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MO PAU
1. Giéi thiéu
Tang toc do xir Iy va tinh todn hién nay 1a mot hudng wu tién nghién ctru

trong linh vuc k¥ thuat. bé tang tdc d6 tinh toan, c6 mot sd hudéng tiép can sau:
1. St dung ti uu thong lugng bd nhé cho cac vi xir 1y song song.

2. Phan ra cac bai toan va 1ap trinh song song theo nghia tinh toan hiéu

nang cao.
3. Quay vé dung céc chip twong ty nhu mang no ron té bao (CNN)

4. Tim cach gidm dg phtrc tap cua thuat todn ma van dam bao sai s6 theo

yéu cau.

Mot trong nhitng hudng quan trong trong viéc giam do phuc tap cua thuat

todn chinh la gidm bac mo hinh ma luén an s€ tap trung nghién curu.
2. Tinh khoa hoc va cap thiét ctia luan an

Trong k¥ thuét n6i chung va k¥ thuat diéu khién néi riéng, mo ta toan hoc
hé dong hoc thuong dugc st dung véi 2 muc dich co ban 13 mo phong va diéu
khién. Trong ca hai muc dich ndy, thi ta thuong xuyén bat gip cidc mo hinh toan
hoc phuc tap, co thé bac rat cao, nhu mo hinh hé théng du béo thoi tiét [19],
phan tich va thiét ké hé thong vi co dién td (MEMS) [58], mé phong mach dién
[18], bo diéu khién t6i wu bén ving bac cao [3], [78], bo loc 86 [87], ...

Vé mit ly thuyét, cac mo hinh toan hoc phuc tap, bac cao s€ md ta mdt
cach chinh x4c cac tinh chit caa hé dong hoc — day 1a muc tiéu chinh cia mo ta
toan hoc. Tuy nhién, sir dung cdc mo6 hinh bac cao nay trong thuc té & gap mot
s6 bat logi nhu sau:

+ Néu mé hinh phtrc tap, bac cao la mé hinh cua doi tuong nhu trong
[18], [19], [58] thi s& lam gia ting khéi lwong tinh todn can dugc xir Iy lam ting

thoi gian mo phong va co thé khong dap ung duoc yéu cau vé mat thoi gian



trong mé phong, tim hiéu tinh chat mé hinh hodc néu muébn dap Gng yéu cau vé
mit thoi gian thi doi hoi hé thdng xtr 1y phai co tdc d6 tinh toan cao twong tng 13
chi phi phan cting ting 1én. Pong thoi do mé hinh phirc tap bac cao nén cé thé

doi hoi dung luong bd nhd dé luu trir dir liéu vé mé hinh 16n hon.

Cu thé nhu mé hinh du bao bio ¢ Ha Lan trong tai liéu [19] ¢6 sb phuong
trinh x4p xi t6i 60.000 phuong trinh va cac tham sd cua phuong trinh thay doi
lién tuc, do d6 dé luu trix dir liéu nay doi hoi can phai c6 dung luong bo nhd 16n
va thoi gian xtr 1y dir liéu t6i thiéu 13 khoang 6h [19], diéu nay din t&i hé thong
khong thé dap tng yéu cu can phai c6 thong tin du bao cang som cang tot — 13

mot trong nhiing yéu cau quan trong nhét ciia hé thong du bao.

Mot mé hinh khac cling gip van dé tuong ty nhu mé hinh du bao bdo &
trén 1a mo hinh mach vi xir 1y trong tai liéu [18], do tdc d6 cua vi xtr Iy ngay
cang tang nén d phirc tap ciia mach vi xir 1y ciing tang 1én rat nhanh, két qua 1a
m6 hinh mach vi xt 1y c6 thé c6 xap xi 10° phuong trinh din dén thoi gian dé
mo phong, phan tich mach ting 1én va lam cham qué trinh thiét ké, san xuat

mach vi xtr ly va tuong ing lam tang chi phi ciia qua trinh san xuat.

+ Néu md hinh phtic tap, bac cao 1a mo hinh bd diéu khién thu duogc tir
qua trinh thiét ké diéu khién bén virng nhu trong tai liéu [3], [78], thi m6 hinh
phtc tap, bac cao s& lam gia ting khoi lugng tinh toan can duoc xir 1y dan toi
cac hé thong diéu khién c6 thé khong dap tmg dugc yéu cau diéu khién thoi gian
thue hodc néu mudn dép Gmg duoc thi yéu cau phan cimg phai c6 téc do xir 1y
cao 1am tang chi phi ctia hé théng didu khién hodc do tinh phuc tap cua b diéu
khién s& co thé 1am ting kha niang gip su cd cta hé théng diéu khién hay giam
do tin cay cua hé thong diéu khién. Trong nhiéu truong hop, mot hé thong diéu
khién c6 mo hinh qua phure tap, bac cao co thé khong lép dat duogc trén céc thiét
bi nhu thiét bi tu dong tu hanh, cac robot khong gian,... do sy han ché vé khong

gian, khéi luong cua cac thiét bi.



Vay néu c¢6 mot mod hinh toan hoc c6 bac nhé hon ma cé thé mo ta mat

cach tuong ddi chinh xac hé dong hoc thi hi¢u qua dem lai la:

+ MO hinh bac thap s& giam khi lugng tinh toan can dugc xir Iy nén giup
qua trinh tinh toan nhanh hon do d6 dé& dang théa mén yéu cau vé thoi gian dap

{ing trong mo phong ciing nhu trong diéu khién.

+ Mo hinh bac thip s& giam khoi lugng tinh toan can dugc xir 1y, giam
dung luong luu trit dit liéu nén yéu cau veé tdc do, dung luong b nhé cua phén
ctig trong md phong va diéu khién giam di twong tng 1a chi phi kinh té giam di
hoac khai thac hiéu qua cac h¢ théng ctl, cac hé théng ¢ két cAu nho gon (do bi
han ché vé khong gian va khéi lugng) c6 cau hinh phan cimg thap. Pong thoi,
khi yéu cau phan ciing trong mé phong va diéu khién giam hay chinh 1a két cau
phan cimg don gian hon (it phan tir hon) thi d6 tin cdy cua hé thong s& duoc

nang lén.

Nhu vay, md hinh bac thap di giai quyét hai hoa yéu cau vé do chinh xac
cua mo hinh vé1 kha ndng tinh toan nhanh, do tin cdy cua hé théng, chi phi kinh
té nho. Tu thuc té nay, tim cach xac dinh mé hinh bac thép tir mo6 hinh géc bac
cao thoa man mot sd diéu kién nhét dinh 13 mot yéu cau cép thiét va day chinh la

hudng nghién ctru cua luan an.

Trong nhitng nam qua, da c6 rat nhi€u cac cong trinh nghién ctru dé giai
quyét bai todn gidm bac md hinh bac cao véi rat nhiéu dé xuat khac nhau da

hinh thanh nén linh vyc “giam bac mo hinh” (MOR: Model Order Reduction).

Viéc nghién clru gidm bac cho h¢ tuyén tinh bac cao di c6 nhiéu két qua,
tuy nhién céac thuat toan da duoc dé xuat van con cé nhitng nhuoc diém va can
tiép tuc nghién ctu dé hoan thién hon nira, dic biét véi hé tuyén tinh khong on
dinh bac cao thi cac nghién ctru trude day con rat it va ton tai nhidu han ché.
Trong khi d6 cac mo6 hinh tuyén tinh bac cao (déi tuong bac cao hoac bo diéu

khién bac cao nhu trong cac nghién ctru [3], [53], [84]) c6 thé khong on dinh,



nén yéu cau cip thiét 1a thuat toan giam béac can phai c6 kha ning giam bac dugc
ca hé 6n dinh va khong 6n dinh. Do d6 trong ndi dung luan an ndy, tac gia tap
trung nghién ciru mdt cach hé thong bai toan giam bac mo hinh tuyén tinh va tir
d6 dé xuét thuat toan gidm bac mo hinh tuyén tinh mo1 hoac hoan thién thuat
toan giam bac mo hinh tuyén tinh da duoc dé xuat dé thuat toan c6 thé giam bac

duoc ca hé on dinh va hé khong 6n dinh.
3. Muc ti€u cia luin an
3.1. Muc tiéu chung

- P& xuit thuat toan gidm bac mo hinh tuyén tinh mo1 hoac hoan thién
thuat toan giam bac mo hinh tuyén tinh da dugc dé xuit dé thuat toan co thé

gidm bac dugc ca h¢ 6n dinh bac cao va hé khong 6n dinh bac cao.

- Thyec thi ¥ tudng dé xuit cho mot sd bai toan trong linh vuc diéu khién-
Tu dong hoa nhu: giam bac bo loc $0, giam bac mo6 hinh CD player, gidm bac bd

diéu khién bén vimg 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 giam bac mod hinh c6 hiéu qua hon. Tur d6 xay dung thuat toan
giam bac moi cho hé tuyén tinh bac cao va thuat toan giam bac méi cho hé
khong 6n dinh va kiém chimg hiéu qua va tinh dung dan cua thuat toan qua mot

sO vi du.

- Hoan thién thuat toan giam bac mo hinh di dugc dé xuat dé thuat toan
dap ung tot hon yéu cu cta bai toan giam bac hé tuyén tinh khong 6n dinh bac
cao va kiém chung hiéu qua va tinh dung din cua thuat toan qua mot sd vi du.

- Ap dung thuat todn giam bac mdi vao mdt bai toan trong linh vuc diéu
khién, cu thé 13 bai toan giam bac bd diéu khién bac cao véi hai trudong hop 13

giam bac bo diéu khién bac cao ciia hé théng 6n dinh goc tai may phat dong bo



(thudt toan, mo phong) va giam bac bd diéu khién bac cao cua hé théng diéu
khién bén viing xe hai banh tu can bé‘mg (c6 ca thuat todn, moé phong va thuc

nghiém).
4. P6i twong, pham vi va phwong phap nghién ciu

- Déi tuong nghién ctru: Cac thudt toan giam bac mo hinh cho hé tuyén

tinh 6n dinh va khong 6n dinh.

- Pham vi nghién ctru: Nghién ctru, cai tién thuét toan gidm bac mo hinh
cho hé tuyén tinh 6n dinh va khong on dinh bac cao; ing dung thuat toan giam
bac trong bai todn giam bac bd diéu khién bac cao.

- Phuong phap nghién ctru:

+ Nghién ctru 1y thuyét: Phan tich, danh gia cic nghién ciru vé giam bac
mo hinh cho hé tuyén tinh 6n dinh va khong on dinh da duoc cong bd trén sach,

bao, tap chi.
+ Mo phong trén Matlab — Simulink dé kiém chung lai 1y thuyét.

+ Thuc nghiém trén mot hé théng diéu khién c6 bd diéu khién bac cao 1a
mot mo hinh tuyén tinh khong on dinh dé kiém chung két qua nghién ctu 1y

thuyét va két qua mo phong.
5. Y nghia li luén va thue tién
5.1. Y nghia li lugn

- Hai thuat todn gidm bac mo hinh dugc xdy dung va hoan thién trong
luan 4n c6 thé duoc str dung dé don gian héa mot mo hinh todn hoc dugc mo ta
bang hé phwong trinh vi phan cdp n vé hé phwong trinh vi phan cp r < n ma van
giit lai nhirng dic tinh can thiét ctia mé hinh gdc nhu bao toan cac diém cuc troi,
cac gia tri Hankel suy bién quan trong dong thoi quan hé vao ra cta hé van duoc
dam bao sao cho sai sb gitta hé gdc véi hé giam bac khong 16n hon mot gia tri

cho phép. Hai thuat toan nay gitip bo sung 1y thuyét vé nhan dang hé dong luc



hoc va thiét ké hé théng diéu khién trong linh vuc diéu khién va dién — dién ti

noi chung.

- Uhg dung hai thuat todn gidm bac mo hinh vao bai toan giam bac bd
diéu khién bén vimg béc cao gitip thu dugc bd diéu khién bac thip ma van dap
mg duoc cac yéu cdu cua bai toan diéu khién bén viing, két qua nay gitp bd
sung 1y thuyét thiét ké bo diéu khién bén viing bac thap trong bai toan diéu
khién bén vimg.

5.2. Y nghia thue tién

- Két qua nghién ctru gitp don gian hoéa cdc mo hinh bd diéu khién bac
cao hodc mo hinh di tuong bac cao tor d6 s€ giam khdi lugng tinh toan can
duogc xur Iy (1ap trinh, cai dat don gian hon), giam dung luong Iuu trit dir liéu nén
yéu cau vé toc do xir Iy, dung luong bd nhd cua phan cing trong md phong va
diéu khién giam di twong mg 14 chi phi kinh té giam di hodc khai thac hiéu qua
cac hé thong cil, cac hé théng ¢ két cau nho gon (do bi han ché vé khong gian
va khéi luong) c6 cdu hinh phan cing thap ma van dap tng duoc yéu cau chét
lugng mong mubn. Pong thoi, khi yéu cau phan cting trong mé phong va diéu
khién giam hay chinh 1a két cAu phan cing don gian hon (it phan tir hon) thi do

tin cay cua h¢ thong s€ dugc nang 1én.

- K&t qua nghién cuu s¢€ 1a tai liéu tham khdo cho sinh vién, hoc vién cao
hoc va nghién ctru sinh quan tdm nghién ctru vé giam bac mo hinh va thiét ké b

di€u khién bén viing bac thap.

- C6 kha ning bd sung phan ty dong giam bac mé hinh hé tuyén tinh on

dinh va khong 6n dinh trong toolbox ctia Matlab — Simulink.
6. Bo cuc luin 4n
Luén 4n duoc bd cuc thanh 4 chuong

Chuwong 1. Tong quan vé giam bac md hinh



Trong chuong nay, tac gia gidi thidu bai toan giam bac mé hinh tuyén tinh
cling cac yéu cau co ban cua bai toan, sau d6 nghién ctru, danh gia mot cach co
hé théng cac phuong phap giam bac tuyén tinh dd dugc dé xuat va dua ra cac
van dé con ton tai cta cac thut toan tir d6 dat ra cac van dé chinh ma luan an

can tap trung nghién ctru va giai quyét.
Chwong 2. Xay dung thuat toan giam bac mé hinh

Trong chuong nay, tdc gia s€ xay dung va hoan thién cac thuat toan gidm
bac mo6 hinh nham giai quyét cic van dé con ton tai clia bai toan giam bac mo
hinh d3 duoc dit ra trong chuong 1. Phan dau cua chuong nay, tac gia gidi thiéu
cac cong cu toan hoc sir dung trong giam bac. Sau do, dya trén hai ti€u chuan
danh gia sai s6 giam bac (H, va H,) tic gia dua ra dugc 3 tiéu chuan danh gia
(do) tinh quan trong (tinh troi) ciia cac diém cuc (Chi s troi H_ va H, va hdn
hop H,/H_). Tiép theo dé, tac gia xay dung thuat toan gidm bac méi cho hé on
dinh bang cach chuyén ma tran A ciia hé goc vé dang tam giac trén dong thoi
danh gia va sap xép cac diém cuc theo tinh quan trong (tinh troi) giam dan trén
duong chéo chinh clia ma tran A dua trén 3 tiéu chuan danh gia diém cuc, bang
cach nay, tac gia co thé bao toan duogc cac diém cuc quan trong cua hé géc trong
hé giam bac dong thoi thu duoc sai s6 giam bac nho. Phan tiép theo clia chuong
nay, tac gid xay dung va hoan thién hai thuat toan gidm bac mo hinh cho hé
tuyén tinh khong 6n dinh theo hai huéng tiép can truc tiép va gian tiép. Song
song véi viéc trinh bay cac thudt todn méi, tic gia ciing dua ra cac dinh 1y, bd dé
va phan chtng minh dy du va mot s6 vi du minh hoa tinh ding dan va hiéu qua

clia cac thuat toan dugce dé xuat.
Chuwong 3. Vé mot ing dung bai toan giam bic md hinh trong diéu khién

Phan dau chuong nay, tac gia gidi thiéu pham vi tng dung cua giam bac
mo hinh trong bai toan gidm bac bd diéu khién bén viing bac cao. Phan tiép

theo, tac gia trinh bay ung dung thuit toan giam bac mo hinh dé giam bac bo



diéu khién bén vimg bac cao ctia hé thong 6n dinh goc tai may phat ddng bo.
Phan cudi cung cta chuong nay, tac gia trinh bay tng dung thuat toan giam bac
dé giam bac bd diéu khién bén virng bac cao cua hé théng diéu khién bén virng
xe hai banh tu can bang. Pong thoi & chwong nay, dé 1am rd hon wu nhugc diém
ctia thuét toan dé xuit, tac gid thuc hién so sanh hi€u qua cua thuit toan giam
bac da dé xuat voi mot sb thuat toan giam bac khac trong qua trinh ing dung
thuat toan giam bac vao bai toan giadm bac bg diéu khién bén viing bac cao.
Chwong 4. Thuc nghiém

Trong ndi dung chuong ndy, tic gia sé& thuc nghiém trén mot hé théng
diéu khién c6 bo diéu khién bac cao di duoc trinh bay trong chuong 3, cu thé 13
thuc nghiém diéu khién xe hai banh ty cAn bang str dung bd diéu khién giam bic
dé minh chung tinh ding ddn cua thuat toan diéu khién xe hai banh va thuét toan
gidm bac mo hinh.

Cudi cung 13 két luan va hudng phat trién tiép theo cuia luan an.



CHUONG 1. TONG QUAN VE GIAM BAC MO HINH
1.1. Bai toan giam bic mo hinh
Cho mot hé tuyén tinh, lién tuc, tham s bat bién theo thoi gian, co nhiéu
dau vao, nhiéu dau ra, mé ta trong khong gian trang thai bai hé phuong trinh sau:

X = Ax+ Bu

y_Cx (1.1)

trong do, xeR", ueR”, yeR’, AeR™, BeR"™, CeR". Muyc ti€u cta bai
toan giam bac di voi mo hinh mé ta bai hé phuong trinh (1.1) 1a im mé hinh
mo ta bdi hé phuong trinh:

X, =AXx +Bu

v _Cx (1.2)

trongdo, x. eR", u eR”, y eR’, A eR™, B eR™, C eR",vo1 r<n
sao cho m6 hinh mo6 ta boi hé phuong trinh (1.2) ¢6 thé thay thé mé hinh mé ta
bdi hé phuong trinh (1.1), déng thoi dap tng duge mot sd yéu cau sau:

1. Sai s gidm bac nho va co thé danh gia duoc sai s6 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 thuc tinh

chan trén cua sai s giam bac;

4. Cac tinh chat quan trong cua 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 cua ting bai toan giam bac.
1.2. Cac nghién ciru giam béc trén thé gi6i

Trong nhi€u nam qua, da c¢6 hang tram cong trinh nghién ciu dé giai
quyét bai toan giam bac mo hinh bac cao dugc cong bo va dé xuat, trong do hau

hét cac cong trinh tap trung giai quyét bai toan giam bac cho hé tuyén tinh. Phy
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thudc vao cac tinh chat cua hé géc can dugc bao toan trong hé gidm bac ma co
nhiéu phuong phap giam bac khac nhau, tuy nhién, theo tai liéu [6], [7], [22] thi

hau hét cac phuwong phap déu dua trén cac k¥ thuat co ban nhu sau:
Phan tich nhiéu loan suy bién (Singular Perturbations Analysis — SPA);
Phan tich phuong thirc (Modal Analysis — MA);
Phén tich gia tri suy bién (Singular Value Decomposition — SVD);
Phu hop thoi diém (Moment Matching — MM hay Krylov Methods);
Két hop phan tich gia tri suy bién (SVD) va phu hop thoi diém (MM).

Sau day, ta di tim hiéu cu thé cac phuong phap giam bac dua trén cac ky

thuat co ban nay.
1.2.1. Nhém phwong phdp dwa trén phan tich nhiéu loan suy bién (SPA)

Dé xuat dang quan tAm nhat cia nhom nay 1a ctia Kokotovic va dong tac
gia [40], [71], [73], Ishizaki va cac ddng tac gia [37], Saragih va cac dong tac
gia [74], Fernando va cac dong tac gia [25]. Nhoém phuong phép nay dic biét
tién loi1 khi hé théng géc 6 dic tinh bién doi theo hai murc thoi gian va ap dung
cho ca hé tuyén tinh va hé phi tuyén. Céc trang thai dong hoc cua h¢ dugc phan
chia thanh cdc nhom thudoc mode “cham” va mode “nhanh” va viéc giam bac
duoc thuc hién bﬁng cach loai bo cac mode “nhanh” va chi gilt lai caic mode
“cham”. Theo [4], mdt uu diém quan trong ctia nhém phuong phap ndy niy nam
& chd ban chét vat 1y cua cac trang thai cuia hé géc dugc bdo toan trong hé giam
bac, boi néu can thiét cac trang thai thuoc mode “nhanh” da bo di c6 thé tai xac
dinh bang cach quay trd lai hé gdc. Tuy nhién, véi nhém phuong phap nay, khé
khan chinh 1a 1am thé nao dé xac dinh, phan chia mot cach hop 1y céc trang thai
nhém thuoc mode “chdm” va cac trang thai thugc mode “nhanh”, vi céc trang

thai ctia mot hé thong thuong ghép ngau nhién véi nhau nén kho xac dinh duoc
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trang thai nao gan véi mode nao. Thém vao do6, cdc mode “nhanh” va mode

“cham” cling chi dugc xac dinh theo khai niém tuong ddi.
1.2.2. Nhom phwong phap dwa trén phdn tich phwong thirc

Nhém phuong phap ndy dua trén co so phan tich phuong thirc dé xac dinh
va bao toan mot sd dac tinh quan trong ctia md hinh goc trong md hinh giam
bac. Trong céac tinh chat cia mé hinh gbc can duoc bao toan thi gia tri riéng
quan trong (hay diém cuc troi) duoc quan tAm nhiéu nhét [8], [67], [68]. Trong
cac phuong phap dé xuat trén co sd bao luu céc gid tri riéng quan trong cua hé
gbc trong hé giam bac thi phuong phap tong quat nhit 13 phuwong phap ghép hop
trong tai liéu [8]. Uu diém cua nhom phuong phap bao toan cac gia tri riéng
quan trong 13 do giit cAc gid trj riéng quan trong ctia md hinh gdc trong mé hinh
gidm bac nén tinh 6n dinh ctia md hinh gidm bac duoc bao toan. Tuy nhién, theo
phuong phap ghép hop dé xac dinh mo hinh giam bac can phai tinh cac gia tri
riéng va cac véc to riéng cia ma tran A, do do néu ma trin A c6 kich thuédc rat
16n thi qua trinh tinh toan s& mat thoi gian dang ké. Pac diém tha hai cua
phuong phap ghép hop 1a dép tmg budc nhay h(t) cia mé hinh géc va mé hinh
giam bac ¢ thé khac nhau dang ké, diéu nay c6 thé duge khic phuc bang cach
phdi hop phuong phap ghép hop véi phuong phéap triung khép cac diém theo thoi
gian [36]. Mot cau hoi quan trong ddi v6i phuong phap ghép hop 1a chon céc gia
tri riéng nhu thé nao? Cau hoi nay c6 dap an khi két hop voi mot tiéu chuan ap
dung trong k¥ thuat phan tich, tong hop hé théng. Tiéu chuan ty s6 nang lugng
dua trén co s xét tong ning luong dap tmg xung & dau ra cia mé hinh gbc, bao
toan cac gia trj riéng co6 dong gdp nhiéu nhat vao tong d6 da duoc dung dé xac
dinh bac thich hop nhat cho mé hinh giam bic duoc dé xuit trong tai lidu [52].
Trong tai liéu [20] str dung nhitng xung don vi dé tim mét dai luong do tim anh
hudng cia timg tri riéng clia ma trdin A 1am co sé xac dinh cac gia tri quyét
dinh. Mot tiéu chuan khac duoc dé xuat trong tai li€u [75] 1a chon céc gia tri

riéng quan trong ctia hé dua trén sy dong gop cua tirng mode bién ddi theo thoi
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gian vao dic tinh gitta ddu vao va dau ra cta hé. Mot phuong phap lua chon gia
trj riéng quan trong dang quan tdm nhat hién nay 1a phuong phap diém cuc troi
trong tai li¢u [67], [68]. Trong tai li¢u [67], [68], tdc gida ddnh gid tinh quan trong
(tinh troi) ctia diém cuc dua trén c¢d sé dong gop cua diém cuc vao dap tng xung
dau ra, sau d6 st dung phuong phap Arnoldi va Jacobi-Davidson, khong gian
con Krylov dé xac dinh va phan loai cac diém cyuc va bao toan cac diém cyc troi
trong hé giam béc, tuy nhién thuat toan nay chi ap dung cho hé gbc 6n dinh tiém
can, d§ phtic tap cua thudt toan cao va chua xac dinh dugc cong thirc tinh chan
trén cua sai sd giam bac.

1.2.3. Nhom phwong phap dwa trén SVD

Nhom phuong phap gidm bac nay duogc thuc hién dua trén phép phan tich
gia tri suy bién (SVD) va thong tin tir cac gia tri Hankel suy bién ctia hé théng.
Pé xuat quan trong nhét ciia nhom phuong phap nay 1a phuong phap chat (cat
ngan) can bang trong tai liéu [57]. Phuong phap chit can bang duoc thuc hién
bang cach ap dung diéu kién twong dwong 1én qué trinh duong chéo hoéa dong
thoi hai ma tran Gramian diéu khién va Gramian quan sat dong hoc ctia hé trong
tu duy hé hé. Viée twong duong hoa hai ma trdn duong chéo nhu thé cho phép
chuyén mé hinh gbc biéu dién trong hé co s¢ bat ky thanh hé twong dwong biéu
dién theo hé toa do trong khong gian can bang noi. Tir khong gian can bang do,
mo hinh bac thip c6 thé tim duoc bang cach loai bo cac gia tri riéng it dong gop
cho sy tao dung mbi quan hé gitra dau vao va dau ra cua hé, tic 1a loai bo cac
trang thai it kha ning diéu khién va quan sat. Phuong phap chit can bang dugc
phat trién thém trong tai liéu [65], va duoc xac dinh mdi quan hé véi cac chuan
Hankel trong tai liéu [29]. Nhitng nghién ctru gan day vé phuong phéap chit can
bé’mg [6], [7], [76] tap trung vao hoan thi¢n thuat todn hodc hi€u chinh thuat toan

chat can bang cho tirng bai toan (mg dung giam bac cu thé.

Ngoai phuong phap chit can bang thi phuong phap dua trén SVD con ¢

mot s& phuong phap khac nhu phuong phap cin bang ngau nhién (the stochastic
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balancing method) [21], [31], can bang thuc dwong (the positive real balancing
method) [61], cAn bang LQG (the LQG balancing method) [38], cin bang trong
tan s6 [27], phuong phap xap xi chuan Hankel (Hankel-Norm Approximation)
[7], x4p xi nhidu loan suy bién (Singular Perturbation Approximation) [51], ...
Phuong phap can bang ngau nhién duogc dé xuat dau tién trong nghién ctru [31]
cho hé cin bang ngiu nhién, sau d6 dugc téng quat hoa trong nghién ctru [21].
Khac v6i phuong phap chit can bing yéu cdu phai giai 2 phwong trinh
Lyapunov, phuong phap can bang ngiu nhién yéu cau giai mot phuong trinh
Lyapunov va mot phuong trinh Riccati. Mot phuwong phép rat gan véi phuong
phép chit can bang 12 phuwong phap can bang thuc duong [61] 4p dung giam bac
cho cac hé thyc duong. Phuong phap cin bang thuc duong cé thé duge coi 13
phuong phéap can bang ngu nhién 4p dung cho thira s6 pho cia cac hé thu dong
va yéu cau giai 2 phuong trinh Riccati. Phuong phap can bang LQG (the LQG
balancing method) [38] cling yéu cau giai 2 phuong trinh Riccati mo rong theo
tu duy hé kin. Hai phuong phap giam béc khéc ciing gan tuong ty nhu phuong
phap chit cin bang 1a phuong phap xdp xi chuan Hankel (Hankel-Norm
Approximation) [7], xip xi nhidu loan suy bién (Singular Perturbation
Approximation) [51]. Theo [6], wu diém chung cua cic phuong phap giam bac
dua trén SVD la kha ning bao toan tinh 6n dinh va cung cip cong thirc tinh chin
trén cla sai sd giam bac toan cyuc. Tuy nhién, cic phuong phap thuéc nhém nay
déu yéu cau nhiéu lan phan tich ma tran nén d6 phtrc tap cua thuat toan cao va

khé khan khi ap dung cho céc hé bac rat 16m.

1.2.4. Nhém phwong phdp phit hop thoi diém (MM) hay phwong phdp khong
gian con Krylov (Krylov Methods)

Co s6& cua nhém phuong phap nay la chon trung khép dac tinh dap tng
xung cta hé giam bac vdi dap tng xung cua hé gbc tai cac thoi diém. Nhom
phuong phép nay duogc phét trién tir phwong phap 1dy xap xi khi tich phan gan
dung ham theo chudi ciia Pade [72]. M6t han ché 16n cta phuong phép gan ding
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Pade 1 d6i khi cac mo hinh bac thap tim dugc c6 thé khong on dinh du ring mo
hinh gdc bac cao 6n dinh. Bé khic phuc nhuge diém trén da co nhiéu phuong
phap duoc dé xuét trong d6 quan trong nhat 1a phuong phap giam bac 6n dinh s
dung phuong phap gan ding theo chudi Chebyshev Pade dugc dé xuit trong tai
lidu [15] va phuong phap phu hop thoi diém (moment matching) hay phuong
phap khong gian con Krylov trong tai li¢u [23], [32], [35]. Trong d6, phuong

phap khong gian con Krylov dugc chia lam 3 nhoém nhé hon la:
1) Thyuc hi¢n theo quy trinh Arnoldi nhu trong tai li¢u [32],
2) Thuc hién theo quy trinh Lanholz nhu trong tai liéu [23], [32],
3) Thuc hién theo ty sé niang luong nhu trong tai lidu [32], [35].

Cac k¥ thuat ndy dam bao cho viéc Iya chon diém triung khép phu hop,
xac dinh dugc cong thirc tinh chdn trén cua sai $6 giam bac, dam bdo dugc su on
dinh cua mé hinh, c6 thé ap dung cho hé nhiéu vao nhiéu ra, hé tinh toan song
song,... Theo [6], uu diém chil yéu ctia nhém phwong phap nay nim & chd tinh
todn don gian hon so v&i cac phuong phap khac. Tuy nhién, nhém phuong phap
nay yéu cau phai lya chon diém trung khdp, nén qua trinh giam bac khong thé
thuc hién tu dong ma phu thudc vao kinh nghiém cia nguoi st dung, déng thoi

khong ton tai cong thirc tinh chdn trén ctia sai s6 gidm bac toan cuc.

1.2.5. Nhém phuwong phdp két hop phén tich gid tri suy bién (SVD) va phi
hop thoi diém (MM)

Nhom phuong phap nay tim cach két hop vu diém cua phuong phap phan
tich gia tri suy bién (SVD) va phuong phap phu hop thoi diém [6], trong d6
dang quan tdm nhét 13 nhom phuong phap low — rank Gramian [10], [49], [64].
Nghién ctru [64] dé xuat cach giai 2 phuong trinh Lyapunov cho hé kich thudc
16m theo phuong phap lap low-rank ADI (LR-ADI) (ADI - alternating direction
implicit). Nghién ctru [49] d& xuat cach giai 2 phuong trinh Lyapunov cho hé
kich thuéc 16n theo phuong phéap 1dp phan tich Cholesky ADI (CF-ADI). Mot
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phuong phéap giai 2 phuong trinh Lyapunov cho hé kich thudc 16n khac cling
duoc dé xuat trong [64] duoc goi 1a phuong phap lip low-rank Smith (LR —
Smith) va la mdt truong hop dac biét cua phuong phap lap low-rank ADI (LR-
ADI). Trong [10] thuc hién két ndi gitta phuong phap kiéu Smith (Smith-type
methods) va phuong phap kiéu ADI (ADI-type methods). Uu diém ctia nhom
phuong phap nay 1a s& bao toan duogc tinh 6n dinh ciia hé, cung cap cong thirc
tinh chan trén cua sai sb gidm bac toan cuc, giam d) phtrc tap cua thuit toan

giam bac nén co thé ap dung cho hé cé bac rét cao.
1.2.6. Nhom cac phwong phdp khac

Trong [44] gidi thiu phuong phap gidam bac bao toan cac trang thai quan
trong cta hé goc trong hé giam bac. Trong [85] dé xuat phuong phap két hop
phép chiéu truc giao thich hop (POD) véi phuong phap chit can bang (POD-
BT). Trong [62] dé xuit phuong phap dung cac thuat toan PSO hoic GA tim

thong s6 ciia md hinh giam bac ¢ dinh cho hé SISO kich thudc 16m, ...
1.3. Cac nghién ciru trong nuéc vé giam bic

Theo tim hi€u cua tac gia thi & trong nude hién nay chua c6 nhi€u cong
trinh nghién clru vé€ gidam bac mo hinh, xin néu ra & day mot s6 cong trinh ma tac
gia da tim hiéu dugc.

Trong tai li¢u [56], tac gid tap trung nghién ctru mdt s6 van dé 1y thuyét
cua giam bac mo hinh (tdp trung ddc bi€t vao bao toan thu dong) va xap xi cho

céc hé théng dong luc theo phuong phap xap xi dang diéu phat trién bai JC Willems.

Trong tai liéu [1], tac gia dé& xuat phuong phap giam bac két hop giita
phuong phap dua trén SVD v61 bdo toan gia tri riéng quan trong va ap dung
thuat toan giam bac cho bai toan vién thong.

Trong tai liéu [4], tic gia d& xuat phuong phap giam bac tdi wu dau ra,
dam bao bao luu cic trang thai quan trong ctia mo hinh gbc bac cao trong mod

hinh giam bac va 4p dung thuat toan giam béc cho cic bai toan trong mang vién thong.
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1.4. Nhirng van dé can tiép tuc nghién ctru vé giam bac mo hinh

Qua gidi thiéu va danh gia & muc 1.2 cho thdy mdi phuwong phap déu cé
nhimg uu nhugce diém riéng nén theo quan diém cua tac gia phuong phap "tot
nhat" hién nay, tirc 1a mot phuong phap giam bac dap tmg moi yéu cau cia bai
toan giam bac va ap dung cho moi ddi twong can giam béc, chua ton tai. Trong
do, tac gia dic biét quan tdm dén nhom phuong phap giam bac dya trén phan
tich phuong thirc va thiy ring con t6n tai mot s6 van dé can tiép tuc nghién ctru

nhu sau:

e Phuong phép diém cuc troi trong tai li€u [67], [68], mac du da dua
ra dugc tiéu chuan dénh gia tinh quan trong ctia diém cuc tuy nhién
thudt todn nay c6 do phuc tap tinh todn cao va chua dua ra dugc

cong thure tinh chdn trén cua sai s6 gidm bac.

e Trong nghién ctru [1], tic gia dua ra phuong phap giam béc bang
cach két hop phuong phap cat ngin phuong thic (modal
truncation) voi phuong phap chit cin bang nham giam d6 phtc tap
cua thuat toan giam bac do it sit dung phan tich SVD, nhung nhuoc
diém cua thuét toan nay la chua xay dung duogc tiéu chuan cu thé dé
danh gia tinh quan trong cta diém cuyc, thuat toan duoc thue hién
trén truong sd phirc nén mic du hé gbe ¢ thong sé thuc nhung hé
giam bac thu dugc theo thuat toan lai c6 thong sd phirc, diéu nay

dan t&i1 sy sai 1éch vé ban chat vat 1y ciia hé gidm bac so véoi h¢ goc.

Pic biét, tac gia thay rang, hai thuat toan giam béc trén cling nhu hau hét
cac nghién ctru giam bac tuyén tinh da dé xuat déu ap dung cho hé gbc 6n dinh
tiém can — tac 1a hé co tat ca cac diém cuc ndm & bén trai truc 4o, céc nghién
ctru vé giam bac cho hé khong 6n dinh con rat han ché. Tuy nhién, trong thuc té
cac md hinh tuyén tinh bac cao (md hinh dbi tuong bac cao, cac bd didu khién

bac cao nhu trong cac nghién ctru [3], [53], [84]) cling c6 thé khong 6n dinh, do
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do dé dap img yéu cau bai toan gidm bac (mod hinh doi tugng hodc bo di€u khién
bac cao) thi cac thuat toan can phai c6 kha ndng giam bac dugc ca hé 6n dinh va

khong 6n dinh.

Theo cac nghién cuu [17], [38], [81], [82], [84], [88], [90] thi c6 hai cach
tiép can co ban dé giam bac cho hé khong 6n dinh nhu sau: Cdch tiép cdn thwr
nhdt: [6], [24], [42], [84] (cach giam bac gian tiép hé khong 6n dinh) hé khong
6n dinh dugc phén tich thanh tong cua hai phan 13 phan 6n dinh va phan khong
6n dinh. Sau d6, ap dung cac thuat toan giam bac 6n dinh nhu chit cin bang [57]
trén phé,l’l on dinh. Hé gidm bac dugc hinh thanh Ia téng cua phﬁn giam bac hé
6n dinh va phan khong on dinh. Theo cach tiép can thi nhat thi hiéu qua giam
bac phu thudc chii yéu vao thuat toan giam bac dp dung cho phan hé 6n dinh.
Tuy nhién do cach tiép can nay coi phan hé khong on dinh 1a khong thé loai bo
trong h¢ gidm bac do d6 hé giam bac ludn c6 bac 16n hon bac ctia phan hé khong
6n dinh, diéu nay dan dén cach tiép can nay c6 thé khéng cung cdp mot hé giam
bac xap xi tot mdi quan hé vao — ra ctia hé gdc khi phan hé khong on dinh chiém
mot phan dang ké. Tuy nhién trong thuc té, cic phan hé khong 6n dinh thuong
chiém mot phan nho trong hé gbc nhu trong tai liéu [3] nén cach tiép can nay
van ¢ thé cho két qua giam bac tot. Cdch tiép cdn thir hai: (cach giam bic truc
tiép hé khong 6n dinh) hé khong 6n dinh dugc giam bac tryc tiép theo thuat toan
chit can bang mo rong cho hé tuyén tinh khong 6n dinh trong tai liéu [88], theo
thuat toan LQG [38], theo phan tich nguyén tb trong tai liéu [82], thuat toan chat
can béng ap dung cho hé roi rac khong on dinh trong tai liéu [17], thuat toan
chit can bang mo rong cho hé tuyén tinh khong on dinh trong tai liéu [90]. Uu
diém cua cach tiép can nay la bac cua hé giam bac khong phu thude vao bac cua
phan h¢ khong on dinh, tire 12 bac cta hé giam bac co thé nho hon béc cta phan
hé khong 6n dinh. Tuy nhién, cac thuat toan da dé xuét theo hudng nay déu ton

tai nhiing nhuoc diém, cu thé 1a:
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e Thuat toan chit can bang mé rong trong tai liéu [88] can phai giai 4
phuong trinh Lyaponov nén do phtic tap tinh toan cao va khong thé
ap dung cho moi hé khong on dinh va khong cung cap cong thic

tinh chan trén cua sai sO giam bac.

e Thuit toan phan tich nguyén té trong tai liéu [82] yéu cau kinh
nghiém cua nguoi sir dung khi lya chon phén tich nguyén té va

cling khong dua ra dugc cong thic tinh chan trén ctia sai sO gidm béc.

e Thuat todn gidam bac hé¢ khong 6n dinh trong tai liéu [17] c6 cung
cap cong thirc tinh chin trén cia sai s6 giam bac nhung thuit toan

chi ap dung dugc cho hé roi rac.

e Trong nghién ctru [90] tac gia da dé xuat phép chiéu (phép dich truc
toa do) dya vao gia tri phﬁn thuc g cua diém cuc khong on dinh co
gia tri phan thyc 16n nhat dé chuyén hé khéng on dinh thanh hé 6n
dinh sau d6 ap dung thuét toan chit cin biang dé giam bac. Tuy
nhién, thuat toan nay chua dua ra dugc cong thirc tinh chédn trén cua
sai s6 giam bac do d6 thuat toan chua thé thuc hién giam bac tu

dong dua trén cong thirc tinh chan trén cua sai s6 giam bac.

Chinh vi thé, viéc nghién clru cac thuat todn giam bac da dé xuat cho hé
on dinh dé céac thuat toan nay co thé ap dung cho hé khong 6n dinh hoac nghién
ctru dé hoan thién cac cac thuat toan gidm bac cho h¢ khong on dinh da duogc dé
xuit hodc dé xuét thuit toan méi co thé giam bac duoc ca hé 6n dinh va hé

khong 6n dinh 1a rat can thiét.
Nhirng vin dé luin 4n tip trung giai quyét

Tir nhitng phan tich ¢ trén, ludn an cua tac gia s& tap trung giai quyét hai

van dé sau:
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Vian dé thir nhat 13 dé xuat thuit toan giam bac dua trén phuong phép
phan tich phuong thirc khic phuc dugc cac nhuoc diém con ton tai trong cac tai

lidu [1], [67], [68], cu thé thudt toan s& phai giai quyét dugc cac van dé sau:

1. Xay dung va mo rong tiéu chuan danh gia tinh troi cua diém cuc c6
lién hé truc tiép vai tidu chuan danh gia sai sb giam bac va muc tiéu
thu duogc sai s6 giam bac nho;

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

2. Véi cuing sai s6 giam bac nho - bac ciia hé giam bac cang nhé cang tot;

3. C6 thé bao toan céc diém cuc troi ctia hé géc trong hé giam bac;

4. Co6 kha nang giam bac dugc cho ¢4 hé 6n dinh va hé khong on dinh;

5. Str dung céc cong cu toan hoc phod bién, d6 phtc tap thuat toan nho.

Vén dé thi hai 1a nghién ctu hoan thi¢n thuat toan giam bac cho hé
khong 6n dinh theo hudng tiép can thir 2 (cach giam bac truc tiép hé khong on
dinh), cu thé 1a tac gid nghién ctru dé xac dinh duoc cong thure tinh chan trén cua
sai sO gidm bac cua thuat toan chat can b'fmg mao rong dugce dé xuét trong tai li¢u
[90] dé thuat toan co thé thuc hién gidm bac ty dong dya trén cong thuc tinh

chan trén cua sai sO giam bac.
1.5. Ket ludn chuong 1

Trong chuong nay, tac gid da nghién ctu va danh gia mot cach cd hé
thng cac thuit toan giam bac mo hinh tuyén tinh, tir d6 thiy ring cac thuit toan
da dé xuat déu c6 wu nhuoc diém riéng, can duoc ap dung cho cac bai toan giam
béc thich hop. Pong thdi, cac thuat toan giam bac tuyén tinh chi yéu ap dung
cho hé 6n dinh, céc thuat toan giam bac ap dung cho hé khong 6n dinh 1a chua
nhiéu. T nhitng nghién ctru va danh gia nhitng van dé con ton tai ciia cac thuat
todn giam bac da duoc dé xuét, tac gia da dua ra hai van dé ma luén an tap trung

giai quyét 1a xdy dung mot thuat todn giam bac mdi va hoan thién thuat toan da
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duogc dé xuat trong tai liéu [90] dé dap trng tot yéu cau cua bai toan giam bac mo
hinh tuyén tinh nhu ton tai mot cong thuc chan trén ctia sai s6 gidm bac, bao
toan di€m cuyc trdi hodc céc trang thai Hankel quan trong, sai s6 giam bac nhd,

ddng thoi co thé giam bac duoc cho ca hé 6n dinh va hé khong 6n dinh.
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CHUONG 2. XAY DUNG THUAT TOAN GIAM BAC MO HINH
2.1. Giéi thi¢u

Trong chuong nay, tac gia s€ xay dung thuat todn giam bac méi cho h¢ on
dinh va hé khong 6n dinh theo céac dinh hudéng nghién ctru da dat ra & chuong 1
ddng thoi minh chimg hiéu qua va tinh dung dan cta thuat toan thong qua mot

sO vi du.

B6 cuc cta chuong 2 nhu sau: Trong muc 2.2 tac gia s& gidi thiéu cac
cong cu todn hoc dugc sir dung trong gidm bac mod hinh. Thuat todn giam bac
cho hé 6n dinh s& dugc tac gia trinh bay trong muc 2.3. Panh gia su dong gop
ctia cac diém cuc vao tiéu chuan danh gia sai $6 giam bac (chuén H, va H)), tur
két qua danh gia do tac gia dua ra duoc khai niém vé thude do tinh troi cia diém
cuc theo chuan H_ va goi y phuong phap bao toan cac diém cyc trdi sao cho thu
duoc sai s6 giam bac nhé s€ duogc trinh bay trong muc 2.3.1. Trong muc 2.3.2,
tac gia s& dua ra thudt toan chuyén hé gbc vé dang tam giac véi muc tiéu giam
do phuc tap cua thuat todn gidm bac. Vi hé & dang tam giac, tac gia sé dua ra
khai niém thude do tinh troi theo chuéin H_ va moé rong khai niém tinh trdi béng
cach dua ra khai niém thudc do tinh troi theo chuan H, va theo chuén hdn hop
(két hop chuan H_ va H,), dong thoi tac gia ciing dua ra cong thirc tinh chin
trén cla sai sb gidm bac dua trén cac thudc do tinh troi trong muc 2.3.2. Trong
muc 2.3.3, tac gia xay dung thudt todan mai dé sip xép cac diém cyc theo thudc
do tinh tr6i H_, H, va hon hop trén dudng chéo chinh ctia ma tran tam gidc trén
A sao cho thu dugc sai sd gidam bac nhod va bdo toan dugc cac diém cuc troi.
Cac vi dy minh hoa tinh dung dén va hiéu qua cua thuat toan gidm bac cho hé on
dinh s€ duogc tac gia trinh bay trong muc 2.4

Phan tiép theo cua chuong 2, tac gia xdy dung va hoan thién thuat toan
giam bac cho hé khong 6n dinh trong muc 2.5. Trong muc 2.5.1, tac gia xay

dung mot thuat toan giam bac hé khong on dinh theo phuong phap gian tiép 1a
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phan mo rong ctia thudt toan giam bac da duoc tac gia xdy dyng trong muc 2.3.
Thuét toan giam bac hé khong 6n dinh theo phuong phép truc tiép 1a phan mo
rong cta thuat toan chat can bang [90] cung két qua ching minh sy ding dan
ctia cong thic tinh chin trén cta sai s6 giam béc s& duoc trinh bay trong muc 2.5.2.
Mot vi du minh hoa tinh dung dan va hiéu qua cua cac thuat toan giam bac cho
hé khong 6n dinh s& duogc tac gia trinh bay trong muc 2.6.
2.2. Cac cong cu toan hoc st dung trong cac thuat toan giam bac mo hinh
2.2.1. Phép phéan tich ma trdn
2.2.1.1. Phép phan tich gid tri suy bién (SVD)

Cho ma trdn AeC™, voi n<m. Khi d6 ton tai hai ma trdn unita
UeC™, UU =I,va VeC™,VV' =1 ,véi U, V' la ma tran chuyén vi
lién hop ctia ma tran U, V (lay chuyén vi ciia ma tran U, V 1di 14y lién hop cua

cac phan tir), sao cho:

A=UXV’,

trong d6 X =diag(o,,0,,..0,) 1a ma trdn duong chéo, v6i 0, >0, >..>0, 1a
cin bic hai cua gia tri riéng AA", V' 1a ma trin chuyén vi ciia ma trdn V. Phép

phan tich A = UZV’ dugc goi 1a phép phan tich gi tri suy bién ctia ma tran A [6].
2.2.1.2. Phép phan tich Schur

Cho ma tran vuong A € R™ . Khi d6 tdn tai ma tran unita U € R™ sao cho:

A=UAU",

trong d6: A 1a ma tran tam giac trén voi cdc gia tri riéng cua ma tran A ndm
trén dudng chéo chinh cia ma trdn A, U™ 12 ma trin chuyén vi lién hop ciia ma

tran U.
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2.2.1.3. Phép phan tich Cholesky

Cho ma tran A € R™ 1a ma tran xac dinh duong. Khi do tdn tai mot ma

tran tam gidc trén R € R™ sao cho:

A=RR,

Ma trdn R con dugc goi 13 thira s6 cholesky cua A.
2.2.2. Gramian diéu khién va quan sdt ciia hé tuyén tinh

Xét mot hé tuyén tinh, lién tuc, tham sd bat bién theo thoi gian, 6n dinh
ti¢ém can nhu mo ta trong (1.1).

Do A 1a ma tran 6n dinh (tit ca cac gia tri riéng cia A déu co phan thuc
am) va hé mé ta boi phuong trinh trong (1.1) ¢6 kha ning diéu khién va quan sat
hoan toan. Khi d6 Gramian dic trung cho kha ning diéu khién P va cho kha

nang quan sat Q cua hé (1.1) duoc dinh nghia nhu sau [6]:

P:=[e"BB'e"dl, @.1)

Q:=[e"C'Cedt, 2.2)

Gramian diéu khién P va Gramian quan sat Q thoa man hai phuong
trinh Lyapunov sau day:
AP +PA’ =-BB’ (2.3)
AQ+QA=-CC (2.4)
Gramian 1a dai luong dung dé do ning luong diéu khién va niang luong

quan sat cua h¢. Y nghia vat Iy cia cac Gramian dugc thé hién trong tai li¢u [6]

nhu sau: Gia st P, Q 13 hai Gramian diéu khién va quan sat ctua hé (1.1). Khi d6

(i) Nang luong nho nhat dé diéu khién hé tir trang thai 0 tai thoi diém t =0

t6i trang thai x_tai thoi diém ¢ — o0 1a X P'x .
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(ii) Ning luong 16n nhat dé quan sat trang thai ban dau x, cua hé la x Qx,

Nhén xét: Tinh chat (i) va (ii) ciia Gramian diéu khién va quan sat cho chung ta
biét bién trang thai ndo 13 kho diéu khién hodc d& diéu khién (ciing nhu khoé
quan sat hay dé quan sat). Cu thé, nhitng bién trang thai nim trong ving céc
vector riéng cua P tuong ung véi gid tri riéng 16n nhat s& 1a d& diéu khién nhét
vi chi can ning luong nhé dé diéu khién nhiing bién nay. Twong ty, nhiing bién
trang thai nam trong viing cac vector riéng ciia Q tuong ing véi gia tri riéng 16m
nhat s& d& quan sat nhit vi chi can ning luong nhé dé quan sat nhiing bién nay.

Tinh chat (ii) cho chiing ta y tudng vé khai niém cén bang, tic 1a ding
mot phép do6i bién dé sip xép lai cac bién trang thai theo thu ty dé diéu khién/dé
quan sat dén kho diéu khién/kho quan sat. Néu ta sir dung mot phép bién d6i T
dé dua h¢ (A, B, C) trong (1.1) vé dang tuong duong (T'AT, T'B, CT) thi
cic Gramian s& dugc bién d6i nhu sau:

A

P=TPT
Q=(T") QT"

Khi nay tich cua hai Gramian méi P, Q la lA’(A) =T(PQ)T‘1. Diéu nay
ddng nghia rang du phép doi bién T di lam thay ddi cic Gramian cua hé nhung
lai khong lam thay ddi cac gia tri riéng cua tich cac Gramian P va Q. Cu thé,
theo tai li€u [6] ta co: Cac gia tri riéng cua tich cac Gramian P va Q 1a duong
va bét bién ddi véi cdc phép bién doi khong suy bién.

Ky hi¢u {0'1,0'1,...,0'”} la cac gia tri riéng cua tich PQ, véi gia thiét
0,20, 2...20, thi theo [6] ta co: Tdp cac gia tri {0'1,61,...,0'”} dwoc goi la cac
gid tri suy bién Hankel ciia hé. Gi tri suy bién Hankel o, duoc coi la “nang

lugng” ctia mdi trang thai ctia hé.
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2.3. Thuit toan giam bic md hinh méi cho hé 6n dinh
Ma tran truyén cta hé (1.1) c¢6 dang nhu sau:

G(s)=C(sI-A)'B
Chuan H, cua hé G(s):= C(SI — A)f1 B duogc dinh nghia nhu sau:
G, = iftrace{c* (j&)G(jw)}do.

Chuan H, cua G(s) cling co thé duoc tinh toan dua vao cic Gramian cta

hé théng [6] nhu sau:
HG(S)H; = trace(B'QB) = trace(CPC"), (2.5)

trong 36 Q, P 14 cac Gramian quan sat va diéu khién cia hé.

Chudn H, ctahé G(s):=C(sI - A)" B dugc dinh nghia nhu sau:

HG(S)HHX =maxo, (G(ja))), (2.6)

trong d6 o, (G(jw))la gi tri suy bién 16n nhat ciia G(j).
2.3.1. Tinh tréi H,,

Gia st hé (1.1) on dinh ti€ém can va c6 moé hinh cuc ti€u thi luoén ludén ton

tai mot phép bién ddi khong suy bién x_ =T'x, A_=T'AT, B_ =T'B,
C,.=CT saocho (A, B, . C,.,) codang sau:
A 0
Bl
Amod = b Bmod = IB L Cmod - [Cl Cz] (27)
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Trong d6 mdi gia trj riéng A ctia A__ c6 dang cau trac Jordan don gian.
Qua trinh trén dugc goi 14 qua trinh duong chéo héa. Ma tran truyén G(s) c6
thé phan tich thanh tong ciia cdc ma tran truyén don gian sau:

G($5)=G,(s)+G,(s)+...+ G (5), (2.8)

trong do G,(s):=C, (s -4 )71 B. v61 i=1,..n 1a cac ma tran truyén don gian.
Dua trén tinh chat cua chuan ma tran [30] thi chuan H_ cua G(s) co thé duoc

xac dinh dua trén cac ma tran truyén G,(s), i =1,...n nhu sau:

. |[CB
S LINP,

i ‘Re/'tl.

[G(s), =1G.(5)+G.(5) +.+G,(5)], <2|G.(s)

trong d6 ||CB |, =0, (CB,).
V& bén phai cta biéu thire (2.9) cho chung ta biét rang mdi mot diém cuc

cB

‘R P > viao chuan H_ cia G(s). Trong Iy thuyét diéu
el

dong gbép mot luong

khién, diém cuc dong gop nhiéu c6 thé quan trong hon diém cuc dong gop it.
Theo y tudng do, trong tai li€u [67] dua ra dinh nghia vé diém cuc troi nhu sau:
Cho hé G(s) c¢6 dang dwong chéo nhw trong (2.7), diém cuee A cua G(s) duoc

lcB,

‘Rexl

goi la diém cuc troi néu so hang tuong ung cua ndo R = la gia tri [on

nhdt so véi cac s6 hang R.(j#1) khac. Gia tri R, dwoc goi la thudc do tinh troi
ciia diém cuc A,

Bay gio ta lai quay lai v6i k§ thuat chit (cat ngan) mé hinh. Déi tuong
cua chat mo6 hinh dugc phan chia thanh tap cac gia tri riéng cia A,... diém cuc
cua G(s) thanh hai tap hgp: mot tap s€ dugce bo di va tap con lai dugce gilr trong
hé giam bac. Tu d6, chung ta mudn gilr r gia tri riéng clia A trong tap

A = {/11.1 ,...,/Il,r } thi hé théng gidm bac thu dugc dua trén chdt mo hinh la
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G,.(5)=YXG(s)=XC/(s-4) B,

Cong thirc tinh chan trén cua sai s6 giam bac theo chuan H_ ciia k¥ thuat
chat mo hinh duoc cho boi [67]

CB,
|G()-G (5], < X H‘RT/IH =2 R. (2.10)

Dé thu dugc sai sO giam bac nho theo chuan H_ ta c6 thé loai bo cac
diém cyc co thudce do tinh tro1 R gia tr1 nho hodc gitr cac diém cuc c6 thudce do

tinh trg1 R gia tr1 1on. Tu do, t61 dua ra mot ky thuat chat mo hinh nhu sau:

Thuat toan 2.3.1. Thuit toan modal truncation

Gia str ta 6 hé tuyén tinh, tham sd bat bién theo thdi gian nhu dang (1.1), hé 6n
dinh tiém can va bicu dién (A, B, C) & dang t6i thicu.

Bugc 1: St dung chuyén d6i T dé dua hé théng vé dang duong chéo

(A, B, C,..) nhu (2.7).

mod 2 mod ?

Buwde 2: Vi mdi mot diém cuc A, i=1,..n, ta tinh thudc do tinh trd1 R tuong
tmg. Sau d6, sip xép cac thudc do tinh trdi theo d6 16n giam dan

R>..2R >R >...2R.

Buoc 3. Lua chon r diém cuc tr6i dé gitt lai trong h¢ giam bac:

A = {/’L. ,...,/Iir } H¢ giam bac c6 dang nhu sau:

r ]

G, (5)=YG(s)=YC/(s-1) B.

JieA,
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2.3.2. Qud trinh tam gidac hoa
2.3.2.1. Thudt toan dwa hé vé dang tam giac

Thuat toan chat mé hinh theo thuat todn 2.3.1 (modal truncation) cé
nhuge diém 1a viée chuyén ddi ma trdin A cua hé vé dang duong chéo co do
phirc tap tinh toan cao, dic biét 1a khi bac ciia hé gbc 16n. Do d6, dé giam do
phtc tap cua thuat toan, tac gia dé xuat dua ma tran A cta hé (1.1) vé dang ma
tran tam giac trén thay vi dua vé dang dudng chéo. Qué trinh chuyén ddi nay s&
thu dugc céc tinh chat tuong tu nhu qua trinh dudong chéo hoa la:

(1) Ma tran truyén G(s) co thé phan tich thanh dang tuong tu nhu (2.8),

(1) Céc diém cuec troi s& dugce dinh nghia nhu trong tai liu [67],

(iii) Céng thirc tinh chan trén cta sai s6 c6 dang twong ty nhu (2.10).

No6i dung cu thé cua thuat toan nhu sau:
Gia sir rang hé thong tuyén tinh tham sb bat bién theo thoi gian trong (1.1)

1a h¢ 6n dinh tiém cén va & dang t0i thiéu (A, B, C).

Thuit toan 2.3.2. Thuit toan dua hé vé dang tam giac

Dau vao: Hé goc (A, B, C) duge mo ta nhu (1.1)

Budc 1: Phan tich Schur cia ma trin A: A =UAU", trong d6 U la ma tran

unitary va A 1a ma tran tam giac trén.

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

Budc 3: Phan tich Cholesky ciia Q: Q=R'R, trong d6 R 1a ma trin tam giac

trén.

Budc 4 Tinh ma tran khong suy bién T=UR".
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~

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

Diu ra: Hé tuong duong (A, B, C).

Pinh nghia 1: Hé théng twong dwong (A, B, (~?) trong Thudt todn 2.3.2 duoc
goi la qua trinh tam giac hoa.

Ly do dé (A, B, C) duoc goi 1a qué trinh tam giac hoa 1a do ma train A
c6 dang ma tran tam giac trén, diéu ndy duoc chimg minh trong bd dé sau:
B6 dé 1. Hé thong twong dwong (A, B, C) trong Thudt toan 2.3.2 co cac tinh
chat sau:
(a) Ma trdn A c6 dang tam gidc trén,
(b) Gramian quan sat Q, la nghiém ciia phwong trinh Lyapunov sau:

A'Q+QA+C'C=0, (2.12)

la ma tran don vi.

Chirng minh bé dé 1-

(a) Dau tién, ta ching minh A c6 dang tam gidc trén. Ta c6:
A=T'AT=(RU")A(UR")=RU'AUR"'=RAR".
A
Do d6 A 1a tich ctia ba ma tran tam gidc trén suy ra A c¢6 dang ma tran tam giac
trén.

(b) Tiép theo, ta chirng minh Gramian quan sat méi Q 1a ma tran don vi. Thyc

té, tir hai phuong trinh Lyapunov (2.11) va (2.12) ta co:

Q=R'QR'=R"(R'R)R" =L ]
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2.3.2.2. Phan tich dang tam giac
bat (A, B, C) 1a dang tam giac ctia ma tran truyén G(s). Ta phan tich

(A, B, C) thanh dang nhu sau:
- |A, A, | ~ |B| -
A= 11 o ,B: ! ,C:|:
0 A, B
it G,(s):=C,(s1-4,) B, va G,(s)=C,(s1-A,) B, twong ng Ia
ma trin truyén cua hai hé con. Bang cach st dung tinh chat tam giac cia ma tran
A, ma trin truyén G(s) c6 thé phan tich thanh téng cua G,(s) va G,(s).
Bo dé 2. Vi cdach ky hiéu nhw trén, ta thdy rang
G(5)=G,(5) + V(5)G, (s),
trong d6 V(s)=1-C, (SI ~A, )_1 C'. Hon nita, V(s) c6 tinh chdt sau
V'(-s)V(s)=1.
Pé chimg minh bd d& trén, ta viét hai phuong trinh Lyapunov
AP+PA +BB =0 va AQ+QA+CC=0 du6i dang khéi, voi luu y 1a P

khong c6 dang duong chéo va Q 1a ma trdn don vi, nhu sau:

B’ (2.13)

(2.14)



AP +P A’ +BB =0, (2.15)
A +A +C'C =0, (2.16)
A, +CC, =0, (2.17)
Al +A_+C'C, =0. (2.18)

Chitng minh bd dé 2: Thuc té, G(s) c6 thé dugc viét & dang sau:

G(s)=C(s1-A) B

. [s1-A. A, TB,
e el A

-1 ~ ~ ~

C(s1-A,) B,-C(s1-A,) € C,(sI-A,)

G, (s) ’ G, (s) G, (s)
—G (s)+ [I ~C(s1-A,)’ (‘:T}Gz(s)
= G,(5)+ V(5)G, (),

trong chuyén doi ¢ trén, ta stir dung Alz = —CTCZ nhu trong phuong trinh (2.17)

Tiép theo, ta s& chi ra rang V' (—s)V(s) =1. That vay, ta c6
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V' (=$)V(s) = [I ~C(-s1-A]) € ][I ~C(s1-A,) € }

~ -1

=|1-C (-s1-A]) €' -C,(s1-A, ) €/ +C(-s1-A}) €€ (s1-A,) C

A A
=[1-C (-s1-4]) € -C (s1-A,) €/ +C (=sI-A}) {(-s1-A])+(s1-A, )|
(s1-A,) €]
=1

trong bién doi & trén, ta thay thé C'C, :(—SI—AT1)+(SI—A“)theO phuong
trinh (2.16).
Tuong tu nhu bd dé 2, ta c6 thé phan tich G(s) thanh tong cia rat nhiéu

ma tran truyén. Gia str rang hé twong duong tam giac (A, B, C) c6 dang sau:

A * K B
A= “o*|B=| i C=[C .. C] (2.19)
0 A B
=& o
Dat g (s) = CB ;i=1,...,nvav(s)=I- Ce ;i=1,...,n.
s—=A s—A

B6 dé 3. Vi cdch ky hiéu nhw trén, ta thdy rang:
G()=g(s)+ Vv, (s)g,(s)+ Vv (v, (5)g,(s)+...+ Vv (s)V,(5)...v_(s)g (5). (2.20)
VOi v .(s) cO tinh chat

vV-s)v(s)=Li=1,..,n-1.

Chirng minh bo dé 3: BO dé nay co thé dugce ching minh bang cach ap dung

suy luan quy nap cua bo dé 2. O
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2.3.2.3. Phdn tich chudn H,, va H, trong qud trinh tam gidc héa

Nhan xét sau ddy dong vai tro quan trong trong viéc phan tich chuan H_
va H, cua hé thong.
Nhan xét 1. Ma tran truyén V(s) trong bd dé 2 va v(s); i=1,...,n—1 trong bd
dé 3 twong tng véi tinh chat duoc goi 1a ma tran truyén “vuot qua tat ca” (“all -

pass”™), chi tiét trong [29]. Trong loai ma trdn truyén nay, sb hang ctia chuan

H_tuong img v6i

[Vis)

H, :1’
va
[v.(s)], =1L i=1...,n-1.

Bo dé 4. Gid sir rang G(s) c¢6 dang tam gidc nhw trong (2.19). Thi

HG(S) H, S Hgl (S) H, + ng (S) H, + M + Hgn (S) H,
Clﬁl C2ﬁ2 Cnﬁn
— 2 2 4 2 (221)
‘Reﬁl ‘Re/I2 ‘Reln‘

Chirng minh bo dé 4: Tir (2.20) va theo tinh chat ctia chuan ma tran [30] ta co:

G(s)

s =186+ V,()E() + V(YD) ooV, (IVL(5)- ¥, ()8, )],
<[g. ), +v. O], + VOV, +ort V. $)-v, (g, 6,

<|g,), +[v.), lg.®), +---+ V., --[v..)],. &),
=g, +[e.), +---+]e. &), -
Ti _ C,.E, ii=1 ta c6 thé thav 13 < Ciﬁf s n
ug(s)= ) vol i=1,...,n, ta cO thé thay rang Hgi(s)HHx < ‘Re&‘ VOl
i=1,...,n.Bo dé dugc chirng minh. O

Bo dé 5. Gid sir rang G(s) ¢6 dang tam gidc nhw trong (2.19). Thi
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:\/trace(ﬁfﬁl)+\/trace(]§§l§ + .+ trace( ) (2.22)

Chirng minh bo dé 5: Tir (2.20) va theo tinh chat ctia chuan ma tran [30] ta co

A (S)V,(9)g,(s)+...+ V. ($)V,(S5)...V, _(5)g,
< Hg (S)H +HV (s)g, (S)H +HV ($)v,(s)g, (S)H +-~+HV1(S)---V,,_] (s)g, (S)HHZ
<lg.), +[v. (S>H g+ v (S>H v ), 8.,

. . +]g,

/4 A A M . J4 9 A A B \
Co6 thé thdy rang Gramian quan sat ciia ma trin truyén g (s)=— /1 la ma

tran don vi véi i=1,...,n, do do Hgl_(s)HHz = trace(ﬁfﬁi) v6i i=1,...,n. B6 dé

dugc chiing minh. [
Tong quat ta thdy vé bén phai cta biéu thire (2.21) va (2.22) cho chung ta

biét dong gop ctia mdi diém cuc vao chuan H_ va H, cua G(s). Piéu nay dan

dén dinh nghia vé diém cuc trdi trong dang tam giac nhu sau:

Pinh nghia 2. (Chi s6 tréi H_ va H,) Cho hé thong G(s) cé dang tam gidc

nhu trong (2.19), diém cuc A cua G(s) duoc goi la troi H néu théng soé twong

ung cua no R = la gid tri I6n nhat so véi cdc gid tri R, j#i. Thong s

Res|
R duwoc goi la chi 6 troi H_ cua diém cuc A.. Tuwong ung, diém cuc diém cuc
A cua G(s) duwoc goi la troi H, néu théng sé twong img cia né
S :qutrace(ﬁfﬁi) la gid tri I6n nhdt so véi cdc gid tri S.,j#i. Thong 0

S dwoc goi la chi so troi H, cua diém cuc A,.
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Bén canh chi sd troi troi H_ va H, ta cling dinh nghia mdt loai chi sb troi
mai nhu sau:
Pinh nghia 3. (Chi 56 tréi hon hop) Chi s6 J,:=max{R, S.} duoc goi la chi s6
tréi hon hop twong vmg véi diém cuc A, voii=1,.,n.

Vai tro cta chi s troi troi H_ va H, va chi sO troi hdn hop trong giam
bac md hinh s& duoc 1am rd trong nodi dung tiép theo.
2.3.3. Gidm bdc mé hinh dwa trén cit ngéin tam gidc
2.3.3.1. Phdn tich chan trén cua sai s6 giam bdc theo chudn H,, va H,

Gia su réng (1&, B, (~J) la dang tam giac cia ma tran truyén G(s) va duoc

phan chia thanh dang sau:

A{A“ A} ﬁ_{]ﬂ, ¢-[e ¢
0 A, B

Néu ta dat G (s)=C, (SI —A, )71 B, nhu la m6 hinh gidm bac ciia G(s) thi
sai sO gidm bac dugc xac dinh nhu sau:

E(s)=G(s) - G,(s).

Dua trén két qua ctia viée phan tich tam giac trong bo dé 2, ta s& udc
luong sai s6 giam béc theo chuan H_ va H,. Cac chi sb troi s& dong vai trd
quan trong trong nhiing budc udc tinh do.

Pinh 1y 1. Sai s6 gidm bdc ciia hé théa mén cdc tinh chdt sau:

(@) [E(s)], <[G,(s)

<R _ +...+R,

H,

®) [E(s)], <]G.(5)

<SS, +..+S8,

H,

E(s)

GZ(S)

H, H,

(c) max{[E(s) .} <max{|G,(s) NETAEINEY A
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trong do G,(s) :CZ(SI—A22 )71 B, la hé con ciia G(s) va R, S, J. twong ing
la chi s6 tréi H_ , H, va hon hop cua diém cuc A, voii=1,...,n.

Chirng minh dinh Iy I: Theo b6 dé 2 ta co:

E(5) = G(5) - G, (5) = V(5)G, (5).

Do d6

[E@), =[V©G.()], <[V, [G.(s)], =[G.5), -
va

[E@)], =[V$)G.6)],, <[V, |6.5)], =]G.(5)], -

1
Két qua tinh toan & trén cho ta thay sai s6 giam bac mé hinh cua hé theo
chuan H_, H, duoc gid1 han boi hé con G, (s).
Bay gio chung ta s& tinh toan chuan H_ va H cua hé con G,(s). Tur

G,(s) 1a hé con cua G(s) nén no cling cd dang tam gidc nhu sau:

/’L | % % ]3+1
A, = * | B, = .C.=|C, C, |
0 A B

Do d6, két qua cia phan 2.3.2.2 c¢6 thé ap dung cho G (s). Tuong ty nhu

bo dé 4 va bd dé 5 ta cod

|G.9)], <[g.), +[g.., +---+]e. ),
Jes) Jes) e8]
TRer, " Red T Rea)
=R _+...+R,

va
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6., <!

= \/trace(ﬁfﬂﬁm) + \/trace(ﬁizﬁw) +...+ trace(]~3:]~3n)

2., +g.., +--+le,E),

=S +...+S§

Cudi cung tinh chat trong phan (c) 1a két qua cta phan (a) va (b). Pinh Iy
da dugc chiing minh. O
2.3.3.2. Scp xép diém cuec theo cdc chi s tréi

H¢ giam bac G (s)=C, (SI—A“)_IfB1 giit lai mot phan diém cyc ciia hé
théng géc, tire 1a /I(AU) C /1(1&) . Tur day mot cau héi dat ra la cac diém cyuc nén
duoc gitt lai nhu thé nao dé co duoc sai sb giam bac theo chuan H, va H, la
nhé nhét ? Pinh 1y 1 da cho ta biét rang ta nén giit trong G, (s) cac diém cuc co
chi s6 troi H_, H, va hdn hop 16n nhat dé c6 dugc sai s6 nho.

Tuy nhién, dé cac diém cuc trong G, (s) nam & vi tri dau trén duong chéo

cua ma tran A, ta can phai sap x€p lai vi tri cac di€m cyc trén duong chéo cua

ma tran A. Qua trinh nay co thé thuc hién béng thuat toan sau

Thuit toan 2.3.3. (Sap xép lai diém cuc theo chi s6 troi H_, H, va hdn hop)

Piu vio: Hé (A, B, C) la dang tam giac cia ma tran truyén G(s) va ciing 13
dau ra cua thudt todn 2.3.2.

Buwdc 1: Véi moi diém A, V61 i=1,..,n ta tinh toan chi s6 tro1 H_ tuong ung

~ o~

CB . ~ .
f——=2 (hodc chi so tréi H, twong Gmg S =, /trace(BiTBi) , hodc chi s0 troi

Re |

R =

hon hop tuwong Ung J, =max{R, S }).
Budc 2: Chon chi s6 troi H, 16n nhat R (twong ty vai chi s0 troi H, va hdn

hop).
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Budc 3: Sap xép lai diem cuc 4, (va lién hop cua nd 2 , néu can thiét) thanh vi

tri dau tién trén dudong chéo cia ma trdin A bang ma tran don nhat (unitary

matrix) U, :

U'AU, = *x %

*

Luu y: Thudt toan sip xép lai gia tri riéng theo phan tich Schur lién quan dén tai
liéu [41, 42]. Trong Matlab dé thuc hién sip xép lai gia trj riéng theo phan tich

Schur ta dung 1énh ordschur.

Budrc 4: Tinh hé théng twong dwong méi (UIT AU, U'B, CUI) .

Buéc 5: Bo di hai hang va cot dau tién cua (U,TAU], U'B, CU,) ta thu duoc
mot hé théng nhé (A, l§, é) voi kichco n—2.

A

Buwdc 6: Lap lai qua trinh trén tor budce 1 dén 5 cho hé théng nhé (A, B, é) va

tiép tuc vong 1ap cho dén khi tit ca cac diém cuc duogc sép Xép lai theo do 16n

cua chi so tro1 H_, chi so trd1 H, hodc chi so tro1 hon hop.
Dau ra: H¢ thong da dugc sap xép cac diém cuc theo chi s6 trd1 H, hoac H,

hoic hon hop (A, B, C).

Trong thuc té, thay vi sap x€p lai tat ca cac diém cyc chiing ta chi can sap
xép lai » diém cuc dau tién. Mdi khi cac diém cuc duoc sap xép lai, ta chit mo

hinh theo k¥ thuat chdt mo hinh s€ c6 dugc hé giam bac.
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2.3.3.3 Rut gon hé twong duwong

Thuat toan 2.3.4. Rit gon hé twong dwong

Piu vao: Hé twong duong (f&, B, (3) thu duoc tir Thudt todn 2.3.3.

Buwée 1: Chon sb bac can rat gonrsaochor<n.
Buwde 2: Biéu dién (A, B, é) o dang khdi nhau sau:

i |:A11 12},l§:{1§1}’é:[él éz}

0 22

> P

trong 36 A eR™, B,eR™, C,e R,

)-

—

Diu ra: Hé riit gon (A“, B,

)¢

2.4. Vi du giam béc hé tuyén tinh 6n dinh bac cao

Pé minh ching hiéu qua va tinh ding dan cia thuat toan giam bac mo

hinh d3 duoc dé xuét trong muc 2.3, tac gid &p dung thuat toan giam bac mo

hinh m&i dé giam bac hé tuyén tinh 6n dinh béc cao, cu thé qua hai vi du sau:

2.4.1. Vi du minh hoa 1

Xét md hinh bd loc sb béac cao trong tai li€u [87] dugc dinh nghia trong

mién s nhu sau:

—0.12425° —0.4629s" — 0.0823s° +1.5045* +1.959s +1.401

G(s)=

s°+4.905s° +10.82s" +13.13s° + 9.533s + 3.8345 + 0.9407

Thuc hién giam bac mod hinh bac 6 & trén theo cac thuat toan trong muc

2.3, két qua thu dugc nhu sau:

Thudt todn 2.3.2: Dwa hé vé dang tam gidc

-Bwdc 1: Tinh phén tich Schur cia ma tran A: A = UAU",
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0.4051
-0.5301
-0.0950
0.5132
-0.5232
0.0932

-0.1397
0.5318
-0.7287
0.3842
-0.1377
0.0005

-0.4605
0.2857
0.4233

-0.0079

-0.6909
0.2232

-0.5597
-0.2347
0.1836
0.5496
0.2218
-0.4967

0.3768 0.3861 |
0.4528 0.3073
0.4762 0.1422
0.5217 -0.1212
0.3026 -0.2987
0.2499 -0.7952 |

-1.6784 |
0.7659
1.8253
1.1245
-0.2468 0.1453
-1.5119 -0.2468 |

-1.4123
1.6391
0

-0.3626
-1.4123
0

1.5433 2.0768 -2.8265
-1.3757 -1.2101 0.9149
-0.7934 -2.3819 2.6491
0.2794 -0.7934 2.8050
0 0
0 0

0 0
0 0
0 0

- Budc 2+ Bwde 3: Phan tich Cholesky ciia Gramian quan sat Q: Q=R'R,

0.0261 -0.0017 0.0141 -0.0597 0.5632 -0.6803
0 0.0032 -0.0146 0.0271 -1.2493 0.4428

. 0 0 0.0040 0.0026 -1.1092 -0.0796
0 0 0 00271 -1.3083 0.1971

0 0 0 0  0.6786 0.1102
00 0 0 0 02262

- Budc 4: Tinh ma tran khong suy bién T=UR"'

T=10"

0.0155
-0.0203
-0.0036

0.0196
-0.0200

0.0036

~

-0.0352
0.1550
-0.2295
0.1306
-0.0539
0.0021

-0.2998 0.0774
0.7119 -0.2763
-0.7219 0.2972
0.4075 -0.1061
-0.3008 0.0469
0.0512 -0.0175

Butc 3: Tinh (A, B, C)=(T AT, T'B, CT)

-0.4178 0.1478 ]
0.9337 -0.3265
-1.0258 0.4256
0.6865 -0.2957 |
-0.4834 0.1328
0.0513 0.0114
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11,5218 -3.0171 -1.9266 2.4388 -1.7309 0.0907]
0.2010 -1.3028 -1.7826 22565 -1.6015 0.0839
L_| 00000 -0.0000 -0.6098 -0.3661 -1.0957 0.0574
0.0000 0.0000 1.9099 -0.9771 13869 -0.0727 |
-0.0000 -0.0000 0.0000 0.0000 -0.4922 0.5555
| 0.0000 -0.0000 -0.0000 0.0000 -0.5039 -0.0014 |

[ -0.0127]

-0.3086

go| 04520)

-0.4320

0.2982

| 0.0873

62[1.7446 1.6142 1.1043 -1.3979 0.9921 -0.0520].

Thudt todn 2.3.3. Thudt todn sdp xép lai diém cuc theo chi sé tréi H,

- H¢ tuong duong (A, B, C)

0.8850 ]
0.8850
21171
2.1171
0.3446
-0.7934 |

0.8850
0.8850
-2.1171
2.1171
-0.7934
-1.9314

-1.1807
-1.1807
-0.1967
-1.4123

0.0000
-0.0000

1.1807
1.1807
-1.4123
3.0213
-0.0000
-0.0000

-0.7765
-0.2468
0.0000
0.0000
-0.0000
0.0000

-0.2468
0.2829
-0.0000
-0.0000
0.0000
-0.0000

B> (

-

-0.3229]
0.6858
-0.0271
-0.0786
-0.0008
0.0360

, C=[-0.7025 -0.7025 1.6807 -1.6807 1.2597 1.2597].

ool

- Két qua giam bac dugc cho trong bang 2.1 nhu sau:
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Bang 2.1. Két qua giam bdc hé tuyén tinh on dinh bdc cao

Bic Hé giam bac G () Sai 80
|G()~G,(5),

5 —0.1258s* —0.51s° + 0.3043s” +1.4135 +1.698 0.0145
s> +4.903s* +9.5235° + 8.8285” + 4.008s +1.151

4 —0.1685s* —0.1015s* +0.2835s +1.052 0.0360
s*+3.318s° +4.263s° +2.07s +0.7264

Qua trinh tinh todn duogc thuc hién theo phu luc 3, 4, 5 (hinf MK.m,
htwo MK.m, Mixed MK.m)

Luwu y: Tac gia s€ goi h¢ giam bac (bac ) 1a h¢ bac r.

b¢é danh dé danh gia ro hon két qua gidm bac hé gdoc bac cao, tac gid su

dung dd thi bode cta hé géc va cac h¢ gidm bac nhu hinh 2.1 sau day:

Bode Diagram

T
i 1 iinn|— - -Hebacs
TN “He bac 4

Frequency (rad/s)

Hinh 2.1. D6 thi bode ciia hé géc va cac hé giam bdc
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Nhdn xét: Tu két qua giam bac, sai s6 giam bac va do thi ham bode cta h¢ goc

va h¢ giam bac ta thay:
- Sai s0 giam bac cua h¢ bac 5 nhé hon sai s6 gidm bac cua h¢ bac 4.

- P thi bode cua hé bac 5 gﬁn nhu trung khit véi dd thi bode cua hé géc
bac 6; P thi bode cia hé bac 4 c6 sai 1éch nho véi dd thi bode cua hé gde béc 6

& ving tan cao (tir tan s6 > 5,4 rad/s).

Nhu vy, tiiy thudc vao yéu cau sai sd giam bac va pham vi tng dung cia
mo hinh giam bac trong bai todn giam bac bd loc s6 ma ta co thé lwa chon mo
hinh giam bac twong tmg thay thé cho mé hinh gdc. Cu thé 13 néu mudn sai sb
giam bac nho va chdp nhan co sai léch do thi bode so v&i hé gbe nho thi ta co
thé lwa chon hé bac 4 thay thé cho hé géc. Néu mudn sai s gidm bac nhod nhat
va sai léch dd thi bode so v&i hé géc nho nhit co thé thi ta ¢6 thé lua chon hé
bac 5 thay cho hé goc. Két qua trén ching to thudt toan giam bac méi c6 kha
nang giam bac dugc cho mo hinh tuyén tinh 6n dinh bac cao.

2.4.2. Vi du minh hoa 2

Xét mo hinh SISO CD player véi bac n = 120 trong tai liu [67], m6 hinh
nay thuong duoc sir dung dé kiém chimg hiéu qua va tinh ding dan cta cac thuét
toan giam bac.

Thuc hién giam bac md hinh CD player bang thuat todn méi va bang thuat
toan modal truncation (thuat toan 2.3.1 trong muc 2.3), két qua giam bac duoc

thé hién trong bang 2.2 va bang 2.3 nhu sau:

Bdng 2.2. Két qua sai s6 gidam bdc theo chuin H

Bac Giam bac | Giam bac theo | Giam bac theo | Giam bac theo chi
(1) theo modal | chisé troi H_ | chisdtroi H, | s6 trdi hon hop
truncation

6 0.8506 0.8456 0.8456 0.8456
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12 0.1780 0.1372 02118 0.1372
16 0.1138 0.0383 0.1165 0.1098
20 0.0466 0.0315 0.0946 0.0311
24 0.0405 0.0112 0.0111 0.0111
30 0.0110 0.0033 0.0090 0.0033
40 0.0038 0.0032 0.0092 0.0015
50 4.0861.10% | 3.8326.10™ 0.0092 2.8109.10™
60 9.3818.10° | 4.5397.107 4.4522.107 4.4522.107

Qua trinh tinh toan duogc thuc hién theo phu luc 3, 4, 5 (hinf MK.m,
htwo MK.m, Mixed MK.m)
Nhin xét: So sanh két qua sai s giam bac theo chudn H_ giita cac phuong
phap giam bic ta thay:

+ Phuong phap giam béac theo chi s6 troi H_ c6 két qua sai sd giam bac
nho6 hon phuong phap giam béc theo chi sb troi H,;

+ Trong cac trudng hop r = 12, 30, phuwong phap giam bac theo chi sd troi
hdn hop va phuong phap giam bac theo chi s trdi H, c6 két qua sai s6 giam
béac gidng nhau.

+ Trong cac trudng hop r = 24, 60, phuwong phap giam bac theo chi sd troi
hdn hop va phuong phap giam bac theo chi s6 troi H, co két qua sai s6 giam bac
giong nhau.

+ Trong cac trudng hop r = 20, phuong phap giam béc theo chi sd troi hdn
hop c6 két qua sai sé giam bac nho hon sai sb giam bac ctua phuong phap giam
bac theo chi sb troi H, nhung 16n hon sai s6 sai s6 giam bac ctia phuong phap

gidm béc theo chi so tro1 H .
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+ Trong céac trudng hop r = 16, 40, 50, phuong phap giam bac theo chi sd

trdi hdn hop 6 két qua giam nho nhit so véi sai sé giam bac cta phuong phap

giam bac theo chi so tro1 H_ va H,.

+ Trong hau hét cac truong hop giam bac thi sai s6 giam bac theo thuat

toan m&i déu nho hon sai sé giam béc theo phwong phap modal truncation.

Bang 2.3. Két qua sai so giam bdc theo chudn H R

Bac Giam bac | Giam bac theo | Giam bac theo | Giam bac theo chi
(r) theo modal | chisé troi H_ | chi so troi H, s6 troi hdn hop
truncation
6 2.9892 2.8227 2.8227 2.8227
12 1.3162 1.1741 1.1275 1.1741
16 1.2307 1.0508 0.5994 0.6743
20 0.9906 0.5783 0.3060 0.4750
24 0.4562 0.3193 0.1219 0.1219
30 0.1311 0.0860 0.0690 0.0861
40 0.0643 0.0477 0.0119 0.0126
50 0.0100 0.0108 0.0071 0.0040
60 0.0015 0.0016 0.0013 0.0013

Qua trinh tinh toan duogc thuc hién theo phu luc 3, 4, 5 (hinf MK.m,

htwo MK.m, Mixed MK.m)

Nhin xét: So sanh két qua sai s6 giam bac theo chuan H, giira cac phuong phap

giam bac ta thay:

+ Phuong phap gidam béc theo chi s6 troi H, cho két qua giam bac co sai

s6 nho hon phuwong phap giam béc theo chi s6 troi H_ .
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+ Trong céc trudong hop r = 12, 60, phuwong phap giam bac theo chi so troi
hdn hop va phuong phap giam bac theo chi s6 troi H_ co két qua sai s6 giam
béc gidng nhau.

+ Trong cac truong hop r = 24, phuong phép giam bac theo chi sé trdi hon
hop va phuong phép giam bac theo chi sb troi H, co két qua sai sb giam bac
gidng nhau.

+ Trong céac truong hop r = 16, 20, 30, 40, phuong phap giam bac theo chi
s6 troi hon hop c6 két qua sai s6 giam bac nho hon sai sd giam bac cta phuong
phap giam bac theo chi s6 troi H_ nhung 16n hon sai s sai sd giam bac cua
phuong phép giam bac theo chi s troi H,.

+ Trong céac truong hop r = 50, phuong phap giam bac theo chi sb tréi hon
hop c6 két qua sai s6 giam bac nho nhit so véi sai s6 giam bac cia phuong phap
gidm bac theo chi $6 troi H, va H;

+ Trong hau hét cac trudng hop giam bac thi sai sd giam bac theo thuat
toan mai déu nho hon sai s6 giam béc theo phuong phap modal truncation.

Pé danh dé danh gia rd hon két qua giam bac hé gbc bac cao, tac gia s

dung dd thi bode ctia hé géc va mot sd hé giam bac nhu hinh 2.2, hinh 2.3 sau day:
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Bode Diagram

T T
R T e, TR bememmnannneeneees
1| R RGRRECEEEEEEE tRGROECEEEECEEEEERERE
i : :
= ' '
@ : .
S 400 o
= : :
D:' 1 1
m 1 1
= . .
=150 Hegoc | UNTTUUUTC
— - -He bac 60 theo chi so troi Hinf
200 ——Hebac 60theo chiso froil2 | %
“““Y| — He bac 60 theo chi so troi hon haop
250 - -
10° 10
Frequency (rad's)
Hinh 2.2. Do thi bode cua hé goc va hé bac 60
_ Bode Diagram
50 3 3 T T
| AN A0 W o A i
T -s0f---------- s S ERRRE' T L SEEEEEE beemmeeos -
@ ! . i
= . . .
= : : :
i} 1 1 1
8B A00p--mmm o - STt .
=3 1 1
45p| — Hegoc , D T . TS N
— - He bac 40 theo chisotroi Hinf '
— - -He bac 40 theo chisotroi H2
----- He bac 40 theo chisotroi hon hop '
-200t - = i :
10 10 10 10 10 10

Frequency (rad's)
Hinh 2.3. D6 thi bode ciia hé géc va hé bac 40
Nhdn xét: Tt @6 thi 2.2 ta thay: dd thi bode ctia hé bac 60 theo chi s6 troi H, va
dd thi bode ctia hé bac 60 theo chi s trdi hon hop 1a trung nhau. Do thi bode cua
hé bac 60 theo chi sb troi H_ sai léch so véi dd thi bode cua hé géc vung tan s

16n hon 2.67x107 rad/s, trong khi dd thi bode cua hé bac 60 theo chi sd troi H,
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va chi s troi hdn hop sai 1éch so véi dd thi bode cua hé géc vung tan s6 16n hon
3.61x10° rad/s. Két qua d6 thi bode gidng v6i két qua sai s giam bac trén bang
2.2 va bang 2.3.

Tu do thi 2.3 ta théy: dd thi bode ctia hé bac 40 theo chi sd troi H, c6 sai
léch v&i do thi bode cua hé géc tor vung tan sd 16n hon 2.4x10° rad/s. P thi
bode cua hé bac 60 theo chi s6 trdi hdn hop co6 sait I¢ch so véi dd thi bode ctia hé
g tir ving tan s6 1.51x10° rad/s. D6 thi bode ctia hé bac 40 theo chi sb troi H_
sai 1éch so voi do thi bode cta hé gbc ving tan sb 16n hon 1.37x10° rad/s. Trong
vung tan s 16n hon 1.37x10° rad/s thi d6 thi bode ctia hé bac 40 theo chi sb troi
hdn hop nam gitta do thi bode ctia hé bac 40 theo chi s6 troi H, va theo chi s6
troi H_. Két qua dd thi bode gidng véi két qua sai s6 giam bac trén bang 2.2 va

bang 2.3.

Nhu vy, tiy thudc vao yéu cau sai sé giam bac va pham vi tng dung cia
mo hinh giam bac CD player trong bai toan cu thé ma ta c6 thé lwa chon mo
hinh giam bac twong tng thay thé cho mé hinh CD player goc, két qua nay
chiig té thuat toan gidm bac méi cd kha nang giam bac dugc cho mod hinh

tuyén tinh 6n dinh bac cao.
2.5. Thuit toan giam bic méi cho hé khong on dinh

Pé thyuc hién giam bac cho hé khong 6n dinh thi tac gia xdy dung va hoan
thién 2 thuét toan giam bac theo 2 cach tiép can co ban:

Cidch tiép cdn thir nhét. (Phuong phap gian tiép) Phan tach hé khong 6n
dinh G(s) thanh hai phian: G(s)=G"(s)+G (s), trong d6 G*(s) 1a phan hé

khong 6n dinh va G (s) 1a phan hé on dinh. Sau d6 thuc hién giam bac phan hé
6n dinh G (s) thu duge hé rat gon én dinh G (s), két qua giam bac cua hé

khong 6n dinh G(s) s&1a G(s) =G (s)+G*(s) [42].
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Cidch _tiép can thir_hai: (Phuong phap giam bac truc tiép) Hoan thién

thuat toan chat can bé‘mg mo rong dugce dé xuét trong tai li¢u [90] dé thuat toan
c6 thé thuc hién giam bac tu dong dua trén cong thuc tinh chan trén cua sai s6
gidm bac.
2.5.1. Thudgt todn giam bic cho hé khéng on dinh theo phwong phdp gidn tiép
(Cdch tiép cin thir nhit)

Phan ndi dung sau ddy sé& trinh bay chi tiét ndi dung cua phuong phap
giam bac mdi cho h¢ khong 6n dinh thuc hién theo cach tiép can tht nhét trén co

s¢ thuat todn giam bac cho h¢ on dinh d3 duoc tac gid xay dung trong muc 2.3.

Thuét toan 2.5.1. Thuit toian giam bic cho hé khong 6n dinh theo phwong
phap gian tiép.
Piu vao: Hé (A, B, C) duoc mo ta trong (1.1) (hé khong 6n dinh).

Bugc 1: Chuyén hé thong vé dang tya tam giac ta thu duoc hé théng c6 dang:

At At Bl‘

122 t2

voi A, eR™ (v6i m la cac diém cuc On dinh), A, eR™"™,

(n—-m)x(n—-m) mxp (n—m)xp gxm gx(n—m)
A eR , B, eR™, B, eR ,C,eR™, C,eR :

Bwdc 2: Tinh S tr phuong trinh Lyapunov sau:
Ams o SA;zz + Atlz =0.

Buwéc 3: Xac dinh ma tran chuyén trang thai
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voir I va 1 tuong Ung la ma tran don vi kich thuéc mxm va

m n—m

(n—m)x(n—m).
Bugc 4: Tinh (A, B,, C,)=(W'A W, W'B, CW).
Buéc 5: Phan tich hé (A,, B,, C,) vé dang:

Adl] 0 Bdl
Ad: 0 A22 ’Bd: B ’Cd:[cdl Cdz]’

d d2

r.e mxm (n=m)x(n—m)
voi A, eR"™, A _ eR
mxp (n—m)xp gxm gx(n—m)
B, cR™, B, eR"™" C, eR™, C, eR""™,

H¢ 6n dinh (A, B,,, C,,),

dl1? dl?

Hé khong on dinh (A,,,, B,,, C,,).

d22°
Budc 6: Giam bac h¢ o6n dinh (A,., B,, C,) theo thudt todn 2.3.2, 2.3.3 va

2.3.4 thu duogc hé rut gon (AH, ]§1, Cl).

Piu ra: Hé rat gon ((K“, B, Cl)+(Ad22, B, Cdz)) :

Chi tiét thudt todn 2.5.1 dé dwoc cong bé trong bdi bdo sé 1 va sé 2 cia tdc gid.

2.5.2. Thudt todn gidm bdc cho hé khong on dinh theo phwong phdp truc tiép
(Cdch tiép cin thir hai)

Y tudng cua thuat toan chat can bﬁng mo rong duoc dé xuit trong tai licu
[90] 14 thuc hién phép chiéu (dich chuyén gbc toa do) dé chuyén hé goc khong
on dinh vé dang on dinh, sau d6 thyc hién gidm bac hé on dinh theo thuét toan
chat can bﬁng thu dugc hé giam bac 6n dinh. Cudi cung, thuat toan thyc hién
phép chiéu nguoc (dich chuyén goc toa d6 nguoc) dé chuyén hé giam bic 6n

dinh vé dang khong 6n dinh gidng hé gdc ban dau.




51

Ma tran truyén cua hé (1.1) c6 dang nhu sau:
G(s)=C(sI-A)'B
Pinh nghia 4. Hé théng (1.1) dwoc goi la 6n dinh - B néu phan thuc ciia cdc
diém ciee hé real(A(A)) < B, B>0. Tédp hop cdc hé lién tuc on dinh - B dwoc ky

hiéula C . Chudn H , cia G(s) e C, duoc xac dinh boi:

B

IG®), = sup 0,,(G(s)

real (A(A)<f

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

weR

Trong d6 o (G(s)) la gid tri suy bién Iom nhdt ciia G(s).

max

Trong trudng hop A =0 thi hé (1.1) dugc goi 13 6n dinh tiém cén nhu
dinh nghia gdc [6]. Ma trin A trong trudng hop nay 1a ma tran Huzwitz, ...,
real(A(A)) <0, va chuan H_, cua G(s) trung véi chuén H, ctia G(s) nhu dinh

nghia gbc 1a:
G, =[G)], =supo,, (G(jo)).
Pinh Iy 2: Cho bat ky hé lién tuc G(s) € C, dugc biéu dién béi hé phuong trinh

(1.1), ta xem xet h¢ G ,(s) voi chuyén doi (Aﬁ, B, Cﬁ,)z(A—ﬁI, B, C). Thi

hé G ,(s) cd cdc tinh chat sau:
(i) G, la on dinh tiém cdn.
(i) Chuan H_ ciia G,(s) la bang véi chudn H, , cia G(s), ...
G, =16,

Churng minh dinh ly 2:

(1) Trr G(s) e C,, ching ta co real(A(A)) < B, 20 va real(1(A - SI)) <0.
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(i) Ta thay rang:

G,(jo)=C,(jol-A,)'B,
=C(jol - A+ B1)'B
=C((B+ jo)l-A)'B
=G(f+ jo),

do do

e,

. =supo,, (G, (jo))
=supo,, (G(f + jo))

weR

-|G

H, 4

]

Sau ddy, tac gia gidi thiéu thuat toan chit can bang mé rong cho hé khong

6n dinh [90] nhu sau:

Thuét toan 2.5.2. Thuit toin chit cin bing mé rong cho hé khong on dinh

[90]
Diu vao: Hé (A, B, C) dugc mo ta trong (1.1) (hé khong 6n dinh) ¢6 biéu dién
dang ham truyén 1a G(s) = C(sI- A)f1 B.

Bugc I: Xac dinh diém cuc o khong 6n dinh 16n nhéat cua hé (1.1). Dat

p =real(a)+ 0, trong d6 6 € R nhé tuy yva 6§ >0.

Buéc 2: Chuyén doi hé (A, B, C) thanh hé¢ G (s) 6n dinh theo hé phuong

trinh sau:

>
I

_ﬂI

B

A
B
C

O =
I
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Buwdc 3: Tinh Grammian quan sat Q, va Grammian di€u khién duoc P, cua hé

thong (A ,» B, C ﬂ) bang cach giai hai phuong trinh Lyapunov sau:

AP, +P,A'=-B B,

AQ,+Q,A, =—C,C,.
Bugc 4: Phan tich Cholesky ma tran P, =R, R; , véi R | 1a ma tran tam giAc trén.
Bugc 5: Phan tich Cholesky ma tran Q, =R, R} , v6i R, 1a ma tran tam giAc trén.
Luu y: Co thé tinh phan tich Cholesky ctia hai ma tran Gramian diéu khién va
Gramian quan sat tir cac thong s6 cua hé (A ,» B, C ﬂ) ma khong qua budc tinh
hai ma tran Gramian diéu khién va quan sat (budc 3) nhu trong tai liéu [10],
[33], [63]. Trong Matlab dé tinh truc tiép phan tich Cholesky ctia hai ma tran
Gramian diéu khién va Gramian quan sat tur cac thong sb cua hé (A ,» B, C ﬂ)

c6 thé thyc hién bang 1énh lyapchol.

Budc 6: Phan tich SVD ma tran R, R}, =U AV, .
Buwéc 7: Tinh ma trdn T, khong suy bién

T,'=R, V,A,"

B Pp " B8

Buoc 8: Tinh (A,, B,, C,)=(T,'A,T,, T,'B,, C,T,).

Luu y: Cac bude tir budc 3 dén bude 8 lién quan dén thuit toan chuyén hé vé
dang can bang [45], [46], [57]. Trong Matlab dé thuc hién chuyén hé vé dang

can bang ta dung 1énh bareal.

Buwdc 9: Chon s6 bac can rut gon r sao chor<n.

Budéc 10: Biéu dién (Aﬂ, ﬁﬂ, éﬁ) ¢ dang khéi nhu sau:
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~[A, A,]. [B,]. . .
Aﬂ—[A Y B,=| [V ].C,=[C, €,
Azlﬂ A22ﬂ

LA rxr - rxp ~ qxr
trongdo A, , eR™, B, e R™, C  eR"™.

Ta thu dugc hé gidm bac (A”ﬁ, ﬁ]ﬂ, Clﬁ) on dinh.

A

Buée II: Chuyén ddi h¢ (A,,, B, C,) on dinh v& h¢ én dinh - f

(A”, ﬁl, él) theo hé phuong trinh sau:
A11 :Allﬂ _1819
B, =B,
C =C,.

Piu ra: Hé giam bac (A”, ]§1, él)

1 A

Dat élﬁ(s):élﬂ(sI—Allﬂ)_ B, la dang ma trn truyén cia hé

A A A A A A -1 A \
(A, B, €,) vadit G(s)=C(s1-A,) B, la dang ma trgn truyén h¢

gidm bac (A ﬁl, é] ) , ta c6 dinh 1y sau:

112
Pinh ly 3: Pat G(s) € Cﬂ va Gl(s) la hé giam bdc thu duoc tw thudt toan 2.5.2.
Thi ta thu dwoc cong thirc tinh chan trén cua sai s6 giam bdc nhu sau:

G(5)-G,(s)

<2(o,, +...+0,),

H, »

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

Chiing minh dinh Iy 3: Dit E(s)=G(s)-G,(s)=C,(sI-A,) B,, tacé
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Tu real(1(A)) < S, real(/l(AH)) <p,tacod E(s)eC,. Sir dyng dinh 1y 2

ta thu duoc:

[ECs)

o =B, =G(9-6\,()

H, °
trong d6 E (s)=C,(sI-(A, - ﬂl))‘lBe. Tir G,(s) va G 4(s) la hé 6n dinh
tiém can va Gl ﬂ(s) la hé giam bac thu duogc tur bﬁng thuat toan chat can bé‘mg

cua hé G ,(s), ta co:

G,(5)-G,,(s)| <2(0,,+..%0,),

H,
trong d6 o,,...,0, la gia tri Hankel suy bién cua G 5(5). O

2.6. Vi du giam béc hé tuyén tinh khong 6n dinh bac cao

DPé minh chimg hiéu qua va tinh dung dan cua hai thuat toan giam bac mo
hinh di duoc dé xuét va hoan thién trong muc 2.5, tac gia ap dung céc thudt toan
nay dé gidm bac mdt hé tuyén tinh khong on dinh bac cao cb dang nhu sau:

S(s) = 2s)
D(s)
Vo1
H(s)=1.265" +110.4s" +39595" +8.089.10's" +1.078.10°s" +1.006.10"s"
+6.869.10s° +3.547.10°s" +1.419.10°s” +4.478.10°s° +1.116.10"s°

+2.142.10"s" +2.96.10"s’ + 2.616.10"s* +1.183.10" 5 +1.536.10°
D(s)=—-0.0001185s" —0.02028s" —1.051s" —22.89s" —222.55" —165.6s"

+1.999.10%s” +2.433.10°s" +1.533.10°s" + 5.942.10°s° +1.438.10"s°
+2.042.10"s* +1.401.10"s’ +2.108.10°s* +1.49.10"s

2.6.1 Giam bdc hé tuyén tinh khong on dinh theo thudt todn giam bdc gidn tiép
Thyuc hién gidm hé khong 6n dinh S(s) theo thuat toan ¢ 2.5.1, két qua

thu duoc nhu sau:
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Bwéc 1-5: Phan tach bo diéu khién thanh phan 6n dinh va khéng 6n dinh
Phén hé 6n dinh

_A(s)
~ B(s)

S,.(5)

Vi
A(s)=-1.063.10"s" —1.022.10° s” —4.043.10's” —8.913.10°s" —1.239.10"s"

—1.154.10"s’ — 7.392.10"s" —3.265.10"s’ —9.676.10"s* —1.779.10"s’

—1.564.10"s" +4.185.10"s* +1.911.10"s* +9.806.10"s +1.257.10"
B(s)=s" +181.5s" +1.074.10" s” +3.039.10°s" +5.012.10°s" + 5.309.10’s’

+3.788.10%" +1.853.10° " +6.172.10°s" +1.35.10"s’ +1.784.10"s’
+1.163.10"s’ +1.725.10°s* +1.286.10°s +1.628.10~

Phan hé khong 6n dinh

_ —1.941.10°

S
) =031

Buéc 6: Thuc hién giam bac phan hé 6n dinh S ,(s) cua theo thudt toan 2.3.2 va
thuat toan 2.3.3 thu duoc két qua nhu sau:

Thuit toan 2.3.2: Thuét toan dwa hé vé dang tam giac

Thuit toan 2.3.3: Thuit toan sip xép lai diém curc theo chi sd troi H R

Ta thu dugc hé tuong duong (A, B, C)

[ -0.0000 0.0000 -0.0000 0.0000 -0.0000 -0.0000 -0.0000 -0.0002 0.0002 0.0003 0.0002 -0.0003 0.0002 -0.0001]
-0.0000 -0.0000 0.0000 0.0000 -0.0000 -0.0000 0.0000 0.0000 -0.0000 -0.0000 -0.0000 0.0000 -0.0000 0.0000
0  -100.00 -118.48 60.7053 56.3024 -55.913 -56.067 31.677 44.4656 24.9638 -33.2208 29.254 -9.034
0 0.0000 -35.098 13.344  4.5251 3.3703 10.0482 -9.5266 -14.6697 -10.1687 14.0749 -13.668 4.3821
0 -0.0000 0.0000 -9.1392 -16.923 16.8244 16.8713 -9.5179 -13.3535 -7.4916 9.9710 -8.7819 2.7129
0 -0.0000 -0.0000 -0.0000 -7.8347 16.0496 15.6206 -8.8121 -12.3631 -6.9357 9.2310 -8.1300 2.5115
0 -0.0000 -0.0000 -0.0001 -0.4721 -7.7430 -15.5288 8.7603 12.2905 6.8950 -9.1768 8.0823 -2.4967
0 0.0000 0.0000 0.0001 -0.0001 0.0001 -7.7860 10.564 12.3246 6.9141 -9.2022 8.1047 -2.5036
0 0.0000 -0.0000 -0.0002 -0.0004 0.0001 -1.7795 -2.4778 -6.9527 -3.9005 5.1913 -4.5722 1.4124
0
0
0
0
0

P
]

-0.0000 0.0000 0.0006 0.0003 0.0002 0.0001 0.0001 -4.8770 -6.7148 7.2831 -6.4145 1.9815
-0.0000 -0.0000 -0.0005 0.0006 -0.0005 0.0001 -0.0002 1.2426 -1.5349 4.0858 -3.5984 1.1116
-0.0000 0.0000 0.0004 0.0009 -0.0001 0.0003 -0.0001 0.0001 0.0002 -2.7192 4.9394 -1.4796
0.0000 -0.0000 -0.0008 -0.0002 -0.0002 0.0001 -0.0002 -0.0003 -0.0001 -0.1496 -2.1092 1.3031
0.0000 -0.0000 -0.0035 -0.0016 -0.0008 -0.0003 -0.0007 -0.0010 -0.0005 0.0006 -0.0004 -0.2012 |

(= N =  — =R = R e R =
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[ 6.3728]
0.0000
0.0000
0.0000
-0.0000
-0.0000
0.0000
0.0000 |’
-0.0000
-0.0000
-0.0000
-0.0000
-0.0000

| 0.0000 |

Cz[0.0000 -0.0000 14.1421 8.3784 -4.2753 -3.9589 3.9353 3.9456 -2.2258 -3.1230 -1.7524 2.3323 -2.0536 0.6342].

Két qua giam bac phan hé¢ 6n dinh S _,(s) duoc thé hién trong bang 2.4 nhu sau:
Bang 2.4. Két qua giam bdc phdn hé én dinh S (s)

Bac Hé rﬁt an Sodr (S)

5 —1.063.10%s* —6.236.10°s* —1.043.10"s* —4.823.10"s* +2.765.10" s + 2.287.10’
s*+144s* +4718s° +3.139.10"s* +2.265.10 s +3.451.107"

4 —1.063.10"s" —5.286.10°s" —5.707.10°s* + 2.805.10°s + 2.557.10°
s*+135.15° +3510s* +2.528.10 "5 + 3.859.10"

3 —1.063.10"s’ —1.578.10°s" + 7.785.10"s + 7.286.10°
s’ +100s* +7.201.10 "5 +1.099.10 "

2 —1.063.10"s* +771.3s + 728.6
s°+7.2.10"5+1.099.10°"

Piu ra: Hé giam bac thu dugc 13 :S (s)=S_, (s)+S, (s)

Két qua giam bac hé khong on dinh S(s) duoc thé hién trong bang 2.5

nhu sau:
Bang 2.5. Két qua giam bdc hé tuyén tinh khong on dinh S(s)
Bac Hé rl’]‘t an Sodr (S)
6 —1.063.10%s° —5.334.10°s° —6.798.10°s* —3.22.107 s> —8.418.10" s> = 2.623.10%5 — 2.359.10°
s®+133.7s° +3233s* —1.727.10%s* —=3.237.10° s> —=2.333.10° 5 —3.559.107"
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-1.063.10"s* —4.383.10°s* = 2.877.10°s* —6.463.10°s* —2.638.10" s — 2.638.10’
s° +124.85* +2117s° —3.62.10%s* —2.604.10"°s —3.98.10™"

—1.063.10"s* —6.758.10*s’ —2.353.10°s* - 7.301.10"s — 7.515.10°
s +89.69s" —1031s* —7.028.10 *5 —9.88.10

Qua trinh tinh toan dugc thuc hi¢n theo phu luc 6 (Re_Unstable TT.m’)

Pé danh dé danh gia rd hon két qua giam bac hé gbc bac cao, tac gia sir
dung dap tmg budc nhay va dd thi bode cia hé gdc va cac hé giam bac nhu hinh

2.4 va hinh 2.5 sau day:

¥ 10° Step Response
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Hinh 2.4. Pdp iing buede nhay ciia hé gbc va cdc hé giam bdc
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Bode Diagram

140
! I —He goc
—Hebach
190 — -Hebach
— - -Hebac 4
1111 S b . .
E 1
=
280
=
=
[y ]
1 e -
T LY e .
D0 ----emmme oo R O REEEE .

107 10° 10° 10°
Frequency (rad/s)

Hinh 2.5. D6 thi bode ciia hé goc va cdc hé giam bdc
Nhin xét: Qua két qua trén hinh 2.4 va hinh 2.5 ta thay:

+ Dép Uing budc nhay va dd thi bode ctia hé bac 5, bac 6 1a hoan toan

trung khop voi dap ung budc nhay va dd thi bode cua hé géc bac 15.

+ Pap tng budc nhdy cua hé bac 4 trung khép vai dap g bude nhdy cua
hé gbc bac 15; do thi bode cua hé bac 4 co sai léch nho véi do thi bode cua hé

gbc bac 15 tir dai tan (2,68 + 3,52) rad/s.

Nhu vy, tiiy thudc vao yéu ciu sai sd giam bac va pham vi ing dung cia
mo hinh giam béc trong bai toan cu thé ma ta c6 thé lya chon mé hinh gidm bac
tuong ung thay thé cho md hinh géc. Cu thé: néu mudn hé giam bac co bac thép
nhat c6 thé va chi quan tdm chu yéu dén sai 1éch dap ung budc nhay so véi hé
géc nho thi ta c6 thé lya chon hé bac 4 thay cho h¢ géc bac 15. Néu mudn hé co
bac thap nhung sai s giam bac nhd, sai léch dap tmg budc nhay va sai léch do
thi bode so vo1 hé géc nho thi ta c6 thé lya chon hé bac 5 thay thé cho hé géc
bac 15. Két qua giam bac ¢ trén ching to thut toan giam bac méi cé kha ning

giam bac dugc cho mé hinh tuyén tinh khong on dinh béc cao.
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2.6.2. Gidm bdc hé tuyén tinh khong on dinh theo thudt todn giam bdc truc tiép
Thyuc hién giam bac hé khong 6n dinh S(s) theo thuat toan 2.5.2 tac gia

thu dugc két qua nhu sau:

Luu y: Theo dinh nghia 4 trong muc 2.5.2, hé S(s) duoc goi 1a hé 6n dinh - 3,

nén h¢ gidm bac cua S(s), ky hi¢u la §1 (s)duoc goi la hé giam bac on dinh - g.

Bwoc 1. Xac dinh diém cuc « khong 6n dinh 1én nhit cua hé S(s), ta duoc

a=10.313.Dat f=a+6=10.323

Budc 2: Chuyén doi h¢ khong on dinh S(s) thanh hé on dinh S (s) thu duoc

két qua sau & dang mo hinh trang thai (Aﬁ, ﬁﬁ, Cﬂ, ﬁﬂ) nhu sau:

[-181.5308 -69.2774 -23.5797 -14.3273  -13331 10.0562 7.6510  6.0266  2.9194 1.7667 1.2539  0.8603 0.5178 0.0000 0
128 -10.3233 0 0 0 0 0 0 0 0 0 0 0 0 0
0 64 -10.3233 0 0 0 0 0 0 0 0 0 0 0 0
0 0 16 -10.3233 0 0 0 0 0 0 0 0 0 0 0
0 0 0 8 -10.3233 0 0 0 0 0 0 0 0 0 0
0 0 0 0 16 -10.3233 0 0 0 0 0 0 0 0 0
0 0 0 0 0 160 -10.3233 0 0 0 0 0 0 0 0

A, =A-pl= 0 0 0 0 0 0 8 -10.3233 0 0 0 0 0 0 0
0 0 0 0 0 0 0 8 -10.3233 0 0 0 0 0 0
0 0 0 0 0 0 0 0 4 -10.3233 0 0 0 0 0
0 0 0 0 0 0 0 0 0 2 -10.3233 0 0 0 0
0 0 0 0 0 0 0 0 0 0 1 -10.3233 0 0 0
0 0 0 0 0 0 0 0 0 0 0 025  -10.3233 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0.002  -10.3233 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0.02  -10.3233]

(81927
0
0
0
0
0
0
B,=| 0
0
0
0
0
0
0
L 0 ,

C, =1.0¢[0.0108 0.0058 0.0020 0.0010 -0.0008 -0.0017 -0.0011 -0.0009 -0.0004 -0.0002 -0.0002 -0.0001 -0.0001 -0.0182 -1.2074]
D, =[-1.0632¢" ]

Buwée 3 -10: Két qua giam bac hé 6n dinh S 5(s) duge thé hién & bang 2.6 nhu

sau:
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Bdng 2.6: Két qua giam bdc hé on dinh S,(s)

Bac H¢ giam bac Sl 5(8) Sai 50

[ss-S1509),,.

6 -1.063.10*s° ~1.116.10°5° —4.427.10"s* —8.842.10%s* - 9.583.10%s” —5.414.10"%s - 1.257.10"! 9207.107
s© +188.55° +1.047.10%s* + 2.211.10°5* +1.991.10° s> +6.49.10°s + 6.47.10*

5 -1.063.10*s” —9.871.10°s* —3.231.10" s> — 4.928.10°s* —3.612.10° s —1.038.10" 0228.107
s +176.4s" +8335s +1.201.10° s> +5.352.10° s + 5340

4 —-1.063.10"s* —8.665.10°s* —2.256.10"s* —2.397.10"s —9.246.10° 0.0346
s*+165.15° +6470s° +4.765.10"s + 475.8

3 —1.063.10"s’ —3.28.10°s* —3.174.10°s — 7.74.10° 10.15
s'+114.5s* +399.55 +3.983

Buéc 11: Chuyén ddi hé giam bac S ,(s) vé hé¢ 6n dinh — B giam bac S (s) ta
thu duoc két qua giam bac thé hién trong bang 2.7 nhu sau:

Badng 2.7: Két qua giam bdc hé khéng on dinh S(s)

Bac H¢ giam bac gl(s) Sai 50

HS(s>—é1<s)HHM

6 -1.063.10%s° —4.574.10°s" —3.663.10°s* —=1.162.10"s* —3.796.10s* — 7.364.10" s - 4.726.10 9207.1077
5%+126.65° +2340s* —3.241.10%s° - 6.486.10*s” +1.033.10°5 —1.025.10

5 -1.063.10%s” —4.383.10°s* —2.877.10°s” — 6.463.10° s> —2.638.10" s — 2.638.10’ 0228.107
s +124.8s* +2117s* —3.62.10*s* +8.972.10°5 - 5.728.10~°

4 -1.063.10*s* —4.274.10°s* = 2.522.10°s* = 4.157.10° s — 2.191.10’ 0.0346
s*+123.85° +1998s* —3.757.10% s +2.789.10*

3 —1.063.10"s’ +1317s* +1.981.10°s +1.772.10° 10.15
s'+83.49s* —1644s + 6978

Qua trinh tinh toan duogc thuc hién theo phu luc 7 (balance new.m)
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Dé danh dé danh gia rd hon két qua giam bac hé gbc bac cao, tic gia si
dung dap tmg budc nhay va dd thi bode cia hé gdc va cac hé giam bac nhu hinh

2.6 va hinh 2.7 sau day:
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Hinh 2.6. Padp iing budc nhay ciia hé goc va cdc hé giam bdc

Bode Diagram
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Hinh 2.7. D6 thi bode ciia hé géc va cac hé giam bdc

Nhin xét: Qua két qua sai s6 giam bac va hinh 2.6, hinh 2.7 ta thay:
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+ Sai sb giam bac theo chuan H,_, cua h€ bac 5, bac 6 1a nho; Dap ung

budc nhay va dd thi bode ciia hé bac 5, bac 6 1a hoan toan trung khép voi dap
rmg budc nhay va dd thi bode ctia hé gbe bac 15.

+ Sai sb giam bac theo chuan H_, cua h¢ bac 4 la 16n hon nhiéu so véi
sai sd giam bac cua h¢ bac 5, bac 6; Bap ung budc nhdy cua hé bac 4 trung khop
v6i dap ung budc nhay ciia hé gbe bac 15; do thi bode ctia hé bac 4 c6 sai 1éch

so voi do thi bode cia hé gbc bac 15 & ving tan thap (nho hon 1,98 rad/s)

Nhu vy, tiiy thudc vao yéu cau sai sd giam bac va pham vi tng dung cta
mo hinh giam béc trong bai toan cu thé ma ta c6 thé lya chon mo hinh gidm bac
tuong ung thay thé cho md hinh géc. Cu thé: néu mudn hé gidm bac co6 bac thép
nhat c6 thé va chi quan tdm chi yéu dén sai 1éch dap ung budc nhay so véi hé
géc nho thi ta c6 thé lya chon hé bac 4 thay cho h¢ gé)c bac 15. Néu mudn hé co
bac thap nhung sai sd giam bac nhd, sai 1éch dap tmg budc nhay va sai léch dd
thi bode so vo1 hé géc nho thi ta ¢6 thé lya chon hé bac 5 thay thé cho hé géc
bac 15.

Két qua trén chtng t6 thuat todn giam bac truc tiép c6 kha ning giam bac
duoc cho mo6 hinh tuyén tinh khong on dinh bac cao.
2.7. Két luan chwong 2

Trong chuong nay, tic gia di dat dugc mot s6 ndi dung sau:

1. Gidi thiéu mot sd cong cu todn hoc thuong dung trong giam bac mo hinh.

2. Xay dyng mot thuat toan giam bac mdi cho hé on dinh (thudt todn
2.3.2, thudt todn 2.3.3) trén co s bao toan cic diém cuc troi caa hé gdc trong
hé giam bac. DPiém méi quan trong cua thuat toan la dua ra chi $6 troi H_, chi $6
tro1 H,, chi s6 troi hon hop H,/H, dé danh gia tinh quan trong cta cac diém cuc
va kha nang sip xép cac diém cuc theo céc chi sb tréi giam dan trén dudng chéo

chinh ctia ma tran A va dua ra dugc cong thtrc tinh chan trén cia sai s6 gidm
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bac. Pong thoi tac gia dua ra 3 dinh nghia, 1 dinh 1y va 5 bo dé méi cung phan
chting minh day di.

3. Xay dyng thuat todn gidm bac madi cho hé khong 6n dinh theo phuong
phap giam béc gian tiép (thudt todn 2.5.1) 1a phan mé rong cia thuat toan moi
cho hé 6n dinh (thudt todn 2.3.2, thudt todn 2.3.3) trén co s bao toan cac diém

cuc trdi cua hé goc trong hé giam bac.

4. Pua ra dugc 1 dinh nghia va 2 dinh Iy méi cing phan chirng minh day
du dé xac dinh cong thirc tinh chin trén cua sai sé giam bac tir d6 hoan thién
thuat toan chat can bﬁng mo rong cho h¢ khong on dinh theo tai liéu [90] (thudat

todn 2.5.2).

5. Céac vi du giam bac hé tuyén tinh 6n dinh bac cao (md hinh bo loc sb
[87], md hinh CD player [67]) va hé tuyén tinh khong 6n dinh bac cao cho thiy

tinh dung dan va hi¢u qua cta céac thuat toan giam bac da dé xuat.



65

CHUONG 3. VE MOT UNG DUNG BAI TOAN GIAM BAC MO HINH
TRONG DPIEU KHIEN

Trong noi dung chuwong 2, tdac gia da xdy dung, hoan thién hai thudt toan
giam bdc mo hinh ciing nhw dwa ra cac vi du minh hoa tinh dung dan ciia thudt
toan da dé xuat. Bé lam ré hon wu nhwoc diém, tinh ding déin va hiéu qud cia
cdc thudt todn ndy, trong chwong 3, tdc gid sé trinh bay vé mét g dung thudt
toan gidm bdc mé hinh trong diéu khién gom ca 1y thuyét va mé phéng — cu thé

la ting dung gidm bdc mé hinh trong bai todn giam bdc b diéu khién bdc cao.
3.1. Giédi thiéu

Theo 1y thuyét diéu khién bén vimng thi hé théng diéu khién bén viing H.,
1am cho chat lugng hé théng 6n dinh, it phu thudc vao sy thay do6i cua ddi tuong
cling nhu nhiu tac dong 1én hé thdng. Muc dich cua diéu khién bén viing 1a chat
luong vong kin duoc duy tri mic du co su thay doi trong ddi tugng. Hé thong
diéu khién nay duoc gidi thiéu 1an dau tién boi McFarlane va Glover vao nim
1991 [54], va da duoc st dung thanh cong trong nhiéu tng dung thuc té. Tuy
nhién, tir phuong phép thiét ké diéu khién bén viing H,, dau tién [54] dén cac
nghién ctru sau nay vé 1y thuyét diéu khién bén vimg H., [2] thi bd diéu khién
thuong c6 bac cao (bac clia by diéu khién duge x4c dinh 1a bac cua da thirc
mau). Bac cta bo diéu khién cao giy ra nhiéu bét loi khi chung ta dem thyc hién

diéu khién thuc, vi :

+ Néu thiét ké hé thong diéu khién s6 thi bo diéu khién bac cao s& dan toi
mi chuong trinh phire tap 1am gia ting khéi lwong tinh toan can duoc xt 1y dan
t6i cac hé thong diéu khién co thé khong dap tmg dugc yéu cau diéu khién thoi
gian thyc hodc néu mudn dap tng dugce thi yéu cau toc do (toc d6 cua vi xtr 1)

ctia phan ctng cao 1am ting chi phi ctia hé théng diéu khién.

+ Néu thiét ké diéu khién twong tu thi cAu trac mach diéu khién phuc tap,

dan toi kha ning gip sy cd trong thiét ké va ciing nhu trong hoat dong ctia mach
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ting 1én hay do tin cdy ctia hé thong giam dong thoi chi phi cho hé théng diéu

khién twong tng ting 1én.

Vi vay, viéc giam bac bo diéu khién ma vin dam bao chat luong cia hé
théng diéu khién (thé hién qua cac chi tiéu cht luong tinh, chat luong dong cua
hé thdng diéu khién) c6 mot y nghia thuc tién rat 16n dbi v6i hé théng diéu khién
bén ving. Pé thu duge bd diéu khién bac thép thi ta c6 thé thuc hién theo 2

phuong phap khac nhau nhu sau:

Phwong phap thir nhat. phuong phap nay lya chon mot cau truc ¢6 dinh
cua bd diéu khién giam bac sau do6 ap dung cac thuat toan to61 wu dé tim cac tham
s0 cua by di€u khién giam bac sao cho dam bao céic ti€u chuan cua diéu khién

bén virng.

Phwong phdp thir hai: Thiét ké bo diéu khién bén vimg cho dbi tuong bat
dinh s& thu dugc bo diéu khién bac cao, sau d6 thuc hién giam bac bo diéu khién

bac cao theo cac thuat toan gidm bac dé thu dugc bd diéu khién bac thép.

Theo quan diém cta tac gia thi thuc hién theo phwong phap thir nhat ta c6
thé giup thu dugc bo diéu khién bac thap nhu trong tai liéu [78], [79] nhung gip
phai van dé 1a do phai cung luc giai hai bai toan t6i vu (bai toan diéu khién bén
vitng va bai toan tim thong sb ctia bd diéu khién bac thap) nén tinh phirc tap cua
phuong phap 13 rit cao va néu lya chon céu trac cua bo diéu khién bac thip
khong thich hop thi c6 thé khong xac dinh dugc tham s6 ctia bo diéu khién bac
thap (bai toan t6i wu khong c6 nghiém). Véi phuong phap thir hai thi bai toan
gidm bac 1a mot bai toan doc 1ap nén thuc hién theo phuong phap nay ta luén
thu duoc bo diéu khién giam bac nhu trong tai liéu [3] vi vay dé ludn tim duoc
bo diéu khién bac thap trong moi truong hop thi phuong phép thir hai ¢ wu thé
hon. Chinh vi vay, trong ndi dung chuong nay, tdc gid s€ ing dung cac thuit
toan giam bac mo hinh di dé xuét trong chuong 2 dé giam bac bo diéu khién bac

cao trong bai toan di€u khién bén ving, cu thé 1a bai toan gidm bac bd diéu
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khién bén viing bac cao trong hé théng on dinh goc tai may phat dong bo va bai
todn giam bac bo diéu khién bén viing bac cao trong hé théng diéu khién can

bang xe hai banh.
3.2 Ung dung giam béc trong bai toan diéu khién on dinh géc tai may phat
dong bd

Trong tai liéu [3], tac gia da thiét ké bo diéu khién bén viing RH.,, dé on
dinh goc tai cia may phat dong bd khi may phat hoa véi ludi, két qua thu duoc
bo diéu khién bac 28 nhu sau:

N(s)

R(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"s" —1.411.10"s"” —1.527.10"s"
—1.544.10"5" —1.341.10"s" —1.032¢"s"” — 7.021.10" 5" —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"s° —1.723.10"s’ —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°s” —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” 4+ 2.062.10"s* +1.065.10" s’
+2.479.10"s* —1.59.10"s +2.945.10™"

Bo diéu khién bac 28 c6 nhiéu bat lgi khi chung ta dem thuc hién diéu
khién thuc nhu di phéan tich & muc 3.1 nén van dé cap thiét dat ra dé giai quyét
van dé chat luong diéu khién, téc dd dap ing va yéu cau phan ctng cua hé thong
6n dinh goc tai may phat dong bd 1a can phai giam bac bo diéu khién bac cao.
Dé bo didu khién giam bac c6 thé thay thé dugc bo diéu khién gbe bac cao thi né

phai thoa man céc diéu kién sau:
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1. Sai s6 gidm bac nho - sai 1éch dap ung budc nhay, dap Gng tan s6 ctuia bd
diéu khién gidm bac so vdi bg diéu khién goc 1a nho;

2. Bac cua bo diéu khién nho;

3. Bo diéu khién giam bac van dam bao chat luong diéu khién twong duong
bo di€u khién goc (thé hién qua cac chi tiéu chat lugng tinh, chi tiéu chat

lugng dong cua hé thong diéu khién).

Bo diéu khién bac 28 13 mot mo hinh tuyén tinh 6n dinh nhung c6 hai
diém cuc ctia hé x4p xi bang khong (chi tiét trong phu luc 13) nén phan tiép theo
tac gia s& ap dung thut toan giam bac hé khong 6n dinh trong muc 2.5 dé giam

bac bo diéu khién bac 28 nham théa man cac yéu cAu trén.
3.2.1. Giam bdc bé diéu khién theo thudt todn giam bdc gidn tiép

Chuyén bo diéu khién bac 28 vé dang biéu dién ti thiéu, ta thu duoc két

qua nhu sau:

N, (s)
D, (s)

N (5)=-92.89s" —1.358.10"s"" —9.111.10°s" —3.727.10"s" —1.042.10’ 5"
—2.124.10"s" —3.286.10"s" —3.971.10"s" —3.825.10"s" — 2.963.10" s
—1.836.10"s" —8.929.10"s° —3.315.10"5" —9.091.10"s* —1.768.10" s’
—2.22.10"s*—-1.279.10"5 + 2.036.10"

R, (s)=

D (s)=s5"+178.5s" +1.484.10"s" +7.642.10°s" +2.731.10"s" + 7.183.10"s"
+1.436.10"s" +2.221.10"s" +2.677.10"5” + 2.517.10"s" +1.831.10" s’
+1.018.10"s° +4.225.10"5” +1.263.10"s* +2.552.10" s’ + 3.075.10" s
+1.588.10"s

Thyc hién gidm bac bo diéu khién R (s) theo thuat toan 2.5.1 cho két

qua giam bac duoc thé hién trong bang 3.1 nhu sau:
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Bang 3.1. Két qua giam bdc bo diéu khién bdc cao theo thudt todn giam bdc

gidn tiép

Bac R (s)

5 —92.89s° —2747s" —2.202.10"s —1.515.10°s* —3.974.10" s + 1495
§*+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'+43.895" +717.7s* + 66515 —3.366.10™"

Qua trinh tinh toan dugc thuc hi¢n theo phu luc 3, 4, 5 (hinf MK.m,
htwo MK.m, Mixed MK.m)
Luu y: Tac gia s& goi bo diéu khién giam béc (bac r) 1a bo diéu khién bac r.
Pé xac dinh mo hinh giam bac thich hop, tac gia str dung dap ung budc
nhay va dap tng tan sé cua bd diéu khién gbec va bo didu khién giam béc thé

hién trén hinh 3.1 va hinh 3.2 nhu sau:

Step Response
—Bo dieu khien bac 28

Amplitude

'
1
: :
_ 1 1
ELI --------- LT R In- -------- T -------- = m =
' '
1 1
] 1 1 1 ]
1 1 '
100 1 1 H H H
lATY - - - = -
0 0.5 1 5 2 2.5 3

Time (seconds)

Hinh 3.1. Dap wung budc nhay cua bo diéu khién gé'c va bé diéu khién bdc 4
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Bode Diagram

a0 T T ; ;
— Bo dieu khien bac 28

e B0 P — — Bo dieu khien bac 4
m : :
=
S 40
=2
=
= 20
=

0

] | ] |

10 107 10° 10°
Frequency (rad/s)

Hinh 3.2. Do thi bode ciia bo diéu khién goc va bé diéu khién bic 4
Nhan xét: Qua hinh 3.1 va 3.2 ta thdy dép Gmg ctia bo diéu khién bac 4 c6 sai
1éch nho so véi dap Gmg cua bo diéu khién gbe bac 28.

Tir cac két qua trén ta thiy bd diéu khién bac 4 c¢6 kha ning thoa man
duoc cac yéu cau cua bai toan gidm bac bd diéu khién bac 28 nén c6 thé sir dung
bd diéu khién bac 4 thé thay thé bo didu khién gdc bac 28 trong tai lidu [3].

3.2.2. Gidm bdc bé diéu khién theo thudt todn giim bdc trwc tiép
Thuc hién gidm bac bo diéu khién R (s) theo thuat toan 2.5.2 tac gia thu

duoc két qua nhu sau:

Bang 3.2. Két qua giam bdc bé diéu khién bdc cao theo thudt todn giam

bac truc tié'p

Bac R (s)

5 —92.89s’ —438.1s" —7570s’ —2.603.10"s* —3.759.10"s —1.26.10"
§"+36.85s" +557.65" +4799s" + 44285 +1653

4 —92.89s" —424s’ —7535s* —2.483.10"s —3.513.10"
s'+36.7s’ +552.55" + 47205 + 3923

Qua trinh tinh toan duogc thuc hién theo phu luc 8 (balance new.m)

Lueu y: Tac gia s& goi bo diéu khién giam bac (bac r) 1a b diéu khién béc r.
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Dé xac dinh mo hinh giam bac thich hop, tac gia phan tich dap ing budc
nhay va dap ung tan sb cua bd diéu khién gdc va bd diéu khién giam bac, két
qua thu thé hién trén hinh 3.3, hinh 3.4 nhu sau:

Step Response

20
! ! | | ——Bo dieu khien bac 28
i i i — - Bo dieu khien bac 4
T I TSN S SRS SO A AR
20 Pommee Fommmee Fo-ooo--- R .
W : .
=] 1
2 ' - -
i 4II """"" Ir """"" F===--==---- Ir """"" [t [ttt -1
E : 1 : 1 1
< :
R ES R B
Yy A A A R R i
100 i : i i i
0 05 1 1.5 2 25 3

Time (seconds)
Hinh 3.3. Pdp iing buede nhay cia bg diéu khién goc va b diéu khién béc 4

Bode Diagram
4D F T T TTTITE
—Bodieu khienbac 28| i

— —Bo dieu khien bac 4

[
—mdm -k -F AR - - -
e

1 Lo ] Lo
STTTTrTOTATATCATTTATTRT
e ' [

Magnitude (dB)

107 107 10° 10
Frequency (rad/s)

Hinh 3.4. D6 thi bode ciia bé diéu khién go”'c va bé diéu khién béc 4
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Nhan xét: Qua hinh 3.3 va hinh 3.4 ta thay rang dap Gng budc nhay va dap tng
tan sb ctia bd diéu khién bac 4 gan nhu trung khit so v6i dap tng cia b diéu

khién goc bac 28.

Tir cac két qua trén ta thiy bd diéu khién bac 4 c6 kha ning théoa man
dugc cac yéu cau cua bai toan giam bac bd diéu khién bac 28 nén c6 thé sir dung
bo diéu khién bac 4 thé thay thé bo diéu khién gdc bac 28 trong hé thong 6n dinh

gdc tai cia may phat dong bo theo tai licu [3].

(*) So sdnh két qud giam bdc bé diéu khién géc bic 28 véi két qua dat dwoc

trong tai liéu [3]

Trong [3], tic gia sir dung thudt todn chit cin bing ngiu nhién (trong
Matlab dung 1énh bstmr) dé giam bac bo diéu khién goc bac 28 va qua so sanh
dap ung budc nhay va dap tng tan sb tac gia thay rang: Pap tmg budc nhay va
dap tmg tan s6 cua bd diéu khién bac 6 gin nhu trung khit v6i dap tmg budc
nhay va dap ung tan s cia bo diéu khién géc bac 28 va lya chon bd diéu khién
bac 6 14 bd diéu khién thap nhit c6 thé thay thé duoc bo diéu khién bac 28. Qua
mo phong hé thdng diéu khién on dinh goc tai cia may phat dong bo st dung bo
diéu khién bac 6 tac gia [3] thay ring chat luong hé thong diéu khién (danh gia
qua cac thong sb thoi gian dap umg, 46 qua diéu chinh, sai 1éch tinh, ...) twong
duong nhu hé théng diéu khién st dung bd diéu khién bac 28, chi tiét xem trong
tai liéu [3]. Qua két qua trén, ching to bo diéu khién béac 4 theo hai phuong phap
giam bac thoa man diéu kién giam bac (sai s giam bac nho, chat lugng diéu
khién twong duong hé gbc, bac bd diéu khién nhd) nén hoan toan co thé thay thé
bo diéu khién bac 28 trong tai lidu [3]. Mit khéc, cac b diéu khién giam bac
theo cac thuat toan méi déu c6 bac nhé hon bac cia bd didu khién thu dugc theo
thuat toan chit can bang ngiu nhién trong tai lidu [3], bac bd diéu khién thap
hon dem lai hiéu qua 1a 1ap trinh diéu khién don gian hon, tbc do dap ung cta hé
thong tot hon, kha nang diéu khién thuc tot hon, chi phi cho phan cting hé thong

giam di so voi két qua trong [3]. Két qua nay cho thay, hai thuét toan da dugc dé
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xuat c6 kha niang dap ung tot cac yéu cau ciia bai toan giam bac bo diéu khién
bac cao.

3.3. Ung dung giam bic md hinh trong bai toan diéu khién cAn bang xe hai banh
3.3.1. Bai todn diéu khién cin bang xe hai banh

Hién nay, nghién ctru diéu khién can bang xe hai banh (robot hai banh tur
can bang, xe hai banh tu can bang) thu hut dugc su quan tdm cila cac nha nghién
ctru ciing nhu cac cong ty san xuét, do kha ning Gng dung thuc té cua xe hai
banh 13 16n. Tuy nhién, do xe hai banh thudng phai lam viéc trong cac diéu kién
khac nhau, tai trong mang theo co thé thay doi, ngoai luc tac dong vao xe cbd thé
thay d6i nén viéc mé hinh hoa xe hai banh ty cin bang gip nhiéu khé khan va cé
thé coi xe hai banh 13 ddi tuwong bat dinh (chi tiét trong tai liéu [78], [79]). Do
tinh chat bat dinh cia mo hinh xe hai banh nén trong céc thuat toan diéu khién
da duoc dé xuat dé dicu khién xe hai banh tu can bang nhu diéu khién phi tuyén
trong tai liéu [14], [47], thiét ké bu bang cach st dung phuong phap tiép can quy
dao goc trong tai liéu [26] va diéu khién PD trong tai li¢u [43], [77] thi diéu
khién bén vimg RH trong tai liéu [78], [79] 1a thich hop nhat dé diéu khién doi
tuong bat dinh. Tuy nhién, nhu da dé cap & phﬁn 3.1, nhuogc diém cua diéu khién
bén viing 1a bo diéu khién thu duoc thuong c6 bac cao, nhu trong tai liéu [78],
[79], nén yéu cau dit ra 1a can phai gidm bac bo diéu khién bén viing bac cao
nay. Tir co sd do6, tac gia thdy rang: bo diéu khién bén viing bac cao thu duoc tir
qua trinh thiét ké diéu khién bén vitng cho moé hinh xe hai banh tu can bang 13
mot mo hinh thich hop dé kiém chtng tinh ding dén va hiéu qua cta thuat toan
giam bac da duoc tac gia d& xuit va hoan thién trong chuong 2. V&i muc tiéu
trén, trong ndi dung nghién ciru tiép theo, tac gia sé thiét ké va ché tao mot mo
hinh xe hai banh tu can bang trong gidi han bai toan khi xe chuyén dong thang,

khi xe mang tai va chiu tac dong ctia ngoai luc trong gidgi han cho phép.
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Qua trinh thiét ké phan co khi va phan dién ctia mé hinh xe hai banh duoc
trinh bay chi tiét trong phu luc 8. Két qua cua qua trinh thiét ké, tac gia thu dugc
md hinh hoan thién ciia xe hai banh tw can bing duoc thé hién trong hinh 3.5

nhu sau:

Hinh 3.5. M6 hinh hoan thién cua xe hai banh tw can bcing

Qua trinh x4y dung mé hinh danh dinh va phan tich tinh chat cia m6 hinh
xe hai banh ty can bang dugc thé hién trong phu luc 9. Két qua cho thay: Trong
mo hinh xe hai banh tu can bﬁng c6 mot sb tham sb 13 bat dinh nhu: khoi lugng
tai thay doi dan t6i chiéu cao trong tim xe thay ddi, m6é men quén tinh cta xe
bién doi, ... ddng thoi khi hoat dong xe hai banh c6 thé chiu anh hudng cta cac
yéu td bat dinh tr bén ngoai nhu: ngoai luc, nhiéu bat dinh do su thay ddi cua
dia hinh chuyén dong, ... do d6 mo hinh xe hai banh thuc chat 1a mot dbi tugng
bét dinh. Trong do, tic gia quan tdm nhiéu nhat dén tinh bat dinh do su bién do6i
ctia khdi lwong tai va ngoai luc tac dong. Cac yéu t6 bat dinh c6 thé 1am giam
tinh chinh x4c ctia md hinh toan hoc ctia xe hai banh tir d6 dan téi giam chat
luong diéu khién, tham chi c6 thé 1am hé thdng tré nén mét 6n dinh, chi tiét
trong phu luc 9.

Vi vay, tac gia da thiét ké hé thong diéu khién bén vimg RH_ cho xe hai
banh tu can béng thé hién trong phu luc 10 va phu luc 11. Két qua, tac gia thu
duge bd diéu khién nhu sau:

_H(s)
 D(s)

R(s)
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voi

H(s)=-2.23.10"5s" —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° 5™
—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" 5" —1.862.10"s" —3.398.10" 5"
—5.276.10"s —6.903.10"s* —=7.511.10"s" —6.676.10"s* —4.721.10" s’
—2.556.10"5" —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” +9.72.10°s*
+0.3918s” +10.14s™ +187.1s” + 26125 +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" 5"
+2.372.10°s" +5.9.10°s"” +1.225.10" 5" +2.107.10"s" + 2.962.10" 5"
+3.341.10"s" +2.941.10"5" +1.931.10"s" +8.743.10°s° + 2.286.10° s
+1.519.10%s* —5.226.10"5* +3.6.10°s* +5.32.10 s

(Qua trinh tinh toan bo diéu khién duoc thé hién & phu luc 10 va phu luc 11)
Bo diéu khién bac 30 s& dan t6i nhiéu bat loi (dugc trinh bay trong muc
3.1) khi chiing ta thuc hién diéu khién can bang xe. Vi vay van dé cap thiét dit
ra 13 cAn phai giam bac bo diéu khién bac 30 dap ung cac yéu cau sau:

1. Bo diéu khién giam bac van dam bao chat luong diéu khién twong duong
bo diéu khién gbc (sai 1éch chit lugng diéu khién nho) - thoa méan duogc
yéu cau 6n dinh bén viing ctia hé thong;

2. Bac cua bo diéu khién nho.

B6 diéu khién bén viing bac 30 1a mdt mo hinh tuyén tinh khong 6n dinh nén
phan tiép theo day tac gia s& ap dung hai thuat toan giam bac duoc dé xuit trong
muc 2.5 cia Chuong 2 dé giam bac bo diéu khién thoa méan céc yéu cau trén.
3.3.2. Gidm bdc bj diéu khién bén viing theo thudt todn giam bdc gidn tiép

Thuc hién giam bac bo diéu khién bén vitng bac 30 theo thuat toan giam

béc gian tiép (thuit toan 2.5.1) & chuong 2, két qua thu dugc nhu sau:
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Chuyén bo diéu khién bén viing bac 30 vé dang biéu dién tdi thiéu, ta thu

duoc két qua 1a:

R (s)=—* 3.1)

Vo1
H (s)=-4.485.10°s" —4.231.10"s* —1.912.10"5* —5.51.10"s* —1.138.10" 5™
—1.794.10% 5™ —2.245.10" s —2.29.10"s* —1.939.10"s” —1.381.10" 5"
—8.359.10"s" —4.33.10"5" —1.929.10"s" — 7.413.10" 5" — 2.462.10" 5"
~7.066.10"s” —1.75.10%s" —3.732.10%5" — 6.814.10*s° —1.058.10" s*
~1.385.10"s” —1.508.10"s° —1.341.10%s° —9.487.10*s* —5.138.10>’
~2.001.10”s* —4.99.10" 5 — 5.987.10"

D (s5)=s" +2088s* +1.803.10°s™ + 7.485.10°s™ +1.966.10"s™ + 3.66.10’ 5™
+5.14.10"s" +5.657.10" s +5.003.10"s"” +3.618.10"s" + 2.166.10" 5"
+1.083.10"5" +4.539.10°5" +1.601.10"s" +4.748.10"s" +1.182.10" 5"
+2.456.10"s" +4.226.10" 5" +5.944.10"s” + 6.709.10"s* + 5.908.10" s
+3.881.10"s° +1.758.10"s° +4.598.10"s* +3.058.10"s* —=1.051.10" s

Budc 1-5: Thuc hién phan tach bg diéu khién thanh phan hé 6n dinh va phan h¢

khong on dinh thu dugc két qua nhu sau:
Phan hé 6n dinh

_A(s)
" B(s)

R,(5)

Véi

A(s)=—-4.485.10"s" —4.235.10°s" —1.904.10" 5™ —5.422.10"s” —1.098.10" 5™
—1.683.10"s"” —2.029.10"s" —1.974.10"s" —1.576.10" 5" —1.046.10"s"
—5.827.10"s" —2.737.10" 5" —1.088.10" s —3.666.10" 5" —1.046.10" 5"
—2.518.10"'s’ —5.092.10"s" —8.575.10"'s" —1.188.10” 5" —1.331.10"s’
—-1.175.10"5* = 7.877.10"'s* —3.766.10"s* —1.144.10" s —1.659.10"
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B(s) = s + 20885 +1.806.10°s™ + 7.504.10°s* +1.973.10"s* + 3.681.10°s"”
+5.178.10"s" +5.71.10"s" +5.062.10%5" +3.671.10" 5" +2.204.10" 5"
+1.105.10°s" + 4.653.10" 5" +1.649.10"s" + 4.918.10" 5" +1.233.10" s’
+2.583.10"s" +4.492.10"s” +6.408.10"s° + 7.371.10" 5" + 6.669.10" 5*
+4.57.10"s* +2.23.10"5* +6.9.10“ 5 +1.018.10"

Phan hé khong 6n dinh
~5.838.10*s* —9.163.10°s — 5.881.10"

R (s)=
»(5) s’ —=0.1032s* +1.185.10""s—-1.513.10°"

Buéc 6: Thuc hién giam bac phan hé 6n dinh R (s) cua bd diéu khién theo cac
thuat toan sau:

Thuit toan 2.3.2: Thuit toan dwa hé vé dang tam giac

Thuit toan 2.3.3. Thuit toan sip xép lai diém curc theo chi s6 troi H , H_ va

chi s6 troi hon hop H,/H_

Két qua thu duoc cac hé giam bac phan hé 6n dinh R (s)dugc thé hién
trong bang 3.3 nhu sau:

Bang 3.3. Két qua giam bdc phdn hé on dinh cua bé diéu khién bdc cao

Bac Hé rat gon R, ()
2 —4.485.10°s* —6.844.10"s —3.02.10°
s*+2009s +1.853.10°
1 —4.485.10°s —2.69.10’
s +2000

Piu ra: Hé giam bac R (s)=R_ (s)+R_(s) duoc thé hién trong bang 3.4 nhu sau:

Bang 3.4. Két qua giam bdc bo diéu khién bdc cao

Bac H¢ rat gon R ()

-4.485.10°s’ —6.804.10"s* —4.123.10"s* —1.235.10’s* —1.816.10°s —1.09.10’
s7+2009s" +1.833.10"s* —=19135* +2.165.10"s — 2.804.10™

—4.485.10°s* —2.65.10"s" —1.141.10%s* —1.833.10°s —1.176.10°
s*+2000s’ —206.5s* +2.369.10 s —3.026.10™"




78

Qua trinh tinh todn dugc thuc hién theo phu luc 3, 4, 5, 6 (hinf MK.m,
htwo MK.m, Mixed MK.m, Re Ustable TT.m)

3.3.3. Gidm bdc bé diéu khién bén viing theo thudt todn giam béc truc tiép

Tuong tu nhu muc 3.3.2, dé ap dung thuat toan giam bac truc tiép cho bo
diéu khién bén viing bac 30, tac gia chuyén hé vé dang biéu dién tdi thiéu va thu

duoc két qua R (5) nhu cong thuc 3.1.
Thuit toan 2.5.2: Thuit toan chit cin bing mé rong cho hé khong 6n dinh

Buwdc 1: Xac dinh diém cuc o khong 6n dinh 16n nhét cta bo diéu khién bac 27,

ta duoc ¢ =0.1032.Pat f=a+5=0.1132.
Budc 2: Chuyén doi bo diéu khien bac 27 thanh hé R, ,(s) on dinh thu duge két

H,,(s)

D (s) (3.2)

qua sau: R, (s)=

vOl

H, (s)=-4.485.10"s" —4.368.10"s" —2.038.10"s” - 6.069.10" s** —1.295.10" s
—2.111.10%s” —=2.731.10"s* —2.88.10""s™ —2.522.10"s"” —1.859.10"s"
—1.164.10"s" —6.239.10"s" —2.877.10"s"” —1.145.10"'s" —3.935.10"' 5"
—1.17.10*%s"” =3.001.10"s" — 6.626.10"s" —1.253.10" 5" —2.017.10% 5"
—2.735.10%s" —3.084.10"s° —2.841.10"s* —2.082.10%s* —1.168.10" s’
—-4.715.10%s* —=1.218.10%s —1.514.10"

D (s)=s5"+2091s* +1.865.10°s” +8.004.10°s™ +2.176.10" 5" + 4.199.10’ s
+6.118.10"s* +6.993.10"s™ +6.431.10"s" + 4.843.10" s +3.024.10" 5"
+1.578.10"s"° +6.925.10"s" + 2.562.10" 5" +7.994.10"°s" + 2.101.10" 5"
+4.633.10"s" +8.511.10" 5" +1.29.10"s” +1.59.10"s" +1.562.10" s’
+1.187.10"s° +6.677.10"s* + 2.595.10"s* + 6.192.10"s” + 7.312.10" 5*
+3.447.10"5 +2.776.10"

Bude 3 -9: Két qua thu dugc h¢ giam bac hé¢ lil ,(5) thé hién & bang 3.5 nhu sau:
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Bang 3.5. Cac hé giam bdac lim(s) on dinh

Bic Hé giam bac R, ,(s)
5 | TA485.10'5-7.058.10's'~4437.10's ~138.10°s' ~2.112.10°'5 -1.312.10°
s* +2010s* +1.924¢'s’ +4467s* + 28335 +2.406
A —4.485.10°s* —2.858.10"s" —1.285.10°s* —2.091.10"s —1.402.10"

s*+2000s’ +473.9s* +30.25s +0.2572

Budc 10: Chuyén d6i h¢ giam bac R (s) vé hé R,(s) (hé giam bac 6n dinh —
f) thu duoc két qua thé hién trong bang 3.6 nhu sau:

Bang 3.6. Két qua giam bdc bo diéu khién bdc cao theo thudt todn chdt can

bang mo rong

Bac Hé¢ giam bac R (s)
5 —4.485.10°s° —6.804.10"s* —4.123.10°s* —1.235.10°s* —1.816.10° s —1.09.10°
s*+2009s* +1.833.10%s° —1913s° +6.614.107 s -8.44.10°"
A —4.485.10°s* —2.655.10's’ —=1.191.10°s* = 1.811.10"s —1.182.10°

s*4+2000s’ —205.6s* —0.1231s + 0.003463

Qua trinh tinh todn duogc thuc hién theo phu luc 7 (balance new.m)
Luu y: Tac gia s& goi bo diéu khién bén viing giam bac (bac r) 13 bo diu khién
bac r.
3.3.4. Ap dung bé diéu khién giam bic diéu khién cin bing xe hai binh
3.3.4.1. Theo thudt todn giam bdc gidn tiép

Str dung cac bo diéu khién giam bac dé diéu khién mé hinh xe hai banh ty
can bang, tac gia lwa chon bo diéu khién bén vimng bac 5 va bo diéu khién bén
viing bac 4 (theo bang 3.4) dé diéu khién xe. M6 hinh Simulink mé phong hé
théng diéu khién can bang xe hai banh st dung cac bo diéu khién giam bac dugc

thé hién trén hinh 3.6 nhu sau:
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g; numis) .
+ _—_ 7+C u* xi=y=teta
= den(s) .

Bo dieu khien ben vung bec 207 Saturationd

Xe hai barh CB phi fuyen.

-4.4852067-8.8042075%4.1230853 1.2352082 1.8 18208510908 [
+_ = 7F u xi=y=tets
F+2009:%+1.8222045-1912:242 1662-12:-2 804214

Stepi Bo diew khien ben vorg bec & Soope

Xe hai banh CB phituyen

-4.485e005%-2.65e0755-1.141085%-1.5332085-1.176:08
a PF u xi=y=teta
5%4200052-206.5:242.289e-145-2.028e-15

Saturation®

Bo dieu khien ben vung bac 4

X hai banh CB phituyen ..

Hinh 3.6. M6 hinh Simulink hé thong diéu khién can bang xe hai banh

Két qua md phéng:

- Khi cac thong sd ctia mo hinh xe hai banh 1 danh dinh (bang 9.1 trong
phu luc 9) va ban dau xe léch khoi phuong thing dimg mdt goc

&+% (rad) thi két qua md phong hé théng diéu khién cén béng xe

dugc thé hién trén hinh 3.7 nhu sau:

Dsp ung g o nghisng daura -Ban daux= l=ch goC p 20 s :E:;"g-;-:-:";"li"; dau ra - Ban dau »& lech goc Jpit 80
002 0 06 T T — =
< i i —— B dizy khzn bac 10 | . —— Bo disu khisn bac 30
: : ===« B digy Men bac 5 i) R e == Bo dieu khien bac §
S0t i i____|===80 disutien bac 4 : ; ==~ Bo dieu khien bac 4
wi K 1 : X oodb------ Temm e Ep P L—
' ' ' ' ' ' ' '
1 1 1 1 1 1 1 1
1 1 1 1 el VoM ____n1 S
' ' ' ' e 0 1
I HE------ 4---- - PR Fo—mm - - - P ' '
) 1 1 1 _ 1 1
: ' : e tmmmmms i
c
5 i i i g i i
T 0005k ------d4---m-—- EEEEEEE TR L IR =R o el e P e it Fr------- LEREEEEEE
m
& : : : © : :
1 1 1 " [ '
1 1 1 I T
' ' ' ' '
OFF-----f-=----=-= o 1 1 1 1
1 1 1 M bk-qd-==-- T L dm e e e = F
1 1 1 == 1 ] 1 1
' ' ' ' ' ' '
' ' ' o ' ' [ '
1 1 1 LoEF==f--g- === ==—-- Fe--==-- Te=====- a====---
_,:::E ....... - | [ — 1 1 1 1
[ [ ] ' ' ' ' '
G : : : B ook EERERREE R DRERERRN o
1 1 1 1 1 1 1 1
' ' ' ' ' ' ' '
001 - - - . o : L L ' !
0 2 3 4 5 0 i 2 3 4 &
Time {==c} Tme (z25

(a) (b)

Hinh 3.7. Bdp iing ddu ra ciia hé thong diéu khién cdn bang xe hai banh sir
dung bo diéu khién géc va bo diéu khién bdc 5, bac 4
Chat luong dap tmg cua hé thong diéu khién can bang xe hai banh s

dung bd diéu khién bac 5 theo thuat toan gidm bac gian tiép la:
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+ S6 lan dao dong: 2 1an

+ Thot gian on dinh:24s

+ Sai 1éch tinh : 0%

Chét luong dap tng cua hé thdng diéu khién can bang xe hai banh s
dung bo diéu khién bac 4 theo thuét toan giam bac truc tiép 1a:

+ S6 lan dao dong: 3 1an

+ Thoi gian 6n dinh : 2,6 s

+ Sai 1éch tinh : 0%

Nhén xét: Tt cac két qua trén hinh 3.7 ta théy: Str dung bd diéu khién bac 5, bac
4 theo thuat toan giam bac truc tiép 6 thé diéu khién can bﬁng cho xe hai banh

khi xe 1éch khéi phuong thang dtmg voi thong s6 mé hinh xe danh dinh trong do:

+ Pap tng dau ra hé thong can bing xe hai banh st dung bo diéu khién
bac 5 hoan toan trung khit v&i dap tmg dau cta hé théng can bang xe hai banh

khi str dung bo diéu khién gbc.

+ Péap tng dau ra cta hé théng can bang xe hai banh khi sir dung bd diéu
khién bac 4 c6 su sai khic so v6i dap ung dau ra ciia hé thong can bang xe hai
banh khi st dung bo diéu khién gbc nhung van dam bao diéu khién 6n dinh xe
hai banh tu can bang. Cu thé: Chat luong dap tmg dau ra cta hé thdng can bang
xe hai banh khi st dung bo diéu khién giam bac 4 kém hon (s6 1an dao dong 16n
hon, thoi gian dap tmg 16n hon, bién d6 dao dong 16n hon) so véi dap tng dau ra

cua h¢ thong can bang xe hai banh khi str dung bd di€u khién goc.

(*) So sanh hé théng diéu khién can bang xe hai banh sir dung bd diéu khién
gbc, bo didu khién giam bac theo phuong phap giam bac méi va bd diéu khién
giam bac theo cac phuong phap gidm bac khéc.

Dé minh hoa hiéu qua cta thuat toan giam bac méi tac gia so sanh két qua
giam bac bo diéu khién gdc bang thuét todn giam bac mai vai két qua giam béc

b6 diéu khién géc bﬁng thuat toan chat can béng theo tai liéu [57], thuat toan dua
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trén phan tich Schur theo tai li¢u [29], [70]. Trong Matlab, thuc hién gidm bac
bo diéu khién géc theo thuat toan chat can b?mg theo tai li¢u [57] ta str dung Iénh
balancmr, thuat toan dya trén phan tich Schur theo tai li€u [29], ]70] st dung

1énh schurmr két qua giam bac dugc thé hién & bang 3.7 nhu sau:

Bang 3.7. Bo diéu khién bdc 4 theo cdc thudt todn giam bdc co ban

Thuat toan H¢ giam bac R ()

—4.485.10°s* —5.351.10°s* + 7.513.10"s* + 2.822.10"5 +1.307.10’
s* +2000s" —206.5s* +1.258.10"s —4.767.10™

Balancmr

—4.485.10°s" —5.351.10"s* +7.513.10"s” + 2.822.10"s +1.307.10’
s*+2000s’ —206.5s* +1.258.10 s —4.767.10™"

Schurmr

So d6 md phéng hé thong diéu khién cin bang xe hai banh: duoc thé hién

trén hinh 3.8 nhu sau:

c

s ey . e
denis)
Bo dieu khien ben vung bac 30" Saturation14
en

e haitanh CB phi tuyen,

c
d

N -4.485e0685%5.35120853+7.513207242.8222075+1 30707
£%42000:2-208 55241 2582-10s-4 78712

: T
Bo dieu khisn ben wung bac # theo thust toan Banlsnemr Saturation 12
E_‘ Xe haibanh CB phi tuyen.,

|
Sep2

Scopet
-4.4852085%-5.3512085247.513207:242 822207541 207207
— SatE 7|£ ue i=y=teta 4
5%+20005%-206 552 +1 258e-105-4 T6Te-12

Bo diew khien ben vung bac 4 theo thust toan Schurmr Seturationtt

e hai banh CB phi uyen. !

S

xi=y=tata

N -4.485e085 2.65e07s2-1.141e085% 1.8332085-1.176208
yy £%+2000:3-208 55242 2892-145-2.0282-15

Bo diet khien ben ving bac 4 thes thuat toan gism bac gian tiep moi Ssturation13

Xe hei banh CE phi uyen..

Hinh 3.8. M6 hinh Simulink hé thong diéu khién can bang xe hai banh
Két qua mé phéng

- Khi cac thong sd ctia mé hinh xe hai banh 1 danh dinh (bang 9.1 trong
phu luc 9) va ban dau xe léch khoi phuong thang ding mot goc 0 = &(md )

thi két qua mo6 phong hé thong diéu khién can bang xe dugc thé hién trén hinh

3.9 nhu sau:
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Diap ung goc nghieng dau ra - Ban dau %= lech goc pi/t 80 _ Cap ung goc nghieng dau = - Ban dau = lech goc pil 80
- 2
e ——E o dizu Khien bae 20 Bo dizu khizn bac 4 theo thuat tan Schurms
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(a) (b)
Hinh 3.9. Pdp ting dau ra cia hé thong diéu khién cdn bdng xe hai banh sir

dung bé diéu khién goc va cac bé diéu khién bdc 4
- Khi céc théng s6 ctia mé hinh xe hai banh thay doi (bang 9.2 trong phu
luc 9), ban dau xe léch khéi phuong thing ding mot géc 6 = %(ma’) thi két

qua mo phong hé thong diéu khién can bang xe dugc thé hién trén hinh 3.10,
hinh 3.11, hinh 3.12 va hinh 3.13 nhu sau:

D=p ung goc ngheng dau ra - Trueng hop 1 Drap ung goc nghieng dau ra - Truong hop 1
R as !
T [—8cdeukientac 20 7 |~ Bo dizu khien bac 4 theo fhust toan Schurmr |
=== Bodieu khien huu4tr=:|tr1.atk:-ar ,hrrl:m,sa'tpp an === B digu khien bac 4 feo twat toan Balancnr |
potEf--mo-- L EI TEEEEr EEEERr RS o T T o T R
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
; ; : : ] bo-o--- bo-o--- R ERR L--
T-====" TT=T==="° Ma==-===" Aa-=====-" 1 1 1 1 1
1 1 1 1 1 1 1 1 1
1 1 1 1 _— 1 1 1 1 1
: : : : E IRRREE RRREEE PRRREEE TRRERRESFAREEES
[ T . 1T c ‘ ' i : :
' ' ' ' 3 I I 1 1 1
' ' ' ' = {§fp------ F-=-==== F--=-=-- LEEEEEE re---f- LEEE RS
: ! : : & : : ! ! :
1 1 1 1 1 1 1 1 1
' ' ' ' ]| S, | I | E T e J R ——
1 1 1 1 - 1 1 I 1 [
1 1 1 1 1 1 1 ! 1
1 1 1 1 1 1 1 1
T-====" TT=T==="° Ma==-===" Aa-===="7 - 1 1 1 1 1
1 1 1 1 Ep----=- F==————— Fm=————— - - m————— I
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
L Tm====- Am==--- Am===-- - _, i 1 1 1
1 1 1 1 b ] 1 T I B
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
L L - '_, - -E L 1 1 1 1
q & ] 10 12 0 2z 4 = ] 10 12
Time (=25 Time {sed

(a) (b)
Hinh 3.10. Pap wung dau ra cua hé thong diéu khién can bang xe hai banh sw

dung bé diéu khién goc va cdc bé diéu khién bdc 4 trong truong hop 1
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hai banh sw

3

Time (==

(b)

2

by
2

ua hé thong diéu khién can bang xe

by

a cac bo diéu khién bdc 4 trong truong hop 3

7

A

by

A
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d

2

A

én goc v

’

’
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ap ung
dung bo diéu khi

Hinh 3.12. D
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_ Dap ung goc nghieng dau ra — Truong hop 4 Dsp ung goc nghisng dau ra - Truong hop 4
02 - - 1=
= Bo dieu khien bac 20 — Bo dieu khien bac 4 theo thust oan Schumr | !
=== 8o dieu khien bac 4 theo thist ipan giam bac gian fep === Bo digu khien bac 4 fheo fust an Balsnomr| ! A
Wf--—-"--- T------ T------3------A------a----

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

Radian

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

(a) (b)
Hinh 3.13. Dap ung dau ra cua hé thong diéu khién can bang xe hai banh su

dung bé diéu khién goc va cdc bé diéu khién bdc 4 trong truong hop 4
Nhin xét: Tir cac két qua trén hinh 3.10 dén hinh 3.13 cho thay: So sanh chat
lugng hé théng diéu khién can bang xe hai banh sir dung b diéu khién bac 4
theo thudt toan giam béc gian tiép véi hé théng diéu khién can bang xe hai banh
sir dung cac bd diéu khién bac 4 theo cac thuat toan giam bac gian tiép hé khong
6n dinh khac cho thiy:

+ Hé théng diéu khién can bang xe hai banh sir dung bo diéu khién bac 4
theo thudt toan giam bac gian tiép c¢6 kha niang diéu khién can bang 6n dinh xe
hai banh khi xe bi nghiéng khoi phuong thang dimg véi thong sé mo hinh xe
danh dinh va v6i thong s6 mo hinh xe thay doi.

+ Hé théng diéu khién can bﬁng xe hai banh stir dung bd diéu khién bac 4
theo thuat toan chat can béng (balancmr) theo tai li€u [57] va thuat toan dua trén
phan tich Schur (schurmr) theo tai liéu [29], [70] khdng c6 kha ning diéu khién
can bang on dinh duoc xe hai banh khi xe 1éch khoi phuong thing ding véi
thong s6 mo hinh xe danh dinh va véi thong sé mo hinh xe thay doi.

Do dé, bd diéu khién bac 4 theo thuat toan giam bac gian tiép hoan toan
thoa mén diéu kién cua bai toan giam bac bd diéu khién bac 30 nén c6 thé thay

thé bo diéu khién gdc (bac 30) bang bo diéu khién bac 4 theo thuat toan méi dé
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diéu khién can bang xe hai banh ma chat lugng hé thong diéu khién can bing

van duogc dam bao.
3.3.4.2. Theo thuat toan giam bdc truc tié}?

Str dung cac bd diéu khién bén viing giam bac theo thuat toan gidm bac
tryc tiép dé diéu khién mé hinh xe hai banh tu can bang, tac gia lua chon bo diéu
khién bén vitng bic 5 va bic 4 (theo bang 3.6) dé diéu khién xe.

So 46 mo phong hé thdng diéu khién can bang xe hai banh duoc thé hién

trén hinh 3.14 nhu sau:

S

numys)
—™ —_— Ig
‘ denis)

Be dieu khien ben wung bac 30 Saturation 17

xi=y=tata

Xe hai banh CB phi wyen,..

-4.485206:5-8.80420 754—4.12355353—1235509@1 818e08s-1.09e08 C " P
$5+2009:%+1 2232045%-1913:2+6.6142-095-8.442-10
= _
Bo dieu k hien ben vung bac 5 theo thust toan gism bac ruc fepi Seturation15 Scopel

v

e hai banh CB phi wyen...

5

xt=y=tets

Satur ation 16

Bo diew khien b= vung bac 4 theo fust foan giam bac Fuc bep

-4.4B5e06s%-2.655e0 7531 1~91 e0852-1.811e085-1.182e08 :
5%+2000:%-205.852-0.12215+0.002483

Xe hai banh CE phi tuyen,.,

Hinh 3.14. M6 hinh Simulink hé thong diéu khién cin bang xe hai banh
Két qui mé phéng:

- Khi cac tham sd ctia md hinh xe hai banh 1a danh dinh (bang 9.1 trong
phu luc 9) va ban dau xe léch khoi phuong thiang dimg mot goc

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

duoc thé hién trén hinh 3.15 nhu sau:



87

__ Dapung goonghieng diau ra — Ban dau xe lech goo pi 180 s Dsp ung goo nghizng dau ra — Ban dau »2 lech goo 2pid 180
- Bo diew Khen bac 30 Ho dieu khen bac 30
=+= Bo dicu khien bat § theo histtoan giambas trus fep 005§ - -| == Bo dieu khien bac § theo thuattoan gam bac e tiep
o e f | === Bodieu khien bac 4 theo fust toan giam bac ruc fep ——~Bo disu 'rd'iart:ac-iﬂ':_-atl':.att{-a'-;'arrlbactr:.ctiap

Radian
Fadian

(a) (b)

Hinh 3.15. Bdp iing ddu ra ciia hé thong diéu khién cdn bang xe hai banh siv
dung bo diéu khién géc va bo diéu khién bdc 5, bac 4

Chat luong dap mg cua hé thong diéu khién can bang xe hai banh s
dung bo diéu khién bac 5 theo thuat toan gidm bac truc tiép la:

+ S6 1an dao dong: 2 lan

+ Thoi gian 6n dinh : 2,4 s

+ Sai 1éch tinh : 0%.

Chat luong dap tmg cua hé théng diéu khién can bang xe hai banh su
dung bd diéu khién bac 4 theo thuat toan gidm bac truc tiép la:

+ S6 1an dao dong: 3 lan

+ Thoi gian 6n dinh : 2,6 s

+ Sai Iéch tinh : 0%

Nhin xét: T cac két qua trén hinh 3.15 ta théy: Str dung bd diéu khién bac 5,
bac 4 theo thuat toan giam bac truc tiép o thé diéu khién can bé“mg cho xe hai
banh khi xe 1éch khoi phuong thang dimg voi théng sé mé hinh xe danh dinh
trong do:

+ Pap tng dau ra hé thong cin bing xe hai banh st dung bo diéu khién
bac 5 hoan toan trung khit v&i dap tmg dau cta hé théng can bang xe hai banh

st dung bo diéu khién goc.
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+ Pap tmg dau ra cia hé théng can bang xe hai banh s dung bo diéu
khién bac 4 co sy sai khac so voi dap tng dau ra cia hé théng can bang xe hai
banh sir dung b diéu khién gdc. Cu thé: Chat luong dap ung dau ra cia hé
théng can bang xe hai banh st dung bd diéu khién giam bac 4 kém hon (s lan
dao dong 16n hon, thot gian dap g 16n hon, bién do dao dong 16n hon) so véi

dap Gmg dau ra cta hé thong can bang xe hai banh str dung bo diéu khién géc.

(*) So sanh hé thong diéu khién cin bang xe hai banh str dung bd diéu khién
gbc, bo diu khién giam bac theo phwong phép giam béc truc tiép va cac phuong

phap giam bac khac.

DPé minh ching hiéu qua cua thuat toan chit can bang md rong tac gia so
sanh két qua giam bac bo diéu khién gdc theo thuat toan chit cin bang mé rong
voi két qua giam bac bo diéu khién géc theo thuat toan chat can bﬁng cua Zhou
[88] va thuat toan can bang LQG [38].

Thuc hién gidm bac bd diéu khién géc theo thuat toan chat can bﬁng cua
Zhou [88] va thuit toan can bang LQG [38], két qua duoc thé hién ¢ cac bang
3.8 va bang 3.9 nhu sau:

Badng 3.8. Két qud giam bdc bé diéu khién goc theo thudt todn chdt can bang

cua Zhou

Bac Hé gidgm bac R (s)

—4.485.10°s" —2.669.10"s’ —1.68.10"s* —5.911.10"s —1.594.10°
s +2000s’ —111.9s* —12.125 + 0.512

Qua trinh tinh toan dugc thuc hi¢n theo phu luc 1 (balance Zhou.m)

Bdng 3.9. Két qud giam bdc bé diéu khién goc theo thudt todn cin bang LOG

Bac H¢ giam bac R, (s)

—4.485.10°s* — 6.886.10"s" —2.842.10°s —1.925.10" s —5.653.10"
s*+2009s" +1.925.10"s* +1.277.10°s — 2.811.10°
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Qua trinh tinh todn duoc thuc hién theo phu luc 2 (balance lgg.m)

So d6 md phéng hé thong dicu khién cin bing xe hai banh sir dung bo diéu

khién gbc va cac by dic¢u khién bac 4 dugc thé hién trén hinh 3.16 nhu sau:

f

numis) .
numis) )t U
den(s) .

Bo dieu khien ben vung bac 30" Saturation23

e haibanh CB phi tuyen.,

-

-4.4352065%-2.8556075-1.18120852-1 §11e08s1 182208
5*+200053-205 85201231540 002462

Bo disu khisn ben ving bac4 theo thust foan giam bacructiep. Ssturation21

e hai banh G8 phi tuyen;

-4.4856085%-2.66920752-1.682085%-5.311e075-1. 594208 i . é I Eﬂpﬂ
542200053111 952-12.125+0.512 !

Satiration22

Steps.

Bodieu khien ben vung bac 4 theo thust bban chat can bang cus Zhou

e hai banh CB phi tuyen;

-4 435e08:%.8 88607522 842e09:7-1.925e10-5 85210 m
5%4200953+1 8252045241 27720552 B11eD4

Saturation2s

Bo diew khien ben vung bac 41heo hust toan can bang LOG

—

Xe haibanh CB phi tuyer,

Hinh 3.16. M6 hinh Simulink hé thong diéu khién cin bang xe hai banh

Két qua md phéng:

- Khi cac thong sd ctia mo hinh xe hai banh 1 danh dinh (bang 9.1 trong
phu luc 9) va ban dau xe 1éch khoi phuong thang dting mot goc 6 = %(rad ).

thi két qua mo phong hé thong diéu khién can bang xe dugc thé hién trén hinh

3.17ava3.17b.

Cso ung gocnghieng dau ra— Ban daux=l=ch goc pif 20 - Dap ung g oo nghieng dau ra — Ban dau = lech goo pif1 80
.06 i —rT A
— B e ke ac 30 === Hodieu khien bac 4 theo fhust toan can bang LOG
monek o oo | == B0 dieu knienipac 4 Theo it ioen glam DeCTC D ! ! ! !
e - iy e s 4 a0 s toan CFet can bang s Zhou ] —— e Ammmm e Fmmmmm - PR —
S 1 1 1
" ! ! !
1 ' ! 1 1 1
1 1 1 1 1 1
1 1 iyt f || . e T R
Bl - o 1 o 1 \
) ! \ r, ! !
1 1 1 1Yy 1 1
' lr 1 1 A 1 1
' - ' ' " 1 !
1 ' g H0p-mmmmmm e ialleleiet Finkel el el
1 1 3 1 1 ""i... 1
) L =] 1 1 W, 1
1 ' m ' ' e 1
' ' [ = ' 1 1 '
' ! Llfp=mm=--- qe=====- Smmm=me-— el iy
1 1 1 . 1
1 1 ' ' 1 1 1 ot
1 1 ' ' 1 1 1 '
motk S P Vo __. [ | - ' ' ' T
e 1 1 1 ! bl e fn Bl i [l TS T T
1 1 ' ' 1 1 1 1 "
- 1 1 ' ' 1 1 1 1 b
0.02F e LEE ] EEE T — ' ' ' ' ",
1 1 ! ! 1 1 1 1
] 1 ) e |
. : ' ' : “ k N v N
B " S L [ . 1 1 1 1
1 1 ! ! 1 1 1 1
a0 : : : : - : : : :
R - = = - = = = -
0 Z 4 2 & 0 0 2 4 = 3 0
Time {==c} Time {==z)

(a) (b)
Hinh 3.17. Dap ung dau ra cua hé thong diéu khién can bang xe hai banh su

dung bo diéu khién goc va cac bo diéu khién bdac 4
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- Khi céc théng s6 ctia mé hinh xe hai banh thay doi (bang 9.2 trong phu
luc 9), ban dAu xe léch khoi phuong thing dimg mot goc 6 = %(md) thi két

qua md phong hé théng diéu khién can bang xe duoc thé hién trén hinh 3.18,

hinh 3.19, hinh 3.20 va hinh 3.21 nhu sau:

\
+ Truwong hop 1:
Cspunaaosnohena d3u rs — Truong hao 1 - .
L Dap ung goc ngheng dau ra uong hop Dsp ung got ng hieng dau 13 —Truong hop
WL T
=—EBodieukmenm@c3id N | """ Bo dieu khien bac 4 theo thuat oan can bang LOG
== Bodieu kien=c 4 heo Tust an glm bac e fep v v v v
JOiER----4 ===Bodieu kHenbac4 heo Fust oan chal can bang cE Zhou e mmm e [ SR oo _
. - - - % ; : :
' 'y | | |
\ \ \ \
L T | N, L Y. ... Y. _
! 1 L H :
1 1" 1 1
! 1 1 1
! 1 . 1 1
...................... [ A ——
' 1 4, \
: : an, '
' 1 1 ‘i 1
e - AREEELE REEEEEE RRRCELERSEERLE .
1 1 1
' | | |
1 : |IIr"n-
"""" b B e e e
' 1 1
! 1 1
! 1
| i 3
------------------------------------------ -
! 1
! 1
! 1
' 1
0015~ - B L
p: 4 g & = z 4 [= &
Time {s=c) Tme {z22)
(a) (b)

Hinh 3.18. Bdp iing ddu ra ciia hé thong diéu khién cdn bang xe hai banh siv
dung bé diéu khién goc va cdac bé diéu khién giam bdc 4 trong truong hop 1
Chat luong dap mg cua hé thong diéu khién can bang xe hai banh s
dung bo diéu khién bac 4 theo thuat toan gidm bac truc tiép la:
+ Bién do dao dong cuc dai lan 1: - 0.011 radian
+ Bién d6 dao dong cuc dai lan 2: + 0.004625 radian
+ Bién do dao dong cuc dai lan 3: - 0.006541 radian
+ S6 1an dao dong: 3 lan
+ Tho1i gian qua 6 : 2,6 s
+ Sai Iéch tinh : 0%
Chat lugng hé thong diéu khién sir dung bo diéu khién bac 4 theo thuat
toan chit cAn bang ctia Zhou nhu sau:

+ Bién do dao dong cuc dai lan 1: - 0.0105 radian



91

+ Bién d6 dao dong cuc dai lan 2: + 0.00174 radian
+ Bién do dao dong cuc dai lan 3: - 0.00019 radian
+ Bién d6 dao dong cuc dai lan 4: + 0.00071 radian
+ Bién do dao dong cuc dai 1an 5: - 0.0005 radian
+ S6 1an dao dong: 9

+ Thoi gian quéa do: 20 s

+ Sai Iéch tinh: 0 %

+ Truwong hop 2:

- Ciar ame nahizna d3u rs — Truons 03
Dap ung goc nghizng dau ra — Truong hop 2 Dap ung goc nghieng dau ra— Trong hop 2

002 70 - -
——————— e Bo dizu khen bac 4 theo thuat toan can bang L-:ﬁl
== o gieukhien Dac4 heo Shust ioan glam bac Tuctan - . . ' . 2
0 ] P A S IR i
== =Eo diaukhien bac4 heo thuat toan that canbang cua Zhou -: Ir ﬁ, ,r ,
T T 1 1 1 1 i
1 1 ] 1 1 _r’
) S S S LA
1 I ] 1 | Iy 1
: : : : ol
"""" B B e e 1 1 1 1
1 40F------=a-------epemmmm e f‘ -----------
' ' ' l Ly
' ' '
% E 1 [ 1 .‘1"
- = ' 1 A
b= E Wp=====-=--1 (e r-TTTTTT X phEELELES ELELELLE
- 1 ' ki
& = 1 1 L}
e AP P SR PP
- ' l 4"
1 ¥
1 ot
' LA
-------------- R bt et EEE TR
1 it 1
1t '
1y '
________ L U [P R
1 1
1 1
' '
'
2 4 2
Time (=g

Hinh 3.19. Pdp iing dau ra ciia hé thong diéu khién can bang xe hai banh siv
dung bé diéu khién goc va cdc bé diéu khién giam béc 4 trong trieong hop 2

Chat luong dap mg cua hé théng diéu khién can bang xe hai banh s

dung bo diéu khién bac 4 theo thuat toan gidm bac truc tiép la:

+ Bién do dao dong cuc dai lan 1: - 0.00864 radian

+ Bién d6 dao dong cuc dai lan 2: + 0.00348 radian

+ Bién d6 dao dong cuc dai lan 3: - 0.00431 radian

+ S6 1an dao dong: 3 lan

+ Thot gian qua dd : 2,6 s

Chét luong hé thdng diéu khién sir dung bo diéu khién bac 4 theo thuét

todn chat can bang ctia Zhou nhu sau:
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+ Bién d6 dao dong cuc dai lan 1: - 0.00792 radian
+ Bién do dao dong cuc dai lan 2: + 0.00124 radian
+ Bién d6 dao dong cuc dai 1an 3: - 0.00013 radian
+ Bién do dao dong cuc dai lan 4: + 0.0005 radian
+ Bién do dao dong cuc dai lan 5: - 0.000365 radian
+ S6 lan dao dong: 8
+ Thoit gian qua do: 17 s
+ Sai 1éch tinh: 0 %

+ Truwong hop 3:

Drap ung goo nghieng dau ra — Trueng hop 3

Bo dieukhienbac 30
=== B0 dieukhlenbac 4 feo Muatioan gambac e fiep
===Bo0 dieukhlen bac 4 Meo Muatloan ohat can bang ol Znou
===+ B0 dieukhlenbac 4 eo Muatioan cnbanglos

T T T T

Radian

Hinh 3.20. Bdp ting ddu ra ciia hé thong diéu khién cdn bang xe hai banh siv
dung bé diéu khién goc va cac bé diéu khién giam bdc 4 trong truong hop 3
Chat lwong dap tmg cua hé thong diéu khién can bang xe hai banh s
dung bo diéu khién bac 4 theo thuat toan gidm bac truc tiép la:
+ Bién do dao dong cuc dai lan 1: - 0.00719 radian
+ Bién d6 dao dong cuc dai 1an 2: + 0.00275 radian
+ Bién do dao dong cuc dai lan 3: - 0.00027 radian
+ S6 1an dao dong: 3 lan

+ Thoi gian on dinh : 2,6 s
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Chét luong hé thong diéu khién sir dung bd diéu khién bac 4 theo thuat
toan chit can bang ctia Zhou nhu sau:

+ Bién d6 dao dong cuc dai lan 1: - 0.00646 radian

+ Bién do dao dong cuc dai lan 2: + 0.000936 radian

+ Bién do dao dong cuc dai lan 3: - 0.000087 radian

+ Bién d6 dao dong cuc dai 1an 4: + 0.00042 radian

+ Bién do dao dong cuc dai lan 5: - 0.0003 radian

+ S6 lan dao dong: 6

+ Tho1t gian quéa do: 14.7 s

+ Sai Iéch tinh: 0 %

Chat lugng hé thong diéu khién st dung bo diéu khién bac 4 theo thuat
toan can bang LQG nhu sau:

+ Bién d6 dao dong cuc dai lan 1: - 0.0137 radian

+ Bién d6 dao dong cuc dai lan 2: + 0.0084 radian

+ Bién do dao dong cuc dai lan 3: - 0.00584 radian

+ Bién d6 dao dong cuc dai 1an 4: + 0.0003 radian

+ Bién do dao dong cuc dai 1an 5: - 0.00023 radian

+ S 1an dao dong: 11

+ Thoi gian quéa do: 1.7 s

+ Sai Iéch tinh: 0 %

+ Truwong hop 4:
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Hinh 3.21. Bdp ting ddu ra ciia hé thong diéu khién cdn bang xe hai banh sit
dung bé diéu khién goc va cac bé diéu khién giam bdc 4 trong treong hop 4
Chat luong dap mg cua hé thong diéu khién can bang xe hai banh s
dung bo diéu khién bac 4 theo thuat toan gidm bac truc tiép la:
+ Bién do dao dong cuc dai lan 1: - 0.0090268 radian
+ Bién d6 dao dong cuc dai 1an 2: + 0.00367 radian
+ Bién do dao dong cuc dai lan 3: - 0.00431 radian
+ S6 1an dao dong: 3 lan
+ Thot gian on dinh : 2,6 s
Chat lugng hé thong diéu khién sir dung bo didu khién bac 4 theo thuat
toan chit can bang ciia Zhou nhu sau:
+ Bién d6 dao dong cuc dai lan 1: - 0.008333 radian
+ Bién do dao dong cuc dai lan 2: + 0.001325 radian
+ Bién d6 dao dong cuc dai lan 3: - 0.000139 radian
+ Bién do dao dong cuc dai lan 4: + 0.00054 radian
+ Bién d6 dao dong cuc dai 1an 5: - 0.0003855 radian
+ S6 1an dao dong: 8
+ Thoit gian qua do: 17 s
+ Sai 1éch tinh: 0 %
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Nhan xét: So sanh chat luong dap tmg dau ra cua hé thong diéu khién can bang
xe hai banh st dung bo diéu khién bac 4 theo thuét toan chit can bﬁng moi voi
dap mg dau ra caa hé théng diéu khién can bang xe hai banh str dung bo diéu
khién giam béc 4 theo cac thuat toan giam khéc cho thiy:

+ Heé thong diéu khién can bang sir dung b diéu khién giam béc 4 theo
thuat toan gidm bac truc tiép c6 kha nang on dinh dugc xe khi xe 1éch khoi
phuong thing dtmg voi thong sé mé hinh xe danh dinh va véi théng sé mé hinh
xe thay d6i.

+ Hé théng diéu khién can bé'mg st dung bo diéu khién bac 4 theo thuat
toan chat can br?mg cua Zhou c6 kha nang 6n dinh dugc xe khi xe 1éch khoi
phuong thang dimg véi mo hinh xe danh dinh va véi mé hinh xe thay d6i. Hé
théng diéu khién can béng st dung bd diéu khién bac 4 theo thuat toan chit can
bang ctia Zhou c6 chat lugng dap tng kém hon (s6 1an dao dong 16n hon, thoi
gian qua d6 16n hon) so voi chat luong dap ung cua hé théng diéu khién can
bé‘mg xe hai banh st dung b0 diéu khién bic 4 theo thuét toan giam bac truc tiép.

+ Hé thdng diéu khién cin bang sir dung bo diéu khién bic 4 theo thuit
toan can biang LQG khéng c6 kha ning 6n dinh duoc xe khi xe léch khoi
phuong thang dimg voi mo hinh xe danh dinh va véi mo hinh xe thay d6i o
truong hop 1, 2 va 4. Hé thong nay c6 kha ning can bang dugc xe khi thong sd
mo hinh thay d6i & truong hop 3 nhung sb 1an dao dong ctia hé théng 16n.

Tir cac két qua trén ta thiy bo diéu khién bac 4 theo thuat toan giam bac
truc tiép hoan toan thoa man diéu kién cua bai toan giam bac bd diéu khién bac
30 nén co thé thay thé bo diéu khién gbc (bac 30) bang bd diéu khién bac 4 theo
thuat toan giam bac truc tiép dé diéu khién can bﬁng xe hai banh ma chat luong
hé théng diéu khién can bang vin duoc dam bao.

3.4. Két luan chwong 3

Trong ndi dung chuong 3, tac gia da dat dugc mot s6 két qua sau:
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1. Ap dung céc thuat todn giam bac da duoc dé xuat dé gidm bac bo diéu
khién bén viing bac 28 cua hé thdng on dinh goc tai cia may phat dong bo trong
tai liéu [3] cho thay c6 thé sir dung bd diéu khién bac 4 thay thé bo diéu khién
géc bac 28 ma chat luong hé théng diéu khién van duoc dam bao. Mit khéc, cc
bo diéu khién giam bac theo cac thudt todn moi déu co bic nhé hon bac cia bd
diéu khién thu dugc theo thuat toan chat can bang ngiu nhién trong tai liéu [3],
bac bo diéu khién thip hon dem lai hiéu qua 1a 1ap trinh diéu khién don gian
hon, téc do dap tmg cua hé théng t6t hon, kha ning diéu khién thyc tot hon, chi
phi cho phan cimg hé thng giam di so véi két qua trong [3].

2. Ap dung thuat toan giam béc gian tiép va truc tiép méi dé giam bac bo
diéu khién bén vitng bac 30 cta hé théng diéu khién cin bang xe hai banh cho
thdy: Str dung bd diéu khién bac 5, bac 4 diéu khién xe hai banh ty can bang (mod
hinh xe duoc xdy dung trong phong thi nghiém) cho chét lwong dap (mg dau ra
twong dwong hé thong diéu khién can bang xe hai banh st dung bo diéu khién
gbc bac 30 nén c6 thé sir dung bd diéu khién bac 5, bac 4 thay thé bo diéu khién
gbc bac 30 dé diéu khién can bang xe hai banh ma chat luong (md phong) hé
théng diéu khién can bang van dugc dam bao.

3. So sanh hiéu qua cua thuét toan giam bac gian tiép méi vdi cac thuat
toan giam bac gian tiép khac trong viéc giam bac bo diéu khién bén viing bac 30
ctia hé théng diéu khién can bang xe hai banh cho thdy: Hé théng diéu khién xe
hai banh str dung bo diéu khién bac 4 theo thuat toan méi c¢6 thé diéu khién can
bang xe hai banh trong khi hé thdng diéu khién sir dung bo diéu khién bac 4 theo
thuat toan chat can bﬁng cua Moore (balancmr) va thuat toan chat can béng
Schur (schumr) khong c6 kha nang diéu khién can bang xe hai banh.

4. So sanh hi€u qua cua thuat toan chat can béng mo rong voi cac thuat
todn giam bac truc tiép khac trong vi¢c giam bac bd diéu khién bén virng bac 30
ctia hé thong diéu khién can bang xe hai banh cho thay: Str dung bo diéu khién

bac 4 theo thuat toan chat can bﬁng mo rong diéu khién can b.%mg xe hai banh
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cho cho chat lugng dap Gng dau ra #6t hon hé théng diéu khién can bang xe hai
banh st dung bd diéu khién bac 4 theo thuit toan cin bé‘tng LQG va hé théng
diéu khién can bang xe hai banh sir dung bo diéu khién bac 4 theo thuat toan
chit can bang ctia Zhou.

5. Cac két qua mo phong cho thay tinh ding dan cua 2 thuat toan giam
bac va kha niang ap dung 2 thuat toan dé giam bac bo diéu khién bac cao trong

bai toan di€u khién bén viing.
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CHUONG 4. THU'C NGHIEM

Pé lam ré hon két qua da dat dwoc ¢ chwong 3, trong chwong 4 tdc gid
lya chon tién hanh thuc nghiém diéu khién can bcing xe hai banh su dung bo
dieu khién giam bdc dé kiém chimg tinh ding dan cia thudt todn giam bdc da
dwoc dé xudt va kha ndng iing dung thudt todn gidm bdc trong bdi todn gidm

béc bo diéu khién bdc cao.

4.1. H¢ thong thwe nghiém diéu khién xe hai banh tw cin biang
Hé thong thuc nghiém gdm:
+ May tinh PC c6 cai dit phan mém tir Matlab — Simulink.

+ Mo hinh xe hai banh ty cin bang di duoc thiét ké & phan phu luc 8.

Hinh 4.1. M6 hinh xe hai banh tw cin bang

Pé diéu khién can bang xe hai banh, tic gia thuc hién két ndi hé thong

thuc nghiém theo so dd céu trac trén hinh 4.2 nhu sau:

Cam bicn toc dO_ do. ng co Cam bién goc thleﬂg
: g
quay banh da "“-':

| Béng co DC + banh da I

Gyro GY-521 6DOF MPU6050

Adruno |/ [ N May tinh ban
- O USB
| Mach cau H K— N—/] Matlab — Simulink

I Ngudn Acquy I:
l L Diéu khién tir xa
| Mach ffm H K— <— hé théng tién I

| Péng co DC tién lui |

Hinh 4.2. So' d6 cdu triic hé thong diéu khién xe hai banh tir cdn bang
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Bo mach Arduino st dung dong vi xu ly 8-bit megaAVR cua Atmel voi
hai chip phd bién nhat 14 ATmega328 va ATmega2560. Cac dong vi xir Iy nay
cho phép lap trinh cac ung dung diéu khién phirc tap do duoc trang bi cau hinh
manh véi cac loai b0 nhd ROM, RAM va Flash, cac ngd vao ra digital I/O trong
d6 co6 nhiéu ngd c6 kha ning xuat tin hiéu PWM, cac ngd doc tin hiéu analog va

cac chuan giao tiép da dang nhu UART, SPI, TWI (12C).

Strc manh xur ly; Xung nhip: 16MHz; EEPROM: 1KB (ATmega328) va
4KB (ATmega2560); SRAM: 2KB (Atmega328) va 8KB (Atmega2560); Flash:
32KB (Atmega328) va 256KB (Atmega2560)

Doc tin hiéu cam bién ngo vao:

Digital: Cic bo mach Arduino déu co cac cong digital c6 thé cAu hinh 1am
ngd vao hodc ngd ra bang phan mém. Do d6 nguoi ding co6 thé linh hoat quyét
dinh s luong ngd vao va ngd ra. Tong s6 luong cong digital trén cac mach ding

Atmega328 1a 14, va trén Atmega2560 1a 54.

Analog: Cac bo mach Arduino déu c6 trang bi cac ngd vao analog v6i do
phan giai 10-bit (1024 phan muc, vi du véi dién ap chuan 1a 5V thi d6 phan giai
khoang 0.5mV). S lugng cong vao analog 1a 6 d6i véi Atmega328, va 16 ddi
v6i Atmega2560. Vi tinh ning doc analog, nguoi dung c6 thé doc nhiéu loai
cam bién nhu nhiét d6, ap suat, 46 am, anh sang, gyro, accelerometer. ..

Xudt tin hiéu diéu khién ngé ra:

Digital output: Tuong ty nhu cac cong vao digital, nguoi ding co thé cau
hinh trén phin mém dé quyét dinh dung ngd digital nao 13 ngd ra. Tong sb luong
cong digital trén cic mach ding Atmega328 13 14, va trén Atmega2560 1a 54.

PWM output: Trong sb cac cong digital, ngudi dung c6 thé chon mot sb
cong dung dé xuit tin hiéu diéu ché xung PWM. D6 phéan giai cua cac tin hiéu
PWM nay 1a 8-bit. S6 lugng cong PWM ddi véi cac bo ding Atmega328 14 6,
va d6i véi cac bo ding Atmega2560 1a 14. PWM c6 nhiéu ung dung trong vién
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thong, xtr Iy 4m thanh hoic diéu khién dong co ma phd bién nhat 13 dong co

servos trong cac may bay mo hinh.
Chudn giao tiép:

Serial: Day 1a chuan giao tiép ndi tiép duoc dung rat phd bién trén cac bo
mach Arduino. M&i bo ¢6 trang bi mot s6 cong Serial ctng (viéc giao tiép do
phan cung trong chip thyuc hién). Bén canh do, tat ca cac cong digital con lai déu
c6 thé thyc hién giao tiép ndi tiép bang phan mém (c6 thu vién chuin, nguoi
dung khong can phai viét code). Mirc tin hiéu cta cac cong nay 1a TTL 5V. Luu
¥ cong ndi tiép RS-232 trén cac thiét bi hodc PC c6 muc tin hiéu 1a UART 12V.
Dé giao tiép duogc gitta hai mirc tin hiéu, cAn phai c¢6 bd chuyén muc, vi du nhu
chip MAX232. S6 luong cong Serial cing ciia Atmega328 1a 1 va cua
Atmega2560 1a 4. Véi tinh ning giao tiép ndi tiép, cac bo Arduino co thé giao

tiép dugc voi rat nhiéu thiét bi nhu PC, touchscreen, cac game console...

USB: Cac bo Arduino tiéu chuan déu cé trang bi mot céng USB dé thuc
hién két ndi v6i may tinh dung cho viéc tai chuwong trinh. Tuy nhién cac chip
AVR khong c6 cong USB, do d6 cic bo Ardunino phai trang bi thém phan
chuyén doi tir USB thanh tin hiéu UART. Do d6 mady tinh nhan dién cong USB
nay la cong COM chtr khong phai 1a cong USB tiéu chuén.

SPI: Bay 13 méot chuan giao tiép ndi tiép doéng bod co bus gom co 4 day.
Vi tinh nang nay cac bo Arduino co thé két ndi vai cac thiét bi nhu LCD, bd
diéu khién video game, bo diéu khién cam bién céc loai, doc thé nhé SD va MMC....

TWI (12C): Pay 1a mot chuan giao tiép dong bd khac nhung bus chi co
hai day. Véi tinh ning ndy, cic bo Arduino c6 thé giao tiép véi mot sé loai cam
bién nhu thermostat cia CPU, toc dd quat, mot s6 man hinh OLED/LCD, doc

real-time clock, chinh am luong cho mdt s6 loai loa. ..

Pé két nbi gitra bo mach Adruno véi may tinh PC tac gia sir dung cong

I/O USB.
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Bo mach Adruno co nhiém vu:

+ Nhan cac tin hiéu cam bién (cam bién goc nghiéng va cam bién toc do
cua dong co quay banh da) sau do truyén tin hi¢u nay 1én phan mém Matlab —

Simulink trén may tinh PC.

+ Nhan tin hiéu diéu khién tir phan mém Matlab — Simulink trén méy tinh
PC dé xuét céc tin hiéu diéu khién mach cau H ctia dong co quay banh da.

+ Nhan tin hiéu diéu khién tir hé thng diéu khién tir xa va diéu khién
mach cau H ctia dong co tién 1ui.

Dé c6 thé str dung phan mém Matlab — Simulink thiét ké hé théng diéu
khién va trao doi dit liéu véi bo mach Adruno, tac gia da thuc hién cac budc sau:

- Viét code nap vao bo mach Adruno dé Adruno giri va nhan dir lidu tir

phan mém Matlab - Simulink trén PC.

- Xay dung so d6 Matlab - Simulink két néi dir liéu v6i bo mach Adruno

v6i hai khdi Vao — Ra dugce thé hién trén hinh 4.3 nhu sau:

i . Ty o e
1 #4 ABRB_Simulink_Kien/Input * o E = = T

File Edit View Display Diagram Simulation Analysis Code Tools Help
B-H @ {}EE@' & < inf External 2@ -

oot |

®

[*a| ABRB_Simulink_Kien ¥ [Pa/Input

£z NMemay
- | o o O O o
0.09:+1
i Gocngiheng
B Dafa Type Comenin  Geint Gaint Ssin2 Tramta Font Angle
Ao\, sain2 emsmm
Constant
1
> () ]
0.151
Van tec goc rghieng
Transter Fon Angle. Velocky
Sreer Convert D
|
Data Type Conversion Gain
|
025
Comstant
o Conven Lo L 'ED)
isl Port (3] L 0071 Van tec dong co quay banh da
Data Type Conversion2 Gaing

Transfes Fon2 Mator_Velogity

»

Ready’ 100% ode3

Hinh 4.3. Khoéi xit Iy tin hiéu dau vao (Input) trong Matlab — Simulink

Khéi xtr Iy tin hiéu dau vao trong Matlab — Simulink ¢6 nhiém vu:
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+ Nhan dir liéu do géc nghiéng tir bo mach Adruno: Khéi xur 1y tin hiéu

gdc nghiéng duoc thé hién trong hinh 4.4 nhu sau:

] Block Parameters: Stream Input { — |
RTWin Stream Input (mask) (link}
’7Rea FTime Windows Target stream input.
— Data acquisition board
‘ Install new board | ‘ Delete current board |
Standard Devices Serial Port [3h] - Board setup

— Timing

Sample time:
0.01
Maximum missed ticks:
10000
Show "Missed Ticks” port
Yield CPU when watting

— Input/Qutput.
Block output data types:
{1%int18'"1%int18" "1 *int8%
Format string:
"%d%d%d
Message termination
g
Show "Data Ready” port
Show "Data Error” port

oK H Cancel H Help H Apply

Hinh 4.4. Khéi nhdn tin hiéu cia cdc cam bién dwoc dwa 1én tir bo mach Adruno

+ Xtr 1y tin hiéu goc nghiéng. Pay 1a khau quan trong, anh hudng 16n dén
chat luong va kha niang diéu khién hé théng diéu khién can bang xe hai banh.
Qua nghién ctru module cam bién GY-521 6DOF MPU-6050 (Degrees of
Freedom - béc tu do) tac gia thiy rang modul bao gdm hai cam bién 13 cam bién

van toc goc 3 truc - gyroscope va cam bién gia toc goc 3 truc - accelerometer.

Cam bién Gyroscopic, cho phép do van téc goéc nghiéng (Angular
velocity), tir van tdc goc nghiéng tich phan sé ra goc nghiéng, nhung nhu thé s&

c6 thanh phan sai 1éch goi 1a "drift" 1 thanh phan khong mong muén.

Cam bién Accelerometer dé do gia toc goc nghiéng tinh (trc gia tdc trong
truong), tuy nhién cam bién tac dong cham va bi anh hudng boi gia tdc dong.

Bude dau tién cua xtr 1y tin hiéu goc nghiéng 1a chuyén doi tin hiéu do
goc nghiéng tir cac cam bién goc nghiéng khi dua vao phan mém Matlab —
Simulink béng cach sur dung khdi chuyén ddi tin hiéu do duoc thé hién trong

hinh 4.5 va 4.6 nhu sau:
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Data Type Conversion

Convert the input to the data type and scaling of the output.

Values of the input and the output be equal. The other goal is to have the
quantization errors can prevent the goal from being fully achieved.
Parameters

Output minimum: Qutput maximum;

0 0

[7] Lock output data type setting against changes by the fixed-point tools

Input and output to have equal: [Rea\ World Value (RW\V) '1

[7] saturate on integer overflows
Sample time (-1 for inherited):
-1

,) [ oK H Cancel H Help.

The conversion has two possible goals. One goal is to have the Real World |

Stored Integer Values of the input and the output be equal. Overflows and |

Output data type: Inherit: Inherit via back propagation - i

Integer rounding mode: [F\our v] i

|

Hinh 4.5. Khéi chuyén doi tin hiéu do

nguyén 1y trén hinh 4.7 nhu sau:

Cam bién

Gyroscopic

tir cam bién Gyroscopic

Tu d6, dé xac dinh gbc nghiéng chinh xac, tdc gid thuc hi¢n theo so dd
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Data Type Conversion

Convert the input to the data type and scaling of the output.

The conversion has two possible goals. One goal is to have the Real World
Values of the input and the output be equal. The other goal is to have the
Stored Integer Values of the input and the output be equal. Overflows and
quantization errors can prevent the goal from being fully achieved.
Parameters

Qutput minimum: Qutput maximum:

] 0

Output data type: Inherit: Inherit via back propagation -

[7] Lock output data type setting against changes by the fixed-point tools

Input and output to have equal: ’Rea\ World Value (RW\V) '1

Integer rounding mode: [Flwr '1

[ saturate on integer overflove
Sample time (-1 for inherited):
-1

2 ) [ 0K ][ Cancel H Help

Apply

Hinh 4.6. Khéi chuyén doi tin hiéu do

tir cam bien Accelerometer

®

\4
—

\ 4

Ax

Cam bién

Accelerometer

0.=6, +K,(0

tho

+ Xt 1y va loc dé xac dinh dugc tin hiéu van tdc goc nghiéng cung cip

cho b0 diéu khién.

Goc nghiéng
tho (Giho)

Goc nghiéng
chinh xac(6.)

Goc nghiéng
tinh (eﬁnh)

tinh

-0

Hinh 4.7. So' d6 nguyén Iy xdc dinh géc nghiéng chinh xdc

tho )
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+ Xt 1y va loc dé xac dinh dugce tin hiéu van toc dong co quay banh da
cung cip cho bd diéu khién. Tin hiéu do van téc dong co quay banh da trude khi
duoc xtr 1y va loc duge dua qua khau chuyén doi tin hiéu do dugc thé hién trén

hinh 4.8 nhu sau:

5] Function Black Parameters; Data Type Conversion3|

Data Type Conversion

Convert the input to the data type and scaling of the output.

|| The conversion has two possible goals. One goal is to have the Real World
Values of the input and the output be equal. The other goal is to have the
|| Stored Integer Values of the input and the output be equal. Overflows and
|| gquantization errors can prevent the goal from being fully achieved.

Parameters

Qutput minimum: Qutput maximum:

a 1

Output data type: Inherit: Inherit via back propagation ~

I7] Lock output data type setting against changes by the fixed-point tools

Input and output to have equal: lRea\ World Value (RWV) '}

Integer rounding mode: {F\oor ']

[7] saturate on integer overflows
Sample time (-1 for inherited):
-1

J- [ OK H Cancel ][ Help Apply

Hinh 4.8. Khoi chuyén doi tin hiéu do tir cam bién vén toc dong co quay banh da

Khéi xtr 1y tin hi€u dau ra c6 nhiém vu guri tin hiéu diéu khién cua bd diéu
khién dén Adruno dé diéu khién dong co DC quay banh da trong d6 co hai thong
tin quan trong la chiéu quay cua dong co va do 16n cua dién ap dat vao dong co

va dugc thé hién trén hinh 4.9, hinh 4.10, hinh 4.11, hinh 4.12 va hinh 4.13 nhu sau:

E View Di Diagram  Simulation  Analysic Code T Hi
] G = B id
"B <« ¢ m8-8 Ol
|- Duh;ut_i
® ([*a]ABRB_Simulink_Kien » [Pa] Qutput -
@
Ed - . N o| Paoet
o ul Sutput
= v Abs
| Packet Output
Standard Devioes
I Serial Port [3H
_ Pedket
Compare Packet Output!
To Constant
Standard Davices
Serial Port [30
Constant
»
Ready 100% ode3

Hinh 4.9. Khéi xit Iy tin hiéu dau ra (output) trong Matlab — Simulink
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Hinh 4.10. Khéi xir 1y tin chiéu quay
dong co quay banh da
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Hinh 4.12. Khéi giri tin hiéu chiéu
quay déng co quay banh da dén
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ction Block Parameters: Compare To Ce

pare To Constant (mask) (link)

Determine how a signal compares to a constant.

Parameters

Operator: | == i
Constant value:

0

Output data type: [uints =

Enable zero-crossing detection
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Standard Devices Serial Port [3h]
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Sample time:

0.01

Waximum missed ticks

1000

[C] Show "Missed Ticks" port
[C] ield CPU when waiting

Packet identifier

1

Output packet size:

1

Output packet field data types

intg’

Output packet field byte order:  Little Endian -

[ Show "Data Ready” port
[T Show “Data Error” port
Infial value:

0

Final value:

Apply

Hinh 4.11. Khéi xi Iy d¢ 1om dién dp

ddt vao dong co quay banh da

Hinh 4.13. Khéi giri tin hiéu d¢ lom

dién ap dat vao dong co quay banh da

dén Adruno

- Thiét ké hé théng diéu khién xe hai banh ty cin bang trén phan mém

Matlab - Simulink: So dd ciu tric hé théng diéu khién dugc thé hién trong hinh

4.14, bd diéu khién xe hai banh dugc thé hién trong hinh 4.15.
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Hinh 4.15. Bo diéu khién xe hai banh tu cdn bdng

Hé thong thwe nghiém diéu khién cin bing xe hai banh duoc thé hién trén

hinh 4.16 nhu sau:
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Hinh 4.16. So d6 ban thuc nghiém diéu khién xe hai banh tw cin bcing

4.2. Két qua thue nghiém

Pé xac dinh dugc két qua thuc nghiém diéu khién xe hai banh tu cin

béng, tac gia thuc hién theo cac budce sau:

1. Khoi dong may tinh PC + Khoi dong chuong trinh Matlab — Simulink.

2. M¢ file Simulink

3. Két nbi bo mach Adruno trén mé hinh xe hai banh v6i may tinh qua /0 USB
4. Bat ngudn cung cap cho mé hinh xe hai banh

5. Build mé hinh Simulink, qua trinh nay s& chuyén d6i mé hinh Simulink sang

dang sdf (file mé ta hé thdng) va luu no trong bd vi xtr Iy cia bo mach Adruno.
6. Chay file Simulink dé diéu khién xe hai banh tir can bang.

Két qua thwe nghiém nhw sau:

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

Nhan xét: Vé mat ly thuyét: khi hé thong diéu khién dam bao goc nghiéng cua
xe can bang quanh goc 0 Do thi dién ap dit vao dong co dao dong quanh 0 V,
tdc do banh da dao dong quanh 0 Rad/s. Tuy nhién, két qua diéu khién thuc cho
thiy: Khi xe khong mang tai, hé théng diéu khién duy tri cho gdc nghiéng cua
Xe can b'fmg quanh goc 0 Bo (tr -0,1 + 0,1 BJ), nhung dién &p dat vao dong co
dao dong quanh gia tri >0 V (xap xi 4 V), tbc do banh da dao dong quanh gia tri
-4+-6 Rad/s. Két qua thuc nghiém trén cho thdy mé hinh xe hai banh khong c6
duoc diéu kién can bang vé khdi luong giira hai phia cua xe nén khi hoat dong
dé duy tri gbc nghiéng ctia xe quanh goc 0 Do thi hé thong diéu khién phai tu

diéu chinh dé dam bao xe can bang hai phia quanh goc 0 Do bang cach cap dién
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cho ddng co quay theo mdt chiéu ¢ dinh dé sinh ra mdét moé men cin bang véi
mo men trong luc cta xe do xe bi nghiéng vé phia c6 khéi luong 16n gy ra.
- Hoat dong cua xe hai banh ty can béng khi chiu tac dong cua ngoai lyc duoc

thé hién trong hinh 4.18 nhu sau:

ael  Ehi khong oo ngoai lm tic ding

|-\.-..|me e A st lm

Hinh 4.18. Pdp irng ciia hé thong xe hai banh tw cdn bang khi tée dong luc vdo
xe hai banh

Nhan xét: Khi xe khong mang tai va c6 ngoai luc tdc dong thi sau thoi gian dao

dong (xap xi 10s) v6i goc nghiéng xe bién ddi trong khoang -0,5+0,5 Do, hé

théng diéu khién xe duy tri cho gbc nghiéng ciia xe can bang quanh goc 0 Do.

- Khi xe mang tai voi khdi luong tai la m =1,25Kg dat & do cao 0,25 m (can

bang hai phia) duoc thé hién trong hinh 4.19 nhu sau:
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Hinh 4.19. Khi xe hai banh mang tai

Pap g cia xe hai banh khi mang tai dugc thé hién trong hinh 4.20 nhu sau:

e Scoped

anadn H%E Ba S ;

snge GOC nghiéng
15

1

| i
IL“; § :

Time (gidy)

Hinh 4.20. Bdp iing ciia hé thong xe hai banh tw can bang khi xe mang tdi
Nhan xét: Khi xe mang tai (cAn bang hai phia) thi sau thoi gian ngan xe dao
dong (khoang 10s) v&i bién do goc nghiéng trong khoang -1,1+0,8 Do, hé thong

diéu khién xe duy tri goc nghiéng cta xe quanh vi tri goc 0 Do.
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- Khi xe mang tai 1éch tam voi khoi luong tai la m =1,25Kg dat & do cao 0,25

m duoc thé hién trong hinh 4.21 nhu sau:

Hinh 4.21. Khi xe mang tdi léch tdm

Pap (mg ciia xe hai banh khi mang tai duoc thé hién trong hinh 4.22 nhu sau:

J Scopel

Van toc banh da

Control_Output

Hinh 4.22. Pdp iing ciia hé théng xe hai banh tw can bang khi mang tai léch tim
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Nhian xét: Khi xe mang tai 1éch tim thi sau thoi gian ngan dao dong (khoang
15s) vo1 bién do goc nghiéng dao dong tr 0+1,5 DY, hé théng diéu khién tu
dong duy tri can bang xe quanh goc nghiéng 1 PO (tr 1,1 + 0,8 Do). Goc
nghiéng can bang méi (khac goc 0 Do) 1a vi tri ddm bao xe can bang hai phia so
v6i phuong thiang dung, twong tng van tdc banh da dao dong quanh gia trj 4

Rad/s, dién ap dat vao dong co quay banh da<0 V.

- Sau khi thuc nghiém diéu khién xe hai banh bang Matlab — Simulink qua két
ndi tryc tiép v6i bo mach Adruno, tic gia da viét Code phan diéu khién va nap
truc tiép vao Adruno dé xe tu hoat dong (Phﬁn phu luc 12 ABRB_alone.ino).
Két qua thuc nghi¢m diéu khién xe hai banh tu can bﬁng dugc thé hién trong

hinh 4.23 nhu sau:

(b) Bén phai xe hai banh

(c) Bén tréi xc hai banh
Hinh 4.23. Hinh anh xe hai banh ty can bang khi khong mang tai
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Nhan xét: Két qua thyc nghiém khi nap chuong trinh diéu khién vao Adruno dé
xe hoat dong doc 1ap cho théy xe hai banh c6 kha nang can bé’mg on dinh khi xe

dung yén, khi xe chuyén dong thang.
4.3. Két luan chuwong 4

Trong ndi dung chuong 4 tac gia da dat dugc mot sd ndi dung sau

1. Xay dung hé thong thuc nghiém diéu khién xe hai banh tu can bang su
dung phan mém Matlab — Simulink.

2. Thyc nghiém diéu khién xe hai banh ty can bang (mo hinh xe dugc xay
dung trong phong thi nghiém) bang Malab — Simulink st dung bd diéu khién
bén viing giam bac cho thay xe c6 kha ning can bang khi xe khong mang tai, khi
xe chiu tac dong cuia ngoai luc, khi xe mang tai (cAn bang hai phia) va khi xe
mang tai 1éch tam. Thuc nghi€ém khi nap ma chuong trinh vao Adruno cho théy
xe hai banh ty can bang c6 thé hoat dong doc lap (khong két ndi véi phan mém

Matlab — Simulink) va dam bao can bang 6n dinh.
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KET LUAN VA KIEN NGHI
1. Két luan

V61 muc tiéu nghién ctru thuat todn gidm bac mo hinh va tmg dung cho
bai toan diéu khién, két qua nghién ctru cta luan 4n di di c6 mot sb két qua moi
nhu sau:

1. Xay dung mot thuat toan gidm bac mdi c6 kha nang gidm bac dugc hé
tuyén tinh 6n dinh. Trong d6, tac gia da dua ra 3 tiéu chuin danh gia (do) tinh
quan trong (tinh trdi) ciia cac diém cuc va xdy dung thuat toan giam bac méi cho
hé 6n dinh bang cach chuyén ma trdn A cua hé gbc vé dang tam gidc trén dong
thoi danh gia va sap xép cac diém cuc theo tinh quan trong (tinh troi) giam dan
trén duong chéo chinh cia ma tran A dua trén 3 ti€u chuin danh gia diém cuc,
bang cach ndy, tac gia co thé bao toan duoc cac diém cuc quan trong cia hé gbc
trong hé giam bac dong thoi thu duge sai s6 giam bac nhé. Thuat toan mai nay
cling duoc mé rong ap dung giam bac cho hé khong 6n dinh theo phuong phap
gian tiép. Song song véi do, tac gia cling dua ra duge mot dinh 1y méi xac dinh
cong thuc tinh chan trén cua sai s6 giam bac, 5 b6 dé mdi va cac vi du minh hoa
(giam bac bd loc s6, mo hinh CD player va md hinh tuyén tinh bac cao khong 6n

dinh) dé minh chiémg minh tinh dung dan va hiéu qua cua thuat todn méi.

2. Xac dinh cong thuc tinh chan trén cua sai s6 giam bac cho thuat toan
chit can bang mo rong trong tai liéu [90] dé giam bac hé khong 6n dinh giup
viéc danh gia sai s6 giam bac dé dang hon ciing nhu gitip thuat toan c6 thé thyc
hién gidm bac tu dong dua vao cong thuc tinh chan trén cua sai $6 giam bac.
Déng thot, tac gia cling dua ra dugce 2 dinh ly méi va mot vi du gidm bac mo
hinh tuyén tinh khong 6n dinh dé chimg minh tinh ding dan va hiéu qua cua

thuat toan.

3. Ap dung hai thut toan giam bac vao bai toan giam bac bo diéu khién

béc cao cho két qua:
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+ Véi bai toan tht nhat: Giam bac bd diéu khién bén viing bac cao trong
bai toan diéu khién bén viing goc tai ciia may phat dong bo trong hé thdng dién
(tai liéu [3]) cho thdy co thé sir dung bo diéu khién bac 4 thay thé bo diéu khién
géc bac 28 ma chat luong hé théng diéu khién van duoc dam béo, dé)ng thot bo
diéu khién bac 4 theo cac thuat toan méi déu c6 bac nhé hon bac cia bd didu
khién giam béc (bac 6) thu dugc trong tai liéu [3]. Céac két qua da dugc kiém

chiing qua mod phong trén may tinh.

+ Vi bai toan thir hai 1a: Giam bac bo diéu khién bén viing bac cao trong
bai toan diéu khién bén viing xe hai banh tu cAn bang (mo hinh xe hai banh dugc
xay dung trong phong thi nghiém) cho thay c6 thé sir dung bo diéu khién bac 5,
béc 4 thay thé b diéu khién bén vimng bac cao (bac 30) ma chat luong hé théng
diéu khién van dam bao duoc yéu cau on dinh bén viing cia hé théng dong thoi
str dung bo diéu khién bac 4, bac 5 s& giup ma 1ap trinh diéu khién don gian hon,
tang toc d6 dap Gmg cta hé thong va dam bao dugc yéu cau diéu khién thoi gian
thie. Cac két qua da dugc kiém chimg qua mé phong trén may tinh va thuc

nghiém trén mo hinh xe hai banh.
2. Kién nghj

1. Nghién ctru tng dung hai thuit toan giam bac mo hinh méi dé giai
quyét cac bai toan giam bac mé hinh khéc trong linh vuc diéu khién nhu giam

bac mo hinh doéi tuong bac cao, ...

2. Xay dung toolbox cua hai thuat toan gidm bac trong Matllab — Simulink.
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PHU LUC
Phu luc 1. Lap trinh thuit toan chit cin bing ciia Zhou
Core file ‘balance_Zhou.m’
function [Gm,T] = balance Zhou(G)
[A,B,C,D]=ssdata(G);
n=length(A);
H=eye(n,n);
X=are(A,B*B',H);
Y=are(A',C'*C,H);
F=-B'*X;
L=-Y*C';
P=lyap(A+B*F,B*B');
Q=lyap((A+L*C)',C*C);
R=chol(P);
[U,LL]=svd(R*Q*R");
L=sqrt(LL);
T=inv(R"*U*inv(sqrt(L)));
% He can bang moi
Am=T*A*inv(T);
Bm=T*B;
Cm=C*inv(T);
Dm=D;
Gm=ss(Am,Bm,Cm,Dm);
end
Phu luc 2. Lap trinh thuit toan giam béc cin bang LQG
Core file ‘balance_lqg.m’ -
function [Glqg,T] = balance 1qg(G)
[A,B,C,D]=ssdata(G);
[Q]=are(A,B*B',C'*C);
[P]=are(A',C'*C,B*B");
Rr=chol(P);
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[U,LL]=svd(Rr*Q*Rr");
L=sqrt(LL);
T=inv(Rr"*U*inv(sqrt(L)));
Alqg=T*A*inv(T);
Blgg=T*B;
Clqg=C*inv(T);
Dlqg=D;
Glqg=ss(Alqg,Blqg,Clqg,Dlqg);
end
Phu luc 3. Lap trinh thuit todn giam bic méi theo chi sé trdi H.,
Core file ‘hinf MK’
function [Ac,Bc,Cc,Dc]=hinf MK(Gb)
[A,B,C,D] = ssdata(Gb);
[U,Delta]=schur(full(A),'real');
L=lyapchol(Delta',U'*C");
T=U*inv(L);

Ac=inv(T)*A*T;

Bce=inv(T)*B;

Cc=C*T;

count=0;

n=size(Ac,1);

while (count<n),
order=count;
AcR=Ac(order+1:n,order+1:n);
BcR=Bc(order+1:n,:);
CcR=Cc(:,order+1:n);
nr=size(AcR,1);
lambda=diag(AcR) ;
Ur=eye(nr);
Tr=AcR;



130

for i=1:nr
for j=i+2:nr
Tr(j,1)=0;
end
end
% Sap xep tinh chat quan trong cua diem cuc
eigT=eig(Tr);
K=zeros(nr,1);
Dem=1;
while (Dem <= nr),
if abs(Tr(Dem,Dem)-eigT(Dem,1))<107(-8)
if Dem<nr
Tr(Dem+1,Dem)=0;
end
K(Dem)= abs(BcR(Dem,:)*CcR(:,Dem))/abs(real(lambda(Dem)));
Dem=Dem+1;
else
sysr=ss(AcR(Dem:Dem+1,Dem:Dem+1),BcR(Dem:Dem+1,:),CcR(:;,Dem:Dem
+1),0);
K(Dem)=norm(sysr,inf);
K(Dem+1)=K(Dem);
if Dem < nr-2
Tr(Dem+2,Dem+1)=0;
end
Dem=Dem+2;
end
end
[H,id]=sort(K,'descend");
select=zeros(nr,1);
for j=1:nr
if abs(H(j)-H(1))<10"(-5)
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select(id(j))=1;
count=count+1;
end

end

[Ur,Tr]=ordschur(Ur,Tr,select);

I=eye(order);

Z=zeros(order,n-order);

U=[1,Z;Z',Ur];

Ac=U"*Ac*U;

Bc=U"*Bc;

Cc=Cc*U;

Dc=D;

end
end
Phu luc 4. Lap trinh thuit todn giam bic méi theo chi s troi H,
Core file ‘htwo MK.m’

function [Ac,Bc,Cc,Dc]=htwo MK(Gb)
[A,B,C,D] = ssdata(Gb);
[U,Delta]=schur(full(A),'real');
L=lyapchol(Delta',U'*C");
T=U*inv(L);

Ac=inv(T)*A*T;

Bce=inv(T)*B;

Cc=C*T;

count=0;

n=size(Ac,1);

while (count<n),
order=count;
AcR=Ac(order+1:n,order+1:n);
BcR=Bc(order+1:n,:);
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CcR=Cc(:,order+1:n);
nr=size(AcR,1);
lambda=diag(AcR) ;
Ur=eye(nr);
Tr=AcR;
for i=1:nr
for j=i+2:nr
Tr(j,1)=0;
end
end
%Sap xep tinh chat quan trong cua diem cuc
eigT=eig(Tr);
K=zeros(nr,1);
Dem=1;
while (Dem <= nr),
if abs(Tr(Dem,Dem)-eigT(Dem,1))<107(-8)
if Dem<nr
Tr(Dem+1,Dem)=0
end
sysr=ss(AcR(Dem,Dem),BcR(Dem,:),CcR(:,Dem),0);
K(Dem)=norm(sysr,2);
Dem=Dem+1;
else
sysr=ss(AcR(Dem:Dem+1,Dem:Dem+1),BcR(Dem:Dem+1,:),CcR(:;,Dem:Dem
+1),0);
K(Dem)=norm(sysr,2);
K(Dem+1)=K(Dem);
if Dem < nr-2
Tr(Dem+2,Dem+1)=0
end

Dem=Dem+2;
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end
end
[H,id]=sort(K,'descend");
select=zeros(nr,1);
%  Xac dinh diem cuc can dich chuyen
for j=1:nr
if abs(H(j)-H(1))<107(-5)
select(id(j))=1;
count=count+1;
end
end
[Ur,Tr]=ordschur(Ur,Tr,select);
I=eye(order);
Z=zeros(order,n-order);
U=[1,Z;Z',Ur];
Ac=U"*Ac*U;
Bc=U"*Bc;
Cc=Cc*U;
Dc=D;
end
end
Phu luc 5. Lap trinh thuit toan giam béc theo chi s6 tréi hén hop H../H,
Core file ‘mixed2 MK.m’
[Ac,Bc,Cc,Dc]=mixed2 MK(Gb)
[A,B,C,D] = ssdata(Gb);
[U,Delta]=schur(full(A),'real’);
L=lyapchol(Delta',U'*C");
T=U*inv(L);
Ac=inv(T)*A*T;
Be=inv(T)*B;
Cc=C*T;
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count=0;
n=size(Ac,1);

while (count<n),

%

%

%

order=count;
AcR=Ac(order+1:n,order+1:n);
BcR=Bc(order+1:n,:);
CcR=Cc(:,order+1:n);
nr=size(AcR,1);
lambda=diag(AcR) ;
Ur=eye(nr);
Tr=AcR;
for i=1:nr
for j=i+2:nr
Tr(j,1)=0;
end
end
Sap xep tinh chat quan trong cua diem cuc
eigT=eig(Tr);
K=zeros(nr,1);
K2=zeros(nr,1);
K8=zeros(nr,1);
Dem=1;
while (Dem <= nr),
if abs(Tr(Dem,Dem)-eigT(Dem,1))<107(-8)
if Dem<nr
Tr(Dem+1,Dem)=0;
end
sysr=ss(AcR(Dem,Dem),BcR(Dem,:),CcR(:,Dem),0);
Hinf- Hinf-dominat index
K8(Dem)=norm(syst,inf);

H2-dominant index



135

K2(Dem)=norm(sysr,2);
Dem=Dem+1;
else
sysr=ss(AcR(Dem:Dem+1,Dem:Dem+1),BcR(Dem:Dem+1,:),CcR(:;,Dem:Dem
+1),0);

% Hinf- Hinf-dominat index
K8(Dem)=norm(sysr,inf);
K8(Dem+1)=K8(Dem);

% H2-dominant index
K2(Dem)=norm(sysr,2);
K2(Dem+1)=K2(Dem);
if Dem < nr-2

Tr(Dem+2,Dem+1)=0;
end
Dem=Dem+2;
end
end
w8=0.95;
w2=0.15;
for i=1:nr
K(1)=w8*K8(i)+w2*K2(i);
end
[H,id]=sort(K,'descend");
select=zeros(nr,1);
%  Xac dinh diem cuc can dich chuyen
for j=1:nr
if abs(H(j)-H(1))<10"(-5)
select(id(3))=1;
count=count+1;
end

end
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[Ur,Tr]=ordschur(Ur,Tr,select);

I=eye(order);

Z=zeros(order,n-order);

U=[1,Z;Z',Ur];

Ac=U"*Ac*U;

Bce=U"*Bc;

Cc=Cc*U;

Dc=D;

end

end

Phu luc 6. Lap trinh thuit toan giam béc gian tiép hé khong 6n dinh

Core file ‘Re_Unstable TT.m’

function [Gr1,Gr2,Gr3]=Re Unstable TT(G)

[ac,bc,cc,dc]=ssdata(G);

n=length(ac)

disp((CHON BAC BO DIEU KHIEN GIAM BAC r <=n'")

r=input('r = ");

[Gb,Gkb]=stabsep(G);

[a,b,c,d]=ssdata(Gb);

nl=length(a);

n2=n-nl;
if r>n2
Gb=balreal(Gb);

%  Giam bac theo diem cuc troi chuan Hinf
[Ac,Bc,Cc,Dc]=hinf MK(Gb);
Acrl=Ac(l:r-n2,1:r-n2);
Ber1=Bc(1:r-n2,:);

Cer1=Cc(:,1:r-n2);

Dcrl=Dc;
Gerl=ss(Acrl,Bcrl,Ccrl,Dcrl);
Gr1=Gcrl+Gkb;
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norm(R-Grl,inf)

%  Giam bac theo diem cuc troi chuan H2
[Ac,Bc,Cc,Dc]=htwo MK(Gb);
Acr2=Ac(1l:r-n2,1:r-n2);

Ber2=Bce(1:r-n2,:);
Cer2=Cc(:,1:r-n2);

Dcr2=Dc;
Ger2=ss(Acr2,Bcr2,Ccr2,Der2);
Gr2=Gcer2+Gkb;

%  Giam bac theo diem cuc troi chuan hon hop H2 va Hinf
[Ac,Bc,Cc,Dc]=mixed2 MK(Gb);
Acr3=Ac(1:r-n2,1:r-n2);

Ber3=Bc(1:r-n2,:);
Cer3=Cc(:,1:r-n2);
Dcr3=Dc;
Ger3=ss(Acr3,Bcr3,Ccr3,Dcr3);
Gr3=Gcer3+Gkb;
end
end
Phu luc 7. LAp trinh thuit toan chit cin bing mé rong
Core file ‘balance new.m’

function [Gr]=balace new (G)

[Ac,Bc,Cc,Dc]=ssdata(R);

n=length(Ac)

disp((CHON BAC BO DIEU KHIEN GIAM BAC r <=n'")

r=input('r=");

In=eye(n);

[r=eye(r);

%%%% Tim diem cuc khong on dinh lon nhat

beta=max(real(eig(R)))+0.01;

%%%% Chuyen sang he on dinh - beta
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A=Ac-beta*In;
Gbeta=ss(A,Bc,Cc,Dc);
%%%% Chuyen he ve dang can bang
nx0 = size(Gbeta.a,1);
[1sProper,R] = isproper(Gbeta,true);
if ~isProper
ctrlMsgUetils.error('Control:general:NotSupportedImproperSys','balreal')
elseif nargout>2 & & order(Gbeta)<nx0
ctrlMsgUetils.error('Control:transformation:balreal 1")
end
[Ds,Dns,~, T, Ti] = stabsep(Gbeta);
Rr =lyapchol(Ds.a,Ds.b,[], noscale");
Ro = lyapchol(Ds.a',Ds.c',[], noscale');
[u,s,v] = svd(Ro*Rr');
g = diag(s);
ns = length(g);
ZeroTol = 10*eps;
ZeroHSV = (g<=ZeroTol*max(g));
if all(ZeroHSV)
Ts = eye(ns);
elseif ~any(ZeroHSV)
sgi = 1./sqrt(g);
Ts = repmat(sgi,[1 ns]) .* (u"*Ro);
Tsi = (Rr'*v) .* repmat(sgi.',[ns 1]);
else
nz = sum(ZeroHSV);
nnz = ns-nz;
sgi = 1./sqrt(g(1:nnz));
Ts1 = Irscale(u(:,1:nnz)'*Ro,sgi,[]);
Tsil = Irscale(Rr'*v(:,1:nnz),[],sgi);
[q.junk] = qr(Tsil);
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Ts2 = q(:,nnz+1:ns)";
[q.junk] = qr(Ts1");
Tsi2 = q(:,nnz+1:ns);
[u,s,v] = svd(Ts2*Tsi2);
sgi = 1./sqrt(diag(s(1:nz,1:nz)));
Ts2 = Irscale(u(:,1:nz)'*Ts2,sgi,[]);
Tsi2 = Irscale(Tsi2*v(:,1:nz),[],sgi);
Ts= [Tsl;Ts2];
Tsi=[Tsil,Tsi2];
end
[aNs,bNs,cNs] = ssdata(Dns);
[as,bs,cs] =ssdata(Ds);
nns = size(aNs,1);
T = blkdiag(eye(nns),Ts) * T;
% He can bang moi
Am=T*A*inv(T);
Bm=T*Bc;
Cm=Cc*inv(T);
Dm=Dc;
Abr=Am(1:r,1:1);
Bbr=Bm(1:r,:);
Cbr=Cm(:,1:1);
Gbr=ss(Abr,Bbr,Cbr,Dc);
%%%%% Chuyen ve dang ban dau
Ar=Abr+beta*Ir;
Gr=ss(Ar,Bbr,Cbr,Dc);
end
Phu luc 8. Thiét ké mé hinh xe hai banh tw cin bang
Qua tim hiéu cta tac gia thi co ba phuong phap diéu khién can bang cho
xe hai banh nhu sau:



140

(i) diéu khién can bang st dung lyc ly tim, dugc mo ta trong céc tai lidu
tham khao [28], [34].

(ii) diéu khién can bang bang cach thay doi tam trong luc, dugc chi ra
trong tai liéu [39], [47] va [86].

(iii) diéu khién cin bang bang banh da duoc chi ra trong cac nghién ciu
[26], [43], [78], [79], [80].

Trong nghién ctru nay tac gia lya chon phuong phap diéu khién can bang
xe hai banh bang banh da gitip xe c6 thé can bang dugc ca khi dimg yén va khi
chiu tac dong cua ngoai luc.

Trong cac md hinh xe hai banh diéu khién bang bang banh da, mo hinh xe
hai banh str dung banh da theo nguyén 1y con quay hoi chuyén [26], [43], [50],
[78], [79] dé tao ra momen can bang cho xe thi banh da thudong phai quay véi
tbc d6 16m, do vay banh da tiéu tan mot luvong ning lugng 16n, didu nay sé gay
khé khin vé mat nang lugng hoat dong cua xe khi xe chi dugc cép nguén baéi
mot dcquy c6 dung luong gidi han.

Nguoc lai md hinh xe hai banh str dung banh da theo nguyén 1y con lic
nguogc [16], [80], dé tao ra mémen can bang cho xe thi banh da thudng chi quay
v6i van tdc rat nho do d6 ning luong tiéu tan cta banh da thap do d6 mé hinh
nay phu hop vé mit tiét kiém nang luong cho xe. Do vay, tac gia lya chon xay
dung mé hinh xe hai banh ty cAn bang st dung banh da theo nguyén 1y con lic nguoc.
8.1. Thiét ké phan co khi xe hai banh tw cin bing

Nguyén Iy cdn bang xe hai banh siv dung bdnh da: Xe hai banh ty cn
br;“lng s€ dugc trang bi mot banh da va mdt dong co mot chiéu c6 tac dung tao ra
mo men xodn cho banh da. Khi xe bi nghiéng khoi vi tri can bang thi md men
trong lugng cua xe co xu hudng kéo xe d6 xubng, khi d6 dong co s& quay banh
da va gdy ra mot moé mem xodn twong Ung tac dong 1én xe theo chidu ngugc
chiéu nghiéng cua xe (chéng lai mémen trong lugng) cé tac dung kéo xe trd lai
vi tri can bang.

Phan banh cta xe st dung banh xe dap tré em. Phan khung xe dugc xay
dung bang vat liéu nhom. Bdnh xe phia truéc ciia xe dwoc gin cé dinh nén xe
chi c6 thé di thing, dé tdc gid chi tap trung cho bdi todn diéu khién can bang
xe khi xe chuyén dpng thang va khi xe chiu tic dpng ciia ngoai luc.

Kich thudc xe duge thé hién trong hinh 8.1 nhu sau:
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Hinh 8.1 Kich thuéc xe hai banh tw cin bang

a. Co cdu cén bang

Tac gia thiét ké co cau can bang bao gdm: Pong co mot chiéu tao moé men
cho h¢ thong, banh da véi mé men quan tinh 16n. Pong co truyén mo men qua
banh da thong qua mot bac nodi vai ti s6 chuyén a = 1. Pong co dugce gan cung
vao khung cua xe hai banh thong qua hé thong vit do.

Kich thwéc cua banh da: Duong kinh ngoai D, =0.26 m; Duong kinh
trong D =0.22 m; Bé diy vanh banh da ¢ =0.021 m; Bé day phan trong banh
da ¢t =0.005 m

Momen quan tinh cua banh da

Banh da duoc 1am bang thép c6 khéi luong riéng p = 7850 Kg / m’.

, D2 _ DZ
- Khoi luong vanh ngoai banh da m = nt (f‘r’) p=2485 kg.

(D)

- Khéi luong vanh trong banh da m, = 7t e p=1,491 kg.

- Tong khdi luong banh da: my, = m, + m, = 3,976 kg.
- MOmen quan tinh ctua banh da la:
D2 _DZ 2
r=Lm (DI-D) + lmt D _0,03289 kg.m’
2" 4 2 4

Hinh dang thuc té cta banh da duoc thé hién trong hinh 8.2 nhu sau:
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Hinh 8.2. Hinh dang thuc té ciia banh da
Luwea chon déng co mét chiéu DC: Hinh dang ctia dong co dién mot chiéu
dugc thé hién trong hinh 8.3 nhu sau:

Hinh 8.3. Dong co mot chiéu DC

Dbdng co mdt chiéu co6 thdong s6 nhu sau:

Bdng 8.1. Théng sé dong co mot chiéu

STT Thong s6 Gia tri Don vi
1 P 100 w
2 Udm 15 V
5 R 0,52 Q
6 Ty s6 truyén 1:1
7 K. 0,045 V.s/rad
8 K 0,045 N.m/A
9 0] 355.86 Rad/s

b. Hé thong diéu khién tién lii

Hé théng st dung dong co DC. Pong co niy s& kéo xe chuyén dong tién
lui qua hé thong truyén dong xich co ty sd truyén 1a 1:1. Hé théng diéu khién

tién I0i duoc thé hién trong hinh 8.4 nhu sau:
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Hinh 8.4. H¢ théng diéu khién tién liii ciia xe hai banh
8.2. Thiét ké phén dién diéu khién cin bang xe hai banh
Hé thong diéu khién can bang cho xe hai banh tu can bang: C6 chtic ning
duy tri xe cAn bang: 1a hé thong c6 2 dau vao la dau vao lay tir cam bién goc
nghiéng (gdm godc nghiéng va véan tdc gbc nghiéng cua xe) va dau vao ldy tir
cam bién téc d6 gan véi dong co quay banh da. Pau ra ctia hé théng 1a duy tri
gdc nghiéng cua banh da bang 0.

a. Vi mach diéu khién

Hinh 8.5. Mach Arduino
Tac gia lya chon bo mach Arduino st dung dong vi xu ly 8-bit megaAVR

cua Atmel vdi hinh dang bo mach duoc thé hién trong hinh 8.5. Cac dong vi xu
1y nay (véi hai chip pho bién nhat 13 ATmega328 va ATmega2560) cho phép lap
trinh cac rng dung diéu khién phtrc tap do dugc trang bi cAu hinh manh véi céac
loai b nhd ROM, RAM va Flash, cac ngd vao ra digital 1/O trong d6 c6 nhiéu
ngd céd kha nang xuét tin hiéu PWM, céc ngd doc tin hi€u analog va cac chuan
giao tiép da dang nhu UART, SPI, TWI (120).
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Strc manh xur ly; Xung nhip: 16MHz; EEPROM: 1KB (ATmega328) va
4KB (ATmega2560); SRAM: 2KB (Atmega328) va 8KB (Atmega2560); Flash:
32KB (Atmega328) va 256KB (Atmega2560)

b. Mach ciu H

Pé diéu khién ngudn cap cho dong co dién mot chiéu quay banh da, tac

gia sir dung mach cau H dugc thé hién trong hinh 8.6 nhu sau:

Hinh 8.6. Mach cau H diéu khién dong co quay banh da

c. Nguon cip

Hé thdng ngudn cip phai du nang luong va dién ap dé duy tri cho xe hoat
dong trong thoi gian dai tuy nhién khdi luong cua hé théng ngudn cip can phai
nho dé khong anh huong dén khéi luong cia xe. Do d6 tac gia lya chon hé thong
ngudn gdm 2 Acquy 12V 2,2Ah mic nbi tiép nhau dé thu dugc ngudn 24V
4,4Ah. Hé thong ngudn nay ciing dong thoi cap dién cia ca hé thong diéu khién
tién i cua xe. Hinh dang thuc té cua khdi ngudn dugc thé hién trong hinh 8.7
nhu sau:

Hinh 8.7. Khéi nguén ciia xe

d. Cam bién géc nghiéng
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Tac gia st dung cam bién goc gia tbc GY-521 6DOF MPU-6050 c6 thong
s6 k¥ thuat nhu sau: MPU-6050 module (3 truc goc + 3 truc gia tdc ); Chip:
MPU-6050; Nguon cap: 3-5V; Chuan giao tiép: 12C; Chip 16bit AD converter,
16-bit data Output.

Po phan giai van tdc goc (w): + 250, 500, 1000, 2000 °/s trong dwong
1°/s =1.3,14/180 rad/s.

P) phan giai gia tbc goc: + 2; + 4; + 8; + 16g (g= 9,81 m/s* 1a gia tdc
trong truong).

Chuan gidc cdm 2.54mm.

Hinh dang va so d6 mach cam bién gia tbc Gyro GY-521 6DOF
MPU6050 dugc thé hién trong hinh 8.8 nhu sau:

a. Hinh dang cam bién b. Sor do mach cam bién
Hinh 8.8. Cam bién gia téc Gyro GY-521 6DOF MPU6050

e. Ciam bién toc dp

Dé xac dinh toc d6 quay cua banh da, tac gia st dung Encoder Sharp cé
thong s6 k¥ thuat nhu sau: Encoder Sharp 100 xung; Khoi lugng 100g; Ngudn
5VDC, hai pha A, B; Puong kinh truc 6mm. Puong kinh vo ngoai 45mm; Toc
do 5.000.000 xung/phut. Hinh dang Encoder Sharp dugc thé hién trong hinh 9.9
nhu sau:
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Hinh 8.9. Cam bién toc d¢
8.3. Thiét ké hé théng diéu khién tién Iii
Hé théng diéu khién xe chay tién lui: Co chirc ning diéu khién xe hai
banh chay tién lui.
a. Mach cau H diéu khién dpng co tién lii
Pé diéu khién ngué)n cép cho dong co dién mat chiéu tién 10i, tac gia su
dung mach cau H dugc thé hién trong hinh 8.10 nhu sau:

Hinh 8.10. Mach cau H diéu khién dong co tien i

b. Hé thong diéu khién tién lii tiv xa

Pé diéu khién xe tién i, tac gia str dung modul diéu khién tir xa dugc thé
hién trong hinh 8.11 nhu sau:

Hinh 8.11. H¢ thong diéu khién tir xa két noi véi Adruno

Phu luc 9. Xay dung mé hinh danh dinh ciia xe hai banh tw cin bing
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Xét md hinh xe hai banh duoc thé hién trong hinh 9.1 nhu sau:

A m,.g.h,.cos@

0 m, 1

m,.g.h.cos@
Hinh 9.1. M6 hinh xe hai banh tir cdn bang

Vo6i:  m, 1a trong luong cua xe (bao gb6m ca dong co)

m, 1a trong lugng cua banh da
h la chiéu cao cua tdm trong luc cua xe (khong ké banh da)
h, 1a chiéu cao cta tAm trong luc ctia banh da
1, 1a m6 men quan tinh cua xe
I, 1a m6 men quan tinh cua banh da
0 1a gbc nghiéng cua xe so v6i phuong thang dimg
@ la goc quay cua banh da
Ta co:
Vian toc goc cua xe quanh vi tri thang dimg 13 6
Van toc goc ctia banh da quanh truc quay 1a ¢
=ho
=h0

Van toc tuyét doi ctia diém A 1a |v,

Van toc tuyét doi cua diem B 1a |v,

bé xay dung mo hinh dong hoc cua h¢, trong nghién ctru [26], tac gia su
dung phuong trinh Lagrange.
N TP g ©.)
dt 0q;) 0Oq, 0g,

Trong d6 T tong dong ning ctia h, V' 1a tong thé ning ciia hé, O 1a lyc ngoai,
g hé toa do tong quat.

Tong dong nang cua h¢ duge xac dinh nhu sau:
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T=T+T
T 1a dong ndng cua xe hai banh va duoc x4c dinh bdi cong thire sau:
=T +1,

Vo1 T, la dong nang chuyén dong thang ctia diém A va duoc xac dinh boi cong

thic T 2. 1, 1a dOng nang chuyén dong quay cua xe hai banh va dugc

1
(Y1
2

xac dinh boi cong thire T, = %I 6.

T, 1a dong nang cua banh da va dugc xac dinh bé1 cong thue sau:

| S| .
=T +T,=—m)|v,| +=1,(0+¢
2 21 22 2 2 B 2 2( ¢)
Tu day ta co:
T=Ymp Fatmhlslroslie s lig 100 (9.2)
2 1 A 2 2 B 2 1 2 2 2 2¢ 2@ *

=T :%(mlhf +mh;+1 +1,)0° +%Ing2 + 1,90 (9.3)
Téng thé ning cua hé 1a:

V =g.cosO.(mh +m,h,) (9.4)

Véi g =60, phuong trinh Lagrange trd thanh:

d|oT| or oV
dr{ae} o0 0% ©-2)
Twr (9.3) ta co:
QZ=@M?H%%+L+LW+L¢ (9.6)
00
d(oT o
—| = |=(mh +mh +1 +1)0+1¢ 9.7
dt(@@) (m1 1 mz 2 1 2) 2¢ ( )
oT
== -0 9.8
Y (9.8)
. .oV .
Tt (9.4) ta co: Sg = &sin O.(mh, +m,h,) (9.9)

0 =0 (9.10)
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Thay cong thirc (9.6 — 9.10) vao (9.5) ta dugc nhu sau:
(mh> +mh;+1 +1,)0+1,¢—g.sing.(mh +mh)=0 (9.11)
V61 g, = ¢, phuong trinh Lagrange tr¢ thanh

4 aT_ LT o 9.12)
dt |0p| 0¢p 09 7
T (9.3) ta co: 8—T_=12¢+120' (9.13)
op
4 a—T_ =Ip+16 (9.14)
dt\ 0¢
o _y (9.15)
op
Tu (9.5) ta co: ar =0 (9.16)
op
0,=T, (9.17)

V61 T, 1a m6 men xoan cua tryc dong co.

Thay phuong trinh (9.13 — 9.17) vao phuong trinh (9.5) ta thu duogc
phuong trinh sau: Lp+16=T. (9.18)

Xét mot dong co dién mat chiéu ¢6 ty s6 truyén 13 a:1, thi mé mem xoé&n
ctia dong co DC truyén dong cho banh da nhu sau:

T =aK, [%} (9.19)

Vé6i K 1 hang s6 mémen ciia dong co,
K la hﬁng s6 strc dién dong cua dong co;
R 1a dién tr¢ cua dong co.
Thay (9.19) vao (9.18) ta co:

LG+10=T =aK. [U _RKeﬂ. (9.20)

Phuong trinh (9.11) va (9.20) chinh 1a h¢ phuong trinh dong hoc cua he.
RS rang vai cac phuong trinh dong luc hoc trén thi hé la phi tuyén.

Tuyén tinh héa mé hinh va chuyén vé dang mé hinh khong gian trang thdi
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Gia thiét rang khi xe hoat dong thi goc nghiéng cta xe rat nho (6 <10"),
ta tuyén tinh héa phuong trinh (9.11) quanh diém can bang (0=¢=0,
sin@ = @) thu dugc h¢ phuong trinh sau:

(mh+mh:+1+1)0+1,6—g0.(mh+mh)=0 (9.21)

Lp+10=T =akK, [U _RK/”} (9.22)

bat 4 =(mh +mh; +1 +1,); B =(mh +m,h,)
0=x
Dit x=| @ =x, |, 1a bién trang thai, y=6, u=U
P=x,

Taco: x, =x,

Tir (9.22) ta cb: ¢ = “fm (U _RKZQ’j y (9.23)

Thay (9.23) vao (9.21) ta thu dugc:

Alé+1{a§<m (U_Ke(pj—éj—ag.e:o

R
. KK . aK
~1)§=Bgo+Lxep ony
= (4-1)0=Bgd+——¢-—
o Bg aK K . akK
= f=—C _f4——r"c n U (9.24)
(Al_]z) R(Al_lz) R(Al_lz)
hay x = B X + ak K, X, — ak, u
-0 R R(A-T)
Thay (9.24) vao (9.23) ta co
. ak (U—K(pj Bg ak K | ak
p= m e _ o — e g+ m U
[z R (Al_lz) R(Al_lz) R(Al_lz)
= g=-P& g kA ik Ay (9.25)
4 -1, I,R(A4 —1,) LR(A -1,)
hay i=--D8 x_akK-— D iak A

X —U
AL T IRA 1) T LR(A4 - )

Matacoy=x;
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Tu day ta c6 hé phuong trinh trang thai mo ta hé nhu sau:

X=Ax+Bu
(9.26)
y=Cx+Du
Véi thong s6 ctia hé nhu sau:
0 1 0 0
A= Bg 0 ak K B=| - ak

(4-1) R(4 1) R(4-1,)

_£ 0 — K,KEL aKmL

L (141_[2) IzR(A'l_Iz)_ L IZR(Al_Iz)_

C:[l 0 O];D:[O]
Céc thong sb danh dinh ciia xe hai banh dugc thé hién trong bang 9.1 nhu sau:

Bdng 9.1. Cdc théng sé ciia mé hinh xe hai banh tw cdn bang

Thong s6 Gia tri Pon vi
Mo men quan tinh cua xe (1)) 0,1105 Kg.m’
Chiéu cao clia trong tm cia xe ( h) 0,105 m
Mo men quén tinh cua banh da (7)) 0,03289 Kg.m’
Chiéu cao cta trong tim banh da (h) 0,205 m
Khoi lugng ciia xe (m,) 10,024 Kg
Khdi lugng banh da (m,) 3,976 Kg
Hing sb stc dién dong cta dong co (K)) 0,045 V.s/Rad
Hang sé6 moémen ctia dong co (K ) 0,045 Nm/A
bién tré dong co (R) 0,52 Q
Ty s6 truyén ctia dong co (a) 1:1
Gia toc roi tu do (g) 9,81 m/s’

Thay s6 vao hé phuong trinh (9.26) ta thu dugc cac théng sé nhu sau:
0 1 0 0
A=|472048 0 0.0100 |, B=|-0.2230|,C=[1 0 0].
-47.2048 0 -0.1248 2.8541
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Chuyén mé hinh xe sang dang ham truyén dat ta c6 két qua
—-0.22
S(s)— 0(s) 0.223s

S U(s) s°+0.1284s> —47.25—5.589
Nhén xét vé méd hinh xe hai banh

Mo hinh héa xe hai banh tu can bang cho thiy c6 mét s6 tham sé ciia xe
hai banh ty can bang 1a bat dinh nhu: khéi luong tai thay doi dan téi chiéu cao
trong tdm xe thay doi, mo6 men quéan tinh cia xe cia bién doi, ... ddng thoi khi
hoat dong xe hai banh c6 thé chiu anh huéng cua cac yéu té bat dinh tir bén
ngoai nhu: ngoai luc, nhidu bat dinh do sy thay d6i cta dia hinh chuyén dong, ...
do d6 mé hinh xe hai banh thuc chét 13 mot dbi tuong bat dinh. Trong do, tac gia
quan tdm nhiéu nhat dén tinh bat dinh do sy bién ddi cua khédi luong tai va ngoai
luc tac dong. Cu thé, tac gia xét 4 truong hop xe hai banh mang tai khac nhau
thé hién trong bang sau:

Bang 9.2. Cdc théng sé bién doi ciia mé hinh xe hai banh khi tdi ciia xe thay déi

Truong hop | Khdi luong tai | Chiéu cao trong tim xe h | Momen quan tinh
m, (kg) (m) cua xe / ( Kg.m?)
1 5 0.205 0.6314
2 5 0.155 0.3609
3 7 0.055 0.0515
4 7 0.155 0.409

Biéu dién db thi bode ctia md hinh xe hai banh trong cac truong hop xe
hai banh mang tai khac nhau, tac gia thu dugc hinh 9.2 nhu sau:

Tzoe Cagram

[RERIT [ RN RIT] oron [RNERT]
_LJJLlJLI__J_J.J_H.UL'__J_J_'JJJ.U.'H' "}
Lo o [ A NI I ren

epinliz 1

Mo hinh 3= - Khong t3i
13 — - Mo hinh e - Treong hop 1 |
! 1+ +do hinh = -Treong hop 2 |+
r-r 19— Mo hinh e - Treong hop 3 |- - -
1] - - - - Mo hirh > - Truong hop 4 |1

(G H

il e il
n [ o

Pl sk

Hinh 9.2. Do thi bode ciia mé hinh xe hai banh khi thong s6 mé hinh thay doi
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Ttr hinh 9.2 ta thiy, cac yéu to bat dinh c6 thé 1am giam tinh chinh xac
ctia md hinh todn hoc ciia xe hai banh tir d6 dan t6i giam chat lugng diéu khién,
tham chi co thé 1am hé théng trd nén mat on dinh.

Do tinh chét bat dinh cia mé hinh xe hai banh nén trong cac thuat toan
diéu khién dd duoc dé xuit dé diéu khién xe hai banh ty can bing nhu diéu
khién phi tuyén trong tai liéu [14], [47], thiét ké bu bang cach st dung phuong
phap tiép can quy dao gbc trong tai lidu [26] va diéu khién PD trong tai liu
[43], [77] thi diéu khién bén viing RH_ cua trong tai liéu [78], [79] 1a thich hop
nhat dé diéu khién d6i twong bat dinh.

Phu luc 10. Thiét ké t6i wu RH., cho bai toan cAn bang xe hai banh

Dé thiét ké hé thong diéu khién bén virng cho xe hai banh tu can bang, tac

gia thuc hién theo so dd cau trac diéu khién thé hién trong hinh 10.1 nhu sau:

M0 hinh xe hai banh S ()

I : I o
w R(s) U U M0 hinh xe hai >

> banh S(s) 19!
- I (0 I
I [
I [
I Kl < |
I |
| K, |< |
I [
I |
I |

Hinh 10.1. So' d6 cdu triic hé thong diéu khién bén viing xe hai banh tw cin bang
(*) X4y dung mo hinh xe hai banh S (s)

Gia thiét rang khi xe hoat dong thi goc nghiéng ctia xe rat nho, ta tuyén
tinh héa phuong trinh (9.11 — phu luc 9) quanh diém can bang (=¢ =0,
sin @ = @) thu dugc h¢ phuong trinh sau:

(mh>+mh;+1+1)0+1,¢—g0.(mh+mh)=0 (10.1)

(10.2)

LG 1d=T :aK{U —(K, +Kl)(p+K26’}

R
bat 4 =(mh +mh; +1 +1,); B =(mh +m,h,)
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0=x,
Pit x=| @ =1x, |, 1a bién trang thai, y=6, u=U"
P =x,

Taco: x =x,

Tir (10.2) ta co: qbzaK’"(U _(K6+Kl)¢_K29J—é (10.3)
I R
Thay (10.3) vao (10.2) ta thu dugc:
o Bg aK K, . aK (K +K)) . akK .
0= 1 0+ 24— pH— ~ U (10.4)
(AI_IZ) R(Al_lz) R(Al_lz) R(Al_lz)
ha i Bg ‘4 akK K, . +aKm(Ke+Kl)x B ak y
ST T R(A-L) T R(4-1) O R(A-1)

Thay (10.4) vao (10.3) ta co:
B8 g kK, o ak (K +K)— 1

A IR -1 12R<4—12>¢(105)
WK
"IR(A-1)
hay
X, = —ix1 —aK K,—————x, —aK, (K, +K1)Lx3 +ak Lu
A-1 LR(A-1) LR(A-1) LR(A-1)
Matacoy=x;
Tur day ta c6 hé phuong trinh trang thai moé t4 hé nhu sau:
x=Ax+Bu
(10.6)
y=Cx+Du
Véi thong sb ctia hé nhu sau:
0 1 0
A-| Bg _aK K, aK, (K, +K,)
(4-1,) R(4-1,) R(4,-1,) ’
__ B8 kx4 ik (K, +K1)L
L (A|_]z) ]2R(Al_]2) ]2R(A1_]2)_
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0
B= ___aK, ,C=[1 0 0], D=|0].
Ria-ry [T kel
A
| LR(A4-1) ]

Lua chon thong s6 K =2, K, =5 va thay cac tham so trong bang 9.1
(trong phuy luc 9) vao hé phuong trinh (10.6) ta thu dugc cac thong s6 nhu sau

0 1 0 0
A=| 472048 1.114  0.4560 |, B=|-0.2230|,C=[1 0 0]
-47.2048 -14.2706 -5.8367 2.8541

Chuyén md hinh xe sang dang ham truyén dat ta co két qua
(s)= 0(s) —0.223s
! U(s) s +4.7225* —47.25—-254

(10.7)

Céc diém cuc ciia mo hinh ham truyén xe hai banh tu can béng la: 7.0601;
-5.8909 + 1.12831; -5.8909 - 1.12831

Vi S (s) c6 mot diém cuc c6 phan thyc duong nén S (s) 1a dbi tuong
khong 6n dinh.

Dé thiét ké bo diéu khién bén virng cho xe hai banh ty can bang tic gia
thie hién theo cac budc thiét ké bd didu khién bén vimg RH., theo tai liéu [2].
Cu thé nhu sau:
Buéc 1: Xac dinh tip cac bd diéu khién 6n dinh mo hinh xe hai banh tu can
bang S (s).

Pé xac dinh tap cac bo diéu khién 6n dinh xe hai banh tu can béng ta thuc
hién theo phuong phap tham sb héa Youla, c6 thuat toan nhu sau:

Thudt todn xdc dinh tdp cdc bé diéu khién én dinh [2]
Budéc I: Bién doi S_(s) thanh S(1).
1+ad

, v6i a <0 dugc chon tily y, mién rang khong phai la diém

trong 4o s =

cuc cling nhu diém khong ciia S(s).

, o [1+ad) ¢ _n(d)
Taco S (s)=S, ( 7 j =S (M) = —m(/i) .
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Buoc 2: Tim x(A4), y(A) tr n(1), m(A) theo thuat toan Euclid mo rong [2].
Buwdc 3: Chuyén nguoc
1 1
N(s)=n(—) , M(s)=m(—)
s—a s—a

Ly v =y
S—a S—a

Bugc 4: Tap cac bo diéu khién on dinh ddi twong S(s) 1a

X+MQ
Y -NQ

X(s) = x(

R (5) ={R(s): X, Y, QeRH, va NX+MY=1}. (10.8)

V61 mo hinh xe hai banh tu can béng, ta chon a =-3, thuc hién cac budc
da néu ¢ trén, thu duoc két qua nhu sau:
—0.223s
s*+9s" +27s+27
s +5.837s* —47.2s — 254

N(s)=

M(s) =

S +98° +27s+27
X(s) = —379.85* —43155 —1.205¢
s’ +6s5s+9
Y(s)= s +9.1635s —0.9567
s’ +6s+9

Budéc 2: Tim R(s) trong ® (s) dé hé c6 d6 nhay nho nhat

=| I ” —> min duoc
“ [1+S(s).R(s) '

Bai toan cuc tiéu hoéa do nhay HK(S)

chuyén vé bai toan can bang mé hinh nhu trong [2] tirc |[T - UQ| , — min, véi
s*+15s" +5.3225° —692.1s* — 22825 + 243
s° +15s" +90s* +270s° + 4055 + 243
—0.2235* —1.301s’ +10.535° + 56.635s +8.351.10°"
s°+18s° +135s* +540s° +1215s° +1458s + 729
Céac diém cuc cua T(s) 1a: -3.0034 + 0.0000i; -3.0011 + 0.0033i; -3.0011

- 0.00331; -2.9972 + 0.00201; -2.9972 - 0.0020:.
Céc diém cuc cia U(s) 1a : -3.0104 + 0.0060i; -3.0104 - 0.0060i; -3.0000

+0.0120i; -3.0000 - 0.0120i; -2.9896 + 0.0060i; -2.9896 - 0.0060i do tat ca cac
diém cuc cia T(s), U(s) déu nam bén trai truc 40 nén T(s), U(s) la 6n dinh
hay T, UeRH .

T(s)=Y(s)M(s) =

U(s)=N(s).M(s) =
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Cac diém khong ciia U(s) 1a: 6.7449, -7.6753; -4.9062; -0.0000
Vihé 1a SISO, T, UeRH_, U(s) c6 mot diém cuc s, = 6.7449 nim bén
trai truc 4o, nén theo tai li¢u [2] ta c6

o - T&-TGs) _E(s)
UGs)  F(s)

(10.9)

trong do
E(s)=5"+39.745" + 678.4s" + 65445 +3.943.10"s° +1.543.10°s" +3.921.10° 5"

+6.226.10°s’ +5.526.10°s” + 1.902.10’s — 2.626.10°
F(s)=-0.223s" — 6.15s" —70.54s" —438.6s° —1603s" —3457s’ — 40825 —2040s

—3.009.107"

Vi Q' khong hop thire (bac da thic tir sé cao hon bac da thitc mau sb),

nén theo tai liéu [2] bang cach chia mau sd ctia (10.9) cho da thirc bac 2 (bang
bac cta tir s trir di bac cia mau sé), ta ¢c6 nghi¢ém can t6i wu

Q* _ Q _ E(S)

(es+1)"  F(s)

,v6i e=0.001 (1>e>0 nho tuy y) (10.10)
Vi
E(s)=5"+39.745° + 678.4s" + 65445" +3.943.10"s° +1.543.10°s° +3.921.10°s"
i +6.226.10°s +5.526.10°s* + 1.902.10°s — 2.626.10*
F(s)=-2.23.10"s" —0.0004521s” — 0.2353s" —6.291s" — 71.42s° — 441.8s°
—1610s" —3466s° —4086s° —2040s —3.009.10™"
Céac diém cuc cua Q' 1a : -1000; -1000; -7.675; -4.906; -3; -3; -3;- 3; -3; -0.000
Céc diém cuc cia Q' déu ndm bén trai truc 40 nén Q' 1a bén.
H(s)
D(s)

Thay (10.10) vao (10.8) ta dugc R(s) =

Vo1

H(s)=-2.23.10"s" -4.67.10"5” —0.2665™ —22.965 —10065* —2.853.10"s”
—5.837.10°5™ —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" 5" —3.398.10" 5"
—-5.276.10"5" —6.903.10" 5" = 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
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D(s)=4.971.10"5s" +2.032.10""s” +2.663.107 s> +1.221.10™"s* +9.72.107 s
+0.3918s” +10.14s™ +187.1s* +2612s* +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° 5"
+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

Két qua tinh toan bo diéu khién duoc thé hién & phu luc 11 (bodieukhien.m)

Phu luc 11. Lap trinh xac dinh b diéu khién 6n dinh bén virng xe hai banh

Core file ‘Bodieukhien.m’

disp(' CHON THAM SO a < 0 CHO QUA TRINH THAM SO HOA)
s=(1+a*landa)/landa')

a=input('a=");

s=tf('s");

% Tham so mo hinh xe hai banh tu can bang
al=0.2962;

b=0.2148;

c=42.67;

d=8.633;

%% Xac dinh n

nl=-al*a;

n2=-al;

n=nl*s"3+n2*s"2;

% Xac dinh m
ml=b*a’2+a*3-c*a-d;
m2=3*a’2+2*b*a-c;
m3=3*a+b;
m=m1*s"3+m2*s"2+m3*s+1;
% Xac dinh x vay

ql=nl/ml;

r21=n2-ql1*m?2;

r22=-m3*ql;
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r23=-ql;
12=r21%s"2+122*s+123;
% lay m/r2

q21=ml/r21;
q22=(m2-q21*r22)/r21;
q2=q21*s+q22;
r31=m3-q21*r23-q22*r22;
r32=1-q22*r23;
r3=r31%*s+r32;

tel=-q21;

te2=-q22;

te=tel*s+te2
gal=ql*q2l;
ga2=1+ql*q22;
ga=gal*s+ga2;

% Lay r2/13
q31=r21/r31;
q32=(r22-q31*r32)/r31;
q3=q31*s+q32;
r4=r23-q32*r32;

% Lay r3/r4

q41=r31/r4;

q42=r32/r4;
q4=q41*s+q42;

% Xac dinh xn va yn
xnl=-tel*q31;

xn2=-(tel *q32+te2*q31);
xn3=1-te2*q32;
xn=xnl*s"2+xn2*s+xn3;
ynl=-gal*q31;
yn2=-(gal*q32+ga2*q31);
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yn3=-ql-ga2*q32;

yn=ynl*s"2+yn2*s+yn3;

h=r4;

% Ket qua

x1=xnl/h;

x2=xn2/h;

x3=xn3/h;

x=x1*s"2+x2*s+x3;

yl=ynl/h;

y2=yn2/h;

y3=yn3/h;

y=y1*s"2+y2*s+y3;

% Kiem tra dieu khien nx+my=1

n*x

m*y

% TimXvaYvaNvayY

disp(' THAY landa=1/(s-a DE XAC DINH X VA Y")
numN=n2%*s-a*n2+nl- 3.288e-017;
demN=(s-a)"3;

N=numN/demN;
numM=s"3+(m3-3*a)*s"2+(3*a"2-2*m3*a+m2)*s+a”2*m3-a*m2+ml-a"3;
demM=(s-a)"3;

M=numM/demM;
numX=x3*s"2+(x2-2*a*x3)*s+a"2*x3-a*x2+x1;
demX=(s-a)"2;

X=numX/demX;
numY=y3*s"2+(y2-2*a*y3)*s+ta"2*y3-a*y2+yl;
demY=(s-a)"2;

Y=numY/demY;

%% TIM BO DIEU KHIEN ON DINH BEN VUNG DOI TUONG
numMr=(s+6.22)*(s+0.2023);
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numT=numY *numMr;
demT=demY *demM;
numU=numN*numMTr;
demU=demN*demM;
numQ=numT*demU,
demQ=numU*demT*(0.001*s+1)"2;
Q=numQ/demQ;
R=(X+M*Q)/(Y-N*Q);
Phu luc 12. Core file ‘ABRB_alone.ino’

// Update 20.4
#include <I2Cdev.h>
#include <avr/io.h>
#include <avr/interrupt.h>
#include <avr/stdio.h>
#include <ave/math.h>
#include <util/delay.h >
#include "[2Cdev.h"
#include "MPU6050.h"
#if 2CDEV_IMPLEMENTATION == 12CDEV_ARDUINO_ WIRE

#include "Wire.h"
#endif
volatile unsigned char c,d,e;
volatile int encoder,data=0,val=0, u;
volatile boolean state=0,state2=0,s=0;
volatile float
_gx=0, gx, ay=0,angle=0, angle=0,k1=0,k2=0,k3=0,k4=0, data=0, data=0,
u=0;
int8 ta,b;
MPU6050 accelgyro;
intl6_t gx, ay;
ISR(USART RX vect)
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{

c=UDRO;
/I 1f(c==255)PORTBI|=(_BV(5)); //dir=1; // Xac dinh huong quay thuan hoac
quay nguoc
/I else 1f(c==254)PORTB&=~( BV(5)); //dir=0; // Truyen ra cong B chan
PortB (7) chinh la chan 13 tren Arduino

1f(c<254) {
/" else {
/I OCR2A=c;
state=1;
data=encoder;

encoder=0;

b
}
ISR(TIMER1 COMPA vect)
{
state=1;
data=encoder;
encoder=0;

}
ISR(INTO vect) // Ngat dung doc encoder

{

for(int 1=0;1<10;1++);

if((PIND&O0b00000100))
if(PIND&O0b00001000)encoder++;
else encoder--;

else
1f(PIND&0b00001000)encoder--;
else encoder++;

b
ISR(INT1 wvect) // Ngat dung doc encoder
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{
for(int 1=0;1<10;1++);
1f((PIND&0b00001000))
1f(PIND&O0b00000100)encoder--;
else encoder++;
else
1f(PIND&0b00000100)encoder++;
else encoder--;
}
void serial init(void) // khoi tao truyen thong noi tiep
{
// Set Baud Rate = 38400
UBRROH=0;
UBRROL=25;
// UCSROA=0;
UCSR0B=0b10011000; // khong dung ngat send
UCSROC]=0b00000000;  //1 bit stop
}

void serial send(float fval) // gui so thuc len Matlab
{
if(fval<0){
loop until bit is set(UCSROA,UDREO);
UDRO0=45;
fval=-fval;
b
fval+=0.005; //lam tron den 2 chu so thap phan.
val=(int)fval;
fval=(fval-val)*100;
d=val/10000;
if(d){
loop until bit is set(UCSROA,UDREO);
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UDRO0=d+48;
val=val%10000;
loop_until bit is set(UCSROA,UDREO);
UDRO=val/1000+48;

_1000:
val=val%1000;
loop _until bit is set(UCSROA,UDREDO);
UDRO=val/100+48;

~100:
val=val%100;
loop until bit is set(UCSROA,UDREO);
UDRO=val/10+48;

__10:
loop until bit is set(UCSROA,UDREO);
UDRO=val%10+48;
goto endd;
b

d=val/1000;

if(d){
loop until bit is set(UCSROA,UDREO);
UDRO0=d+48;
goto  1000;}

d=val/100;

if(d){
loop until bit is set(UCSROA,UDREO);
UDRO0=d+48;
goto  100;}

d=val/10;

if(d)
loop until bit is set(UCSROA,UDREO);
UDRO0=d+48;}
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goto  10;

endd:
val=int(fval);
loop _until bit is set(UCSROA,UDREOQ);UDRO="";
loop_until bit is set(UCSROA,UDREQ);UDRO=val/10+48;
loop _until bit is set(UCSROA,UDREQ);UDR0=val%]10+48;

b

void pwm_init(void) // khoi tao PWM

{

TCCR2A|=0b10000011;

TCCR2B|=0b00000010;  // 1/8

OCR2A=0;

DDRB|= BV(3); // chan 11-Arduino

TCCROA=0b10000011;  // OCOA

TCCROB=0b00000011; // 1/64

OCROA=0;

DDRD|= BV(6); // chan 6-Arduino

b

void encoder init(void) // khoi tao cho encoder
{

PORTD[=0b00001100;  // cho phep dien tro pull-up;, chan 2,3-Arduino
EICRA|=0b00000101;  // ngat suon duong
EIMSK|=0b00000011;
b
void mpu_ init(void)
{
#if 2CDEV_IMPLEMENTATION ==12CDEV_ARDUINO_ WIRE
Wire.begin();
#elif 2CDEV_IMPLEMENTATION == 12CDEV_BUILTIN_FASTWIRE
Fastwire::setup(400, true);
#endif
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accelgyro.initialize();
if(accelgyro.testConnection())PORTB|= BV(5);
b

void timerl init(void) // khoi tao timerl

{

TCCR1A=0;

TCCR1B|=0b00001100;  // /256,che do CTC

OCRI1A=625; //dat thoi gian cho timer,T=10ms => OCR1A=625

TIMSK1=0b00000010;  // cho phep ngat

b

int main(void)

{

e=PINC&0b00000111;

//serial_init();

pwm_ init();

encoder init();

timer1 init();

sei();

mpu_init();

accelgyro.setDLPFMode(4);

PORTB&=~(_BV(5));

DDRBJ= BV(5);

PORTB|=_BV(5);

DDRD|= BV(7);

while(1)

if(state){

// chuyen doi don vi cua gx, ay:

// Kg=0.01/131;

// Ka=180/(pi*16384);
gx=accelgyro.getRotationX();
ay=accelgyro.getAccelerationY();
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angle=(angle+gx)*0.97+ay*1.374343344033286;
_angle=angle*0.00007633587786259542-0.97;
gx+=95;

k1=0.12*(gx- gx);

k2=0.12*(gx+0.005- gx-k1/2);
k3=0.12*(gx+0.005- gx-k2/2);
k4=0.12*(gx+0.01-_gx-k3);

_gx= gx+(k1+2.0*k2+2.0*k3+k4)/6.0;

_gx= gx/131;

k1=0.12*(data- data);

k2=0.12*(data+0.005- data-k1/2);
k3=0.12*(data+0.005- data-k2/2);
k4=0.12*(data+0.01-_ data-k3);

_data= data+(k1+2.0*k2+2.0*k3+k4)/6.0;
__data= data*1.570796326794897,

serial_send( angle);

loop until bit is set(UCSROA,UDREQ);UDR0=32;

serial send(gx);

loop until bit is set(UCSROA,UDREQ);UDR0=32;

serial send( data);

loop until bit is set(UCSROA,UDREQ);UDRO0=10;

u=-50* angle-16* gx-10* data;
_u=(int)u;

a=(int8 t) angle;

b=(int8 t) data;

if(a<0)a=-a;

if(b<0)b=-b;

if( u>0)PORTBI|=(_BV(5));

else { u=- u,;PORTB&=~( BV(5));}

if(a>5)state2=0;

if(a<l)state2=1;



168

if(state2&(b<30))OCR2A=(char) u;
else OCR2A=0;
e=e"(PINC&0b00000111);

switch(e)

{

case 1: // nut A - lui

PORTDI|=(_BV(7)); // chan huong: chan 7-Arduino

OCRO0OA=200;

break;

case 2: // nut B - dung

OCROA=0;

break;

case 4: // nut C - tien

PORTD&=~(_ BV(7));

OCRO0OA=200;

break;

}

e=PINC&0b00000111;

state=0;

}

Phu luc 13

Cac diém cuwc ciia bd diéu khién bén virng bic 28 trong ti liéu [3]
-9.0875 +13.1899i; -9.0875 -13.18991
-15.5772 + 0.00004i; -15.4089 + 0.2436i1
-15.4089 - 0.24364; -15.1097 + 0.16071
-15.1097 - 0.16071; -0.2366 + 8.3797i
-0.2366 - 8.3797i; -0.2374 + 8.3797i
-0.2374 - 8.3797i; -0.2371 + 8.3790i
-0.2371 - 8.3790i; -10.1036 + 0.0834i

-10.1036 - 0.08344; -9.9535+0.11201
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-9.9535 - 0.11201; -9.8857 + 0.00001
-3.0249 + 3.1686i; -3.0249 - 3.16861
-1.8830 + 0.0000i; -1.6589 + 0.00061
-1.6589 - 0.0006i; -1.6579 + 0.00001
-1.4589 + 0.00001; -26.1796 + 0.00001

-0.000000000000023 + 0.000000000000000i1
-0.000000000000023 + 0.000000000000000i1



