia tri
daura { ¥, } 1a khong can thiét.

Sau diy ta sé minh hoa viéc cai dat cac bude caa thuit toan trén cho dang c), tic l1a
cho mé hinh chung dang AR_ARMA. Nhiing dang con lai ctia thuat toan c¢6 thé dude cai
dat mot cach tuong tu.

Gia st thong tin A—priori con cho biét thém rang tin hiéu vao u(t) md ta duge bdi
K -U(z)

U) = - —
Ltfe™ 4 o [, 2 f

trong d6 U(2) 1a anh 2 ctia tin higu #(¢) on trang c6 my = 0 va Sy (@) =1, thi cic budc
ctia thuat toan chung néu trén sé dugc chi tiét héa thanh:
1) Nhéan dang tham s f;, ... ,fnf va K tit day céc gia tri {u,},k=0,1, ..., N do dugc

cta u(f) nho ham Yule Walker () hoic Burg().
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2) Xacdinhday { y,} tu{y,},£=0,1,...,Nvaf;, .. ,fnf , K theo cong thic

e +HhAye-1+ -+ o Yh-n, =K Vg

3) Xac dinh cac tham s6aq, ay, ... sy, 5 by, by, by, VA K ctia md hinh d8i tuong ti

day { J;, } nho ham ARMA ().

Thuét toan chi tiét nay d& dugc cai dit thanh ham AR ARMA () cho duéi day dé tham
khao. Ham sti dung ham con Burg () cho budc 1 va c6 cic bién hinh thtic sau:

a)

b)

c)
d)
e)
f)
g)

h)

)

k)

Con tré u chi d4du méang thyc u[] chia day gia tri {u,}, £ = 0,1, ... , N do dugc
cua tin hiéu vao u(t).

Con trd y chi ddu mang thuc y[1 chta day gia tri {y,}, £=0,1, ..., N do dugc cia
tin hiéu ra y(¢).

Bién nguyén N chiia s6 cac gia tri tin hiéu do dugc 14 N+1.

Bién nguyén nf chita bac npctia m6 hinh tin higu vao u(?).

Bién nguyén na chtia bac n, ctia da thic miu s6 m6 hinh ARMA cho d6i tugng.
Bién nguyén nb chtia bac n;, cua da thic tit s6 mé hinh ARMA cho déi tugng.

S6 nguyén s chtia bac mé hinh AR dugc thay thé tam thoi cho mé hinh MA cta
mo6 hinh ARMA cho d6i tugng cdn nhan dang.

S6 nguyén bias xac dinh gi4 tri ham tuong quan sé duge tinh theo céng thiic bias
(bias=1) hay unbias (bias#1).

S6 nguyén M chiia chi s§ Lag cin thiét cho viéec nhan dang ham tuong quan.

Con trd a chi ddu mang a[] c6 do dai its nhét 1a max{n,n.}+1 chita két qua theo
thu tu:

a[0]=1,a[l]=a;,...,a[nal= Ay, -

Con trd b chi ddu mang b[] c6 dd dai n,+1 chia két qua theo thi tu:

b[0]=K,b[1]=b;,...,b[nb]= bﬂb‘

Ham AR _ARMA () tra vé gi4 tri béo 15i 3 néu M>N, gia trj 4 khi khong thuc hién duge
ham Burg () va gia tri 1 hodc 2 khi ham MA () c6 16i. Trudng hgp khéng cé 16i, ham sé tra

vé gia tri 0.

Ham AR _ARMA () khong lam thay d6i noi dung hai mangu[] vay[].

int AR_ARMA(double *u,double *y,int N,int nf,int na,int nb,

{

int s,int bias,int M,double *a,double *b)
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}

int i,k,err;

double *x,K;

x=new double [N];
err=3+Burg(u,N,nf,a) ;

if (err==3)
{
K=a[0];
a[0]=1.;
for (k=0;k<N;k++)
{
x[k]=0.;

for (i=0; (i<=nf) && (i<=k) ;i++) =x[k]+=a[i]*y[k-i];
x[k]=x[k]/K;
}
err=ARMA (x,N,na,nb,s,bias,M,a, b);
}
delete [] x;
return (err) ;

Cau hdi 6n tap va bai tap

1.

170

Chiing minh ring néu hing s§ K clia md hinh AR bac n, 1a mot s6 duong va duge
xac dinh theo thuat toan Yule-Walker thi né sé chinh 14 gia tri trung binh binh
phuong sai léch nho nhat:

f

Qmin: minM|:yn ~Yn

2 g
=K, trong d6 ¥, == apy,_s .
k=1

Tu két qua bai 1 ngudi ta thay khi bac cia moé hinh AR 1a n, ciing 12 mot tham s&
cin nhan dang thi n, c6 thé dugc xac dinh sao cho K 1a mot s§ duong cang nhé cang
tot. Hay cén ci vao cong thiic (4.22b)

K=K, , [1-aliP)

ciing nhu tinh truy héi ctia thuat toan Levinson hodc Burg dé xay dung mot thuat
toan nhan dang bac n, cho mé hinh AR.
Thuat todn nhan dang cht déng tham s6 mé hinh MA trinh bay tai muc 4.3.3 c6 bon
cach cai dit, phu thudce vao viéc chon ham Yule—Walker () hay Burg() dé thuc
hién budc 2) va 3). Ham MA () da gi6i thiéu ¢ muc 4.3.3 chi 12 mot trong 4 cich cai
d#t d6. Hay viét nhiing chuong trinh thé hién cac cach cai dit con lai va so sanh két
qua thi nghiém v6i ham da cho MA ().
Cung v6i 4 cich cai dat thuat toan nhan dang tham s6 m6 hinh MA da néi t6i trong
bai 3, 6 thuat toan nhan dang cht dong tham s6 mé hinh ARMA (muc 4.4.3) ta cling



s& c6 8 cach cai dit (do c6 thém hai cich Iua chon & buée 2 cho viéc nhan dang tham
s0ay, ay, ..., a,, theo Yule-Walker () hay Burg()). Hay viét nhiing chuong trinh
thé hién cac cach cai dit con lai.

Véi nhiing tin hiéu ngau nhién egodic phiic u(f), y(t) ngudi ta dinh nghia ham tucng
quan nhu sau:

T
ry(D=M[u(®)y(E+7)] = 711_131@ %Jj(t)y(t +7)dt

a; [
va do d6 r, (7 cing la ham phtec. Goi afi] = 15 14 vector nghiém phitic cua
a;[i]
phUdng trinh Yule-Walker c6 bac 14 i (4.19) véi cAc phan ti phiic Tyuy(D). Chtng
minh rang:
a) Nghiém a[i] ciing théa man

a;[i]

Hi _:' :[Qj
ali]| (K;

1

b) Gitia nghiém @ [i] cta phuong trinh Yule-Walker bac i va a[i—1] bac i—1 c6 méi
quan hé

aplil = qli-11+ alil@;_, i-11  v6i  k=1,2, ...,i-1.

¢) Gifia sai léch du bao tuyén tinh phtic ctia mé hinh bac i 1a e,’z [7] ,e,bZ [[] va ciia md
hinh bac i-11a e [i—1],e?[i—1] ¢6 quan hé truy héi
el il = el [i-1]+aq;[ilel_;[i-1].

eblil= by [i-1]+a;lilef[i-1].

Hay dua vao két qua ctia bai 5 @8 xay dung thuét toan Levinson giai phuong trinh

Yule-Walker phtc, tic 1a ma tran H g c6 cac phan ti phtc ry(mTa) va vector
a

nghiéma =| ! | clia né ciing 1a vector c6 nhiing phén ti a; phtc.

a g

Ciing dya vao két qua clia bai 5 cAu c) ma chting minh ring tham s6 phtic q;[i] cia

mo6 hinh AR béac i lam cho phi€m ham sai léch diéu hoa
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a=x (k4]

n=ng,

c6 gia tri nho nhat sé 1a

- ZNZ:_I (efli-11-¢f 111

a;[i] = 5~
Zl(e,’{[i—u%ei’z_l[i—l]z)

8. Theo két qua bai 5, cAu c) va bai 7 hay xdy dung thuét toan truy héi xac dinh cac

tham s8 phic a;, ay , ... , @, cho m6 hinh AR khi tin hiéu vao la ham ngau nhién

phtc u(®) kidu 6n tréng (m, =0, S,(® =1) trén co s6 do tin hiéu ra y(¢), tdc 1a trén

cd s6 day gia tri {y,},£=0,1, ..., N-1.
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5 NHUNG KY THUAT BO TRG

5.1 DFT thdi gian ngan (SFT)

Trong cac chuong 2, 3 va 4 ta da 1am quen véi nhiing phuong phap nhan dang c6 st
dung k¥ thuat DFT dé xt 1y phé tin hiéu do duge nhdm loai bd anh hudng ciia nhidu va
dé c6 duge gia tri ham tuong quan hodc mat dé phd tin hiéu. Ky thuat DFT nay ¢6 mét
nhuge diém 14 chi ap dung duge sau khi da c6 da cac gia tri tin hiéu x(T,), £=0,1, ...,
N-1 trong mét khodng thdi gian quan sat [0,7) da 16n. Néu khoang thdi gian quan sat
(thoi gian do) tin hiéu qua ngin, ta sé khong cé du luong thong tin cAn thiét cho viéce
phan tich phd, song néu thdi gian do qué l4u thi ta sé lam mé&t tinh thoi gian thuc cia
phuong phap, hon niia khi kéo dai thoi gian do mét tin hiéu ngiu nhién ta da vé hinh
chung gia thiét ring d6 la tin hiéu ngiu nhién diing (stationary) ma diéu nay khéng
phai ldc nao cling dude thoa méan.

Phuong phap SFT (viét tit cta ti tiéng Anh Short time Fourier Transformation),
hay con goi 14 phuong phap DFT thdi gian ngin, trinh bay sau day sé khéc phuc dudc
nhuge diém trén cta DFT kinh dién. Dic biét niia, phuong phap SFT nay con thudng
dudc st dung d8 nhan dang cac d6i tugng c6 tham s6 mo hinh thay d6i theo thdi gian.

51.1 Tu tudng cla phuong phap

Muc dich ctia nhan dang phd tin higu 1a két qua mat d6 phd X,(jo) thu duge phai
phan 4nh mét cach diy du toan bd théng tin tan s6 cb trong tin hidu x(f) trén toan bo
khoang thdi gian 0<¢<oo:

X, Go)= Y xpe *a®  x =x(kT)). (5.1)

k=0
Nhung lam thé nao dé dat dude muc dich d6 trong khi khodng thoi gian quan sat lai bi
khéng ché bdi 7. T4t nhién ring ta khong thé di theo huéng nhu d& lam & chuong 2 1a
chd dgi cho t6i khi c6 duge hét tat ca cic gia tri x; , k=0, ... , o r6i méi tinh X, (jo) ma

phai suy nghi t6i mot huéng giai quyét khac. Huéng diu tién cé nhiéu kha niang phu hgp
la tng dung ky thuat truy hdi bing cach chia toan b khoang thdi gian 0<t<eo thanh

nhitng khoang quan sat [mz, mr+T), m=0, ... , e rdi tit nhiing gia tri x;, do dudc trong
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khodng quan sat tht nhéat [0,T) ta tinh ngay phé X }l (jw) va n6 duge xem nhu la gia tri
x&p xi dAu tién ctua X,(jw). Tiép theo véi cac gia tri tin hiu x; do duge trong khoang
quan sat k& sau [7,T+7) ciing nhu Xé(ja)) da c6 ta hiéu chinh lai X;(ja)) thanh
Xs(ja)) theo nghia Xg(ja)) gan X,(jw) hon so véi X;(ja)), trong d6 7 la mét gia tri
théa méan 0<7z<T (hinh 5.1). Tiép tuc, tit x, trong khoang [27, 27+T) va X2(jw) ta lai
hiéu chinh X2(jw) thanh X2(jw) ... . Kéo dai qua trinh truy héi d6 dén vo han ta s&
duge day { X! (jw) } théa méan
lim X (jo) = X, (o) (5.2)
oo
va d6 chinh 1 tu tudng ctia phuong phap SFT.

Khoang quan

, satthtba |
>
Khoang qu'an :
AP |
! sat th{r hai : :
Khoang quian I | |
I satthirnhst 1 P ' t
Hinh 5.1: Cac khoang quan sat tin hiéu cho ' L= — ' >
ting budc truy hai. 0 z T 2t T 2T

5.1.2 Thuat toan SFT véi ham cira s6 Bartlett

PE bibu dién (5.1) dudi dang truy hoi trude hét ta xem x() trong (5.1) nhu tich cla
chinh né véi ham ctia s6 1§ tudng we(t)

x(t)=w..()x(t) vGi wet) =1
rdi tim cach biéu dién w..(f) thong qua cac ham ctia s6 w;(¢) khac c6
supp w;(¢)=[0,T),
(muc 2.1.6) Gng véi tiing khoang quan sat [m7, me+T), m=0, ... , . Mot trong nhiing

cach biéu dién nhu vay véi ham Bartlett wq() duge mé ta trong hinh 5.2. Khi dé

wat)= Y wg(t—m%).

m=—oo

Suy ra
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oo

W= 3 w2<t—’”TT>x<t> = 2(kT)=x, 3 m«k—%m) 5.3)

m=-—oo m=—oo

O N R G

)

1 AN 4

\ A

Hinh 5.2: Xay dung ham cifa sé ly
tudng théng qua ham Bartlett.

Thay (5.3) vao (5.1) va T=NT, dudc

X, (o) = i[ ikag((k—%)Ta)}e_jkTaw
k=0 m=—o

- M+N—1

2 .
=Y xp wy (b —ﬂ)Ta) eI Ta®
" 2

m=-co UV
2

mN

vi w,(®)=0 khi ¢ ¢[0,T), ttic 1a wy(k —%)Ta) =0 khi k<% VA k2 N

Trong tong tha hai ta thay g=k— mN sé co

.mN

N-1 | TS
X (D)= Y | Xx unwa(gTy)e e le 2
m=—eo| q=0 9t 75~

oo

T,

(5.4)

Néu goi { x;" } 1a day gia tri tin hi¢u {x;} trong khoang quan sat thi m, ttc 1a trong

khoang [m%,(m + 2)%), d& duge nhan véi ham ctia s6 Bartlett nham giam sai s6 ro ri:

~m

Xq =xq+Mw2(qTa), q=0,1, ... ,N-1
2

thi (5.4) viét dugc thanh

o |N-1_ o —jﬂTaw o _jLTw
X, ()= Y | Y xg'e™? a®le " 2 = XX (jw)e = 2 (5.5)
m=—oo| q=0 m=—oo
trong do6
- N-1 T
X (jo)y= 3 % e /17a? (5.6)
q=0
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la anh Fourier cha day N phan ti { X" } = { Nﬂ’imNHv s §M+N—1 }.
2 2 2

Cong thiic (5.5) chinh 1a céng thic truy héi xac dinh day { X, Lil (jw) } thda man diéu
kién (5.2) véi

. .mT . .mT T
P L e il e . —je
X (o) = Y Xg(Gwe 2 = YXg(jwe 2?2 +Xi(joe 2
m=—oo m=-—oo
AT
SR A Sign 3 ?
= Xo(Jo)y=X, (jo)+X,(jw)e . (5.7)

Néu stt dung ham ££t () dé tinh nhanh cong thic (5.6) ta sé c6 thuat toan nhan dang

X(inQ) =T, X! (jnQ)

theo céng thiic truy hdi (5.7), trong dé Q= 15;

a

, nhu sau:

2

1) Dit gia tri khéi phat X1 (jnQ) =0, n=0,1, ... ,N-1va Q=

a

2) Thuc hién cac budc sau tng véi khoang quan sat [iz, iz+T),i=0,1,2, ...

a) Do tin hiéu x(t) trong khoang thoi gian [%, @ +22)T ) va goi day gébm N cac gia tri
nhan duge 1a { x% }={ x;n , x; s ey X .
indugela (1= Ly iy oo i)

b) Nhan ting phan ti clia diy trén véi ham ctia s6 Bartlett wo(t) xac dinh trong
khoang thdi gian 0<¢<T theo cong thiic

Z=x vwykT,), =01, .., N-1
2

va goi day méi la { % }={ %, %, ..., ¥h_1 }.
¢) St dung ££t() dé tinh { X! (jnQ) }, n=0,1, ... ,N-1 clia ddy { Tc}e }.
d) Tinh X! (jnQ)=X1(jnQ)+ XL (jnQ)e " n=0,1, ... N-1.

e) Cho ra két qua X(inQ) =T, X" (jnQ), n=0,1, ... ,N-1 va d6 dugc xem nhu két qua

truy hdi tai buée thit i cho anh Fourier cia x(¢).
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5.1.3 Thuat toan SFT véi mot ham cira s bat ky

Thuat toan vita néu hoan toan c6 thé mé rong ra cho moét ham ctia s6 w() bat ky chi
khong phai chi riéng cho ham Bartlett wo(t). V6i mot ham ciia s6 w(t) nao d6, xac dinh
trong khoang [0,7T) va ngoai khoadng nay dude xem nhu bang 0

w@) =0 khi ¢t¢[0,T)
thi ham w..(t) dugc biéu dién théng qua w() nhu sau
Wot) =K Y w(t-m7),
m=—oo
trong d6 7 dugc goi 1a budc trugt, tiic 1a budec ma cac khoang thoi gian quan st tin hiéu
[mz, me+T), m=0, ..., « trugt doc theo truc thoi gian.

Vén dé dit ra & day 1a bude trugt 7va hang s6 K phai thda mén diéu kién gi dé c6
K Y wE-mr)=1 v6imoit (5.8)

m=—oco

va @€ tra 16i cAu héi nay, trude hét ta ching minh dinh 1y sau:

Pinh ly 5.1: (Cong thic Poisson) Mot tin hiéu x(f) c6 anh Fourier X(jw) luén théa man
1 2

Sat-mr)== Y X(jnQ,)e " vii Q=" (5.9)
T

m=-—oo T n=-—co

Chitng minh: N&u goi s A#) 1a ham rang luge v6i khoang cach budc ring 7, tic 1a

sd)= 3 8(t—mo)

m=—oo
thi theo dinh Iy 2.2 da dugc trinh bay 6 muc 2.1.4, n6 sé c6 anh Fourier

S{ia)=Q; 3 S(w-nQ,).

n=—oco
Mait khéc, néu xem vé trai caa (5.9) 12 ham md rong biéu didn day cac gia tri cta x(t)
dugc trich mAu véi thoi gian trich mau =
Yat-mo)= Y [x(t-t)S(t-mr)dt' = x(t)*s t)

m=—oco Mm=—c_co

ta sé dugc

Yat-mo)=—— [X(jo)S,(jo)e’® dw
Mmoo 2

—oo

=% [ X(jo) Y8@-nQ, )/ do

n=—oo
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% Y [X(joel® S(@-nQ,)do

n=—_co

=1 ZX(an,)eanTT . (dp.cm) Q
T,
Bay gi6 ta quay lai bai toan tim diéu kién cho 7va hing s6 K dé ¢6 (5.8). Theo dinh 1y
5.1 thi (5.8) sé& dudc thdéa man néu

1 & . inQ 1
= SW(nQ,)e/ = —
Tn:Z_ (JnQ;) %
1 v e | 1
& - WO)+ Y W(inQ,)e =% (5.10)
e

trong d6 W(jw) 1a ky hiéu chi anh Fourier cia ham cta s6 w() ¢6 supp w®)=[0,T) da
chon.

Gia st tiép riang w;1a tan s6 gi6i han ctia W(jw), tic 1a
|Wio)|=0 khi|w|>ao;

(hodic it ra khi @ >w7c6 | W(jw) | di nhé dé c6 thé bd qua dugc) thi khi chon budc trugt 7

thda man

Qr>wr (=4 —>7 (5.11a)

ciing nhu chon hing s6 K véi

T
W(0)

(5.11b)

sé dugc

wo®) =K iw(t—mr)=§ W)+ S W(jnQ,)en " =§W(0): 1.

m=— n=-—oco

n#0

Ta di dén két luan:

Binh Iy 5.2: Néu ham ctia s6 w(?), te [0,T) duge chon ¢6 | W(j) |= 0 khi |¢f >, thi véi
buée trudt 7thoa méan (5.11a) ciing nhu hing s6 K théa méan (5.11b) sé c6

wo®) =K Suw(t-m)=1. (5.12)

m=—oo
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Sau khi da c¢6 ham w..(t), ta thay vao céng thic DFT tinh anh Fourier cua x(¢)

X, (o) = Y xpe /M =K Y xpw. (RT,)e /T
k=0 k=0

=KY xk[ > w((k—mD)T, )]e‘f‘””a

k=0 m=—oo

trong d6 D 1 s6 nguyén 16n nh4t théa man D<-L , 101 @61 vi tri hai d4u tong sé c6
a

X, =K S | S xpu((k-mD)YT, )}e‘f‘”kTa

m=—oco| k=0

Nhung vi w(#)=0 khi ¢t [0,T) nén

w [mD+N-1 .
Xojo) =K 3. > xpw((k —mD)T,) le™/“" e
m=-co| k=mD
w [N-1 '
=K 2 Zxk+me(kTa)}e_”’(k+mD)Ta
m=—oo| k=0

y y s i s T
trong d6 N la s6 nguyén nho nhit thoa man N >— .
a

Néu xem cac gia tri tin hiéu { x;' }={ x,,p,%pps1, ... » Xppsn-1 | do duge trong
khoang quan sat thi m, ttic 1a trong khoang thoi gian [mz, m#+T) va da duge nhan véi
gia tri ham ctia s8 w(kT,) 1a day

{2 1= { 2pw(0), xpp 1 w(Ty) 5 .. Xppen-1w(N -DT,) }.
thi cong thtic trén tré thanh

o [ N-1 . .
Xa(j(l)) =K z |: ZikefjwkTa :|e]meTa

m=—co| k=0

) o | N-1 —jan—” —jmnDQ—”
=>  X,(nQ)=K Y | Yxe N N

m=—c| k=0
trong d6 w=nQ = 2z n . V61 ky hiéu
a
~ N-1 - 'knz—”
X7 (jnQ)= Y xe N
k=0
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n
X (jnQ)= > ne N ole N
l=—c| k=0

cong thiic trén trd thanh cong thic truy hoi

2r

~ —jm
X" (jnQ)= XML (jnQ)+ X1 L(jnQ)e N

théa man diéu kién

D
2)

3)

4)

K lim X[ (jnQ)=X_,(jnQ) = KT, lim X['(jnQ)=X(jnQ).
m—e

fM—soo
Ta di dén thuat toan:

Chon mot ham ctia s6 w(), ¢e[0,T).

Chon budc trugt 7thoa mén (5.11a) va hing s6 K théa méan (5.11b).

2
NT,

a

Dit gia tri khéi phat X1 (jnQ)=0,n=0,1, ... ,N-1va Q=

Thuec hién 14n lugdt cac budc sau cho tiing khoang quan sat tin hiéu [mz, m r+T),
m=0, 1, 2, ...

a) Do tin hiéu x(f) trong khodng thdi gian [mz, m=T) va goi diy gbm N cac gia tri
nhan duge 1a { x]’en }={ XmD >¥mD+1> -+ > ¥mD+N-1 ).

b) Nhan tiing phan ti cia diy trén v6i ham clia s6 w(z) theo cong thiic
X' =xpympw(kT,), k=0,1, ..., N-1.
va goi day méila { x;" }={ 5", 21", ... , Xy }.

¢) St dung ££t() dé tinh { X[ (jnQ) }, n=0,1, ... N-1 ctia day { X" }.

. 1. ~ 1. —jmnDZ—”
d) Tinh X'(jnQ)=X]""(jnQ)+ X" (jnQ)e N n=0,1, ... ,N-1.

e) Cho ra két qua X(jnQ) = KT, X[ (jnQ), n=0,1, ... ,N-1 va d6 dugc xem nhu két
qua truy héi tai budc thi m cho anh Fourier ctia x(z).

Piéu kién chon 7 cho trong (5.11a) chinh 1a tiéu chuén Shannon d& néi téi tai muc

2.1.5, dinh 1y 2.4, nhung & day la tGng véi gia tri tdn s6 giéi han w; ctia w(). N6i cach

khac, khi ap dung SFT ta phai si dung tiéu chudn Shannon hai ldn: moét 1an cho thoi

gian trich mau tin hiéu T, vd mot 14n nita cho bude trugt clia s6 quan sat tin hiéu =
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Thuat toan trén da dugc cai dit thanh chuong trinh s£t () viét trén C cho duéi day
dé8 tham kh3o. Chuong trinh s£t () nay cé cac bién hinh thic:

a) S6 nguyén m chda chi s6 khoang quan sat tin hiéu [mz, m=+T).

b) S6 nguyén w chita chi s6 ham ctta s6 w;(t), 0<i<7 (muc 2.1.6). Néu ndi dung cia w
14 mot s6 ngoai khoang [0,7], ham s£t () sé st dung ham ctia s6 w,(?).

¢) S6 nguyén D chtia hé s6 D cta buéc trugt 7, ttc 1a 7= DT,

d) S8 nguyén Nexp chiia s6 ma lay thita 2 chia d6 dai day tin hiéu { x}" } do dugc,
trong khodng [m7, m#+T), ttc 1a do dai diy tin hidu sé phai la N=2"*P.

e) S0 thuc Ta chtia chu ky thoi gian trich mau tin hiéu T,.

f) Con tré x chi ddu mang s6 phiic x[] chia cac gia tri x}', £=0,1, ... , N-1 theo
th@ tu x[01=x,,p, x[1]1=%,p41, ... » Xx[N-11=x,,p, y_1 . Sau khi chuong trinh
sft () dudc thuc hién xong, ndi dung ciia mang nay sé dudc thay bdi cac gia tri
anh Fourier { )Z'{l”(jnﬂ) }, n=0,1, ... , N-1 caa day {%;'}, trong do
E};ﬂ =xk+mel~(kTa) , k=0,1, ey N-1.

g) Con tré X chi ddu mang s6 phtic X[] chia cac gia tri ddu vao X7 1(jnQ). Sau
khi chuong trinh sft() dugc thuc hién xong méang nay sé chiia day két qua
X (jnQ),n=0,1, ..., N-1.

void sft(int m,int w,int D,int Nexp,double Ta,complex *x,
complex *X)
{ int i,k,p,N=pow(2,Nexp) ;
double s,T=Ta*N;
complex e;
k=N/2;
for (i=0;i<=k;i++)
{ s=fw(w,Ta* (double) (i-k),T);
x[i]=x[i]*s;
if ((i>0) &&(i!'=(p=(N-1)))) =x[pl=x[pl*s;
}
fft (Nexp,x) ;
for (i=0;i<N;i++)
X[i]=x[i]+x[i]*exp(complex(o.,—M_PI*Z*D*m*i/N));

5.1.4 Ung dung dé nhan dang mé hinh c6 tham sé thay déi
Céac thuat toan nhan dang mé hinh déi tugng dude trinh bay trong quyén sich nay

phén 16n déu dua vao viéc phan tich phé tin hiéu. Chéng han toan bd cac thuat toan néi
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t6i trong chuong 2 vé viéc nhan dang mé hinh khong tham s6 dé di t6i cong thic (2.52)
nhan dang gia tri dudng dic tinh tan {G(jnQ,)}, n=0,1, ... , M
S, (jnQ
Glnay) =2
Su (nQ/i)
hoan toan dugc xay dung trén co s6 nhan dang ham mat d6 phé S,(w), S, (jo) ti cac gia
tri tin hiéu quan sat duge. Ciing nhu vay, nhiing thuat toAn nhan dang tham s mé hinh
néi t6i 6 muc 3.2 thudc chuong 3 dua chti yéu vao mo hinh khéng tham s6 da cé, tic la

dua vao day {G@(nQy)}, n=0,1, ... , M. Bdi vay néu nhu ngudi ta nhan dang truy héi

duge cac gia tri G(nQ)) sao cho sau méi khoang quan sat [m7, m=T), m=0, 1, 2, ...
ching lai dudc hiéu chinh cho phu hgp va chinh xac hon thi ciing v6i né cac thuat toan
trén sé tré thanh nhiing thuat toan nhan dang mé hinh d6i tugng theo nguyén téc truy
hdi va sau tiing khodng quan sat [mz, m=+T), m=0, 1, 2, ... mb hinh d6i tugng hién c6 lai
duge hiéu chinh dé ¢6 duge mot mé hinh méi chinh x4c hon. Nhiing thuit toan nhan
dang truy héi mé hinh d6i tugng nhu vay cé rit nhiéu § nghia ting dung cho nhiing d6i
tugng c6 tham sé thay ddi.

Van dé con lai 14 1am sao chuyén duge thuat toan nhan dang ham mat d¢ phd S, (o),
S,y(jo) da c6 6 chuong 2 (ham nonpar ()) sang dang truy héi?. Cau tra 16i 1a dua vao ky
thuat SFT v6i ham s£t () da duge cai dat trén C tai muc 5.1.3.

Truéc hét ta chiing minh dinh 1y sau:

Binh ly 5.3: Ham mat d6 ph8 dinh nghia theo cong thtic Wiener—Chitchin dang rdi rac

N-1 inm2®
~ . N Jnm=
Syuy(nQy) =T, 3 7y(mT,)e (5.13a)
m=-N+1

v6i A1a s6 nguyén lity thita 2 nhé nhit nhung khéng nhé hon 2N-1 va

N*‘m‘fl ~ N .

~ 1 T~ N néu nhan dang bias

ruy(’nTa)z — zukyk+m > p :{N— ” han d bi (513b)
P r-o m néu nhin dang unbias

- u, nfu0<k<N-1
5 =
OnéuN<k<i-1

~ _|yp nu0<k<N-1
Tk OnfuN<k<i-1
trong d6 uy , v, , k=0,1, ... ,N-1 la nhiing gia tri do dugc cta tin hiéu u(t), y()

trong khoang thdi gian [0, T) véi chu ky 14y mau T, (T = NT,), Q; :ﬂ,ZT” , Alaso
a
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nguyén liy thita 2 nhé nhit nhung khéng nhé hon 2N-1, ¢6 thé dude tinh theo
cong thiic Periodogram nhu sau

§uy(jn§2,1)=£ﬁa(jn£24)fa(jn§2,1), n=0,1, ... ,A-1 (5.14)
p

véi U,(jnQ,)la anh Fourier ctia day { &, } va Y,(jnQ;) la 4nh Fourier cta day
{ 9.}, k=0,1, ... ,N-1 thu dugc nho ££t ().

Chitng minh: Thay (5.13b) vao (5.13a) c6

~ T N-1 N-|m|-1 - 7]nm2—”
Suy(fngﬂ,) =—* Z Z UrYE+m€ 4 (5.15)
P m=-N+1 k=0

ti6p theo d6i vi trf hai d4u téng véi su trg gidp cta hinh 5.3 biéu dién mién 14y téng duge

T N-1 N-1- —jnmg—”
— a
uy(]ngl -0 Z Z kyk+m
P p=0| m=k-N+
k
k=N-m-1
N-1
m
Hinh 5.3: Mién |ay t8ng clia cong thiic xac —N+1 N-1
dinh ham mat do phé (5.15). b Nam—1
Suy ra
. T, N-1_ jnkZ—” N-1-k —Jn(k+m)27”
Suy(-]nQi) = z k€ Ye+me
P k=0 m=k—-N+1
. .2 2
T N-1_ jnk—— N-1 = —jnl—
=—< e A > ye A, I=k+m
P r=0 1=2k-N+1

Nhung do u,=y;=0khi %,/ ¢[0, N) nén

S,y (jnQ;) =
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T 2N-2 jnk2—” 2N-2 —jnlz—” T = "~ .
=2 X me A Y Fe A |=LUL(nQy)Y,(jnQy)
P r=0 1=0 p

va d6 chinh 14 diéu phai chiing minh. Q

Suy (inQ)

= ta thdy viéc nhan dang
S, (nQ;)

Dua vao dinh 1y 5.3 va coéng thic G(jnQy) =

dudng dic tinh tdn G(iw) c6 thé duge thuc hién truy héi thong qua k§ thuat SFT ap dung
cho ca hai tin hiéu u(¢), y(¢) nhu sau:

1)

2)

3)

Chon ham ctia s6 w(), te [0,T), budc trugt 7 theo (5.11a), hing s6 K theo (5.11b).

Dit gia tri khéi phat U;'(jinQ;) =Y, (jnQ,) = 0 cho tat ca cac chi s6 n=0,1, ...,
2r

A-1, trong d6 Q) =
80T Ir

a

, 212 s6 nguyén lity thita 2 nhé nh4t nhung khéng nhé hon

2N-1 va N=l v6i T, 1a chu ky trich mau.
T

a
Thuc hién 1an lugdt cac budc sau cho tiing khoang quan sat tin hiéu [m 7, m r+T),
m=0, 1, 2, ...

a) Do tin hiéu u(f), y(¢) trong khoang thdi gian [mz, m#+T) va goi ddy gom N cac gia
tri nhan duge la

{ UmD >UmD+15 -+ > UmD+N-1 }

{ YmD>YmD+15 -+ > YmD+N-1 }
b) Nhan tiing phén ti cta hai ddy trén v6i ham ctia s6 w(f) sau d6 gin thém cac gié
tri 0 sao cho mdi day c6 ding A phan tu:

{@]" }={ uppw(0), uyp1w(T,) , ..., UppsN-1w(N-1)T,),0, ... ,0}
{ y}zn }:{ yme(O)aymD+1w(Ta)? ) ymD+N—1w((N_1)Ta) 0, ... 10}
k=0,1, ... ,A-1.

¢) St dung ££t() dé tinh { U (jnQ,) } caa diy {@;"} cing nhu (Y (jnQ,) )

cta day { ;" }.

d) Tinh
. 2z
my _rrm-1, - ym-=1, - —jmnD7
U,/ (jnQy)=U; " (jnQ,)+U, " (jnQ,)e
. 2
my . _yvm-1;: om-1, : 7jmnD7
Y, (jnQy) =Y, T (jnQ,)+Y, T (jny)e
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e) Tinh
Suy(inQ2) _ Y[" (jnQ2y)

G(jnQj) =— :
S,(nQ;) Uy (jnQy)

=0,1,..., 41

va d6 1a gia tri ham truyén dat da duge hiéu chinh tai khoang quan sat thi m .
Mot phan thuat todn trén da dugdc cai dit thanh ham renonpar () viét trén C cho
duéi day dé tham khio. Ham renonpar () c6 cac bién hinh thiic sau:

a) S6 nguyén m chda chi s6 khoang quan sat tin hiéu [mz, m=+T).

b) S6 nguyén w chita chi s§ ham ctia s§ w;(f), 0<i<7 (muc 2.1.6) dung dé trugt
khoang quan sat tin hiéu. Néu noi dung ciia w 1a mdt s6 ngoai khoang [0,7], ham
renonpar () sé st dung ham ctia s6 w,(?).

¢) Sdnguyén D chia hé s6 D cua bude trugt 7, tic la 7= DT, .

d) S6 nguyén Nexp chtia s6 mii liiy thita 2 ctia 6 dai day tin hiéu {u,psz}s {Vimpar}
do dugc trong khodng thoi gian quan sat tin hiéu [mz, m#+T) 1a N.

e) Con trd u chi ddu mang thyc u[] chia cac gia tri u,,p.s , £#=0,1, ..., N-1 theo thit
tli ul[0]= Uyup, 4 [1]1= UmD+1s ++-»> 4 [N-1]= UmD+N—1-

f) Con trd y chi ddu mang thuc y[] chia cac gia tri ¥,,p.z , #=0,1, ..., N-1 theo tht
tey[01=Ymp, YI11=Ymps1s - YIN-11=Yppin—1-

g) Con trd U chi ddu mang s6 phic U[] chita cac gia tri dau vao { UM 1(jnQ,) }.
Sau khi chuong trinh renonpar() thuyc hién xong mang nay s& chida

{Ur(jnQ,) }, n=0,1, ... ,A-1.

h) Con trd ¥ chi ddu mang s6 phiic ¥[] chita cac gia tri ddu vao { UM 1(jnQ,) }.
Sau khi chuong trinh renonpar() thyc hién xong mang nay sé chida
{Y)*(jnQ,) },n=0,1, ... ,N-1.

1) S6 thyc Ta chtia khoang thdi gian trich mau tin hiéu T,.

j)  Con trd G chi ddu mang s6 phtic G[] chtia két qua {G(jnQ,)}, n=0,1, ..., N-1.

void renonpar (int m,int w,int D,int Nexp,double *u,double *y,
complex *U,complex *Y,double Ta,complex *G)

int k,N=pow(2,Nexp) ;

complex *x;

x=new complex[N];

for (k=0;k<N;k++) x[k]=complex(ulk])
sft(m,w,D,Nexp,Ta,x,U);
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for (k=0;k<N;k++) x[k]=complex(y[k])
sft(m,w,D,Nexp,Ta,x,Y) ;

for (k=0;k<N;k++) G[k]=Y[k]/U[k];
delete [] x;

5.2 NOGi suy

Nhé lai thuat toan nhan dang G(jnQy), n=0,1, ... ,2M da trinh bay trong muc 2.3.1

ma 6 d6 G(inQ,) dugc tinh gian tiép thong qua S,(nQy), S,y (inQ1), n=0,1, ... ,4~1 theo

cong thic (2.53), ta thay thuat toan chi c¢6 thé cho ra dude cac gia tri gin ding clia ham
d#c tinh tAn G(jw) trong khodng tan s6 tit 0 dén

_2@M+1)x

2M+1)Q
( QL T,

Lam thé nio dé mé réng khoang tin s6 nay. Cé thé thdy ngay rang chi c6 mot giai
phép 1a 1am nhd T}, ttc 1a ting tin s6 trich mAu tin hiéu.

Nhung trong thuc t&, do han ché ctia k¥ thuat hoéc do téc do xii 1y ctia thiét bi khong
cho phép, ta khong thé chon duge T, ¢t nhé dé c6 thé thu duge mot két qua do c6 do
phén giai nhu ¥ muén. O nhiing trudng hgp nhu vay ngusi ta thudng ap dung phuong
phap ndi suy tin hiéu. Diéu nay cé nghia 1a sau khi do tin hiéu vao ho#c ra dugc goi
chung 1a x(t) va c6 duge day N gia tri x(kT,), k=0,1, ... , N-1 cta nd, ta phai xac dinh
mot ham lién tuc %(¢) sao cho ham d6 di qua t&t ca N cac diém miu x(kT,) d6 (hinh 5.4).

Khi @3 c6 ham lién tuc X(¢) ta c6 thé 14y lai gia tri tin hiéu X(kT}), k=0,1, ..., N -1 véi

mot chu ky 14y mAu méi T nho tuy y.

Hinh 5.4 : M6 ta phuong phap néi suy.

5.2.1  N&i suy cé dién
V6i phuong phap néi suy ¢ dién, ngudi ta chon truée mot da thiic bac N-1

X@)=a,+aqgt + ... + aNtN_l,
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trong d6 N 14 s6 cac gia tri mau da c6. Nhiém vu ctia noi suy 1a xac dinh cac hé s6a;,a,

., ay cua da thiic nay, sao cho dudng cong cua da thi’c mé hinh x(t) di qua cac gia tri
mau x(0), ..., x(N-1)T,) ctia ham cAn noi suy, tic 1a phai thda man diéu kién

x(kT,)=x,=x(kT,)v6i £k=0,1,... ,N-1. (5.15)

Viét lai (5.15) 14n lugt cho tat ca cac gia tri k£ dudi dang ma tran sé c6

1 0 1(3 al xo
1 T, TN ag | | x
1 (N-1T, - [N-DT, V) law) laya
a a J \ )
A ¢ g
Suy ra
a=Alg (5.16)

va d6 chinh 1a céng thiic xac dinh vector tham s& a cho da thtic x(¢) ti cic gii tri do

dugex, , k=0,1,... ,N-1.

5.2.2 Noi suy spline

Phuong phép noi suy c6 dién thudsng chi thich hop véi nhiing bai toan ndi suy bac
thép, ttc 14 s6 cac gia tri d4 c6 cia ham cAn ndi suy nhd. N6 c6 uu diém 14 sai s6 gitta mod
hinh néi suy duge %(¢) va tin hiéu goc x(¢) tai cac diém 18y miu bang 0. Khi s6 lugng cac
diém mau 16n, bac chia da thic ndi suy X(¢) ciing phai ting theo, 1am cho ham X(¢) cang
¢6 nhiéu diém cuc tri va d6 thi cia né cang c6 nhidu “lugn séng” do da thiic bac cang cao
thi cang ¢6 nhiu diém cuc tri. Piéu nay din dén nhuge diém chinh han ché dng dung
ctia phuong phap 14 ngudi ta hoan toan khéng cé kha nang kiém soat va khéng ché dudge
sai 8 gifia cac diém 14y mAu va khong khing dinh duge ring da thic mé hinh d4 ndi suy
duge ¢6 hoi tu dén tin hiéu goc hay khéng. Tham chi, ngudi ta con chi ra duge rang véi
b4t cti mot tap cac diém mAu ndo cho trude, bao gis ciing tén tai moét ham s6 lién tuc
nhan cac diém miu d6 1am gia tri ma bai toan ndi suy ¢ dién ap dung cho ham s6 d6 lai
phén ky.

Pé khic phuc nhude diém trén cta bai toan nji suy c¢d dién, ngudi ta sé khong noi
suy v6i toan bo tap hop cac gia tri mau nita ma chi néi suy ting khoang cuc bg, dé c6 thé
lam gidm bac ctia da thtc mé hinh. Ching han ngudi ta c¢6 thé chon nhiing da thic mé
hinh cuc b6 bac 2 1a

_ 2
fo®)=ago + agit + aget™,
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2
@)= a0+ a1t + agat”,

cho tiing khoang 3 gia tri mau {0,T,, 2T,}, {T, 2T, , 3T,}, ... cua tin hiéu va xac dinh
hé s6 ctia cac da thiic nay sao cho

fokT,) =%, v6i k=0,1,2

fikT) =x, véi k=1,2,3

thay cho mot da thtic chung bac N-1 nhu phucng phap ¢4 dién van lam. Sau d6é nhiing
da thiic ndi suy cuc bo nay sé lai duge "dan" véi nhau tai dé tao thanh moét dudng cong
chung %(¢) di qua t4t ca cac diém mAu va c6 dao ham (bac dao ham cang cao cang tét) tai
nhiing diém ndi, tic 1a tao ra mot dudng cong tron khp nei chit khong chi riéng trong
khoang cuc b duge ndi suy. Dusng cong x(¢) 1a dudng néi suy cta tin hiéu da cho va
phuong phap noi suy nhu vay goi 1a ndi suy spline.

Bac caa da thiic duge chon sé quyét dinh kich thude mién cuc bd duge noi suy, ching
han néu chon da thtic bac hai thi do ¢6 3 tham s& phai xac dinh, mién ndi suy cuc bd sé
chi chita 3 diém mau. Pa thitc dude chon dé néi suy cuc bd d6 c6 tén 1 ham mo hinh cuc
bé.

5.2.3 NOi suy B-spline

Mot trong nhiing phuong phap ndi suy spline ¢ ¥ nghia Gng dung trong phan tich
phé tin hiéu va c6 ho hang gin gii v6i mé hinh toan hoc cta khoi héi phuc tin hiéu
(holding) trong diéu khién ky thuat 14 phuong phap néi suy B-spline.

Phuong phap noi suy B-spline, ciing gidng nhu phuong phap spline néi chung, dugc
x4y dung dya trén cac ham mé hinh cuc bo ma ta sé& goi 12 ham B-spline géc. Ky hiéu
fm® 1a ham B-spline goc bac m thi f,,() dude xac dinh theo céng thic truy hdi (dinh
nghia cta Bezier):

1) -1¢-Ty)
T

a

b)  f® = fo@®* [ @) (5.17b)

a) fo) = (5.17a)

Pinh ly 5.3: Ham f,,(¢) c6 khoang thdi gian séng supp £, = [0, (n+1)T,], ttc la
fn@® =0 khi ¢<0 hoac t>m+1)T,.

Chitng minh:
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Ta chiing minh bang phuong phap quy nap. Tu dinh nghia ta thdy diéu khing dinh
dang cho m=0. Gia st cling ding cho m—1. Vay ti cong thiic dinh nghia tich chap

- T,
fn® = fo®* fru1@® = [fo@f 1t =0)dT= [fo(Df 1t -0)d7
oo 0

ham £,,(#) chi ton tai véi nhiing gia tri ¢ théa man 0<t-7<mT,, trong 6 0 <z < T, , néi

cach khac:

0<t<(m+1)T,

a) 1 Af@)
T,

a

\ &

Hinh 5.5:  a) Ham B-spline géc f, ()
b) Ham B-spline géc f;(?)
c) Ham B-spline g6c f5(f)

Pinh ly 5.4: Mot ham B-spline géc f,,(¢) bac m ¢6 mo hinh

_ omAl7EL (6= RT,)™1(t - kT,)
Fm®) = T+l ,EO( D El(m+1-Fk)!

trong d6 ky hiéu 1(¢) chi ham Heaviside.
Chitng minh:

(5.18)

Ta chiing minh (5.18) theo phuong phap quy nap. Hién nhién (5.18) ddng cho trudng hop
m=0. Gia st (5.18) d& ddng cho m—1. Ta phai chi riing né ciing ddng véi m. Bt dau ti

v& phai v6i hinh 5.5a) minh hoa cho f; () sé c6

o T,
Fo® Fur®© = [fo(@fmat=Dd7 == [f 1(t-D)dz
oo a 0

Thay (5.18) cho truong hgp m—1 vao cong thic trén

p t—kT, —0)™ 11t - kT, —7)

T
. _ 1 a m
fo®* frna@®) = T;’”l J(;mkg‘o(_l)
_ 12
mel ,EO El(m —k)!

kl(m —Fk)!

[(t—kTa)ml(t—kTa)— (t=(k+ 1T, 1t - (k+ DT,)|

189



sau d6 tach thanh hai téng va trong téng thi hai thay £+1=] thi dugc

* = 1 & ( 1) ( m
fo®)* frn—1®) o {Z Hom = k),t ET,)"1(t-kT,)+

+m+1 (—1)1 T
lz“lm( - a) (— a)

= (k-1)!(m—k)! \k m+1-k

m m ke _ my(t—
1 {(—1{ iy S CVNERT) U RT,)(1, 1 )+
m:

Tan‘l+1

( 1)m+1 m :|
—(t (m+1)T,)"1¢t-(m+1)T,)
m

_m+17 Z( 1 t-kT,)™1(t-kT,)

TmH kl(m+1-k)!
=fn®
va d6 chinh 1a diéu phai chting minh.
. , N 5 3 R L. .. .m+1
Dinh 1y 5.4 con chi rang f,,(t) nhan gia tri cuc dai tai T, .
a) b) - c) -
4@ f1(@) f2(8)
1
T,
t t t
T, T, I 1 —r, | 2T,
d
) £5®
fat Y
t
T -T I T T ”
. -2 - : 2 4T
Hinh 5.6:  a) Ham B-spline fy (%) a ¢ a a

3
>

b) Ham B-spline f; (&)
= Mét khodng néi 6
c) Ham B-spline f5(?) ot khoang noi suy cuc bo

d) Noi suy véi ham B-spline g&c bac 3
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Quay lai van dé chinh 14 noi suy day ham trong lugng ti cac gia tri mau x;, , k=1, 2,
... , N. Goi x(¢)1a ham noi suy theo phudng phap B-spline v6i ham B-spline gdc f,,,(¢)
bac m thu dugc bing cach “dan” cic ham B-spline géc nay lai v6i nhau sao cho %(¢) di
qua cac diém mau xj, .

Dé trong mbi khoang néi suy cuc bd c6 duge nhidu ham f(®) tham gia, ta sé dich f,,(¢)
sang trai mot khoang r= (%—ITQ, trong d6 ky hiéu[x | chi mét s6 nguyén nhé nhét nhung
khéng nhé hon x, sao cho ham nhan duge (hinh 5.6)

Fn ©= [+

c6 khoang thoi gian séng (gan) d6i xting qua 0 1a [— [%—‘Ta,

m+1
2

1Taj . Vay thi khi dan

cac ham ]?m (#) nay lai véi nhau dé c6 X(¢) ta duge

N-1 ~
BO)= Y apfm(t-nT,), (5.19)
n=0
véia, ,n=1,2, ..., N-1lanhiing tham s6 dudc xac dinh sao cho
X(kT,)=x;, k=0,1, ..., N-1. (5.20)

Ham ]?m (¢) c6 tén goi 1a ham B-spline dé phan biét véi ham B—-spline géc fin®.

Thay (5.19) vao (5.20) rdi viét chung N phuong trinh (=0, ... , N-1) lai véi nhau duéi
dang ma tran, ta sé co

£ (0) o PN +DT, ) ( a X0
fn((N=DT,) - Fm (0) an-1) \xno
A a g
= a=Alg (5.21)

va d6 chinh la céng thiic x4c dinh vector tham s6 @ cho ham néi suy x(¢).

Vi du 1: X4c dinh vector tham s6 @ cho x(¢) dugc ndi suy theo phuong phap B-spline bac

1t cAc gia tri mAu xy,, k=0, 1, ..., N-1.

Tt dinh nghia f,(f) x4c dinh theo fy(t) ta c6 fo(£) = fo(t). Bdi vay

170(0)=TL va fo(RT,)=0 khi  k #0.

a
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Suy ra

a,=Tyux,, n=0,1, ..., N-1. (|

Vi du 2: X4c dinh vector tham s6 a cho X(¢) dudc ndi suy theo phuong phap B-spline bac
3 tU clc gia tri mau x;,, £=0, 1, ... , N-1.
Theo cong thtic (5.18) ctia dinh 1y 5.4, ham B-spline goc bac 3 1a f5(¢) c6 dang

4 _ 31(4 —

T, k=0 k(4 -k)!
do d6
1 4 1
T =, 2T =, 3T =—,
f3( a) 6Ta f3( a) 6Ta f3( a) 6Ta
f3(RT,)=0 khik=>4 hoac £<0.
L 3
Véi 7= {E—I =2 suy ra dugc
Fo(-T) = — A= FT)=——, F@*T,)=0 khi jk|>1
3 a GTa ’ 3 6Ta ’ 3\ta 6Ta ’ 3 a/= .

Vay vector tham s6 @ cin tim sé 14 nghiém cta

410 - 00
141 - 00 ag X

6T . . . T, . M . .
“0 0 0 - 4 1|lay,) \xy,
0o0O0 -1 4

52.4 Saisd phc“; cuia ndi suy B-spline
Trong phin nay ta sé nghién ctu sai sd phd ciia ndi suy B-spline. Phép néi suy nay

thuc ch&t chinh 1a qua trinh bién d6i mét tin hiéu s6 thanh tin hiéu tuong tu (khoi D/A)
nhd cac khau holding (hinh 5.6a).

Tai sao lai phai dit ra vén dé nghién ciiu sai s6 phé ctia phap noi suy?. Trong nganh
toan s6 néi chung, khi khéng cé cach nao c6 thé xac dinh duge mét cach chinh x4c ham
x(t) ¢6 khoang thdi gian s6ng hiitu han va phai 4p dung nhiing phuong phap gan ding,
ngudi ta thu duge x(¢) va né dudc xem nhu mot két qua x&p xi cua x(f). Ngudi ta sé rait
théa man néu nhu sai léch gifta x(#) va x(f) trong khoang thdi gian dugc noéi suy 1a khong
dang ké, néi cach khac néu %(¢) ndm trong mot “dai bing” € nao d6 cia ham cin xéc
dinh x(¢) (hinh 5.7)
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sup | %) -x@®) |< ¢ (5.22)
t

trong d6 £1a mot s6 thuc duong di nhd.

} dai bang €

Hinh 5.7: Yéu cu vé sai s6 ndi suy.

\ A

Q) e b)
: Khéi D/A :
SO B e I 10
/ i Ol suy N
B-spline

Rdi rac tin hiéu

c)
Hinh 5.8:  a) Ndi suy spline 1a mét bo bién déi D/A.
b) Déay tin hiéu s6 {x,}.
c) Tin hiéu lién tuc thu dugc tir {xz} nha d)

B-spline bac 0.
d) Tin hiéu lién tuc thu dudc tir {x;,} nhd
B-spline bac 1.

~

v

Dé61 véi viée xti 1y tin hiéu va nhan dang thi van dé dat ra c6 hoi khac mot chit. Bén
canh diéu kién (5.22) ngudi ta con phai quan tAm xem tin hiéu xap x1 X(¢) c6 phan anh
thong tin tin s6 cta x(f) mot cach gan ddng sao cho ¢6 thé chip nhan duge hay khong?.
Tic 1a 6 ton tai hay khong mot s6 thue duong 7 ciing di nhé dé duge

sup | X(jo)-X(o)|<n (5.23).
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Pay 1a mét van dé kha 1y thi. Pa khéng it ngudi da ngd nhan ring & bai toan nbdi suy
spline hai diéu kién (5.22), (5.23) 1a tuong duong. Sau day, chi riéng trong bai toan nédi
suy B-spline, ta sé chi rdng su ngd nhan d6 hoan toan sai. Cu thé 1a khi 4p dung néi suy
B-spline bac 2 ho#c 4 thi tén tai nhiing diém tdn s6 @ ma tai d6 su sai léch gidta

X(jw) va X(io) 14 vo cung 16n [12].
Truée hét ta xem qua trinh bién ddi xXg, X1, ... ,» Xn—1 thanh X(z) bing ky thuat
B-spline dugc md ta & hinh 5.8a nhu mét khoi D/A c6 tin hidu dau vao 14 ham mdé réng

%,(#)={x;} va tin hidura la ().

Ky hiéu qua trinh bién d6i x,(t) > x(t) 6 1a anh xa T, thi do
Ty =Z(@t)= Y. apfo(t —nT,)
n=0
va cac hé s6 ag, @y, ... , ay—1 ¢ quan hé tuyén tinh véi dau vao xg, x1, ... , xy—; (xem cong
thtic (5.19)), nén T c6 tinh chat tuyén tinh, tic la
T [ax,0)+By 0] = oT [x,0)1+ BT [y, 01 ; Ve, feR
trong d6 x,(#), y,() 1a hai tin hiéu diu vao khac nhau. Diéu nay chi ring khéi D/A theo
ky thuat B—spline 12 mot khéi diéu khién tuyén tinh.
Goi G(s) 1a ham truyén dat ctia khéi D/A d6. Vay thi

Dinh ly 5.5: Ham dic tinh tin G(jo) ctia khoi D/A theo k§ thuat B-spline bac m ¢6 gia tri

1a
N ﬂ(;}
. X(jo) _ do™ \w
G = = 5.24
e ) S [ 1 ] 529
do" \1-e7%Ta

Chitng minh:
Theo cong thic noi suy (5.19) ta ¢

. . N-1 onT
X(jo)=F,,(jo) Y. a,e /"a (5.25)
n=0

Ngoai ra, do tin hiéu lién tuc tai didu d4u ra X(¢)cling nhan cac gia tri x;, , k= 0,1, ... ,
N-11am N gia tri mau nén theo dinh 1y 2.3 va cong thiic (2.16) trong chuong 2 ta di dén

< ~ N-1 . )
TX (0 = Y X[j@-12)]= 3 | Fp(j(@-12,)) 3 aye " Tae e

[=—c0 [=—oc0 n=0
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Nhung vi Q,T,=27, nén e/ a — pi2ml _ 1 B vay

oo N-1 .
TX, o) = Y F,(j(0-1Q,) Y a,e /"

l=—00 n=0

Chia hai v€ cta (5.25) va (5.26) cho nhau ta dugc
Fy(jo)
Y F (i@-1924))

J=—co

T,G(o) =

(5.26)

(5.27)

Mt khac, tu dinh nghia vé ham B-spline géc f,,(¢), anh Fourier F,, (jo) ctia né sé 1a

Do d6 anh Fourier F‘m( Jjo) cia ham B-spline fm(t) dugc tinh nhu sau

~ . _ _ija m+1 '
F\(j0)=F, o) e = {IJTJ e @T .
a

Lai @€ y tiép e/ =1 véi moi £ nguyén nén
B _ jeT, jer\™ ﬂ{ﬂkn _—jeT, "'t
F,(j@-1Q,) = 1.6—6 L I .18— e 0T
Jo-1Q,)T, J-1Q,)T,
Bdi vay khi thay (5.28), (5.29) vao (5.26) cb

P s
Glia) = _ a)m+1 _ do™ \ @

1 dm =3 1
T _— T
i (w—-1Q,)" dwm[ a2 w—lQaJ

[
Xét riéng truong hgp m=0 thi tu (5.30) dugc

Glw) = !

o, 3.

J=—oo

1
w-19Q,

Ciing v6i m=0 cho (5.25)
-joT, . N-1 .
1-e ¢ o7 z ane—JanTa
n=0

~ ~ Nz—l jenT,
X(jo)=Fy(jo) Y, aeionle =2
n=0 " Jo Ta

(5.28)

(5.29)

(5.30)

(5.31)

va cho phuong trinh (5.21) dudc a,, = T,x, (xem két qua cta vi du 1 trong muc 5.2.3). Do

do
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N-1 onT N-1 ionT.
> ape /e =T, Y x,e /"
n=0 n=0

X, (jo)

Suy ra
~ l_e’j(‘)Ta .
X(jo)y=——e'""X,(jo)
jo

1-e /T
hay G(o)=——— (5.32)
jo

So sanh (5.31) va (5.32) dudgc

1 J
= - 5.33
0-1Q, 1-¢ 9 (5.33)

To 2

I=—o

Cuoi cuing, thay (5.33) vao (5.30) ta sé c6 diéu phai chiing minh. (|

Bay gid ta di vao viéc chinh 14 xét sai s& phé sau khi tin hiéu rdi rac duge chuyén déi
thanh lién tuc nho phuong phap B-spline va sé& dua ra két luan sai s6 d6 c6 chap nhan
dugc hay khong?.

T dinh 1y trén ta suy ra:

3
T sin 5 e
o1y (i — @
1) khim=2thi G(w) 0T, oT, (5.34)
cos —a
2 2
. oT, 5
6T sin
2) khim=4thi G{w) = a (5.35)
oT, T,
cos? [5 +cos(w T, )] 9

Hai cong thtic (5.34), (5.35) chi rdng ham dic tinh tdn G(jw) sé tién t6i +eo tai clc
diém tan s6 T, =(2k+1)7 v6i k nguyén. Diéu d6 dan dén su phan ky cta X(jo) tai
nhiing diém tin s6 d6 néu st dung k¥ thuat B—spline bac 2 va 4. Theo kinh nghiém, bao
gid ngudi ta ciing chi dung cac ham B-spline Fm (t)bac 0, hodc bac 1é.

Vi du: D& minh hoa ta xét mot vi du. Cho tin hiéu
x(t) = e 3t
Tin hiéu nay c6 anh Fourier 1a

1
3+jw

X(o) =
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A | X(jnQ,)]| A X(jnQy)|

0,31 0,3
Noi suy véi Nai suy véi
0,2+ B-Spline bac 0 02— B-Spline bac 1
01+
A 1 X(jny)| A1 X(jney)|
0,31+ 0,34

Noi suy véi
B-Spline béc 3

N&i suy véi 0,2
B-Spline béc 2

01—

10 20 30 40 50 nQy 10 20 30 40 50 nQy

Hinh 5.9: Minh hoa su &nh hudng clia phép ndi suy B-Spline vao két qué nhan dang.

Tu 8 gia tri tin hiéu x;, = x(kT,), £ =0, 1, ... ,7va T, = 0,2s ban ddu ngudi ta da su
dung ham B-spline bac i= 0, 1, 2, 3 dé chuyén né thanh tin hiéu lién tuc %(¢) theo cong
thite (5.19). Tiép tuc, ngudi ta trich mAu véi chu ky 14y mau méi nhd hon 1a T}, = 0,01s
dé c6 128 gia tri ), =x(kT), k= 0,1, ... ,127 rdi st dung dft () sé dudgc )N((anﬂ) v6i
Q=495

Biéu dién cac gia tri |)?(an1)| d6 theo n dudi dang @6 thi c6 hinh 5.9. Nhin vao

dudng @b thi cua )?(anl) ing v6i i =2 ta c6 ngay dugc két luan ring phép ndi suy
B-spline bac 2 1a khong thé st dung dugc trong viéc nhan dang phd tin hieu. Q

5.3 Ngoai suy
Thu4t toan nhan dang ham dic tinh tdn G(jw) trinh bay trong muc 2.3.1 cho ra két

x4c dinh d6 phan giai cua két qua

qua la day G(inQy), n=0,1, ... ,2M, trong d6 Q = j;f

a

va A phai 12 mot s6 nguyén lity thita ctia 2 nhd nhat nhung khong nhé hon 2N-1. Nhu
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vay d6 phdn gidi ctia két qua phu thudc vao N 1a s6 cac gi tri tin hiéu do dudc, ttc la
vao khodng thdi gian quan sat cic tin hiéu vao/ra T= NT,. Khi N cang 16n, d6 phan giai
ctia k&t qua cang cao.

Nhung khong phai bai toan nhan dang nao trong thuc t& cling c6 kha ning dap tng
dugc nhiing diéu kién cin thiét cho phép thu dudec mot két qua c6 do phan giai nhu y
mudn. Ching han do diéu kién khach quan khong cho phép quan sat tin hiéu vao/ra
trong mot khoang thoi gian T da 16n (tin hiéu vao/ra 1a nhiing qua trinh ngau nhién
khong diing), nén s6 mau tin hiéu 14y duge qua it, kéo theo s6 lugng cac gia tri tin hiéu
nhan duge khong dt nhiéu dé c¢6 thé phan anh diy da cac thong tin cin thiét vé déi
tugng. Trong nhiing trudng hgp nhu vy, théng thudng ngudi ta phai ngoai suy dé ting
s6 mau tin hiéu thu duge nham ting do phan giai cho két qua.

C6 rat nhiéu cac phuong phap ngoai suy tin hiéu khac nhau. Song phti hgp hon ca véi
bai toan nhan dang c6 tin hiéu vao/ra ngdu nhién la phuong phap cuc dai entropie. Bai
toan ngoai suy entropie phat biéu nhu sau: Gia st ring trong khoang théi gian quan sat
[0, NT,) ta da thu dugc day gia tri {x;}, v6ix, =x(kT,), k=0, 1, ..., N-1 cta tin hiéu x(f).
Van dé dit ra 6 day 1a tit day gém chi c6 N gia tri d6 phai suy dugc ra nhiing gia tri chua
¢6 ctia tin hiéu ndm ngoai khoang quan sat [0, NT,), ttc 1a phai ngoai suy dé duge x, v6i
k=N, sao cho cung véi nhiing gia tri ngoai suy nay lugng théng tin entropie ctia tin hiéu

x(t) thu duge ti day méi {x;}, £ = 0, 1, ... 12 16n nh4t.
5.3.1 Cuc dai entropie loai 1

Goi {x;}, =0, 1, ..., N-11a ddy gébm N gia tri tin hiéu do dugc trong khodng quan
sat [0, NT,). Theo két qua cia muc 4.2.2 thi sai léch gitia gia tri do dugc x;, va gia tri du

bao tuyén tinh x£ tinh theo

g

x}; ==>apx,_, k=n4,..,N-1 (5.36)
k=1
s& c6 trung binh binh phuong nhd nhit néu bo tham sé a; , as, ..., ap, » K duge nhan

dang theo phuong phap Yule-Walker. Ciing v6i bd tham s6 nay, dai lugng entropie loai 1
cta tin hiéu

H, = TlnSy(w)da) (5.37)

—oo

¢6 gia tri cyc dai, trong d6 mat do phd S, () cta {x;} duge tinh bdi

198



S(=— K (5.38)

ng .
1+ Zake_JakT“
k=1

Nhu vay, phép ngoai suy x;, , k2N nao d6 khéng lam thay ddi gia tri trung binh binh
phuong cac sai léch | x, —x,f | cing sé lam cho gia tri mat do phé (5.38) khong thay d6i va

do d6 1am cho entropie H; (5.37) gili dugc dugc gia tri cuc dai cia né. Nhan xét nay dua
ta dén phép ngoai suy d6 phai la:
na
xXp=— D apX,_p, k2N (5.39)
k=1
Ta c6 dudc thuat toan ngoai suy cuc dai entropie logi 1 cac gia tri x;, , k2N nhu sau:
1) Chon bac n, md hinh AR mo ta tin hiéu x(¢). Ta cling c6 thé st dung két qua bai tap
2 thudc chuong 4 d& nhan dang n,.
2) Xacdinhay,ay, ..., a, tu {x;},k=0,1, ..., N-1bing cic thuit toan nhan dang
tham s6 m6 hinh AR da biét nhu Yule-Walker hoic Burg.

3) Thuyc hién 1an lugt v6i k = N, N+1, ... cong thic (5.39) dé tinh x;, v6i k>N

5.3.2 Cuec dai entropie loai 2

Bén canh thuat toan ngoai suy theo nguyén téc cuc dai entropie loai 1 vita trinh bay
ta con c¢6 moét hinh thic ngoai suy cuc dai entropie khac dé xac dinh xp, vOL k=N la di tu

cdng thiic entropie loai 2:

Hy=- Tsx (@)In S, (w)dw (5.40)

Trudc hét ta dat van dé nhan dang mat d6 phé S (@) cta {x,}, k=0, 1, ..., N-1, 1a
v6i S, (@ nhan dang dugc, gia tri entropie loai 2 H, (5.40) s& 16n nhat. T4t nhién mat do

phé S,(@) c6 duge d6 phai théa man diéu kién bién

S =T, 3 r.(mT,)e mTu®

m=—oo
o r(mT,) =% [S, (@™ de (5.41)
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trong d6 r,(mT,) 1a cac gia tri ham tuong quan cta tin hiéu x(f) duge tinh theo cong thie
nhan dang bias (2.45) hodc unbias (2.47). Theo dinh ly 2.7 cta chuong 2 thi chi s6 m
trong diéu kién bién (5.41) chi can chay tit — N+1 dén N-1 1a du.

Nhu vay bai toan tim cuc dai cho (5.40) véi diéu kién bién (5.41) viia néu la mét bai
toan t61 wu tinh va nghiém ctia né c6 thé duge tim mot cach don gian theo nguyén 1y caa
Lagrange. Trudc hét ta 1ap ham

N-1 0 .
Q=Hy+ 3 ﬂm{ ij(w)e]mTawdw—Zﬁ-rx(mTa)} (5.42)
m=—N+1

—oco

trong d6 4,, , m=— N+1, ..., N-1 la nhiing hing s§ Lagrange. Sau d6 ta dao ham hai v&

cua (5.42) theo bién S, (®):

Q  _ T L T
. [ [ (1+ln|Sx(a))|)+m:§V ﬁme do

—oo

roi tim diéu kién d€ dao ham d6 bi triét tiéu sé& dugc:

N-1 T
Y Ape’™ e =1+1nlS, (o) (5.43)
m=-N+1
N-1 T
o S, (@) =exp| -1+ Y A,e/"a? (5.44)
m=—N+1
Van dé con lai 1a xac dinh cac hé s6 4, , m=— N+1, ... , N-1. C6 nhiéu cach xac dinh

A,, V6i nhitng uu nhuge diém khac nhau. O day ta sé di theo phuong phap ciia Wu gidi
thiéu trong tai liéu [18].

Néu goi {c,, }, ¢;,, = ¢(mT,) 1a day cac gia tri cia ham c(¢) c6 anh Fourier
Clw) = ln|Sx(a))|
thi khi chuyén ngudc cong thiic (5.43) sang mién thoi gian sé c6

N-—
zlﬂmé‘(t —mT,)= &) +c(t) (5.45)
m=-N+1

vi 4nh Fourier ctia &t-mT,) 1a e’™1%® Do C(je) 1a ham thudn thyc nén c(f) phéi 1a mot

ham chin, ttc 1a c¢() = c(-£). Suyra 4, = 1_,, .
Viét lai (5.45) 1an lugt cho t=mT, , m=0,1, ... , N-1 dugc:

— khi m=0: A= 1+cg

200



— khim=1: A=c

— khim=N-1: Ay_1=cn—

va d6 chinh 1a nhiing cong thic xac dinh hé s§ 4,,. Ta di dén thuat toan nhan dang mat

d6 phé S,(@) ctia x(¢) tit diy {x,}, =0, 1, ..., N-1 theo nguyén tic cyc dai entropie loai

2 nhu sau:

1) St dung ham spec () d4 gidi thiéu trong chuong 2 dé xac dinh §x (nQ,) n=0,1, ...
A-1 véi A=2N-1 va chi s6 Lag M=N-1.

2) Tinh C(nQ)) =1n

§x(nQi)‘,n=0,1, AL

3) Chuyén ngugc diy {C(nQ2)} nho ham invdt () décé {c,,}, m=— N+1, ..., N-1.

1+¢y, khi m=0
4) Xacdinh 4, =4c¢,, khi m=1, --- N-1.
A khi m<0

—m

5) Tinh S,(@) theo cong thic (5.44).

Tiép tuc, theo dinh 1y 5.3 cho mat dé phd S, (@), tic la:

T L2 B N néu nhan dang bias r,(mT,)
S, (o) =—“|Xa(Ja))| véi p = B K xyorae
p N —m néu nhan dang unbias r,(mTy)

N. Wu da dua ra trong tai liéu [18] m6i quan hé gitia ¢y, Va xp, khi x> 0 nhu sau:

Inxg khi m=0

= -1
Cm =\ Xp RS RCR X,

khi m>0
X0 =0 MXg
e® khi k=0
X, = k-1
k ckx0+z% khi k>0
m=0

St dung quan hé d6 ta c6 duge thuat toan ngoai suy x;, , k2N gdm cac bude:

1) Xac dinh §x(nQ/1) n=0,1, ..., 2~1 nho ham spec () v6i A=2N-1 va chi s6 Lag
M=N-1.
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2) Tinh C(nQ)) =In

§x (an)‘ ,n=0,1, ..., A-1 v& chuyén ngugc diy {C(nQ,)} sang

mién thdi gian nhd ham invdt () dé ¢6 {c;}, m=—N+1, ..., N-1.

3) Ngoai suy %, 1an lugt véi k = N, N+1, ... theo cong thiic

k-1
Mep, Xp,_ i .
xp= Y —mokem o y6i ¢, =0 khim>N.
k
m=0

Ve ~” ~ 2, ~

5.4 Ly thuyét ham mo réng
5.41 Dinh nghia

Ngay ddu chuong 2 ta dd khing dinh rdng nhd c¢6 1y thuyét ham mé rong ma ban
chét toan hoc ctia "ham s6" dirac &) mdi duge hiéu mét cach chit ché va tdng quat.
Khai niém "ham s6" cia &¢) ¢ day khong dude ding nhu dinh nghia toan hoc kinh dién
clla n6 (nén né duge viét trong didu ngodc kép). Thuc chat &¢) 1a mot phiém ham
(functional) lién tuc, tuyén tinh trén Dc C”(R), hay con goi 134 mdt ham mé rong, trong
d6 C~(R) 1a ky hiéu chi tap hop cac ham thuc lién tuc, c6 dao ham vb han 14n trén r va D
12 mot tap con ciia C™(R) gdm cAc ham c6 thdi gian song hitu han, tiic 1a ham cé

supp ¢H)={t e R| ot) # 0}

2161 ndi. Vi du nhu ham

aexp[%} khi |t|£b

o(t) = t“-b (5.46)
0 khi |t| >b

13 mot phan th cta D. Vi du nay ciing chiing t6 ring D khong rng. Theo thuat ngit ky

thuat thi ham md rong dude xem nhu 14 mét qua trinh bién déi tin hiéu ¢¢t)eD thanh
hing sb.

Dinh nghia 5.1: Goi D 14 tap con ctia C™(R) gdm cac ham cé thdi gian séng hitu han. Khi d6

mdt phi€m ham lién tuc, tuyén tinh r): D — R sé dudc goi 1a ham mé rong néu su
hoi tu ¢,(©)— @) cia mot day { ¢,@)} bat ky trén D thoa mén:
a) v6ik eN tuy y thi hgp cia tit ca £ mién thoi gian sdng suppe,(f) cia cac ham
9,®);n =12, ..., k cling gidi nji trén R,

dm m

am d
b) ¢,@0)—et) & — ¢, () > —— @t) ; Vm nguyén va m > 0, trong d6 —— 1a ky
" " de™ de™

hiéu ctia dao ham bac m ctia mot ham thudng (hdi tu déu),
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T4ap hop tét ca cac phiém ham lién tuc, tuyén tinh trén D dude ky hiéu bing D’ (hay
khong gian doi ngqu). Khai niém hoi tu trén D 1a cin thiét, vi chi khi d6 ching ta méi c6
dudc dinh nghia vé su lién tuc clla mot phiém ham trén D.

Binh nghia 5.2: Mot ham mé rong r()e D' ¢6 cac phép bién ddi gidhg nhu mot tich phan

o) —8 Tr(t)go(t)dt Vo(t)e D (5.47)

dugc goi 1a ham mé rong déu (regular).

Chu ¥ rang d4u tich phan trong cong thic (5.47) chi c6 ¥ nghia hinh thtc. N6 dugc st
dung & day dé€ néi rang r() c6 cac phép bién d6i, nhu phép cong, phép 14y dao ham ... ,
gibng cac phép bién ddi ctia mot tich phan, chi ban than né khéng phai 14 mét tich phan
theo nghia toan hoc théng thudng nhu tich phan Riemann hay tich phan Lebesgue.

Xét ham Heaviside 1(¢). V6i tich phén

[ 10e0)dt = [pt) <o ;Y p(t)e D
—oo 0

thi 6 rang ham Heaviside 1(¢) cting 14 mot ham md rong déu. T d6 suy ra moi ham thuc
khdc, néu lién tuc ting doan va bi chdn, thi cing dugc xem nhu la ham md réng déu, tic 1a
cling thuée D'.

Binh nghia 5.3: Mot ham m6 rong déu r(¢), néu  [r(t)p(t)dt =0

a) v6i moi ¢(t)=0 c6 a<t<b thi dugc goila c6 mién xdc dinh a<t<b (déng nhit bang
0 ngoai khoang kin [a,b]),
b) vdi moi @(f)=0 c6 te [a,b] thi dudc goi 1a dong nhdt bang 0 trong khoang kin
[a,b].
Pinh nghia 5.4: Ham mé rong dirac &¢) 1a mot ham md rong déu thoa man tinh chat
[o@)pt)dt = ¢ (0) , Vet)eD. (5.48)

— oo

Tt nay vé sau ham md rong dirac &) sé duge goi don gian 1a ham delta. Véi moi ham
@t)eD c6 ¢(0) = 0 thi

T8@yp(t)dt = 9(0) = 0,

do d6 ma ham delta, theo dinh nghia 5.4, c6 thoi gian song hitu han (mién xac dinh cia ham
delta chi chtia c6 mot diém 12 0).

203



DPinh nghia 5.5: Dao ham % ctia ham mé rong déu () 1a mot ham mé rong déu cha D’

thda man
> dr(t) _ T ade@)
_jm ~ ot __.L r()= =dt Y pteD. (5.49)

Véi dinh nghia nay thi moi ham lién tuc tiing doan va bi chin déu c6 dao ham (con
goi 1a dao ham téng qudt, hay dao ham Sobolew), mic du theo ¥ nghia dao ham kinh
dién, dao ham ctia ching c6 thé khong c6 hodc khong xac dinh tai mot hay nhiéu diém.
Vidu : Theo dinh nghia 5.5 thi ti

Tipode =-10ptde=- o)
0

— oo

=0 (0) = [6@)p()dt , YPD)eD.

—oo

ta c6 ngay dude dao ham (tdng quat) cia ham Heaviside va né chinh 1a ham delta &¢).

Tiép theo, dao ham &(¢) ciia ham delta sé ¢6 gia tri 1a

T8@p(t)dt = - [5@@®)dt=-p(0) . o

5.4.2 Tinh chat

Do trong khuén khé ap dung vao k§ thuat thusng chi lam viéc véi ham mé réng déu,
nén tit nay vé sau, mét ham mé réng déu sé duge goi ngan gon la ham md rong. Tit dinh
nghia 5.2 c6:

a) Téng clia hai ham mé rong r@) = ri(©)+ry@) 12 mét ham mé rong va dude x4c dinh
nhu phép tinh téng ctia mét tich phan, tic la

=3

[rtpdt = | nOpdt+ [ Op(t)dt

v6i moi ¢(t)eD.
b) Phép tinh tién mot khodng thoi gian 7 trén truc thoi gian cia ham mé rong r(f)
cho ra mot ham mé roéng r(t—7) va dude biéu dién thanh

=3

[r(t—D)p(t)dt = [r(t)p(t +7)dt .

¢) Ham mé rong r(at), aer dude xéac dinh tit () nhd phép bién ddi

jr(at)q)(t)dt:ﬁ i r(t)qo[i)dt, Y o(t)eD.
al _ . a

—o0
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d) Tich r(#)(¢) cia ham md rong r(¢) v6i ham thuong W¢)e C*(R) cting 12 mot ham md
rong va dudge xac dinh bdi

Trorolpwde = Trolyoenl (5.502)

V& phai hoan toan c6 nghia, vi () @(t)eD.
e) Néu trong cong thic (5.50a) ta thay ham delta &¢—T,) vao vi tri cia ham md rong
r(t) va tin higu x(¢), lién tuc tai T, vao vi tri ciia ¢) thi sé c6 duge cong thic 14y

gi4 tri tin hiéu x(¢) tai thoi diém T, nhu sau:
116 -T)x®lp(t)dt = (T )P(T,) = x(T,) [5(¢ - T, )p(t)dt (5.50b)

Tin hiéu x(¢) 6 dAy khong cAn phai c6 dao ham v6 han 14n nhu ¥¢), ma chi cin 1a
mot ham thudng va lién tuc tai T, 1a d4. Sau nay, khi ma khai niém tin hiéu da
dugc dinh nghia mét cach rd rang va sy nham lan gifia mot tin hiéu v6i moét ham
mé rong hoan toan c6 thé bi loai bé thi cong thic (5.50b) s& dude viét ngén gon
thanh

x(t)0(t-T,) = x(T,)5(t - T,). (5.50¢)

Vi du 1: D& 1am quen v6i cach viét méi nay, ta thii tinh gia tri cta tich x(¢) dg(t) Trude

hét, theo dinh nghia 5.5 vé dao ham cia ham mé rong (déu) thi

® d 5(t) dx(t)

T 0 8 g =- T 500X ar= - T 50 %L pivyan- T s 5.

dt

Tu d6, v6i dinh nghia 5.4, c6
7|20 280 ote= - 40 10) -0 220

—oo

~ O T ottt +x0) ot

t)dt
7t ——p(?)

—oo

va cudi cung, theo cach viét gon cta (5.50c) thi

do(t) dx(0) do(?)
) ——-=——""""26(t 0)————=. 5.50d
x(?) ot (@) +x(0) t ( )
Tu cong thic (5.5d), véi x(t)=t, c6 dugec phuong trinh 1y tha sau:
dé‘(t)
-o(t 5.50
7 ® (5.50e)
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Vi du 2: Goi r(#) 12 m6t ham mé rong,

14 dao ham ctia né. Gia st tiép ton tai aAnh

dr(t)
dt

Laplace R(s), E(S) cta ching, ttc 1a

RO= [rear v K= | LD vay

—oco —oo

Vay thi tu dinh nghia 5.4 ¢6
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Rs) = | [ ] %‘“dt}ms)ds;_[o r<t>[%_jm ¢<s>e-stds}dt

= {s ) r(t)e—stdt]go(s)ds = sR(s). Q
Cho trudc hai ham md rong r(f) va ro@). Tich chap r,¢)*ry(f) cia ching dude hiéu

1a
T nolode = T rl(t){ Try(@p(t + 1) r}dt (5.51)

Tuy nhién, cAn phai xét xem khi nao thi tich phan bén phai caa (5.51) c6 nghia
(ttic 14 tich phan c6 tén tai hay khong?, theo nghia ham mé réng va khi d6 tich
chap ciing s& 124 m6t ham md rong). N6i cach khac 1a phai xét xem, khi nao thi c6
dugc

Try (Dt +1)d7 €D.

Can cii theo dinh nghia 5.3, s& c¢6 duge diéu kién nay, néu nhu ton tai mdt mién
gi6i ndi sao cho ro(f) dong nhat bang 0 ngoai mién d6, hay ro(f) cé thdi gian séng
hiiu han. Ngoai ra, theo dinh nghia 5.2 thi tich chap ¢6 tinh giao hoan r,(&)*ry() =
ro(t)*r,(t), bdi vay tich chap hai ham md réng ciing sé la mét ham md rong, néu it
nhdt mét trong hai ham md réng cé thoi gian séng hitu han.

Cho mo6t ham mé rong r(t). Vi ham delta c6 thdi gian séng hitu han nén gia tri cia
tich chap r(#)*&¢) cling 12 moét ham mé rong va

7 r(t){ T5(T)(p(t+2’)d1}dt = [rOp)dt , Y pd)eD (5.52a)

—oo —oo

noé1 cach khace
r@)*de)= &)*r) = r) (5.52b)

Nhu vay, khéng gian D' v6i quan hé tich chap c6 &t) 1a phdn ti don vi. Ciing ti
cong thiic (5.51) d& dang chiing minh dugc ring



r@)* Kt—to) = rt—to). (5.52¢)
g) Khéai niém gi6i han ciia mdt diy ham mé rong ciing dude xay dung thong qua dau
tich phan. Gia st ¢6 trong D' mot ddy ham mé rong {r,()} hoi tu téi r@), tic la

r,(t) — r(t) khin — oo, thi su hoi tu d6 duge hiéu theo nghia

lim [r,(e@®)dt [rt)pt)dt,  Vet)eD (5.53)
n—o _co —co

(hoi tu déu). Nhé dén dinh 1y cta Steinhaus: "Néu E la mét khong gian Banach, F
la mét khong gian chudn va T, : E — F la mét day dnh xa lién tuc tuyén tinh thod

man lim T,x =Tx vdi moi xeE thi T cing lién tuc, tuyén tinh", c6 duge r(t)eD’,
n—eo

hay r(¢) ciing 12 mdt ham md rong.

5.4.3 Toan tir Fourier mé rong

G muc 5.4.1 va 5.4.2 ta d& dé cap dén nhiing khai niém c6 ban vé ham md rong tit
dinh nghia, tinh chét, cho téi cac phép bién d6i dugc xay dung trén gia thiét ring ching
déu. Nhiing khai niém trén hoan toan cé thé dude xdy dung mot cach tuong tu cho
khéng gian R", ttc 12 v6i cac ham ¢ e C°(R™) va c6 thoi gian séng hitu han. Tuy nhién, dé
c6 thé ap dung dudc ching vao viéc mé hinh héa va phan tich hé théng, phuc vu diéu
khién ky thuat trong mién phiic (nht 14 cac hé suy bién - singular systems), thi vin con
thiéu khai niém vé anh Fourier ctia ham md rong ma trong mot vai tai liéu khac nhau
con dudc goi 1a Todn ti2 Fourier md réng.

Cho trudc mot ham md rong (). Gia st ton tai R(je) 1a anh Fourier cta r(). Néu
nhu R(jw) ciing 12 m6t ham md rong thi véi moi ham ¢(w)e D phai cé

TR(jo)p(@)do= |

— —oo

{ Tr(t)e i dt}(p(a))da) = [rOeGit)dt , (5.54a)

—oo —

trong dé ¢(jt) 1a anh Fourier cia ham s6 ¢(@) va ciing phai thuoc D, ttic la

o) = [p(w)e~ ¥ dw e D. (5.54b)

Chd § ring dau tich phan trong cong thic (5.54b) va tich phan trong diu ngoic

vuéng cua cong thiic (5.54a) chinh 1a tich phan cta toan ti Fourier lién tuc va la tich

phan toan hoc thong thudng (tich phan Riemann), trong khi cac tich phan con lai chi 1a
mot ky hiéu ctia ham md rong déu.

Pinh nghia thi ré rang nhu vy, nhung néu cé cau héi dude dit ra ring R(Gaw)=0 cb
tdn tai hay khéng? (theo nghia ham mé rong), thi ta c6 thé tra 16i ngay dude ring véi
nhiing gia thiét da duge x4y dung cho dén nay R(jw) khong thé tdn tai dugc, vi ¢(jt)
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khong thude D. Ham ¢(j£)#0 c6 dao ham v6 han l1an giéng nhu ¢(w), nhung thdi gian séng
12 vo6 han (anh Fourier ctia mdt ham c6 mién x4c dinh giéi ndi sé xac dinh trén toan bo
truc s6), béi vay ¢(Gt)e D. Nhé lai phép bién déi Fourier théng thuong da duge trinh bay
trong chuong 2 thi khi ham ¢(w) c6 supp@(w) giéi noi, anh Fourier ¢(jt) ctia nd sé cb
supp@(jt) gdn nhu 1a toan bd trudng sb thuc, néi cach khac thdi gian séng caa ¢(jt) hitu
han khi va chi khi ¢(@)=0.

BG&i vay, dé c6 thé c6 duge R(jw) thi cAn phai md rong D. Ta xét tap E cla tat ca cac
ham cia C~(R) nhung bay gid khéng bét bude 1a phai cé thsi gian séng hitu han ma chi

cAn tién t6i 0 khi ¢ — teo nhanh hon bat cit mét da thiic nao khac ctia ¢ .
Pinh nghia 5.6: M6t ham md rong (déu), xac dinh trén E véi
a) DcE,
b) Su hoi tu cia mot day {¢,,(t)} trén E duge dinh nghia nhu trén D ,
c) ‘l‘im |t|n @(t)= 0 v61 moi n nguyén,
t| >
dugc goi 1a ham md réng yéu. Tap hop tat ca cac ham méd rong yéu duge ky hiéu
bing E'.
Pinh nghia 5.7: Anh Fourier R(jw) ctia hAm md rong y&u r(f) ciing 12 mot ham mé rong
yéu va dugc xac dinh ti 7(#) nhu sau:

TR(jw)(/’(w)dw = Tr(t)¢(jt)dt , Vet)eD, (5.55)

trong dé ¢(jt) 1a anh Fourier ciia ham s6 ().

T nay vé sau ky hiéu 7 sé& duge st dung chi toan ti Fourier, ¢j@)=F{¢(t)} chi anh
Fourier clia ¢(t) va moi ham ma rong (déu) duge néi dén la ham ma rong yéu.

Bay gig, gia st rang r(¢) 12 mét ham thudng c6 anh Fourier, ttc 14 tén tai 7 [r()]. Véi

ky hiéu d™ @& chi phép 14y dao ham bac thi m clia mét ham mé rong va do r() cing 1a

mot ham md rong nén theo dinh nghia 5.5 va 5.7 ¢6 dugc

oo

Td™rte(jtydt = (1™ |

—oo

{r(t)ﬂ( Te-f%)(w)dwﬂdt
dt"™ \Ze

Suy ra

Fd"r@) = [ {r(t) TG@y™ o= Jat (p(a))da)}dt

—o0

= T [(J’w)’”qo(w) Tr(t)e_j“tdt]da),

—oo
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hay néi cach khac
Fld" r@®)] = (o)™ F r@).

Caing tuong tu nhu vay cho d™ { F[ r@®)]} c¢6

—oo

Jam #Hrp@do = Tj—mm{ Tr(t)ef”dt}q)(www
—oo (0] —oo

= " r(t){ Tfp(w)ef“"dt}dw
Suy ra
d"{Fr@®l =F [G8"r0)] .
Téng quat 1én cho E’ ta di dén:
Pinh ly 5.5: V6i mdt ham md rong r(¢)e E' c6
a) Fd"r®]=({o)" Fre),
b) d"™{F rol=F " ro] .

Bén canh dinh 1y vé anh cta dao ham cling nhu dao ham cta anh, ta con cé két luan
niia vé anh cta tich chap ciing rat cAn thiét trong nhan dang duge phat biéu nhu sau:
Dinh ly 5.6: Gia st r(t), r1(t), ro(t) €E', thi

) FIre-Dl=Frele’™ va

b)  GFri@©)*ro@)] = Flri @Ol Fr2()] néu ton tai tich chap [r1()*ry()].
Chitng minh:
a) Vi

- - —oo —oo

Trt-Typ(ivde = [rtyalice+ Dt = | r(t){ Te 1D p(w)d e |dt

Fre-D) =e T | r(t){ Te—it%(w)dw}dt =e 99T Trp)p(jt)dt

—oo —o0 —oo

va d6 1a d.p.c.m. tht nhat.
b) Do phép tinh tich chap c6 tinh giao hoan, nén sé khong mét tinh tong quat néu duge
gia thiét thém rang ry(f) c6 thdi gian séng hitu han. Khi dé, cting véi (5.51) ¢6

Fr@©* 01 = [l * n@pGode= | r1(t){ [ra(@)lict + )7 }dt

oo —oo
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Ap dung cong thiic toan ti Fourier cho cho ¢(j(t+2) dudc

—oo —oo —oo

Flr1@*ra] = | 7‘1(0{ [ ra(z )[ Ie‘ﬂ”’)“’(p(a))dw]d r}dt
va cudi cung 1a diéu phai chiing minh thi hai

Flri@)*ra@)] = T H Trl (t)e‘ﬁ“’dtj[

- —oo

Trﬂr)aﬂwdrﬂmw)dw Q

Tw dinh 1y trén véi r(£)=&¢) dé dang thu dugc
Flra] = FlXOFlr2(0)] hay GFl&o] = 1.
O day 1 phai duge hidu 1a mét ham md rong. Bing 15i, dinh 1y 5.2 con dude didn ta
thanh: "dnh ciia tich chdp, néu chiing ton tai, chinh la tich clia hai dnh".
Do 7 1a mot isomorphism trén E va anh Fourier R(jw) cia mot ham md rong r(t)

dugc dinh nghia nhd anh ctia ham ¢(w)e E nén diéu ngudc lai cling ding: "dnh cia mét
tich bang tich chdp ctia hai dnh, néu ton tai tich chép dé", tic 1a

Flr1@Ora@)] = %f}[rl(t)]*ﬁif[rz(t)] (5.56)

- ) } NPT A e 1 . PN
Khac v6i dinh 1y 5.6, 6 cong thic (5.56) con c6 thém hé so6 o do dinh nghia vé toan
T

tt Fourier nguge sinh ra. C6 thé d& dang kiém ching lai tinh ding d4n cta céng thiic
(5.56) tuong ty nhu da lam véi dinh 1y 5.6.

Néu ¢(t)e E, thi ton tai dnh Fourier ¢(jw) ctia né. Xuat phat tit céng thiic clia toan ti
Fourier ngugc d6i véi ham ¢(f) c6 dugc

w0 = Jo(jordo
T oo

27 ~oo| Zeo

= | {I(ﬂ(t)e‘j“’tdt}dw = LL Ie—fwtdw}p(t)dt
el 27 o,
Do ding thic trén ding v6i moi ham ¢(f) thudc E (ttic 1a ciing ding v6i moi ham
@(t)e D) nén theo dinh nghia 5.4 v& ham &¢) sé thu dugc
_1o<:7at _1o<> _1°°'at
&t)=— Je /?dw=— [cos(at)dw=— [/*dw (5.57a)
ar 2 _o, 2r

dé ¥ rng & day da st dung coéng thic e/ = cos(at) — jsin(at) (cong thic Euler) va
sin(a¥) 1a ham chan. Tu day suy ra

&) = Teos(@t)dw = lim —— | cos(@)dm = 1im S (5.57b)
27 ., 27 _, V.3

a—>o° a—>oo
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Cac cong thtic (5.57a) va (5.57b) 1a hai trong nhiing céng thiic rat co ban, dugc st
dung nhiéu trong cac cong viéc nghién ctiu va ting dung khac nhau ctia ham &¢).

Cau hdi 6n tap va bai tap

1. Hay chi ring ham dic tinh tAn G(jw) ctia khéi D/A theo k§ thuat B-spline bac 0, 1,3
14 nhiing ham bi chan, ttc la |G({w)|<e v6i moi @w. Tk d6 cb thé rit ra duge mot két
luan chung nao khéng vé cac khéi D/A theo k§ thuat B—spline bac 18?.

2. Néu ap dung phuong phap néi suy day tin hidu do dugc {x} thi khodng tin s6 nhan
dang G(jw) s& dugec mé rong. Ngude lai phuong phap ngoai suy {x;} lai c6 tac dung
tang d6 phan gidi, ttc 14 ting s6 cac gia tri G(kQy) tinh dudc trong khoang tan s6 cd
dinh (gidm Q). G nhiing trudng hop nao, khi ap dung ca hai phuong phap néi va
ngoai suy diy {x;} ma lai khéng lam ting do6 phan giai ctia két qua?.

Chiing minh rang anh Fourier X(jo) cia mot ham chin x() 1a mét ham thuc.

4. Chiing minh rang anh Fourier X(jo) ctia mot ham 18 x(¢) 1a mot ham thuan ao.
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