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MO DAU

1. Giéi thi¢u
2. Tinh khoa hoc va cap thiét ciia luin an

Trong k¥ thuat néi chung va k¥ thuat diéu khién noi riéng, mo ta toan
hoc hé dong hoc thuong dugc st dung voi1 2 muc dich co ban 1a mé phong
va diéu khién. Trong ca hai myc dich nay, thi ta thuong xuyén bat gip cac
mo hinh todn hoc phtrc tap, co thé bac rat cao, nhu mo hinh hé théng du
béo thoi tiét trong nghién ctru ctia Cohn (1997), phén tich va thiét ké hé
théng vi co dién tir (MEMS) trong nghién ctru ctia Mukherjee (2000), mo
phong mach dién trong nghién ctru cua Chiprout (1994), bo diéu khién t6i
uu bén viing bac cao cho cac doi tuong bat dinh trong cong trinh cia
Trung (2012), Thanh (2008) bo loc s trong cong trinh ciia Zhang (2008), .

Vé mit ly thuyet cac mo hinh toan hoc phtrc tap, bac cao s€ mo ta
mot cach chinh xac céac tinh chat cia hé dong hoc — day 1a muyc ti€u chinh

cua mo ta toan hoc. Tuy nhién, st dung cac mo6 hinh béac cao nay trong
thue té s& gip mot s6 bat loi nhu sau:

+ Néu mé hinh phtrc tap, bac cao 1a mé hinh cua ddi tuong nhu trong
cac nghién ctru cua Chiprout (1994), Cohn (1997), Mukherjee (2000), thi
s& lam gia tang khoi lugng tinh toan can duoc xir 1y 1am tang thoi gilan mo
phong do d6 hé thong moé phong co thé khong dap tmg dugc yéu cau Ve
mat thoi gian (trong mo phong hay tim hiéu tinh chat mé hinh) hodc néu
muon dap tng yéu cau vé mit thoi gian thi doi hoi hé théng xir Iy phai co
tdc do tinh toan cao tuong Gng 1a chi phi phan cung ting 1én. Pong thoi do
mo hinh phirc tap bac cao nén ¢ thé doi hoi dung luong bd nhd dé Iuu trix
dir liéu vé mé hinh 16n hon.

+ Néu md hinh phtre tap, bac cao la mé hinh b diéu khién thu duoc
tir qua trinh thiét ké dicu khién bén viing nhu trong cong trinh cua Trung
(2012), Thanh (2008) thi mo6 hinh phtrc tap, bac cao s€ lam gia tang khoi
lugng tinh toan can dugc xur ly, lam cho cac hé thong diéu khlen co thé
khong dap ung dugc yéu cau diéu khién thoi gian thue hodc néu mubn dap
ung duoc thi yéu cau phan cting phai c6 toc do xur 1y cao lam tang chi phi
ctia hé thong diéu khién hoac do tinh phuc tap cua b diéu khién sé& c6 thé
lam tang kha nang gap su co cla h¢ thong diéu khién hay giam dg tin cay
cta hé théng diéu khién. Trong nhiéu trudng hop, mot hé thong diéu khlen
c6 m6 hinh qua phuec tap, bac cao ¢ thé khong lap dat duoc trén cac thlet
bi nhu thiét bi tw dong tu hanh, cac robot khong gian,... do su han ché vé
khong gian, khéi luong cua cac thlet bi.



Vay néu co mot mo hinh toan hoc ¢6 bac nhé hon ma c¢é thé mo ta
mot cach tuong ddi chinh xac hé dong hoc thi hiéu qua dem lai la:

+ MO hinh bac thap sé& giam khoi lurgng tinh toan can dugc XU ly nén
glup qué trinh tinh todn nhanh hon do d6 dé dang thoa méan yéu cau vé thoi
gian dap ung trong mo phong ciling nhu trong diéu khién.

+ M6 hinh bac thip sé& glam khéi lu’ong tinh toan can duoc xur 1y,
glam dung lusong luu trir dit liéu nén yéu cau vé téc do, dung lu’ong bod nho
cua phan cufng trong mo phong va diéu khién giam di twong ung la chi ph1
kinh t€ giam di hodc khai thac hi¢u qua cac h¢ thong cll, cac hé thong co
ket ciu nho gon (do bi han ché vé khong gian va khoi lu:ong) cO cau hinh
phan cu:ng thap. Pong thoi, khi y€u cau phan cung trong mo phong va diéu
khién glam hay chinh la ket ciu phan ctiing don gian hon (it phan tir hon)
thi d6 tin cdy cta hé théng s& dugc nang 1én.

Nhu Vay, mo hinh bac thap di giai quyét hai hoa yeu cau vé do chinh
xac cta mo hinh v6i kha nang tinh toan nhanh, do tin cay cua h¢ thong, chi
phi kinh té nho. Tur thuc té nay, tim cach xac dlnh mo hinh bac thap tr mo
hinh goc bac cao thoa man mot sd dicu kién nhat dinh 1a mot yéu cau cap
thiét va day chinh 13 hudng nghién ctru ctia luan an.

Trong nhu:ng nam qua, viéc nghlen ctru giam bac cho hé tuyen tinh
bac cao dd co nhiéu két qua, tuy nhién cac thuat toan da dugc dé xuat van
con c6 nhitng nhuogc dlem va can tlep tuc nghién ctru dé hoan thién hon
nira, dac bi€t voi hé tuyen tinh khong on dinh bac cao thi cac nghlen ciru
trudc day con rat it va ton tai nhleu han ché. Trong khi d6 cac mo hinh
tuyén tinh bac cao co thé khong 6n dinh, nén yéu cau cap thiét 1a thuat
toan giam bac can phai c6 kha nang glam bac duogc ca h¢ on dinh va khong
6n dinh. Do d6 trong ndi dung luan an nay, tac gia tap trung nghién ciru
mot cach h¢ thong bai toan giam bac mo hinh tuyén tinh va tr d6 dé xuat
thuat toan glam bac mo hinh tuyén tinh mé1 hodc hoan thién thuat toan
giam bac mo hinh tuyen tinh da duoc dé xuét dé thuat toan c6 thé giam béc
duoc ca hé on dinh va hé khong on dinh.

3. Muc tiéu cua luin an
3.1. Muc tiéu chung

- B¢ xuét thuat toan giam bac mo hinh tuyén tinh ma6i hoac hoan thién
thuat toan giam bac mo hinh tuyén tinh da dugc dé Xuat dé thuat toan co
thé giam bac duoc ca hé on dinh bac cao va he khong 6n dinh bac cao.

- Thyc thi ¥ tuong dé xuat cho mot so bai toan trong linh vuc diéu
khién- Tu dong hoa nhu: glam bac bd loc s6, giam bac md hinh CD player,
giam bac bo diéu khién bén vimng bac cao.



3.2. Muc tiéu cu thé

- Pé xuét chuan do do méi dé danh gia tinh quan trong cua diém cuc
trong thuat toan glam bac mo hinh ¢6 hi€u qua hon. Tu do Xay dung thuat
todn giam bac mai cho hé tuyen tinh bac cao va thudt toan giam bac maoi
cho hé khong on dinh va kiém chimg hiéu qua va tinh ding dan cua thuét
toan qua mot sd vi du.

- Hoan thién thuét toan glam bac md hinh da duoc de xuat dé thuat
toan dap tmg tot hon yéu cau ctia bai toan giam bac hé tuyen tinh khong on
dinh bac cao va kiém chung hiéu qua va tinh dang dan cua thuét toan qua
mot 86 vi du.

- Ap dung thuat toan giam bac mdi vao mdt bai toan trong linh vuc
diéu khién, cu thé 1a bai todn giam bac b diéu khlen bac cao voi1 hai
tru:ong hop la giam bac bo diéu khién bac cao ctia hé thong 6 on dinh goc tai
may phat dong bo (thuat toan, mo6 phong) va giam béc b diéu khién béc
cao cua hé théng diéu khién ben vitng xe hai banh ty can bang (c6 ca thuat
toan, mo phong va thuc nghiém).

4. Poi twong, pham vi va phwong phap nghién ciru
5.Y nghia li ludn va thwec tién
5.1. Y nghia li lugn

- Hai thuat toan glam bac mo hinh duoc xay du’ng va hoan thién trong
luan an co thé duoc sir dung dé don glan hdéa mot mé hinh toan hoc dugc
mo ta bang hé phuong trinh vi phan cap n Ve hé phucmg trinh vi phan cap r
<n ma van giir lai nhu:ng dac tinh can thlet cua mo hinh goc nhu bao toan
cac diém cuc trd1, cac gia tri Hankel suy bién quan trong dong thot quan hé
vao ra cta hé van dugc dam bao sao cho sai so giita hé goc vo1 hé gidm
bac khong 16n hon mot gia tri cho phép. Hai thuat toan nay giup bo sung ly

thuyét vé nhan dang h¢ dong luc hoc va thiét ké hé thong diéu khién trong
linh vyc diéu khién va dién — dién tir n6i chung.

- Ung dung hai thuat toan glam bac mo hinh vao bai toan giam béc bd
diéu khién bén Vu’ng bac cao glup thu dugc bo dleu khlen bac thap ma van
dap tng dugc cac yéu cau cua bai toan dleu khlen bén viing, ket qua nay
giip bo sung ly thuyet thiét ké bo diéu khién bén viing bac thap trong bai
toan diéu khién bén viing.

52.Y nghia thue tién
- Két qua nghlen ciru giup don gian hda cac mé hinh b diéu khién
bac cao hodac mo6 hinh d6i tuong bac cao tur do sé€ g1am khéi lugng tinh

toan can duogc xu 1y (lap trinh, cai dat don gian hon), giam dung lrong luu
trir dit liéu nén yéu cau vé téc do xur 1y, dung luong bo nhd cta phan cing



trong mo phong va diéu khién giam di tu’O’ng ung la chi ph1 kinh té giam di
hoac khai thac hi¢u qua cac hé thong cll, cac hé thong c6 két cAu nho gon
(do bi han ché vé khong glan va khoi Iu’O'ng) cO cau hinh phan cing thap
ma Van dap ung duogc yeu cau chat lugng mong muén. Pong thoi, khi yeu
cau phan cung trong mo phong va diéu khién giam hay chinh la ket cau
phan cu:ng don gian hon (it phan tir hon) thi d6 tin cdy ctia hé théng s&
duoc nang 1én.

- Két qua nghlen ciru s€ la tai li€u tham khao cho sinh vién, hoc vién
cao hoc va nghién ciru sinh quan tdm nghién ctru vé glam bac mo hinh va
thiét ké bd diéu khién bén ving bac thap C6 kha ning bod sung phan tu
dong glam bac mé hinh hé tuyén tinh 6n dinh va khong 6n dinh trong
toolbox cua Matlab — Simulink.

6. Bo cuc luin an
CHUONG 1. TONG QUAN VE GIAM BAC MO HINH
1.1. Bai toan giam bac mo hinh
Cho mot h¢ tuyen tinh, li€n tuc, tham sO bat bién theo thoi gian, c6

nhiéu dau vao, nhiéu dau ra, mo ta trong khong gian trang thai boi hé
phuong trinh sau:

X = Ax+Bu
(1.1)
y=Cx
trong do, xeR", ueR’, yeR’, AeR™, BeR"™, CeR"™.
Muc tiéu cila bai toan giam bac doi véi mé hinh mo ta boi hé phuong trinh
(1.1) 1a tim m6 hinh mo6 ta bdi hé phuong trinh:
X =AXx +Bu
. X, ™D, (12)
y =Cx
trong do, x eR’,u eR", y eR’, A eR™, B eR", C eR"™, v6i
r < n sao cho md h1nh mo ta bo1 he phu:ong tr1nh (1 2) c6 thé thay the mo

hinh m6 ta bo1 hé phuong trinh (1.1), d6ng thoi dap tmg duge mot sb yéu
cau sau:

1. Sai sb giam bac nho va co thé danh gia dugc sai sb giam bac;

2. Thuat toan giam bac can tinh toan hiéu qua, 6n dinh;

3. Thuat toan giam bac co thé thyuc hién tu dong dua trén cong thurc
tinh chdn trén cua sai sO giam bac;

4. Cac tinh chat quan trong ctia hé thong gdc can duoc bao toan trong
hé giam bac nhu tinh 6n dinh va tinh thu dong, ...



5. Phu hop véi timg yéu cau riéng biét ctia ting bai toan giam bac.

1.2. Cac nghién ciru giam béc trén thé gioi
1.2.1. Nhém phwong phdp dwa trén phén tich nhiéu loan suy bién (SPA)
1.2.2. Nhom phwong phdp dwa trén phan tich phwong thirc
1.2.3. Nhom phwong phap dwa trén SVD
1.2.4. Nhém phwong phdp phit hop thoi diém (MM) hay phwong phdp
khong gian con Krylov (Krylov Methods)
1.2.5. Nhém phwong phdp két hgp phén tich gid tri suy bién (SVD) va
phu hop thoi diem (MM)
1.2.6. Nhom cdac phwong phap khac
1.3. Cac nghién ciru trong nwéc vé giam bac
1.4. Nhirng van dé can tiép tuc nghién ciru vé giam bic mé hinh
Nhitng van dé lun an tip trung giai quyét

Luan an cua tac gia s€ tap trung giai quyét hai van dé sau:

Van dé thi nhat 13 de xuat thudt toan giam bac dua trén phuong phap
phan tich phu’O'ng thire khic phuc dugc cac nhuoc diém con ton tai trong

cac tai liéu cua Du (2012), Rammos (2007), cu thé thuat toan s& phai giai
quyét dugc cac van dé sau:

1. Xay dung va m¢ rong ti€u chuan danh gia tinh trdi cua diém cuc c6 lién
h€ truc ti€p vai ti€u chuan danh gia sai s6 giam bac va muc ti€u thu duoc
sai sO giam bac nho;

2. Xac dinh mot chin trén cua sai sb giam bac;

3. V6i cuing sai s6 giam bac nho - bac cua hé giam bac cang nho cang tot;
4. C6 thé bao toan cac diém cuc troi cua hé géc trong hé¢ giam bac;

5. C6 kha nang giam bac dugc cho ca hé 6n dinh va hé khong 6n dinh;

6. Su dung cac cong cu toan hoc phd bién, d6 phirc tap thuit toan nho.

Van dé thir hai 13 nghién cru hoan thi€n thuét toan giam bac cho h¢
khong 6n dinh theo hu70'ng ti€p can thir 2 (cach giam béc truc tiép hé khong
on dlnh) cu the la tac gia nghlen ctru dé xac dinh dugc cong thirc tinh chan
trén cua sai sO g1am bac cua thuat toan chat can bang mo rong duoc dé

xuat trong tai liéu ctia Zilochian (1991) dé thuat toan co thé thuc hién giam
béc tu dong dua trén cong thirc tinh chin trén cua sai sd giam bac.

1.5. Két luan chwong 1

Trong chuong nay, tac gia nghlen ciru va danh gia mot cach co hé
théng vé cac thuat toan giam bac mo hinh tuyén tinh, qua d6 cho thay cac



thuat toan di dé xuat déu co uu nhugc diém rleng, can dugc ap dung cho
cac bai toan giam béc thich hop Dong thoi, cac thuat toan glam bac mo
hinh tuyén tinh da dé xuét chi yeu ap dung cho hé tuyén tinh 6 on dinh, cac
thuat toan giam bac cho h¢ tuyen tinh khong on dinh 13 chua nhiéu. Tur do,
tac gia da dua ra hai van dé ma luan an trung giai quyét la xay dung mot
thuat toan glam bac méi va hoan thién thuat toan da duoc dé xuat trong
ngh1en ciru cua Zilochian (1991) dé dap ung t6t yeu cau cua bai toan giam
bac mo hinh tuyén tinh nhu ton tai mot chan trén cia sai sd glam bac, bao
toan dlem cuc troi hodc cac trang thai Hankel quan trong, sai sO giam bac
nho, dong thoi ¢ thé giam bac duoc cho ca hé 6n dinh va hé khong 6n
dlnh
CHUONG 2. XAY DUNG THUAT TOAN GIAM BAC MO HINH

2.1. Giéi thiéu
2.2. Cac cong cu toan hgc sir dung trong cac thuit toan giam bac mo
hinh
2.2.1. Phép phdn tich ma tran
2.2.1.1. Phép phan tich gid tri suy bién (SVD)
2.2.1.2. Phép phan tich Schur
2.2.1.3. Phép phan tich Cholesky
2.2.2. Gramian diéu khién va quan sdt ciia hé tuyén tinh
2.3. Thuit toan giam bic mé hinh méi cho hé 6n dinh
2.3.1. Tinh tréi H,,

" 0

1

Am — . 9 Bmud _[ 1}’ Cmod — [Cl Cz] (27)

0 A

Trong nghién ctru Rammos (2007) dua ra dinh nghia vé dién} cuc troi nhu
sau: Cho h¢ G(s) co dang duong chéo nhu trong (2.7), diem cuc A cua
G(s) dwoc goi la diém cuc trdi néu sé hang twong img cia né
_lcB.

Re A

R = > g gid tri 16n nhdt so véi cdc s6 hang R (j#1) khac. Gia tri

R duoc goi ld thuée do tinh tréi cia diém cuc A

Cong thire tinh chin trén cua sai s6 giam béc theo chuan H, cua k¥
thuat chat mo6 hinh dugoc cho b&d1 Rammos (2007).
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2.3.2. Qua trinh tam gidc hoa
2.3.2.1. Thudt todn dwa hé vé dang tam gidc
Thuit toan 2.3.2. Thuit toan dwa hé vé dang tam giac

Piu vao: Hé goc (A, B, C) duoc mo ta nhu (1.1)
Buwdc 1: Phan tich Schur ctia ma tran A: A =UAU’, trong d6 U la ma
tran unitary va A 1a ma tran tam giac trén.

Budc 2: Tinh Gramian quan sat Q tu phuong trinh Lyapunov sau:
AQ+QA +(CU) (CU)=0 (2.11)

B_u’o”c 3: Phan tich Cholesky cua Q: Q=R'R, trong d6 R 1a ma tran tam

giac trén.

Buwdc 4: Tinh ma tran khong suy bién T =UR".

Bugc 5 : Tinh (A, B, C)=(T AT, T'B, CT).

Pau ra: Hé tuong duong (A, B, C).

Pinh nghia 1. Hé thong twong dwong (A, B, C) trong Thudt todn 2.3.2
dwoc goi la qua trinh tam gidc hoa.

Bo dé 1. He thong twong dirong (A, B, C) trong Thudt todan 2.3.2 co cdc
tinh chat sau:
(a) Ma trdn A cé dang tam gidc trén,
(b) Gramian quan sat Q la ma tran don vi; trong @6 Q la nghiém ciia
phuwong trinh Lyapunov sau:
A'Q+QA+C'C=0, (2.12)
2.3.2.2. Phan tich dang tam giac
Phan tich (A, B, C) thanh dang nhu sau:
A{A“ A} f;{‘?l}, c=[¢, e]
0 A, B,

-1 ~

Dit G (s)=C, (SI - Al) B va G,(s)=C, (SI —A, )1 B, twong tng 1a ma
tran truyén cua hai hé con.
B0 dé 2. Vi cdch ky hiéu nhu trén, ta co thé chirng minh:

G(s) =G, (s)+V(5)G,(s),




voi V(s)=1-C (SI ~A )l C'. Hon nita, V(s) c6 tinh chat sau
Vi(-5)V(s)=1.
Gia sir rang hé tuong duong tam giac (A, B, C) co dang sau:

~

A * % B
A=| . *=|B=| | C=[C .. C]| (19
0 A B
& o
Dat g (s) = CB, ;i=L...,nvav(s)=I- Ce ci=1,...,n.
s—A s—A

Bo dé 3. V6i cach ky hiéu nhuw trén, ta c6 thé chitng minh:
G(s)=g,(s)+vV, (S)gz(s’) +V (v, (). () +...+ V,(s)V,(5)...v_ (s)g (s). (2.20)
Vi v (s8) co tinh chat

vVi=s)v(s)=Li=1...,n-1.
2.3.2.3. Phdn tich chudan H., va H, trong qud trinh tam gidc héa
B0 dé 4. Gid sir rang G(s) c6 dang tam gidc nhiw trong (2.19). Thi

G, <[], +lg.], +.--+]g.),
e leB|  JeB) -
" [Rea|  Rea| T Rea|” (22D

B0 dé 5. Gid si rang G(s) ¢ dang tam gidc nhiw trong (2.19). Thi
G, <[e., +leg., +-+lg.6)],
= \/trace(ﬁfﬁl) + \/trace(ﬁjﬁz) +..+ \/trace(ﬁ:f}" ) (2.22)

+
H,

Pinh nghia 2. (Chi s6 tréi H, va H,) Cho hé thong G(s) c6 dang tam gidc
nhi trong (2.19), diém cuc A cua G(s) duoc goi la troi H, néu théng sé

twong ung cua no R ='——-= la gia tri [on nhat so voi cac gia tri Rj, J #1.

Thong so R dwoc goi la chi so troi H  cua diém cuc A. Tuwong vng, diém
cuc diem cuc A cua G(s) dwoc goi la troi H, néu thong so twong vung cua

no S = \/trace(ﬁfﬁi) la gid tri 16n nhdt so véi cdc gid tri S,,j#i. Thong

so S dwoc goi la chi so troi H, cua diém cuc A .



Dinh nghia 3. (Chi s6 tri hon hop) Chi s6 J =max{R, S} duoc goi la
chi so troi hon hop twong wng vdi diém cuyc A, vdi i=1,..,n

2.3.3. Gidm bdc mé hinh dwa trén cit ngdn tam gidc

2.3.3.1. Phén tich chan trén cia sai sé giam bdc theo chuan H,, va H,
Pinh 1y 1. Sai s6 gidm bdc ciia hé théa mén cdc tinh chdt sau:

<SR +...+R,
) [E)|, <|G.(s)], <5, +...+5.
(c) max{HE(s)H ‘ } < max {‘ } <J +...+J,

trong do G (S) C (SI A ) B, la he con cua G(s) va R S, J tuwong
ung la chi so troz H , H, va “hén hO’p cua diém cuc A, voi i —1

2.3.3.2. Sap xép dzem cuc theo cdc chi sé tréi

Thuit toan 2.3.3. (Sap xép lai diém cuc theo chi sb troi H ,H, va hon

hop)
Pau vao: Hé (A B, C) la dang tam gidc ciia ma trin truyén G(s) va
cling cling 1a dau ra cta thuat toan 2.3.2.

Buwoc I V01 mdi diém A, vo1 i=1,..,n ta tinh toan chi $6 troi H_tuong

ung R = > (hodc chi 80 troi H, tuong tng S = \/trace B’ l_), hodc

‘Rei

chi s0 trdi hdn hop tuong tng J =max{R, S.}).

Buwdée 2: Chon chi s troi H_ 16n nhat R (tuong tu v6i chi s6 troi H, va
hon hop).

Bude 3: Sap xép lai diem cuc A (va lién hop cua né A, n€u can thiét)

thanh vi tri dau tién trén duong chéo cia ma tran A béng ma tran don nhat
(unitary matrix) U :

U'AU = B

Buwéc 4: Tinh h¢ théng tuong duong méi (U'AU, U'B, CU).
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Buéc 5: Bo di hai hang va cot dau tién cia (UITAUI, U'B, CUI) ta thu
dugc mt h¢ théng nho (A, B, C) véi kich ¢5 n-2.

Buwgc 6: Lip lai qua trinh trén tir budc 1 dén 5 cho hé théng nho
(A, B, é) va tiép tuc vong lap cho dén khi tit ca cac diém cuc duoc sip
xép lai theo d6 16n cuia chi s6 troi H_, chi s6 trdi H, hodc chi s6 trdi hon
hop.

Pau ra: Hé thong (A, B, C) da duogc sip xép cac diém cyc theo chi o

troi1 H_hodc H, hodc hon hop trén duong chéo chinh cua ma tran A

2.3.3.3 Rut gon hé twong duong

2.4. Vi du giam béc hé tuyén tinh on dinh bic cao

2.4.1. Vi du minh hoa 1

2.4.2. Vi du minh hoa 2

2.5. Thuit toan giam bic méi cho hé khong 6n dinh

2.5.1. Thugt toan giam bdc cho hé khong on dinh theo phwong phap
gian tiép (Cach tiép can thw nhat)

Thuat toan 2.5.1. Thuit toan giam bic cho h¢ khong on dinh theo
phuwong phap gian tiéep.

Dau vao: Hé (A, B, C) duge mo ta trong (1.1) (hé khong on dinh).

Budc 1: Chuyén hé thong vé dang tua tam giac ta thu dugc hé théng co

dang:
A 11 A 12 Btl
At:|: t t :|’Bt:|: :|’Ct=[Ct1 Ctz]’
0 A B

122 t2

voi A eR™ (voi m la cac diém cuc on dinh), A eR™"",

t11 t12

I‘At22 = R(n—m)x(n—m), Bt1 = Rmxp’ Bt2 = ]R(n—m)xp, (jt1 = qum’ (:4[2 = qu(n—m).

Buwdéc 2: Tinh S tu phuong trinh Lyapunov sau:
A S-SA +A  =0.

t11

Bugc 3: Xac dinh ma tran chuyén trang thai
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vor I va I tuong ung la ma trdn don vi kich thudc mxm va
(n—m)x(n—m).

Buéc 4: Tinh (A, B,, C,)=(W'AW, WB, CW).

Buwéc 5: Phan tach hé (A, B,, C,) vé dang:

Adll O Bdl
A, { }Bd { }cd _[c, c.]
0 Ad22 Bd2

véi A, eR™, A R

B, eR™”, B, eR"", C, eR™ C, eR"",

Hé 6ndinh (A,,, B,, C,),

Hé khong 6n dinh (A,,,, B
Buéc 6: Giam bac hé 6n dinh (A
va 2.3.4 thu duoc h¢ rat gon (A

C,).
> B Cdl) theo thuat toan 2.3.2, 2.3.3

B, C).

d2?

d1?

112

Piu ra: Hé rit gon ((A B, Cl)+(Am, B, Cd2)> :

112

Chi tiét thudt todn 2.5.1 dd dwoc cong bé trong bai bdo sé6 1 va s6 2 cuia
tdc gia.

2.5.2. Thudgt toan gidm bdc cho hé khong on dinh theo phwong phdp
truc tiép (Cach tiép cdn thir hai)

Pinh nghia 4. Hé thong (1.1) dwoc goi la én dinh - B néu phan thuc cia
cac diém cuc hé real(A(A)) < B, véi B la mét s6 thuc khéng am(B>0).
Tdp hop cdc hé lién tuc én dinh - f dwoc ky hiéu la C,. Chudn H _, cua
G(s) e C, duoc xac dinh boi:

[G(s),, = sup o, (G(s))

real (A(A))<p

=supo,, (G(f+ jw))

weR

Trong do o (G(s)) la gia tri suy bién Iém nhdt cia G(s).
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Pinh 1y 2: Cho bat ky hé lién tuc G(s) € C, duoc biéu dién boi hé phwong
trinh  (1.1), ta xem xét hé "G (S) voi  chuyén  doi
(Aﬂ, B, Cﬂ) =7(A—ﬂI, B, C) Thi hé G ,(s) co cdc tinh chat sau:

(i) G, la on dinh tiem cdn.

(ii) Chudn H, ciia G ,(s) la bang véi chudn H_, ciia G(s), ...

G,

DPinh ly 3: Dat G(s)eC, va G (s) la he giam bdac thu dwoc tw thudt toan
2.5.2. Thi ta thu dwoc cong thie tinh chan trén cia sai s6 gidm bdc nhu
sau.

trong do o ,...,0, la gid tri Hankel suy bién cia G,(s).

2.6. Vi du giam bac hé tuyén tinh khﬁng on dinh bac cao

2.6.1. Giam bdc hé tuyen tinh khéng o6n dinh theo thudt todn gidm bic
gidn tlep

2.6.2. Gidm bdc hg tuyén tinh khong on dinh theo thudt todn gidm bdc tryc
tiép

2.7. Két luan chwong 2

Trong chuong nay, tac gia da dat dugc mot s6 noi dung sau:

1. Gi6i thiéu mot sd cong cu toan hoc thudng dung trong giam bac mo
hinh.

2. Xay dung mot thuat toan giém bac mai cho hé 6n dinh (thudt todn
2.3.2, thudt todn 2.3.3) trén co sG bao toan cac diém cuc troi cua hé goc
trong hé glam bac. Diém méi quan trong cua thuit toan la dua ra chi so
troi1 H_, chi s6 troi H,, chi sO troi hon hop H, /H dé danh gia tinh quan
trong, cua cac dlem cu’c va kha niang sap xép du’oc cac diém cuc theo cac
chi s0 troi giam dan trén du70’ng cheo chinh ctia ma tran A va dua ra duogc

cong thirc tinh chéan trén cua sai sO glam bac. DPong thoi tac _gia dua ra 3
dinh nghia, 1 dinh 1y va 5 bd dé méi cung phan chirmg minh day du.

3. Xay du:ng thuat toan glam bac méi cho he khong 6n dinh theo
phuong phap glam bac gian ti€p (thudt todn 2.5.1) la phan mé rong cia
thuat todn mé1 cho heé on dinh (thuat todn 2.3.2, thudt todn 2.3.3) trén co
s& bao toan cac diém cuc troi ctia hé gde trong hé giam bac.

4. Dua ra dugc 1 dinh nghia va 2 dinh ly maoi cung phan chirg minh
day du dé xac dinh cong thirc tinh chin trén cta sai s6 giam bac tir d6 hoan

<2(o.,+...+0,),
©.8
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thién thuat toan chat can béng mo rong cho hé¢ khong 6n dinh theo nghién
ctru cua Zilochian (1991) (thudt toan 2.5. 2)

5. Céc vidu glam bac hé tuyén tinh 6n dinh bac cao (mo hinh b0 loc
sO Zhang (2008), m6 hinh CD layer Rammos (2007)) va hé tuyen tinh
khong On dinh bac cao cho thay tinh dang din va hiéu qua cua cac thuat
toan giam bac di dé xuat.

CHUONG 3. VE MOQT UNG DUNG BAI TOAN GIAM BAC MO
HINH TRONG DIEU KHIEN
3.1. Gidi thi¢u
3.2. I'flgg dung giam béc trong bai toan diéu khién on dinh goc tii may
phat dong b0
Trong ngh1en clru cua Trung (2012) tac gia da thiét ké bo diéu khién

bén vimng RH,, dé 6n dinh goc tai cua may phat dong bo khi may phat hoa
v6i ludi, két qua thu dugce bo diéu khién co bac 28 nhu sau:

R(s) = N(s)
D(s)

N(s)=-0.004867s" —0.7519s” —58.85* —25265" —8.35.10* s —2.128.10°s™
—4.383.10"s” —7.542.10"s —1.108.10" 5" —1.411.10"s"” —1.527.10"s"
—1.544.10"5" —1.341.10"s" —1.032¢"s"” — 7.021.10"s" —4.211.10"s"
—2.213.10"s" —1.01.10"s" —3.954.10"s" —1.306.10" s’ —3.564.10" 5"
—7.845.10"s" —1.348.10"5° —1.723.10"5> —1.52.10"s* —8.162.10" s’

—1.984.10"s* +3.89.10"s —125.2
D(s)=5.25¢"s" +0.009786s” +0.86755* + 48.85” +1965s™ +6.056.10"s”

+1.49.10°5s” —3.018.10"s™ +5.14.10°s™ + 7.483.10°s"” + 9.425.10" 5"
+1.035.10"s" +9.968.10" 5 +8.432.10" 5" + 6.266.10"s" + 4.079.10" 5"
+2.314.10°s” +1.134.10"s" +4.74.10" s" +1.66.10"s’ + 4.762.10" s
+1.085.10"s" +1.891.10"s° +2.399.10"5” + 2.062.10"s* +1.065.10" s’
+2.479.10%s* —1.59.10"s + 2.945.10™

3.2.1. Giam bdc b diéu khién theo thudt todn giam bdc gidn tiép
Bang 3.1. Két qua gidm bdc bé diéu khlen bdc cao theo thudt todn giam
bdc gidn tiép

Bac R (s)
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5 —92.89s° —2747s* —2.202.10's’ —=1.515.10°s* —=3.974.10°s + 1495
s +61.72s* +1503s” +1.944.10"s* +1.167.10's —5.905.10™
4 —92.89s* —1042s’ —4767s* —6.205.10"s + 85.25
s'+43.89s’ +717.75" + 66515 —3.366.10"

Step Response

T T T N A
' H —Bao dieu khien bac 28
— Bo dieu khien bac 4
p— al
a
=
B A ]
=T
] .
B0y T T T
-100 = p = : =
0 05 1 15 2 25 3

Time {seconds)
Hinh 3.1. Bap ung buoc nhay cua bo diéu khién goc va bo diéu khién bdc
4

Bode Diagram

— Bo dieu khien bac 28
— — Bo dieu khien bac 4

o
]

(s}
[

________________________________________

By
]

]
[an]

Magnitude (dB)

[a=]

10” 10 10° 10°
Frequency (rad/s)

Hinh 3.2. Pé thi bode ciia bé diéu khién géc va bé diéu khién bdc 4
3.2.2. Giam bdc b diéu khién theo thudt todn giam bdc truc tiép

Bang 3.2. Két qua giam bdc bo diéu khién bdc cao theo thudt toan
giam bdc truc tiep

Bac R (s)
5 —92.89s° —438.1s* —7570s* — 2.603.10"s* —3.759.10"s —1.26.10°
57 +36.855" +557.65" +4799s” + 44285 +1653
4 —92.89s* —4245* —7535s5* —2.483.10's —3.513.10"
s'+36.7s* +552.55° +4720s + 3923
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Step Re spo nse

— Bo dieu khien bac 28
— -Bo dieu khien bac 4

20 T T

g

Amp litude

R S L

1005 05 1 15 2 25 3

Time (seconds)
Hinh 3.3. PBap ung budc nhay cua bo diéu khién goc va bo diéu khién bdc
4

Bode Diagram

——Bo dieu khien bac 28|} | ||
——Bodleukhlenbal:4 L

.
o]

TTTTE

w
]

M
e}

—
L]
T

Magnitude (dB)

=]

10 I i::::::l I i::::::l I i::::::} I i:'::::l H
107 107 10° 10 10° 10°
Frequency (rad/s)

Hinh 3.4. Pé thi bode ciia bé diéu khién géc va bo diéu khién béc 4

(*) So sdnh két qua giam bic bo diéu khién goc bic 28 véi két qua dat
duoc trong nghién cuwu cua Trung (2012)
3.3. Ung dung giam bic md hinh trong bai toan diéu khién cin bing xe hai
banh
3.3.1. Bai todn diéu khién cén b&ng xe hai banh

Két qua cua qua trinh thiét ké, tac gia thu dugc mo hinh hoan thi¢n
cua xe hai banh tu’ cin bang dugc the hién trong hinh 3.5 nhu sau:

Hinh 3.5. M6 hinh hoan thién cua xe hai banh tu can bc%ng
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Do tinh chat bat dinh ctia mé hinh xe hai banh nén tac gia da thiét ké
hé thong diéu khién bén vimg RH_ cho xe hai banh ty can bang thé hién
trong phu luc 10 va phu luc 11. Két qua, tac gia thu duoc bo diéu khién
nhu sau:

_H(s)
D(s)

R(s)
vOl
H(s)=-2.23.10"s" —4.67.10"s” — 0.2665™ —22.965” —1006s* —2.853.10"s”
-5.837.10°s* —4.199.10"s" —9.144.10°s* —1.139.10°s” —1.158.10"s™
-9.776.10’s* —6.949.10"s"” —2.172.10"s" —9.663.10"s" —3.71.10"s"
-1.231.10"s" —3.53.10"s" —8.74.10"s” —1.862.10"s" —3.398.10" s"
—5.276.10"°s’ —6.903.10"s" —7.511.10"s" — 6.676.10"s* —4.721.10" s’
—2.556.10"s*—9.953.10"s’ —2.482.10"s* —2.977.10" s — 0.00439
D(s)=4.971.10"s" +2.032.10 "s” +2.663.10"s™ +1.221.10"s” +9.72.107s*
+0.3918s5* +10.14s* +187.1s” +2612s5” +2.862.10"s* +1.088.10"s"
+2.523.10°s” +1.82.10°s"” +5.428.10"s" +2.273.10"s" +8.005.10%s"
+2.372.10°s" +5.9.10°s"” +1.225.10"s"” +2.107.10"s" +2.962.10" s"
+3.341.10"s” +2.941.10"s* +1.931.10"s" +8.743.10°s° +2.286.10° s’
+1.519.10°s* —5.226.10"s* +3.6.10°s* +5.32.10 s
3.3.2. Gidm bgc bj diéu khién bén viing theo thudt todn giim bdc gidn
tiép
Bdng 3.4. Két qua gidm bdc bé diéu khién bdc cao

Bac H¢ rat gon R (s)

—4.485.10°s’ —6.804.10"s" —4.123.10"s* —1.235.10°s* —1.816.10°5 —1.09.10’
s°+2009s* +1.833.10"s’ —1913s* +2.165.10 "5 — 2.804.10™

5

—4.485.10°s* —2.65.10's’ —1.141.10"s* —1.833.10"5 —1.176.10°
s*+2000s" —206.5s5" +2.369.10 s —3.026.10 "

4

3.3.3. Gidm bdc b¢ diéu khién bén ving theo thudt toan giim bdc tric
tiép
Bang 3.6. Két qua giam bdc bo c'zfié‘u khién bdc cao theo thudt todn chdt
can bang mo rong

Bac Heé giam bac R (s)

—4.485.10°s” —6.804.10"s* —4.123.10°s* —1.235.10°s* —1.816.10° s —1.09.10’
§7+2009s* +1.833.10"s* —1913s* +6.614.10" s —8.44.10™"

5
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—4.485.10°s" —2.655.10"s’ —1.191.10"s* —1.811.10"s —1.182.10°

4
s*+2000s’ —205.65* —0.1231s + 0.003463

3.3.4. Ap dung b¢ diéu khién giam bdc diéu khién cin bang xe hai banh
3.3.4.1. Theo thudt todn giam bdc gidn tiép
Két qua md phéng:

- Khi cac thong sO cua mo hinh xe hai banh la da}nh dinh (bang 9.1
trong phu luc 9) va ban dau xe I¢ch khoi phuong thang dimg mdt goc

0= (% —%) (rad) thi két qua mo phong hé théng diéu khién can bang

xe dugc thé hién trén hinh 3.7 nhu sau:

_ Dapung goo nghisng daura - Ban dau xe lech goo pi180 ___ Dspung goo nghieng dau ra - Ban dau e lech goc 3pi1Ed
H B diew e bac 30 ‘ H —— Bo deu kien bac 30
----- o dipu iien ba 3 . - o == Bo diey khinn bac 5

=== dagy khben bac 4

----------------------------------------

...................

Radian
B
T
adia
L

LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL

(a) (b)
Hinh 3.7. Dap ung dau ra cua hé thong dzeu khlen can bang xe hai banh
sir dung bo diéu khién goc va bo diéu khién bdc 5, bdc 4

(*) So sanh h¢ thong dleu khién can bang xe hai banh sir dung bo diéu
khlen goc bd diéu khién glam bac theo phucrng phap giam bac mdi va bo
dleu khién glam bac theo cac phuong phap giam bac khac.
Két qua md phong

- Khi céc thong s6 ciia md hinh xe hai banh 1a danh dinh (bang 9.1
trong phu luc 9) va ban dau xe léch khoi phuong thang dimg mot goc

0= &(md} thi két qua md phong hé théng didu khién can bing xe duoc

thé hién trén hinh 3.9 nhu sau:




18

Diap ung goc ngheng dau ra - Ban dau xe jech goc pi1E0
=B dieu khen bac 30
== =g o iy khaan Bac 4 hieo thuattoan 3 B gian bap

Dapung goo nyhieng dau

=- Bandsu

= lach goc pilE0

—— Bo dieu kiven bat 4 theo huat Dan Schuny |,
=== Eo dieyu khien bac 4 theo fhuat Ban

Balaneny | |
i

_________________________________________

& & [
4 o £ |
3 :
-= [l []
. '
. !
. !
. :
afs===== FpE===== Fpe===== pE===== FpE===== r===r==
. r
:
! '
. :
. T
: !
: '
- + L
4 2 Z E z 1 a £} 2
T Time {sed

(a) (b)
Hinh 3.9. Dap g dau ra cua he thong diéu khzen can bang xe hai banh
stk dung bg diéu khién goc va cdc bg diéu khién bdc 4

3.3.4.2. Theo thuat toan giam bdc tryc tzep
Két qua md phéng:

- Khi cac tham s6 ctia mo hinh xe hai banh 13 danh dinh (bang 9.1
trong phu luc 9) va ban dau xe léch khoi phuong thang dimg mot goc

0= (% —13?7[) (rad) thi két qua mo6 phong hé thong diéu khién can bang
xe duogc thé hién trén hinh 3.15 nhu sau:

—— Bo dieu khen bac 30
508 K - o] == B0 dieu khen bac § heo thuat toan gam bac vt tiep
===Ea Sty khien bac 4 heo thuat toan giam bac ru tep

Bo disu khea bac 30

=== Bo dieu khien bac § theo thuattosn glambac Fuc tep
. 1===5o digy khien bas 4 theo thuat toan Juam bas fus Sep

] g
-E 008 ,E oo
= -4
.
.
. .
f h
h . f
L] w“
"
i i H
- 4 +
2 4 2 4
Tire {s2c) Tirre {zec

(a) (b)
Hinh 3.15. Dadp vung dau ra cua hé thong dzeu khlen can bang xe hai banh
sir dung bé diéu khién goc va b diéu khién bdc 5, bdc 4
(*) So sanh h¢ thong diéu khién can bang xe hai banh sir dung bd dleu
khién gbc, b diéu khién giam bac theo phuong phap giam béc truc tiép va
cac phuong phép giam bac khac.



19

Két qua md phéng: ,
- Khi cac thong s6 cua mo hinh xe hai banh la danh dinh (bang 9.1
trong phu luc 9) va ban dau xe 1éch khoi phuong thang ding mdt goc

0= ll(md ). thi két qua mo phong hé théng diéu khién can bang xe duoc
thé hién trén hinh 3.17a va 3.17b.

Dap wrg goc nghieng dau ra— Ban dauxe lech goc pi1B0 __ Dapung goo nghisng dau ra - Ban dau xe ledh goo pif 120

— e enm s ] - [+== Bo dieu itien bac 4 theo fuattoan can bang LOG
__—-—l-urb WM!N-‘:&"!'H Vi s [ ' ' i

== e S K Qf' T TR 00N DS SN BENG Ul DN ; ey ]
-, L] i L]

Radian
o L L] L ] o L=
S O oo o o
Radian

B

F=

------------------------------------------

(a) (b)
Hinh 3.17. Dap ing dau ra cua hé thong diéu khzen can bang xe hai banh
stk dung b diéu khién goc va cdc bg diéu khién bdc 4

3.4. Két luan chwong 3

Trong noi dung chuong 3, tac gla da dat dugc mot so ket qua sau:

1. Ap dung cac thuat toan glam bac da duoc dé xuat dé glam bac bo dleu
khién bén virng bac 28 cua hé thong 6n dinh goc tai cua may phat dong
b0 trong nghién ciru cua Trung (2012) cho thay co the st dung bo dleu
khlen bac 4 thay thé bo diéu khién gbc bac 28 ma chat lugng hé thong
diéu khién vin duogc dam bao. Mat khac, cac bd diéu khlen giam bac
theo cac thuat toan moi deu co bac nho ho’n bac cua bo diéu khién thu
duogc theo thuat toan cén bang ngau nhién trong ngh1en ciu cua Trung
(2012), bac bo diéu khlen thap hon dem lai hi€u qua la lap trinh dleu
khlen don gian hon, toc do dap ung cua hé thong tot hon, kha nang dleu
khién thyc tot hon, chi phi cho phan cimg hé thong giam di so v&i két
qua trong nghién ctru cua Trung (2012)

2. Ap dung thuat toan giam bac glan tiep va truc tiép mai dé giam bac bo
diéu khién ben ving bac 30 cua hé thong diéu khién can bang xe hai
banh cho thay Str dung bd diéu khién bac 5, bac 4 diéu khién xe hai
banh tu can bang (mo hinh xe duogc xay du’ng trong phong thi nghlem)
cho chat luong dap tmg dau ra twong d‘wo’ng hé thong di€u khién can
bang xe hai banh str dung bd diéu khién gbc bac 30 nén co thé sir dung
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bo dleu khlen bac 5, bac 4 thay the bd diéu khién gbc bac 30 dé dleu
khlen can bang Xe ha1 banh ma chat luong (mo phong) hé thong dicu
khién can bang Van dugc dam bao.

3. Hé thong diéu khlen xe hai banh stt dung b diéu khién bac 4 theo thuat
toan madi co thé diéu khlen can bang xe hai banh trong khi hé thong
diéu khién st dung bd dicu khién bac 4 theo thuat toan chat can bang
cua Moore (balancmr) va thuat toan chat can bang Schur (schumr)
khong ¢6 kha nang dleu khién cin bang xe hai banh.

4. Su dung b dleu khién bac 4 theo thuat toan chat can bang mao rong
diéu khién can bang xe hai banh cho cho chat lu’ong dap Ung dau ra tot
hon hé thong diéu khién can bang xe hai banh str dung bo diéu khlen
bac 4 theo thuat toan can bang LQG va h¢ théng diéu khién can bang
xe hai banh st dung bd diéu khién bac 4 theo thuat toan chit can bang
cua Zhou.

5. Céac két qua md phong cho thay tinh ding dan cua 2 thuat toan giam
bac va kha nang ap dung 2 thuét toan dé giam bac bo diéu khién bac
cao trong bai toan diéu khién bén viing.

CHUONG 4. THUC NGHIEM
4.1. Hé thong thwe nghiém diéu khién xe hai banh tw cAn bang
Hé thong thwe nghiém diéu khién cin biang xe hai banh duoc thé hién

trén hinh 4.16 nhu sau:

Hinh 4.16. So' d6 ban thuc nghiém diéu khién xe hai banh tw cdn bcing
4.2. Két qua thwe nghiém
Két qua thwe nghiém nhuw sau:

- Hoat dong cua xe hai banh khi khong mang tai duoc thé hién trong hinh
4.17.
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Hinh 4.17. Bép iing ciia hé thong xe hai banh tw can bang khi khéng mang
tdi

- Hoat dong cua xe hai banh tu can béng khi chiu tac dong cua ngoai luc

dugc thé hi¢n trong hinh 4.18 nhu sau:

Hinh 4.18. Bdp iing ciia hé théng xe hai banh tir cdn bang khi tac dong luc
vao xe hai banh

Pap tng cua xe hai banh khi mang tai duoc thé hién trong hinh 4.20 nhu sau:
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Hinh 4.20. Bdp iing ciia hé théng xe hai banh tir cdn bang khi xe mang tdi
Pap tng ctia xe hai banh khi mang tai dugc thé hién trong hinh 4.22 nhu sau:

uuuvmVan thc banh da

Cernct_ Dot Digm dp digu khign

g O e v P e = i o et

] i G 7y 7 W
Time (gidy)

Hinh 4.22. Bdp iing ciia hé thong xe hai banh t can bang khi mang tdi
léch tam
- Sau khi thuc nghlem diéu khién xe hai banh bang Matlab — Simulink qua
két ndi truc tlep vGi bo mach Adruno, tac gia da viét Code phan diéu khién
va nap truc tiép vao Adruno dé xe tu hoat dong (Phan phu luc 12
ABRB_alone.ino). Két qua thuc nghiém diéu khién xe hai banh tu cin
bang duoc thé hién trong hinh 4.23 nhu sau:
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Hinh 4.23. Hinh anh xe hai banh tw cin bang khi khéng mang tdi

Nhan xét: Két qua thuc nghiém khi nap chuong trinh diéu khién vao
Adruno dé xe hoat dong doc 1ap cho thay xe hai banh c¢6 kha nang can
bang on dinh khi xe dtng yén, khi xe chuyén dong thang.

4.3. Két luan chwong 4

Trong noi dung chu’ong 4 tac gia da dat dugc mot sO ndi dung sau:

1. Xay dung va két noi hé thong thuc nghiém diéu khién xe hai banh
tu cAn bang (m6 hinh xe dugc xay du’ng trong phong thi nghiém) gom mo
hinh xe hai banh va may tinh ban c6 cai dat phan mém Matlab — Simulink.

2. Thyc nghiém diéu khién xe hai banh tu can bang (mo hinh xe
duogc xay dung trong phong thi nghiém) str dung bo diéu khién bén viing
g1am bac thong qua két no1 gitta bo mach Adruno trén mo hinh xe hai banh
Vo1 phan mém Matlab — Simulink trén may tinh ban cho thay xe co kha
nang can bang khi xe khong mang tai, khi xe chiu tac dong cua ngoai luc,
khi xe mang tai (can bang hai phla) va khi xe mang tai 1éch tam. Thu’c
nghlem khi nap mé chuong trinh vao Adruno cho thay xe hai banh tu cén
bang c6 thé hoat dong doc lap (khong két ndi bo mach Adruno trén mo
hinh xe hai banh v6i phan mém Matlab — Simulink trén may tinh ban) va
dam bao can bang on dinh.

KET LUAN VA KIEN NGHI
1. Két luan

Nghién ctru ctia luin an da da c6 mot sb két qua nhu sau:

1. X4y dung mot thuat todn giam bac moi c¢d kha nang giam bac
duoc hé tuyén tinh on dinh. Trong do, tac g1a da duva ra 3 ti€u chuan danh
gia (do) tinh quan trong (t1nh troi) cua cac dlem cuc va xay du’ng thuat
toan giam bac moi cho h€ 6n dinh bang cach ohuyen ma trdn A cua hé gdc
vé dang tam gidc trén dong thoi danh gia va sap x€p cac diém cyc theo tinh
quan trong (tinh tri) g1an1 dan trén duong cheo chinh cua ma trén A dua
trén 3 ti€u chuan danh gia diém cuc, bang cach nay, tac gia co the bao toan
duoc cac dlem cuc quan trong cua he goc trong hé giam bac dong tho1 thu
duoc sai s6 giam bac nho. Thuét toan mai nay ciing dugc mo rong ap dung
giam bac cho hé khong on dinh theo phwong phéap gian tiép. Song song véi
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do, tac gia cung dua ra dugc mot dinh ly mao1 xac dinh cong thirc tinh chan
trén cua sai sO giam bac, 5 bd dé moi va cac vi du minh hoa (g1am bac bd
loc s0, md hinh CD player va mo hinh tuyén tinh bac cao khong on dinh)
dé mlnh chtrng minh tinh dang dan va hiéu qua caa thuat todn moi.

2. Xac dinh cong thirc tinh chan trén cua sai sd giam bac cho thuat
toan chat can bang mo rong trong nghién ctru cua Zilochian (1991) dé
g1am bac hé khong on dinh glup viéc danh g1a sai s6 giam bac dé dang hon
cling nhu gitp thuét toan c6 thé thuc hién giam bac tu dong dua vao cong
thire tinh chin trén cta sai sd g1am bac. Dong thoi, tac gia cling dua ra
dugc 2 dinh ly mdi va mot vi du glam bac mo h1nh tuyén tinh khong on
dinh dé chimg minh tinh ding dan va hiéu qua cta thuat toan.

3. Minh hoa hi¢u qua cua hai thuat toan giam bac thong qua viéc
giam bac bo diéu khién bac cao cho két qua:

+ V61 bai toan thir nhat Giam bac bo diéu khién ben viing bac cao
trong bai toan diéu khién bén viing goc tai cta may phat dong bo trong hé
thong dién (nghién ctru cua Trung (2012)) cho thay co thé sir dung b dleu
khlen bac 4 thay thé bo dleu khién goc bac 28 ma chat luong hé thong diéu
khién Van duoc dam bao, dong thoi bo dleu khlen bac 4 theo cac thuat toan
méi déu co bac nhé ho’n béac cua b diéu khlen glam bac (bac 6) thu duoc
trong nghién ctru cua Trung (2012). Cac két qua da duoc kiém chimg qua
mo phong trén may tinh.

+ Vi bai toan thir hai: Giam béac b dleu khién bén viing bac cao
trong bai toan diéu khién xe hai banh ti can bang (mo hinh xe hai banh
dugc xay dung trong phong thi nghiém) cho thay c6 thé sir dung bo diéu
khlen bac 5, bac 4 thay theé bo di€u khién bén vimng bic cao (bao 30) ma
chat lu’ong he thong diéu khién vin ddm bao dugc y€u cau 6n dinh bén
Vu’ng ctia hé thong. Va duong nhién vi€c sir dung bo dleu khién bac 4, bac
5 s€ giup ma 1ap trinh diéu khlen don gian hon, tang toc do dap Ung cua hé
théng, dam bao duoc yeu cau diéu khién thoi glan thuc. Cac két qua da
duoc kiém chimg qua mé phong trén may tinh va thuc nghiém trén mo

hinh xe hai banh.
2. Kién nghi
1. Nghlen cuu u’ng dung hai thuat toan giam bac mé hinh mai de giai

quyet cac bai toan giam bac mé hinh khac trong linh vurc diéu khién nhu
giam bac mo hinh doi twong bac cao,

2. Xay dung toolbox cua hai thuat toan gidm bac trong Matllab —
Simulink.



