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PHAN MO PAU

1. Gi6i thiéu vé cong trinh nghién citu, 1y do Ira chon dé tai

Hé Euler-Lagrange (EL) noi chung va cdu treo noi riéng voi mé hinh bién
khép 13 16p hé thuong gip nhat trong thuc té & cac linh vuc co khi, co dién ti.
Gidng nhu & cac hé c6 mé hinh trang thai, mé hinh hé EL ciing mang ddy du cac
tinh chat khach quan nhu khong tuyét d6i chinh xéac, thudng duoc 1y tudng hoa 1a
khong c6 nhidu khi xdy dung mo hinh. Bdi vay bai toan thiét ké, xay dung bo diéu
khién cho hé EL trén nén tang khong c6 dugc su chinh xac cua mo hinh, cling nhu
phai tinh t41 sy tdc dong cua nhiéu, ma van dam bao chat lugng diéu khién dit ra,
ludn cé ¥ nghia img dung 16n.

Céu treo 1a thiét bi cong nghiép dugc sir dung rat rong rii trong nhiéu linh vuc
nhu cic cong trinh xay dung, & cac nha may hay tai cac bén cang. Tai Viét Nam
hién nay phan 16n cic cau treo nay duoc van hanh bang tay boi ngudi sir dung. Khi
ma kich thudc cia cau treo 16n hon va yéu cau van chuyén nhanh hon, cudong do
lam viéc cao hon, thi viéc van hanh ching s€ tré nén kho khan néu chua tu dong
héa qué trinh nay. Cau treo di chuyén theo quy dao khong ctng nhéc, nhung né
hoat dong trong diéu kién hét sirc khac nghiét nén mot hé diéu khién trong vong kin
1a thich hop nhat. Cau treo 1a mot thiét bi quan trong sir dung rong rai trong cong
nghiép dé van chuyén cac vat ning va hang héa (goi chung 13 tai trong) tir noi nay
dén mot noi khac, né ludn co két cau viing chac dé nang va di chuyén céc vat ning
trong nha may, trong cong truong xay dung, trén boong tdu dic biét 13 tai cac bén
cang. Trong nha mdy, ciu treo gia ting qua trinh san xudt bang cach van chuyén
nguyén lidu voi khoi luong rt ning tir vi tri ndy dén vi tri khac cling nhu di chuyén
céc san pham & mot ddy chuyén san xuat hay day chuyén lap rap. Vi du, trong nha
may luyén kim cau treo van chuyén cudn thép, phoi thép hay thing kim loai néng
chay dé d6 vao khudn duc,... Trong xay dung tdoa nha nhd st dung cu treo ma qua
trinh van chuyén vat liéu 1én nhitng chd rat cao hay nhitng noi trong yéu kha dé
dang. Dic biét trén boong tau hay tai bén cang cau treo giup tiét kiém thoi gian va

tién bac trong cong doan xép va dd cac container cyc ky hiéu qua [6,17].



Hinh 1. Ciu treo

Hién da c6 mot vai nghién ctru vé diéu khién cau treo & Viét Nam. Khi cau
treo di chuyén khé nhanh thi tai trong c6 thé bi dung dua va qua trinh hoat dong cua
ciu treo c6 thé bi mat diéu khién tai. Trong nhiéu thap ky qua, cac nha nghién ctru
d3 thuc hién nhiéu nghién ctru khac nhau vé viéc diéu khién tai trong gidng nhu qua
lic nhung tmg dung & Viét Nam thi chi yéu van 1a diéu khién vong hé. Cho t6i
ngdy nay cic cau treo da phan van hoat dong thii cong bang tay va theo kinh nghiém
ctia ngudi van hanh 1a cha yéu. Nhung khi kich thude ctia cau treo trd 1én 16n hon
va tdc d6 van chuyén hang doi hoi nhanh hon thi viéc van hanh tha cong nay s& gip
kho khan.

Cac hé théng cau treo dugce ky vong c6 thé di chuyén dén cac vi tri yéu cau
nhu nhanh va chinh x4c nhat nham dat tai trong tai vi tri thich hop, nang cao hiéu
suat 1am viéc. Ngoai hai yéu cau trén thi goc xoay tai trong nén duogc giit cang nho
cang t6t; néu khong, xoay tai trong 16n trong qué trinh van chuyén co thé gay thiét
hai cho ban than cac tai trong va thiét bi xung quanh hodc nhan vién. Diéu can thiét
1a dao dong cua cap thuong bi han ché bdi ca tinh an toan va tc d6 thuc hién cong
viéc cao hon. Cac hé théng cau treo bi han ché béi vi tri xe hang va d0 mod rong cua
cap. Hé phuong trinh trang thai diéu khién cho hé théng ciu treo v6i chiéu dai cap
bién doi 1a phi tuyén va lién két cao. Nhiéu nha nghién ctru da phat trién bo diéu
khién cho céc hé théng cau treo trong qua khu.

Cau treo mang dic diém ciia hé hut co cdu chap hanh khi khong thé can thiép

tryc tiép dé diéu khién goc léch giira day treo va phuong thang ding khi tai trong
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dung dua. Pong thoi, hé phuong trinh trang thai diéu khién cho hé thong cau treo
v6i chidu dai cap bién d6i 13 phi tuyén va lién két cao. Bén canh d6, nhitng thanh
phan bit dinh gy nhiéu kho khin cho viéc thiét ké b diéu khién dam bao chat
luong diéu khién. Pé nang cao hiéu qua cling nhu kha ning dap tGng cac yéu ciu
khit khe nhu d3 néu & trén, viéc thiét ké bo diéu khién thich nghi bén viing cho ciu
treo duoc tac gia dé cap dén trong luan an.

Dé tai nghién ctru 1y thuyét vé diéu khién hé thdng hut co cu chap hanh; thiét
ké bo diéu khién truot bac cao cho hé ciu treo nham phat huy duogc uu diém cta bod
diéu khién truot 13 kha ning 6n dinh tiém can bén vimg cho dbi tugng bat dinh,
déng thoi cai thién duoc nhuge diém cia bo diéu khién truot sir dung relay la hién
tuong chattering sinh ra trong qué trinh truot.

Pé tai tap trung nghién ctru vé diéu khién thich nghi bén viing hé Euler-
Lagrange thiéu co cdu chap hanh noéi chung c6 tham sé mé hinh khong xac dinh
duoc ciing nhu cé nhiéu tac dong, tir d6 dé xuat cac bo diéu khién vi tri bén viing
cho hé va 4ap dung vao hé cAu treo 3D néi riéng.

2. Muc tiéu ciia luin an

Muc tiéu cua luan 4n 1a hudng t6i viéc phat trién va bo sung tinh thich nghi
bén vitng cho cac bd diéu khién hé Euler-Lagrange thiéu co cau chdp hanh dé hé
bam theo duoc quy dao bién khdp mong mudn cho trude, trong khi mé hinh cta hé
¢c6 chira cac tham sd bat dinh va hé con bi nhiéu tac dong & d4u vao. Tinh thich nghi
ctia bo diéu khién dugc xac dinh 1a chat lugng bam khong bi anh hudng bdi nhiing
tham s6 khong xac dinh dugc trong mé hinh. Tinh bén viing duoc xac dinh 1a chat
lugng diéu khién khong bi anh huong boi nhiu tac dong ¢ dau vao cua hé. Dé dat
duoc muc ti€u nay, luan an da dat ra nhiém vu:

- Nghién ctru phan tich mé hinh toan hé hut co cdu chip hanh va tir d6 xay
dung bd diéu khién thich nghi bén viing cho né trén nén phwong phap diéu khién
truot két hop v6i nguyén 1y diéu khién ISS. Tiép theo s& ap dung két qua vao diéu
khién hé cau treo 3D, tién hanh mo phong va danh gia chat lugng bo diéu khién vai
mot ddi tuong cu thé.

- Phat trién va hoan thién phuwong phap diéu khién trugt bac cao vao dicu

khién hé Euler-Lagrange thiéu co cu chap hanh. Panh gia chit luong cia bo diéu
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khién thong qua tng dung vao diéu khién ddi twong cau treo 3D va mo phong bang
phan mém Matlab/Simulink.

Ngoai ra, luan an cling con dét ra nhiém vu la xay dung mo hinh thi nghiém hé
cau treo 3D dé budc dau thir nghiém va danh gia chat lugng nhiing két qua 1y thuyét
dé xuit cia luan an béng thuc nghiém trén mot dbi tuong cu thé. Chi tiét sé la;

- Chét luwong diéu khién theo vi tri dat trudc, dua dugc trong tai tir vi tri dau
t61 vi tri cudi dit trudce trong khoang thoi gian ngin.

- Cac goc léch dugc gidi han trong pham vi nho va bj triét tiéu dan.

- Cai thién dugc hiéu tng rung theo nghia thu nho khoang truot vé trong mot
1an c4n cta gbc.

3. Poi twong nghién ciru

Lp mod hinh hé Euler-Lagrange tong quat va cau treo 3D nhu mot d6i tuong
cu thé dé 4p dung, kiém chimg két qua, ciing nhu cac hé chuyén dong thiéu co ciu
chép hanh.

4. Phwong phap nghién ciru

- Nghién ctru 1y thuyét diéu khién thich nghi hé phi tuyén dang mé hinh cac
bién khop. Xay dung bo diéu khién thich nghi ISS trén nén ly thuyét Lyapunov.

- Nghién ctru phuong phap diéu khién trugt bac cao nham giam hién tuong
rung. Xay dung bd diéu khién thich nghi bén viing trén nén 1y thuyét diéu khién
truot bac cao.

- Phuong phap thyc nghiém: mo phong gia dinh va 1ay két qua trén mo hinh
thi nghiém.

5. N¢i dung nghién ctru

- M6 hinh toan hé cau treo 3D lam ddi twong nghién ctru vé cac hé Euler-
Lagrange thiéu co cau chap hanh.

- Xay dung bo diéu khién thich nghi bén viing cho hé théng thiéu co cau chap
hanh trén co s diéu khién thich nghi ISS.

- Tong quan vé cac phuong phap diéu khién cho hé cau treo. Ap dung két qua
nghién ctru 1y thuyét vé diéu khién thich nghi ISS cho hé cau treo.

- Nghién ciru, tim hiéu vé phuong phéap diéu khién truot (truot co ban, phuong

phép truot bac hai, trugt bac hai phan hdi dau ra (truot siéu xoén).



5

- Thiét ké bo diéu khién trugt bac hai va trugt siéu xodn cho hé Euler-
Lagrange noi chung va hé ciu treo 3D néi riéng. Kiém ching qua mé phong bing
phan mém Matlab/Simulink.

- X4y dung ban thi nghiém, kiém chimg két qua nghién ctru 1y thuyét bang
thuc nghi¢m.

6. Pham vi nghién ctru

Nghién ciru 1y thuyét diéu khién thich nghi bén viing hé Euler-Lagrange thiéu
co cu chip hanh. Pé xuét bo sung va hoan thién cac phuong phap da c6 vé mit 1y
thuyét. Ap dung phuong phap diéu khién thich nghi ISS va phwong phap diéu khién
trugt bac cao dd dé xuat cho dbi tuong cau treo 3D.

7. Y nghia khoa hoc va thue tién

Luan an dua ra phuong phap luan va dé xuat xay dung bo diéu khién thich nghi
bén vitng theo nguyén 1y diéu khién ISS va nguyén 1y diéu khién truot bac 2, gop
phan bd sung va 1am phong phu thém khéi kién thirc vé diéu khién hé phi tuyén dbi
v6i d6i twong 1a cac hé Euler Lagrange thiéu co cu chap hanh. Két qua nghién ctu
cta luan 4n c6 thé gitip cho viée thiét ké bo didu khién thich nghi bén ving cho hé Euler
Lagrange thiéu co cdu chap hanh, trong d6 c6 cau treo trong thuc tién; Viéc 4p dung
phuong phép trugt bac cao dé nham phat huy wu diém cua bd diéu khién truot 1a
khong phy thude qué nhidu vao do chinh xac cia mé hinh, khéng qua phic tap,
thuan loi cho viéc lap trinh va tinh toan cua vi diéu khién hay may tinh nén kha

nang ap dung trong thuc tién rat 16n.
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CHUONG 1 TONG QUAN VE CAC PHUONG PHAP
PIEU KHIEN HE THIEU CO CAU
CHAP HANH

Hién tai c6 khd nhiéu phuong phéap diéu khién cing dugc dong thoi 4p dung
vao diéu khién hé thiéu co cdu chap hanh néi chung [18,25,38,40,63,66,76,83,88]
va cac hé cau treo, cau thap ndi riéng [6,8,11,14,16,20,22-24,27,32,35-38,40-46,48-
54-57,60,67-72,74,81,82]. Rat khé dé noi duoc rang phuong phap nao uu viét hon
c4, vi mdi bai toan diéu khién ludn c¢6 méi trudng, diéu kién lam viéc khac nhau va
do d6 xét tong thé ca vé mit k¥ thuat ciing nhu kinh té thi mdi phuong phap déu co
vu nhuoc diém riéng cia no.

Heé thiéu co cdu chap hanh noi chung 12 hé ma mé hinh Euler-Lagrange & cau

tric tong quat dang bat dinh, bi tac dong boi nhidu, duwoc mo ta boi [63,66]:

M(q,0)§+C(g,4,0)q+9(q,6) = G (u+n(t)) (1.1)
trong do:

=% -4, )" 1 vector céc bién khép ciia hé.

Q:(el,ez, b, )T 1a vector cac tham sd hﬁng khong xac dinh dugc cua mo

hinh. Néu moi tham s6 ctia hé (1.1) 1a xac dinh dugc thi n6 s& duoc viét thanh:

M(9)i+C(q, 9+ 9(q) =G (u+n(t)) (1.2)
va nguoi ta goi n6 1a hé tudng minh (detemined). Nguoc lai né dugc goi 1a hé bat
dinh (uncertain).

G =col(l,,0) la ma tran diéu khién, trong d6 [, 1a ma trdn don vi m hang
m cOt, ©® 13 ma trdn co tat ca cic phan tir bang 0 va m 1a sd céc tin hiéu diéu khién
(tin hiéu dau vao).

u=(u,uy, ... u,) 1 vector cac tin higu didu khién. Néu ¢ ddy c6 m=n
(khi &6 mot cach tuong ting ciing s& c6 G=1,) thi hé duoc goi 1a dii co cdu chap

hanh. M6 hinh tudng minh cia hé du co ciu chap hanh duoc viét ngan gon thanh:

M(q)i+C(q,9)q+9(q) = u+n(t) (1.3)



.
va mé hinh bét dinh ctia hé du co cau chip hanh s& 1a:
M(q,0)§+C(q,4,0)q+9(q,0) = u+n(t) (1.4)
Khi m<n thi hé s& duoc goi 1a thiéu co cdu chdap hanh.

n(t) =(n ()., (t), ... ,nm(t))T 1a vector ctia nhiéu tac dong vao hé thong qua
tin hiéu diéu khién. N6 ludn dugc gia thiét 1a bi chin theo nghia:

] = stplnt) =5 (L5)

Trong truong hop hé khong bi nhiéu tac dong, tirc 1a n(t) =0 voi 0 1a ky hiéu
clia vector c6 tat ca cac phan tir bang 0, md hinh (1.1) trd thanh:

M(q,0)i+C(q,4,0)i+g(q,0) =Gu. (1.6)
va dugc goi 1a hé khong co nhiéu (undisturbed); Nguoc lai né dugc goi 13 hé ¢
nhiéu (disturbed).

C6 thé thiy ngay 1a hé twdng minh, du co cdu chip hanh, khong c6 nhilu, s&
c6 mo hinh la:

M(q)j+C(g,9)q+9(q) =u (1.7)

va h¢ tuong minh, nhung thiéu co cau chap hanh, khong c6 nhicu, s€ dugc mod

ta boi:
M(q)i+C(q,9)q+9(q) =Gu. (1.8)
Tuong tu, mo6 hinh cua hé bat dinh, khong c6 nhiéu, du co cau chép hanh la:
M(q,0)i+C(q,4,0)q+9(q.0) =u. (1.9)

g(¢,0) 1a vector luc ma sat va gia tdc trong trudng.

C(g,¢,0) la ma tran lién quan lyc huéng tdm (centripetal and coriolis forces).

M(g,6) la ma trdn quan tinh (inertia). Ban than né la mot ma trn d6i xtmg
xéac dinh duong, c6 quan hé phan ddi ximg véi C(g,¢,0) nhu sau:

M (g,0)=C(g,4,0) +C" (¢.4.) (1.10)

hay

V(q,6)~2C(q.4,6) =—(M(q.6)~2C(4,4.6)) -

— Ngoai ra, & cac hé bt dinh (1.1) tong quat con co:
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M(q,0)i+C(q,4,0)q+g(q,0) = F(q,4, )0 (1.11)
VOl F(g,4,4) 1a mot ma tran ham xac dinh, phu thugc vao bién khop ¢ cung cac dao
ham béc nhét va bac hai ciia nd. Noi cach khac, & hé bt dinh, ludn co su phu thudc
ctia vector tham sb hing bt dinh @ vao mé hinh 13 tuyén tinh.

Sau ddy ta s& tam chia cic phuong phap diéu khién hién c6 cho hé (1.1) ndi
chung va cac hé (1.2)-(1.4) hay (1.6)-(1.9) n6i ri€ng thanh nhiing 16p chinh nhu sau:
1) Diéu khién tuyén tinh hoa timg phan.

2) Diéu khién truyén thang (input shaping).
3) Phuong phap backstepping.

4) Piéu khién truot.

5) Diéu khién ndi suy mo.

1.1  Diéu khién tuyén tinh héa tirng phin

Pay la phuong phap, c6 tén goi tiéng anh 1a partial feedback linearization,
duge dé xuat bai Spong [77] cho hé thiéu co ciu chap hanh, sau dugc ung dung
rong rii cho cac hé can ciu ndi chung, trong d6 ¢ hé cau treo [16,22,74,81].

Pé giai quyét bai toan diéu khién bam g—>w=col(g ,0) voi ¢ eR™ la quy
dao dat trudc ciia cac bién khép truc tiép tic dong boi u, tai liéu [77] da chuyén bai
toan diéu khién bam hé thiéu co cdu chap hanh (1.8) thanh bai toan diéu khién bam
cho hé du co cdu chap hanh nho phén tich (1.8) thanh hai hé con riéng biét gdm mot
hé con du co cau chap hanh va mot hé con ty do. Noi dung chinh cta phuong phap
dugc tom tat nhu sau. Trude tién di tir mo hinh chuan (1.8) cua hé Euler-Lagrange
tuong minh, thiéu co cau chap hanh, khong c6 nhiéu, va ciing véi ky hiéu:

g=colg,,q,), 9, €R"
trong do ¢, la m phan tir dau tién cua q, tuong g voi s6 tin hiéu dau vao 1a m,

cling nhu:

_ Mn(g) Mlz(g) N Cll(g,(_i) 012(‘_1@) _ gl(g)
. (g)_[le(g) Mzz@} C(@’f”‘(cm(g,g) Cala, g))’ g@{gz(g)J

voi cac ma tran M(q), C;;(¢,9), i=12, j=12 va vector 9,(9), i=12 co s6 chiéu

pht hop, ta s& c6 mot dang chi tiét cia (1.8) nhu sau [53,77]:
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[Mn(g) Mlz(‘_])j q, _{CM(C_LQ) Olz(Q,Q)] ‘A N 21(‘_1) :[QJ
My(g) Myp@)\q,) \Cule.d) Cnl@d)\4,) (9,(0)) \O
Suy ra:

{Mu(g)'g'l + M, (4_1)(12 +I1(Qa q)=u

. . : (1.12)
My ()4, + M (9)d, + f,(2,9) =0

trong do:

[1(@:9) = Cu (g, 94, + (g, 94, +9,(0)

£2(@.9) = Cu(g, 04, +Co2 (0. D, + 9,(a)

Nhu vay hé thiéu co cAu chap hanh (1.8) ban diu dd dugc phan tich thanh
(1.12) gdbm mot hé con du co cau chdp hanh (phwong trinh thir nhat) va mot hé con
tu do (phuong trinh thir hai).

Tir nay trd vé sau ta s& goi thanh phan bién khép con g, trong hé con thir nhat
14 vector cdc bién khép doc ldp, vi nd duoc didu khién truc tiép boi tin hiéu dau vao
u, va thanh phan bién khop con tht hai g, 14 vector cdc bién khép phy thugc.

1.1.1  Piéu khién dé thanh phin hé con cudng birc, dii co ciu chip hanh la
bam 6n dinh

Tir (1.12) ta suy ra dugc nho tinh chat d6i xtng, xac dinh duong ctia M (@),
tie 13 cling tir tinh chat khong suy bién ctia M, (¢) ta ¢6 voi phuong trinh tht hai
cua (1.12):

d, =—Mp(9)| Mu(@)i+£,(0.9) |
Do d6, khi thay n6 vao phuong trinh thir nhat cta (1.12), s& dugc:

D(g)g, + Mg, @) =u (1.13)
trong do:

D(g) = My (q) — My, (q) Myy(q) ™ My (g)

. (1.14)
Mg, ) = f,(q,9) = M, (9) M (9) " f2(q.9)
co D(g) cling l1a ma trn d6i xtmg xac dinh duong gidng nhu M (@) .
Vay, khi sir dung bd diéu khién phan hoi trang thai sau cho hé con thu nhét

ctia (1.12), ttrc 1a cho hé con du co cau chip hanh cua (1.8):
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u=D(g)v+h(g,9) (1.15)
¢6 v 1a vector tin hiéu diéu khién méi, thi & trudng hop D(q) cho bdi (1.14) khong
suy bién, hé con (1.13) trong hé (1.1) ban dau s& tré thanh tuyén tinh, thdm chi con
la h¢ tach thanh m kénh riéng biét voi mdi kénh 1a mot khau tich phan bac 2 nhu
sau: § =v

Do d6, khi di c6 hé con tuyén tinh (1.15) ta hoan toan ap dung dugc tiép
nhimg phuong phap diéu khién tuyén tinh thong thuong khic dé mang dén cho hé
cac chat luong mong mudn nhu 6n dinh, bam 6n dinh, bén ving ...[1]. Ching han
nhu thuong dung nhéat ¢ day 1a diéu khién bam g, > w nhu dat ra ban dau cho hé
con tuyén tinh (1.15), nguoi ta st dung tiép bo diéu khién PD:

v=q, ~ K4 ~4,)-K(q,~4q,) (1.16)
voi ¢ 1a quy dao dat trudc ma ¢, phai bam theo va K;, K, 1a hai ma tran d6i xtmg
xac dinh duong. Tinh d6i xtig x4ac dinh duong cta hai ma tran K;, K, la diéu kién
can dé sai léch quy dao e=g, —qg bicu dién bai (1.15) va (1.16):

é+Ke+Kye=0

tiém can duoc vé 0.

Y | Boditu | v
I_. khién (1.16)

B diéu HeEL | 4,9,

l_. khién (1.15) (1.8) ’

Hinh 1.1. Tuyén tinh hoa timg phan

|

Hinh 1.1 minh hoa nguyén 1y diéu khién tuyén tinh hoa ting phan vira trinh
bay & trén. M6 hinh ciia hé kin nay duoc viét chung lai tir (1.8), (1.15) va (1.16)
thanh:

{e_f+Kle+Kzg=Q

g, =—My, (Q)*l |:M21(g) (q_lr - K é— KZQ) +1,(4 Q)} (1.17)

Tir day, ddc biét 1a tir phuong trinh thir nhét ciia (1.17) thi do:

® I
b+ K+ Kpe=0 < L[¢)- i (118)
dt\ é K, K, )\é é
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vO1:

e I,
(o k) w

ta thdy dugc rang dé (e,é) —(0,0) thi bén canh diéu kién can K;, K, la d6i xing
xac dinh duong con can phai c6 thém 13 A cho boi (1.19) 13 ma tran Hurwitz. Mot
trong s6 cac ma tran thoa man diéu kién nay 1a K, K, 1a hai ma tran duong chéo
xac dinh duong vdi [3,53,66,76]:

K, =diag(k,), K, =diag(k,) Va k% >k >0. (1.20)
1.1.2  Piéu kién di dé thanh phin hé con tw do 1a 6n dinh

Do b diéu khién (1.15), (1.16) méi chi dam bdo dugc hé con (1.13) 14 bam 6n
dinh theo nghia ¢, —¢ , md ta boi (1.18), nén can thiét nguoi ta phai khao sat thém
tinh chat ctia hé con thtr hai cua nd dé tir d6 co thé dua ra dugc két luan bo diéu
khién tuyén tinh hoa timg phan (1.15), (1.16) c¢6 lam cho g, —0 hay khong.

Trude tién, tir (1.17), (1.18) thi hé kin bao gdbm ddi twong thiéu co cdu chap
hanh ban dau (1.8) va bo diéu khién (1.15), (1.16) s& c6 md hinh twong duong véi

(1.17) nhu sau: {1: = Az (1.21)
n=o(z,n,1)
trong d6 z =col(e,¢), A cho boi (1.19), 7=col(g,.q,) va
L,
o(z,1,t) = (—Mzz (@) | Maa(@) (4, ~Kaé~Ke)+ £, (0.0) | |
Ta c6 thé thay thanh phan thir hai cua (1.21) 1a: 7= a(z,7,t) (1.22)

¢6 vai tro nhu mot hé khong dung véi tin hiéu dau vao 1a z.
Dé tra 11 cau hoi hé (1.21) voi A 1a ma tran Hurwitz, c6 on dinh hay khong,
tai liéu [36] da cung cép cho ta mot dinh 1y, ¢6 nd1 dung nhu sau:
Néu hé (1.21) ¢6 A la ma trdn Hurwitz, va @(0,7,t)=0 c6 nghiém n, véi moi
t>0 thi di dé hé (1.21) on dinh tiém cdn tai diém can bang (0,17,) la hé con

(1.22) ciia né én dinh tiém cdn tai -
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Vay theo dinh 1y nay thi dé c6 g, >0, ta chi can khao sat tinh 6n dinh ctia hé con

(1.22) trng v6i dau vao z=0 la du.

Trong thuc té c6 kha nhiéu hé EL thiéu co ciu chép hanh théa man diéu kién
da néu trén, chang han nhu d6 14 cac hé cau treo [6,8,16,20,27,32,54-57,60,74, 81],
hé cdu gian, hé cau thap [11,22-24,35-38,67-72]. Luén 4n ciing s& chi tap trung chu
yéu vao cac 16p hé EL nay.

1.2  Diéu khién truyén thing (input shaping)

Phuong phép input shaping da duoc cac tai li€u [6,7,18,64,72] ap dung vao
diéu khién hé cau treo noi riéng (c6 mo hinh (3.8) s& duoc trinh bay sau ¢ chuong
3) va hé thiéu co cu chap hanh (1.8) néi chung, nham lam giam géc lic ¢, @, cua
hang trong qué trinh van chuyén. T4t nhién, vi 1a phuong phép truyén thang va chi
¢6 tac dung giam chan dao dong nén khi ap dung diéu khién hé cau treo, né can c6
gia thiét 12 hé khong c6 chta cac thanh phan bat dinh va khong bi nhiéu tac dong &
dau vao. Hon thé nita ban than né khong thé diéu khién dé hé bam theo dugc quy
dao miu mong mudn cho trudc.

Hinh 1.2 1y tir tai liéu [6,28] minh hoa hiéu ung nay trong tng dung diéu

khién hé cau treo.

8 r ——Trolley
2L e Payload 6L — Trolley
. ,‘,-“‘ ‘,.\\ 5 ButtonOn  |____. Payload
Button On .‘r g
5t oo 2 4
= = I g
£ 8
= 4 ! z
= ' , ~ 3
£ \
| ; 2t -
) ; l ¥ ‘1' H
. VAT ‘ ‘
0 5 10 15 0 : 0 N
Time Time

Hinh 1.2. Ung dung input shaping vao diéu khién cau treo

Céc tai liéu nay déu xuit phat tir mé hinh xap xi tuyén tinh cta hé ciu treo 3D
(3.8) c6 dang dao dong. Trén nguyén tic cua phuong phap input shaping co ban

trinh bay & trén, dugc bo sung thém yéu cau vé tinh bén viing cho hé, céc tai liéu do
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d3 dé xudt thay vi thiét ké tin hiéu vao u(t) chi gdbm 2 xung diract, ta s& thiét ké mot

cach tong quat hon véi N xung:

w(t)= 3 AS(E—t) VOi f;=0<t, < - <ty
i=1

sao cho:
N i VA L Vs
YA =1 va —L= 20 k=12
i:lAZ do*  do”
voi
1
w=—
T

D(tn—t;)
N A —_—
Iflzz%e T cos(awyt;)

1=

N A _D(tn—t;)
szz%e T sin(at;)

=

va di dén cac két qua sau:

~ 1 ~ 3K

Ai_1+3K+3K2+K3’ 2 143K +3K2+ K3
4 = 3K? 4, = K3

3 143K +3K%+ K3’ 1+3K +3K%*+ K°
N=4 t,=0 t,= ", ;=27 4,=7
@y 2] 2]

Ta c6 thé thay ngay duoc rang, phuong phap input shaping trén chi thich Gmg
v6i hé thiéu co cau chip hanh, chi gdm hai bién khép va mot tin hiéu dau vao. Ciing
nhu vy, do ddy 1a kiéu diéu khién vong hd nén n6 kho c6 thé phat trién tiép cho hé
bat dinh, v6i hé bi nhifu tic dong ¢ dau vao va diéu khién bam theo quy dao miu
cho trudc.

1.3 B diéu khién backstepping
Tir mo hinh tong quat (1.8) thi v6i phép dat bién méi:
1 =q, Ty =¢
n6 s& chuyén duoc vé thanh dang hé truyén nguoc:
{Zl — (1.23)

£y = [(zy,25) + H(zy)u

trong do:
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H(z)=H(q)=M(q)'G

Hé truyén nguoc (1.23) c6 hé con bén trong no 1a tuyén tinh:

T =1,

v6i tin hiéu dau vao ao Z,. Hién nhién hé con nay c¢6 ham diéu khién
Lyapunov: V. (z;) = %@f Pz,,v6i P=P" >0 1a iy chon,
vi g v6i ham CLF d6 hé con ¢6 bo diéu khién phan hoi trang thai lam né on dinh
tiém cén toan cuc (GAS-global asymptotically stable):

Ly =1,(21) =~y

Suy ra, theo phuong phap backstepping [3,44], h¢ da cho c6 ham CLF la:

V(zy,z,) =V, (2,) +%(:£1 +12,) Q(z+x,)

1 1
=§lele +§(:£1 +2,) Q(z,+1,)

véi Q=Q" >0 tuy chon. Ttr ham CLF nay ta co:
V =gy Pry+(zy+2,) Q2+ f(@y2,)+ Hzy)u)
=2} Py +(z+2,) | Pry+Q(z+ f@y,3,) + Hz)u) |
Boi vay, mot bd diéu khién GAS tuong tng cho hé (1.23) s& duogc suy ra tir:

Py +Q(zy + f(@y, 25) + H(zy)u) =—E (2, +7,)
v6i E=E" >0 tuy chon. Piéu nay dan dén:

u=H'(@)| Q" [~E(z,+2,)~ P |-, ~ f(21,2,) | (1.24)
trong d6 H'(z;) 12 ma tran gia nghich d4o ctia H(z,).

O day, ta co thé thay ngay duogc rang bo diéu khién backstepping (1.24) trinh
bay trén day thuc chat chi dam bao dugc chat lugng GAS khi hé 1a dil co cau chap
hanh, tte 1a khi H(z,) = M(g), vi & hé thiéu co cau chap hanh, chat lugng phu thude
kha nhiéu vao ma tran gia nghich dao duoc chon H'(z,). Hon nita né ciing c6 phan
han ché khi phat trién tiép cho 16p hé vira bat dinh, vira c6 tac dong ciia nhiéu n(t)

& tin hiéu dau vao [9,71].
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1.4  Diéu khién ndi suy mo

Tén goi diéu khién nodi suy mod (Fuzzy interpolative Control), st dung trong
cac tai liéu [15,18,24,74] thuc chit 1a nhitng bo diéu khién mo x4p xi van ning. Tat
ca cac bo diéu khién mo xdp xi van ning ndy cung c6 ciu tric PD va déu chi sir
dung sau khi mé hinh cau treo da duoc tuyén tinh hoa tirng phan thanh:

4, =0

i, =~Mp(a) | Mu(@)v+,(0.9) ]

nho bo diéu khién (1.15).

(1.25)

Nhu vay, néu so sanh voi hinh 1.1 thi vai trd ciia nhitng bo diéu khién noi suy mo
d6 chinh 1a thay thé cho bd diéu khién PD (1.16). Muyc dich ctia chiing 1a lam cho

cac tin hiéu ra q, bam theo dugc quy dao dat q. déng thoi giam dugc dao dong q,-

Hinh 1.3 13 cdu trac diéu khién nodi suy mo duoc ldy tir tai liéu [74] 4p dung
cho hé cau treo 3D mo ta bai (3.8) s& dugc gidi thidu sau & chuong 3, gém 5 bd
diéu khién PD mo doc lap, dung dé diéu khién hé ciu treo 3D. Mdi bo diéu khién
mo déu c6 hai dau vao (chang han FC1 ¢6 e, va ¢,) va mot dau ra. Mdi dau vao ra
déu c6 5 gia tri ngdn ngit (tdp mo) khac nhau. Ba bo diéu khién mo FC1, FC2 va
FC3 dung chung mot luat hop thanh. Hai tap mo con lai FC4, FC5 ¢6 mot luat hop
thanh chung. Chi tiét vé mo héa, luat hop thanh va giai mo cua cac b diéu khién

mo nay co thé xem trong tai lidu [74].

+ e 24
4 v U n
{\—x fuzzy cortrollet '—UO L L
q d - Y

o FC1 -

/J"+
T)@
<
f_wr_ +
\%
<@
Jaqoapos Budnooap
S
S
A
WaEAs auesD
o~
L J

fuzzy cortroller
Ty | = FC2 - P,
Y U
;T{:—} fuzzy cortroller l L, _ Py >
L - Fc3
fuzzy controller FC4
Py
fuzzy cortroller FCH
Py

Hinh 1.3. Diéu khién cau treo bang ndi suy mo
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Ngoai bd diéu khién mo trén con c6 nhimg bd didu khién mo khac gi6i thiéu
trong céc tai liéu [15,18,24,27,45,64]. Rat kho dé néi duge bd diéu khién mo nao
mang dén chit luong t6t hon, vi chung déu duoc thiét ké dwa vao kinh nghiém va
suy luan cua tirng c4 nhan tac gia.

1.5 Mot s6 phwong phap diéu khién khac
1.5.1 Diéu khién PD

Cau truc 1a mot hé EL thiéu co cdu chap hanh dic trung trong cong nghiép va
thuong dugc diéu khién bang bo diéu khién PD. Bo diéu khién PD cho cau truc cd
hai nhugc diém chinh 13 né can c6 cac cam bién gia téc khép ndi va co ton tai sai sb
& ché do on dinh. Pé khic phuc nhuoc diém nay, R. Toxqui va cic dong nghiép
trong [82,84] d3 dwa ra giai phap dung bo udc luong hé sé khuéch dai cao két hop
véi bd diéu khién PD thong thuong dé dat duoc su 6n dinh cua toan hé théng.
Khong giéng nhu cac phuong phap duge cong bd tir trude sit dung phuong phap
nhiéu don [84], ¢ trong két qua ctia minh, R. Toxqui dua ra phuong phap chimng
minh mdi dua theo phan tich Lyapunov dé giai thich cho mdi quan hé giira sai sd
ude luong va hé s6 khuéch dai ctia bo uéc lugong. Mang neural RBF dugc sur dung
dé quan sat ma sat va trong luc sau d6 s& bu anh hudng cua chung. Céc luat huan
luyén duoc xay dung dya trén phan tich sai s6 bam. Két qua thu duoc khi str dung
thuat toan ndy chi ra rang, hé thong vong kin véi b quan sat hé s6 khuéch dai cao
va bo bu neural s& 6n dinh néu cac ham trong lugng c6 luat huin luyén xac dinh va
bd wdc luong cb toe do di nhanh.

Tét nhién bd diéu khién PD cling chi dung lai véi chét luong tam chép nhan
dugc cho cac hé EL thiéu co cau chap hanh véi cau tric moé hinh don gian, ¢ dang
twdong minh va khong bi nhiéu tac dong.

1.5.2  Diéu khién toi wu

Bén canh bo diéu khién PD, trong thuc té ngudi ta cling con sir dung bo diéu
khién t6i vu nhim muc dich ning cao chit luong diéu khién cho cau truc. Ngudi
dau tién dé xuat mot chién luoc diéu khién dé tu dong hoa hoat dong can truc 1a
Field (1961) trong cong trinh & [86]. Ong da sir dung mot may tinh tuwong tu dé mo
phong cac dong hoc cia mot can truc d& quing. Bang cach thtr va sai léch, 6ng da

dua ra céc dinh dang van toc t6i wu cho xe day va chuyén dong cap dé giam thiéu
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thoi gian hanh trinh trong khi tranh chudng ngai vét trén dudng. Chién lugc diéu
khién, tuy nhién, da khong thé diéu chinh dao dong phu tai.

O [87], bd diéu khién tdi vu thoi gian duoc st dung cho ciu treo 3D dya theo
nguyén 1y cuc dai. Cac van dé t6i uu duoc giai quyét theo phuong phap variable
control parameterization cho hé nhiéu dau vao. Mic du tac gia dd ap dung rat tot
tinh than cta bai toan tdi uu trong vigc diéu khién bam vi tri cho hé cau treo nhung
van chua giai quyét duoc van dé chdng rung lic cta hang héa.

Ciing gidng nhu bo diéu khién PD, bo diéu khién t6i vu cho ciu truc khong c6
kha ning mé rong sang cho hé EL thiéu co cAu chp hanh dang tong quat nhu mé
hinh (1.1), nhat 13 nhitng hé c6 md hinh khong tuong minh va bi tac dong boi nhidu
trong tin hiéu diéu khién tai dau vao.

1.5.3  Piéu khién thich nghi va bén virng

Adaptive control [88,89] da dé cap dén diéu khién thich nghi 12 cong cu kha
duogc ua chudng trong thiét ké diéu khién cho cac hé c6 nhidu va bat dinh. Cau trac
ctia bo diéu khién s& dugc thay doi dua vao cac ludt thich nghi dé dam bao hé thong
bén vitng v6i nhiéu.

O [8,43,88], cac tac gia di ap dung phuong phap dicu khién thich nghi cho
dang dic biét (1.8) cua hé EL thiéu co cdu chip hanh 13 ciu treo (m6 hinh ciu treo
s& dugc trinh bay sau & chuong 3), nham dam bao sai 1éch vi tri 13 6n dinh tiém cén
va goc dao dong 1a nho nhét co thé.

Tir phuong trinh tong quat (1.8) dang tudng minh cua cau treo 2D:

M(@)g+C(g.9)+9(g) =z (1.26)
va dé thuén tién cho viéc thiét ké bo diéu khién, mo hinh dong hoc (1.26) dugc tach
ra nhu sau:

(M,, M, (B,, By) (gp(g)\ _[u ]

LPP@ MHHJQJFLB@ BeeJQ+L9¢(£1) L (1.27)

0

. T . c ot AL 1A LA A:A .2 e 1A . &
trong do u, = (Ux uy) . Trudc khi thiét ké bd diéu khién, cac tin hiéu sai s6 duoc

dinh nghia nhu sau:

L (e, +Ke,) (s)
§—§+K@—Lég+k969J—L89J (1.28)
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vo1 K 1a ma tran hang s6 xac dinh duong va

(g —q,)
e=col(e,,e,) = k"’ 'dJ (1.29)
4o
bat:

pOpTp » (1.30)

trong d6 @, ®, 1a cac ma tran héi quy, @, ¢, 1a cac ma tran bat dinh hang. Phuong
trinh dong hoc (1.27) ¢6 thé duoc viét dudi dang sau:

(M, M) (5,) (B, Bu\(s,) (u,+odh)
kppg M%’J L‘é@J +LB€p Baa) L%J _L () ) (1.31)

Dua trén cac dinh nghia va cac phép bién ddi trén, bd diéu khién va luat thich
nghi dugc xay dung nhu sau:

u, = - -7, — Kvpsp

A+k)s . 1.32
[ v a— . (Sg 0P, + Sg K,p5p) ( )
Js,| + 2
Vi =—kas,, h=—kms, (1.33)

V6i luat diéu khién va thich nghi ¢ trén cac tic gia da ching minh duoc ring
tat ca cac tin hiéu cta hé théng vong kin 1a bi chan va cac sai s6 1a tiém can tac 1a
cac dao dong cua tai s& tit din ngay khi xe cdu di vao quy dao mong mudn cia né.

Ngoai ra, néu nhu hé EL thiéu co cdu chdp hanh c¢6 moé hinh khong tudng
minh (c6 tham s6 hang bat dinh @), khong bi tic dong boi nhiéu nhu mé ta & cong
thire (1.6), da dugc thach thanh hai hé con:

D(g,0)g, +N(q,4,6) =u

1.34
i, =M 0,0) [ Ms(0.0i + 1, (0.0,6) (39

nhd phuong phap tuyén tinh hoa timg phan cua Spong, thi riéng cho thanh phan hé
con khong tuong minh, di co ciu chap hanh cua no 1a:

D(q,0)§, +Mg.¢.0)=u (1.35)

nhiéu tai liéu, chang han nhu [3,53,76], da théng ké mot s6 luong phong phi cac
phuong phap diéu khién thich nghi bén viing cho né. Cac phuong phap nay chi yéu
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dugc xay dung trén nén gia dinh 16 (certainty equivalence) da duogc gidi thiéu trong
tai liéu [44] ciing nhu trén nén diéu khién truot, di duoc téng quan tai tai liéu [83].
Phuong phép diéu khién truogt cling dd dugc ap dung cho ca cau treo nhu nhitng két
qua duoc cong b tai [8,14,20,27].

Diém dic biét & cac phuong phap diéu khién thich nghi bén viing trén thi diéu
khién trugt con ap dung duoc cho ca hé bi nhidu tac dong, bang cach bién ddi hé
con du co ciu chip hanh (1.35) thanh:

D(g,d)g, +h(g.4.d) = u+&g.4.t) (1.36)
v6i d 1a tham sd hing dugc chon trude thay cho thanh phan bat dinh 6 va &(g,4.1)
1a tong cac thanh phan nhidu n(t) két hop véi sai 1éch mé hinh sinh ra bgi viéc thay
@ bang d . Nhugc diém cua phuong phap diéu khién truot nay 1a sinh ra hién tuong
rung, d& 1am hong thiét bi va co cdu chap hanh trong hé thng.

1.6 Mot s6 phwong phap diéu khién thich nghi dién hinh cho hé¢ EL di co
ciu chap hanh

Néu nhu khi 4p dung phuong phap tach hé ctua Spong [77] cho hé EL thiéu co
cau chap hanh dang tong quat (1.1) chuyén duoc thanh dang twong ty nhu (1.12) ma
& d6 hé con tht hai ciia n6 théa man diéu kién du néu trong tai liéu [36] va da duogc
trinh bay & muc 1.1.2, thi bai toan diéu khién bam hé thiéu co cdu chdp hanh s&
chtra dyng trong né bai toan con 1a diéu khién hé EL du co ciu chap hanh. Boi vay
cling 1a can thiét néu o day ta tom tit mot sé phuong phap diéu khién thich nghi
dién hinh cho hé EL du co cau chap hanh.

1.6.1 Phwong phap PD thich nghi

Thuc chét day 1a phuong phap chinh dinh thich nghi theo nguyén 1y gia dinh
1d cho bd PD bu trong truong [3,53,66] van thuong duge ap dung cho hé tuong
minh, di co ciu chap hanh, mé ta boi mé hinh (1.7).

Bo diéu khién PD bu trong truong ¢ cdu trac nhu sau:

u=M(q) (i~ K¢~ Kye)+C(q,9)q +9(q) (1.37)
trong d6 w(t) 1a tin hiéu miu ma quy dao bién khép q cua h¢ (1.7) can phai bam

theo, e=¢—w la sai I¢ch bam, K, K, 1a hai ma tran dbi xtmg xac dinh duong dugc

chon trudc sao cho:
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la ma tran Hurwitz.

Khi stt dung bo diéu khién PD bu trong truong (1.37) cho hé bat dinh, du co
cAu chip hanh mé ta boi (1.9) thi do  trong mé hinh 1a khong xac dinh dugc nén
bo diéu khién PD trén dugc doi lai thanh:

u=M(q,0) (- K- Kye)+C(g,4,0)j+9(q.0) (1.38)

sau d6 nguoi ta xac dinh thém bo chinh dinh tham sé @ cho bo diéu khién (1.38)
d6. Nguyén 1y chinh dinh dugc xdy dung trén nén gia dinh rd (certainty
equivalence).

Co céu chinh dinh tham s6 @ cho bo diéu khién PD bu trong truong cai bién
(1.38) danh cho hé bat dinh (1.9) ¢6 ciu trac nhu sau [3,53]:

0= Eo B Px (1.39)
vol z =col(e,é), CD:M(Q,Q)’lF(g,Q,g) co F(g,4,§) dugc xac dinh theo cdong thirc

(1.11), E=E" >0 tuy chon va P=P” >0 1a nghiém ctia phuong trinh Lyapunov:

ATP+PA=-Q
c6 Q=Q" >0 ciing tuy chon. Néu E duge chon cang nho, tdc do chinh dinh cang
nhanh, @ cang 16n, tdc d6 bam cang cao [3].

biéu dic biét 1a & day mic du khong c6 duge @ — 6, tuc 1a co cAu chinh dinh
(1.39) khong c¢6 duoc chirc niang nhu khau nhan dang tham sé hang bat dinh @,
song chét luong bam on dinh cua hé khong vi thé ma bi thay d6i. Hon thé nira, thuc
té tng dung con chi ra rang bd diéu khién PD thich nghi ap dung dugc cho ca
truong hop hé (1.7) c6 tham s6 hang bat dinh @ thay d6i cham theo thoi gian, mic
du viéc chirng minh chat ché vé mat 1y thuyét cho diéu d6 1a chua c6 [3].
1.6.2 Phwong phap diéu khién trugt

Phuong phap diéu khién truot [83] ban dau dang tong quat ciing di duogc ap
dung cho 16p hé EL tudong minh, ¢ nhidu tac dong ¢ dau vao, mé ta boi (1.3), trong
d6 nhiéu dugc gia thiét 1a bi chin theo nghia ¢ cong thirc (1.5).

Bo diéu khién truot cho hé (1.3) co cAu tric nhu sau [3,53]:
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sz(g)é+C(g,(_j)z§+g(g)+Aﬁ (1.40)

E

trong d6 e =w-—q 1a vector sai Iéch bam,

de
— +—
s(e)=Ke =

c6 K=K">0 1a ma tran dbi ximg xac dinh dwong tuy chon, 13 cong thirc mo ta
mat truot,

p=Ke+w
va  A=diag(4) co 4, >3, Vi.

Bo diéu khién truot & trén cling ap dung duogc cho ca h¢ du co cau chﬁp hanh,
chtra tham sb bat dinh @ nhu cho trong cong thirc (1.4), bang cach thay 6 bai mot
vector hang d chon trudce [3]:

M(q,d)§+C(q,4,d)g +g(q,d) =u+n(t)+

+ (M@ d)i+Clg,4.d)i+g(a,d))~(M(q,0)i +C(a.4.0)i+9(a.9)) |
sau d6 xem thanh phan:

s =n(t)+| (M(g.d)i+C(g.4.d)i+9(q.d)) - (M(g, )i+ C(g. 4.0 + (3. 0)) |
nhu mot nhidu dau vao méi, tic 1a khi d6 hé bat dinh (1.4) lai tré thanh hé tudng
minh c¢6 nhiéu dau vao (1.3):

M(q, d)i+C(q,4,d)q +g(q,d) =u+c(g,t)

Boi vay, néu ky hiéu gia tri chan trén cua thanh phﬁn nhiéu méi ¢ nay o dau vao
cling 1a &, gibng nhu n voi cong thie (1.5), thi bo diéu khién truot cho hé bat dinh
(1.4) s¢ la:

w=M(q.d)j+C(q.4.0)p+ 9(q.d) + A 22 (1.41)

|s|
Hai bo diéu khién truot néu trén, (1.40) cho hé tudong minh bi nhidu tac dong
va (1.41) cho h¢ bat dinh, bi nhiéu tic dong & dau vao déu co cung mot han ché 1a
tao ra hién tugng rung, anh hudng toi tudi tho cua thiét bi. Diéu nay da ph?m nao

han ché kha ning mg dung ciia chiing trong thuc té.



22

1.6.3 Phuwong phap Li-Slotine

Phuong phap Li-Slotine [53,76] ap dung cho hé bat dinh mé ta bai (1.9). No
dugc xay dung dua trén quan hé phan ddi xrng cua hai ma tran trong h¢ 1a M (g, 8)
va C(g,4,0), cho béi (1.10).

B diéu khién Li-Slotine cho hé (1.9) ¢6 cdu triic nhu sau:

u=M(q,0)0+C(g,4,0)v +g(g,0) + K5(v—q) (1.42)
v6i co cau chinh dinh thich nghi:

0=E"F(g.4.)" (e+Ae) (1.43)
ma ta cd thé xem nhu mot vector bién trang thai cua bo diéu khién, trong do
E=E">0 la tuy chon, A=diag(%), 4 >0, i=12, ...,n la ma tran dudng chéo
xéac dinh duong, e =w-q la vector sai I¢ch bam cua h¢, ma trdn F(g,¢,§) dugc xac
dinh theo (1.11) va:

v=w+A(w—-qg)=w+Ae

Diéu dic biét cia bo dicu khién Li-Slotine (1.42), (1.43) so véi b dicu khién
PD thich nghi & muc 1.6.1 14 n6 khong can phai thyc hién phép nghich dao ma tran
M(g,0) trong co cau chinh dinh (1.43). Tuy nhién né lai mang ban chét cia mot bo
diéu khién truot nén khong thé tranh khoi hién twong rung trong hé. Hon thé nita, ¢
day con c6 mot khiém khuyét 1a trong phan chimg minh ctia minh & tai liéu [76],
cac tac gid da khong chi ra dugc mot cach chat ché ré“tng hé s& tién vé mat truot:

s=v—g=¢é+Ae
sau ding mot khoang thoi gian hiru han.
1.7 Két luin chuong 1

Trong chuong I, Nghién ctru sinh di hé thong lai mét sb cac phuwong phap diéu
khién hé thiéu co cau chap hanh. V& diéu khién 16p hé nay thi cho t6i nay da co rat
nhiéu cac phuong phap khac nhau, tir don gian dén phirc tap hon nhu thich nghi,
bén viing va trong né ciing c6 nhidu cong cu duge sir dung két hop voi nhau, chiang
han nhu nhitng phuong phap dugc gioi thiéu ¢ [9,71]. Tuy nhién, Nghién ctru sinh
chi chon loc va trinh bay tong quan lai cac phuong phap diéu khién tryc tiép trong

khong gian cac bién khép, bé qua cac phuong phép trong khong gian trang thai.
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Ngoai ra, luan 4n c6 dinh huéng st dung cic phuong phap diéu khién thich
nghi bén vitng dd dugc xay dung cho hé EL du co ciu chdp hanh vao diéu khién hé
thiu co cdu chip hanh vé6i nhitng can thiép bd sung thém cho thich hop, nén
Nghién ctru sinh ciing d3 trinh bay chi tiét cong cu tach hé duoc Spong gidi thiéu tai
[77] va hé théng lai cac phuong phap diéu khién hé EL du co cdu chdp hanh da
dugc nhiéu tac gia trinh bay trong [3,53,66,76].
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CHUONG 2 MOT SO PE XUAT BO SUNG TiNH
THICH NGHI BEN VIPNG CHO BO
PIEU KHIEN HE THIEU CO CAU
CHAP HANH

Trén co s két qua da trinh bay va phan tich vé nhitng phuong phap diéu khién
hé thiéu co cau chap hanh hién c6 & chuong trude, luan an s& dé xuat phuong phap
nang cao tinh thich nghi va bén vimng cho hai bo diéu khién cu thé trong sé nhiing
phuong phép trén. Do 1a:

1. B0 sung thém tinh thich nghi va bén viing cho bo diéu khién tuyén tinh héa timg
phan da cé. Tinh thich nghi bo sung thém cho bo diéu khién nay duoc xiy dung
theo nguyén ly gia dinh 5 (certainty equivalence). Tinh bén viing duoc bd sung
nhd nguyén ly diéu khién ISS (input to state stable) ma van thudng dugc goi
duéi tén 1a diéu khién 6n dinh thuc té (practical stable).

2. Hoan thién phuong phéap diéu khién trugt bac cao. Mot bo diéu khién truot bac
cao cho hé cau treo 3D da duogc gidi thiéu & tai lidu [54]. Mic du bo diéu khién
trugt bac hai nay co thé mo rong dugc cho ca nhiing hé¢ thiéu co ciu chép hanh
n6i chung chir khong chi riéng hé cau treo, song bo diéu khién gidi thidu ¢ d6 1a
chua dugc hoan thién. Tinh chua hoan thién nay nam & chd:

- B diéu khién chi c6 thé lam cho quy dao hé tién tiém can vé mat truot, chu
khong dua dugc vé mit trugt sau khoang thoi gian hiru han. Diéu nay 1am cho ¥
nghia thanh phan diéu khién giit hé ¢ lai trén mat truot ctia bo dicu khién s& khong
con nira.

- Tinh 6n dinh cta hé chua dugc khéng dinh khi mit trugt tiém can vé 0.

Luan 4an s& dé xuat phuong phap hoan thién bo diéu khién trugt bac cao trén
theo huéng 1am cho quy dao bién khép hé thiéu co cu chap hanh néi chung va quy
dao hé cau treo 3D noi riéng tién vé duge mat truot sau dang mot khoang thoi gian
hitu han, déng thoi bd sung thém diéu kién cho tham sé bo diéu khién sao cho khi

mit trugt bang 0, hé s& truot trén mit truot vé dugc gdc toa do.
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2.1  Diéu khién bam 6n dinh ISS thich nghi nho tin hiéu bu

Phuong phap diéu khién on dinh ISS (input to state stable) dugc luan an xay
dung dua trén sy két hop phuong phap tuyén tinh héa timg phan ctia Spong [77] da
duoc tom tit & muc 1.1, nhung bay gio s€ dugc ap dung cho hé bat dinh, c6 nhiéu
tac dong dang tong quat (1.1), cing v6i phuong phap diéu khién thich nghi tuyén
tinh héa chinh xac dé xur 1y thanh phan hing bt dinh ¢ trong hé du co cau chip
hanh, da duoc trinh bay trong cac tai liéu [3,53,76]. Tinh md&i ctia phuong phap
dugc luin 4n dé xudt & day 1a dé han ché anh huong cua thanh phan nhidu n(t),
luan 4n s& bo sung thém vector tin hiéu bu s(¢) thay vi 4p dung nguyén tic diéu
khién truot van thuong st dung trong diéu khién cac hé EL du co cau chip hanh,
nhd d6 s& khong xay ra hién tuong rung khéng mong mudn trong hé.
2.1.1 B¢ diéu khién thich nghi ISS véi tin hi¢u bu

Xét lai hé bat dinh, c6 nhiéu tic dong, mé ta boi (1.1) ma ¢ do, tin hiéu nhiéu
con c6 thé phu thudc vao cac thanh phan bién khép:

u+n(g,1)
. j (2.1)

M(q,0)§+C(q,4,0)q+9(q,0) =(
trong do:
Im Rm Rn—m Rm
D= o | g=col(g;.4,), ¢, €R", g, € , UE

vol I, 1a ma trdn don vi kiéu mxm, q la m thanh phﬁn dau tién cua vector cac
bién khép ¢ duge tryc tiép dieu khien boi tin higu vao u, ¢, 1a nhimg thanh phan
con lai cua q.

Mo hinh (2.1) ¢ chta trong né nhitng thanh phan bat dinh hing, viét chung
thanh vector 8 € R”, 1a cac tham sb héng khong thé xac dinh duoc chinh x4c cia mo
hinh, va n(g,t) 1a nhiéu tac dong & dau vao. Nhi€u nay c6 thé doc 1ap véi hé thong,
song ciing ¢ thé 1a nhidu sinh ra béi tac dong phan hoi ctia hé. Bé don gian, sau

nay nhiéu dau vao do6 s€ dugc viét ngan gon thanh vector n .
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Ma trén M(q,6) trong (2.1) 1a ma tran quan tinh. Day 1a mot ma tran dbi xing
xac dinh duong véi moi vector @, ma tran C(g,¢,6) 1a ma tran h¢ s6 coriolis va luc
huong tam.

Tuong tu nhu Spong da lam trong [77], & day ta ciing viét lai hé (2.1) thanh:

[Mu Mlz) 4, +[011 012] 4 N 9 :[@4‘@]

My My, q, Cn O q, 9, 0
%/—/ %/._J
M@0 ¢ C@d9) ¢ g(@.9)

trong do M;, C;, g, i=12, j=12 la cac ma trn va vector ham bat dinh, phu
thudc bién khép cung dao ham bac nhét cia nd ¢, ¢ va phu thudc vector tham $6
hang khong xac dinh dugc 6.

Suy ra:

My, +MipG, +Crg +Cppd, +g, =u+n
MZl.(-_j]_ + MZZQ'Z + OZlgl +CZZQ2 +g2 = Q

hay

{MM‘L +Mypq, +Cpgy + [y =utn 2.2)

M21Q'1 +M22C'_]'2 +I2 =0
vOl
f,=1(,4.0)=C1,(4,4,0)4, +9,(4,9)
IZ = fZ (g1 g’ Q) = CZ]_(Q’ Q’ Q)gl + 022 (g’ Q’ Q)gz + gz (g’ Q)

Tu tinh xac dinh dwong cta M(q,0), tirc la tir tinh kha nghich cua M;,(g,0) va
My, (q,0) véi moi 6, ta con co:

4, =Mz (Mi, +1,)
Boi vay, phuong trinh thir nhét trong (2.2) tro thanh:

My — My, My, (M21‘Zl +fz)+011‘_il +f,=u+n
Do d6 mo hinh (2.2) sé la:

{Dgl + 011Q1 +I/ =u+

n
) i} - (2.3)
Moy, + My, +f, =0

trong do:
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D =D(q,0) = Myy(g,0) — My, (g, 0) My, (g, 0) ™ My (4, 9)

' =1(2.0.0) = £,(¢.6.0) - My, (3. 0) M (4,0) £, (4,6.6)

C6 thé thiy dugc ngay rang D =D(g,0) 1a d6i ximg xéc dinh duong véi moi
vector tham s6 hang 6. Ngoai ra, khong mat tinh téng quat ta gia thiét thém:

In@)|,, =sup|n(t)| =& 1a gia tri hitu han. (2.4)
t

Boi vy, tir quan hé tuyén tinh giita thanh phan bat dinh hing 6 véi md hinh mé ta

bai (1.11), tirc 1a vé trai cia mé hinh (2.3) ludn viét lai dwoc mot cach chi tiét thanh:

{D(g,g)q'l +Cu(0,0,0)i +1'(0,4,0) = F(0.4.0)0 25)
Mayy(0,0)i, + My (a,0)i, + f (0,4, 6) = F3(,,)0

Do d6, bai toan diéu khién bam ban dau g—col(g ,0) cua h¢ thiéu co cau chap
hanh (2.3) tro thanh bai toan diu khién ¢, bam theo dugc quy dao ¢ dit trude.

Két qua bai toan diéu khién bam trén sao cho chét lwong bam khong phuy thudce
boi thanh phan vector bat dinh hang @ va bén viing v6i nhidu n theo nghia sai léch
e=q. —q ludn bi chan va tién tiém can vé 0, duoc phat biéu & dinh 1y sau:

Dinh ly 1: X¢ét hé bdt dinh (2.3) théa mén cdc gia thiét (2.4) va (2.5). Khi d6 bo
diéu khién thich nghi bén ving:

u=D(q,d)| §, +Kie+Kyé |+ Cui(g.4.)d, + 1 (g.4.d) +5(t) (2.6)
trong do:
e=q —q,, K =diag(a), K, = dz'ag(\/(a%rl a), a>0 (2.7)

co vector hcing d trong D(q.d), Ci1(q,4,d), J_c/((l,g',d) dwoc chon thay cho

vector tham s6 hang bat dinh 6 dé:

n

maXZ‘dij(Qa‘_i)‘S% Vq (2.8)

1<i<n 4=1
voi y la mot gia tri hitu han xac dinh, d;(q,d) la cac phan tir ciia ma tran

D™(q,d) va:

s(t)=F(2.4.9)| [(D%g, DE@dd) (K Kz)a_c}dr (2.9)
0
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trong do z = col (e_z : Q) la ky hiéu cua vector sai léch bam, sé luon dwa vector

sai léch bam x vé duoc lan cdn goc O xac dinh boi:

0= {g eR2"| || < Q} . (2.10)

a
Chung minh:
Dé don gian trong trinh bay, sau day ta s& sir dung céac ky hiéu:
D= D(Q,Q)’ Cy = 011(51,(_1,@). f/ :f/(Q'Q,Q)
D= D(g,d), CA'11 =C11(¢, ¢, d), ]ﬂ :f/(gél’f_i)
va
B =F(¢.4.49), F,=F(2449)
Khi d6, gia thiét (2.8) 1a twong duong véi:
7], =~
trong do | |, 1a ky higu chuin bac nhit cua 4nh xa tuyén tinh. Ciing nhu vy, bd
diéu khién (2.6) luc nay duoc viét lai thanh:
u= D[QT +K1g+K2§]+C’11g'l +]_?/ +5(t) (2.11)
Hé kin, bao gdm dbi tuwong diéu khién (2.3) va bd diéu khién (2.11) s& co
thanh phan dong hoc thit nhit trong né biéu dién boi:
Di_j+011(;']1+]_”/ :1—“'@:[)[@7« +K1Q+K2Q]+C*llgl+]_?/ +5+n
= (D—D)ng(Cll—C*ll)glJr(f —1_7/) = D[e+Kje+ Kyé|+s+n
Két hop thém vai gia thiét (2.5) ta s& co:
F(6-d)=D[é+Ke+K,é|+s+n
&  é=-Ke-K,e+D [ F(0-d)-s5-n]

(0 I1,) (0)
i i 9 —KZJ%(DlJ[ﬂ(Q_d)_‘E_@] (2.12)

= Az+B[F(0-d)-s5-n]

trong do
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=8 a=( 5 S )om=( o) @13

Do K;, K, cho bdi (2.7) 1a hai ma tran ddi xtg xac dinh duong lam cho ma
tran A dinh nghia trong (2.13) 12 ma tran bén, tic 1a ma tran c6 tat ca cac gia tri
riéng nam bén trai truc 4o, nén h¢ khong co nhiéu;

z, =Azx, (2.14)
1a h¢ 6n dinh. Béi vay quy dao z,,(t), khong phu thudc gia tri dau z, (0), khi >0
luén bi chin va tién tiém cén vé géc khi ¢ —>oc0.

Biy gio ta s& ching minh bd diéu khién bo sung (2.9) di cho trong dinh 1y s&
lam sai léch z—z, ludn bi chan va tién vé dugc lan can gdc xac dinh bai (2.10).
Néu chtng minh duogc diéu d6 thi do z, (t) 1a bi chan va tién tiém can vé gdc, ta
cling s¢& khéng dinh dugc tinh chét bi chan cling nhu luén tién tiém can duoc vé 1an
can O cua quy dao sai I¢ch z(t) .

Trudc tién ta thiy voi K;, K, cho bai (2.7) thi:

_(ZKlKZ KlJ_ 2diag(aa+1) diag(a)

K K diag(a) diag(y/(a+1)a
12 ma tran d6i xtng xac dinh duong. Khi do, néu st dung ham xac dinh duong V'
theo A=6-d—v, trong d6 v 1a vector dinh nghia trong (2.9), tic la:

dv_(

—r=(D@.dy "F(g.4, q)) (K1 Ky)z

< s=hy

va sai l¢ch z—z,,, c6 m6 hinh dong hoc duoc suy ra tu (2.12) va (2.14) la:

i-g, =Alz-z,)+B|F(0-d)-s-n]
=A(z-z,)+B(KA-n)

véi cau trac dang toan phuong cua V nhu sau:

VZ%[(@—a_cm)TP(@—gjm)+ATA} (2.15)

ta s& co tr A=—0,va 6, d déu la nhiing vector hang, dao ham ctia V nhu sau:
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Vz—[(A(g—gm)+B(FlA—n))TP(x—xm)+

T

+(z-z,) P(A(g:—:gm)+B(FiA—n))}+ATA

:%(Z—zm)T(ATP+PA)@‘@m)+

+A" [(BFi)T P(z—@,n)—@}—(z—@m)T PBn

Suy ra:

V=-(z-2,) Qz-z,)+a"|(BR) P(z-z,)-0|-(z-z,)" PBn
trong do:

Qz—%(ATP+PA)

11(0 -K\(2K,K, K\ (2K,K, K\( 0 I, )
=_§h[m )k k)UK kk —KZJ

(K2
Lo K?-K,

} = diag(a®)

la ma tran doi xung xac dinh duong.

Diéu nay chi rang néu ta chon:

T (o] e Ay
=(BR) P(‘Z_Zm):hﬁ‘lﬂj (Zl;f( }l;](fﬁ—fﬁm)
(o) &, (07 (o,
:(f)’lﬁi)T (K, . Kz)(@_@m) (2.16)
s€ co: Vz—(@—@m)TQ(gﬁ—gm)—(g—gm)TPB@ (2.17)

Tat nhién ca hai cong thirc (2.16) va (2.17) trén déu ludn dung v6i moi gia tri

dau z, (0), boi vay dwong nhién ciing ding véi z, (0)=0. Khi z,(0)=0 thi do c6
2,,()=0, ¥, nén (2.16) tro' thanh: o =( D" f)T( K, K_, va day chinh 1a b

diéu khién bo sung (2.9) da cho trong dinh 1y. Ciing nhu vay, cong thirc (2.17) dugc
rat gon thanh:
V=-2"Qz—2"PBn=—a?|z|’ ~2" PBn
<—a®|af* +|PB|6|z| < a[ ~alz|+ 5 ||z (2.18)
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-2 \ ; M - 7/5
Diéu nay chi ra rang khi c6: — <|z]
a

tie 1a khi quy dao sai léch z(f) con ndm ngoai 1an can O cho bdi cong thire (2.10),
s& ¢6 V <0, do d6 |z(t)| van con don diéu giam (d.p.c.m). ]

Ban than dinh 1y 1 trén ciing chinh 13 cac buéc thiét ké b diéu khién thich
nghi bén viing cho thanh phan hé con du co cdu chip hanh, bat dinh, bi nhidu tac
dong, bam theo dugc quy dao mau vdi sai 1éch tiém can khong 16n hon y8/a . Chinh
vi Iy do nay, bo diéu khién (2.6), (2.9) c6 tén goi 1a b diéu khién thich nghi ISS
(input to state stable), hay bam 6n dinh thuc té (practical stable).

Ngodi ra ta cé thé thdy thém rang:

— Voigia tri a duogc chon cang 16n, 1an can O s€ cang nhd.

— Lu6n ton tai d dé gia thiét (2.8) duoc thoa man.

— B0 diéu khién (2.6) voi tin hiéu bu s(¢) cho béi (2.9) c6 cung chic ning
gidng nhu bo diéu khién truot da dugc cong bd tai [8,14,85] 1a xtr 1y duoc sy
anh hudng cua thanh phﬁn bat dinh ham n(g,t) ¢ 1an trong tin hiéu dau vao,
song khac véi diéu khién truot, nd khong st dung mat trugt, khong can gil
quy dao trang thai cua h¢ trén mat truot, do d6 nd cling s€ khong tao ra hi¢n
tuong rung trong hé.

2.1.2  Chat lwong thanh phan ciia hé con thir hai

Theo ndi dung dinh 1y 1 vira phét biéu & trén thi b diéu khién (2.6),(2.9) ludn
dam bao chét lugng bam 6n dinh bén viing cho thanh phan hé con thir nhét trong
(2.3), theo nghia 13 hé con bat dinh, bi tic dong boi nhiéu:

D(q,0)i, +Ca(q:4:0)d, + ' (4,4.0) = u-+n(g.1)
dudi tac dong cua bd diéu khién (2.6),(2.9) s& c6 quy dao sai léch z=col(e, ¢),
trong d6 e= 4,-q, 1a ky hi¢u cua sai 1éch bam, luén bi chan va tién vé mot 1an can
gbc O du nho xac dinh boi cong thie (2.10). Tuy nhién dinh 1y d6 lai chua néi t6i
chat lugng cuia thanh phan hé con thir hai trong d6 1a:

My(9,0)d, +M(9, 0, +f,(4,:4.6) =0 (2.19)

Sau déy ta s& bd sung phan con thiéu nay.
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Trude tién ta thiy do (2.19) ludn ding v6i moi 6 nén né ciing ding véi vector
tham s6 hang d d3 duoc chon trudc trong qua trinh xay dyng bd diéu khién 6n dinh
ISS (2.6),(2.9) cho hé con thtr nhét. Boi vay ta s& viét no lai thanh:
G, =—M3z(g,d)| My (q,d)i, +f,(q.,d) |
vakhico ¢ —>¢ voig la hing sd, no s& la:

i, = _MZ_Zl(Qz’Qr’C—Z)Iz (4,:4,:4,:9) (2.20)

Pé hé con thr hai (2.20) nay c6 duoc g, —0, thi du la lam cho n6 théa mén
tinh chat da néu trong tai liéu [36] va ciing di duoc nhac lai & muc 1.1.2. Diéu nay
13 hoan toan c6 thé vi trong (2.20) ta c6 d 1a tiy chon. Do d6, ¢ cac hé EL thiéu co
cau chap hanh c6 hé con (2.20) khong tw 6n dinh thi khi xem d nhu tin hi¢u dau
vao, ta hoan toan co thé xay dung thém bd dicu khién phan hoi trang thai d(g, 3)
dé no 6n dinh. Trong trudong hop nhu vay, ta s€ vira cd dugc 4 —q, nhd bo diéu
khién néu trong dinh ly 1 1a (2.6), (2.9), vira ¢6 g, —0 nho bo diéu khién d(q,.g,),
viéc chon d nhu thé nao thi thich hop con phu thudce vao cau tric cu thé cua (2.20)
va phu thudc vao dac thu cua ting hé théng. Trong thuc té, nhiéu hé EL thiéu co
cAu chép hanh, chéng han nhu hé ciu treo ma c¢6 hé con (2.20) tu on dinh véi moi
d, tuc la da thoa man diéu kién & muc 1.1.2 trich tir tai lidu [36] nén khong can toi
b0 sung thém dicu kién d(q,, g,).
2.2 Diéu khién truot bac cao

Diéu khién truot bac cao duoc biét dén nhu mot giai phap chdng rung trong
diéu khién truot [49-52]. Tuy nhién, nhu di duoc phan tich ¢ phan dau chuong, mic
du & cac tai liéu [25,54] diéu khién trugt bac cao da dugc ap dung thir nghiém vao
diéu khién hé thiéu co céu chap hanh, song nhirng giai phap dua ra & d6 1a chua
dugc hoan chinh. Tinh chwa hoan chinh nay nim & chd:

- Chua chi ra dugc 1a thoi gian quy dao cia h¢ tién vé mat truot 13 hitu han.
biéu nay rat can thiét vi néu chi c6 thé tiém can duogc vé mit truot, hé van c6 thé
mat 6n dinh theo nghia quy dao trang thai ciia hé khong bi chan (tién téi vo cliing rdi

tir vo cling méi vé gbe toa do) nhu minh hoa ¢ hinh 2.1.
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- Con thiéu diéu kién chit ch& dé hé truot trén mit truot vé dén géc toa do.
)

Lo
3 ]
chi tiém can vg mat truot /:D 7
/]
Oz

- vé mat trwot sau khoang
thoi gian hiru han

Hinh 2.1 H¢ s€ mét 6n dinh néu quy dao trang thai chi tiém can vé mat truot

Tir két qua phan tich nhu vay, sau day, bén canh phuong phap diéu khién ISS
v6i bo diéu khién (2.6), (2.9) va trén co sé hoan thién bd sung hai thiéu sét vira néu,
luan 4n s& d& xuat thém bo diéu khién trugt bac hai va bo diéu khién truot siéu xodn
phuc vu bai toan diéu khién thich nghi bén vitng cho cic hé EL thiéu co cdu chap
hanh dang tong quat (1.1).

2.2.1  Khai niém diéu khién truot co ban va truot bac cao
Diéu khién truwet co ban

Duya trén nd1 dung da nghién clru cua céc tac gia tai [4,83,85], sau day ta s€ h¢
thdng lai cac ndi dung chinh ciia diéu khién truot co ban.

Xét hé khong dung bac n ¢ md hinh trang thai:

i = f(z,t)+ H(z,t)u v6i z €eR", u=(u,uy, ... ,u,) eR" (2.21)

va mdt da tap co s6 chiéu (n—m), thuong dugc goi la mat truot:

o(z) =(01(2). 0 (@), ... ,0,,(z)) =0 (2.21)
chtra tit ca cac quy dao trang thai mong mudn z(¢) cta hé (theo mot chi tidu chat
lugng cho trude). Nhiém vu cua diéu khién truot la phai xac dinh tin hi¢u diéu
khién u dé dua h¢ (2.21) tién vé mit truot (2.21) va gift no lai trén do.

Tin hiéu diéu khién can tim u = U, + Uy S€ gém 2 thanh phﬁn, trong do:

u,, 14 thanh phan tin hiéu gitt z(t) & lai trén mt truot, tirc 1a néu da co:

o(zy) =0 vOi zy=1x(ty)

thi cling s€ co
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&(z)=0 khi t>t, (2.22)
u, 13 thanh phan tin hiéu lam cho z(¢) tién vé mit trugt trong khoang thoi
gian hiru han 7. Nhu vay khi st dung ham x4c dinh duong:

V(o) = %QTQ

thi du dé x(t) tién vé& mit truot 1a u, phai tao ra dugc:
V(o)=0c' 6<0 khi o(z)#0 va V(o)=0 khi ¢>T (2.23)

Khi d6 cac thanh phan v, uy s€ dugc xac dinh nhu sau:

1) Piéu khién giir trén mat truot.

Tir diéu kién (2.22) co:

. OO
0=6= a—;[f@,o + H(z. D)y, |
Vay néu ma tran

8_9- H(z’ t) c Rmxm
or

khong suy bién thi:
-1
oo oo
Uy = —[a—g H(z, t)] a—;f (z,1) (2.24)

2) Diéu khién tién vé mat truot.

Ttir diéu kién du (2.23) trén va véi:

60) = 2= 2| f@t)+ Ha. ), + )]
= 2 Sa ) B, ]+ 22 ey = 2 Hw

cling nhu (2.24), ngudi ta da di dén mot s6 tin hiéu diéu khién u cho hé (2.21) nay
duogc ky hidula wuy = (uy, Uy, ... ,u,y)", trong trudng hop mit truot 1y tudng:

‘2_9' H(z,t)=1 (ma tran don vi)
i

nhu sau:
— B0 diéu khién relay: v,y =—a, (z)sign(o,(z)), k=12, ... ,m

trong d6 o (z) >0, Vz va
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1 khi z>0
sign(z) =<-1 khi <0
0 khi z=0

— B¢ diéu khién phan héi tuyén tinh: u, =—Lo(z) véi L=L" >0 tiy chon.

— B0 diéu khién vector don vi: uy =—k

o(z) vol k>0 tuy chon.
ol

lo(z)|
Piéu khién truwot cho hé bat dinh

Dua trén ndi dung da nghién ctru cua cac tac gia tai [49,50,4], hé théng lai cac
n6i dung chinh cta diéu khién trugt cho hé bat dinh.

Xét hé c6 chira thém thanh phan bat dinh e(z, u,t) ¢ dau vao:

&= flz,0)+ H(z,O)[utelz,ut)] v6i le(z,ut)|<plz,t), Vu (2.25)
Tuong tu nhu ¢ hé rd, nhiém vu cia diéu khién truot & day la phai xac dinh duogc tin
hiéu diéu khién u=1u,, +uy dé dua hé vé mit truot (2.21) va giit no lai trén do,
trong do w,, 1a thanh phén tin hiéu gilt z(¢) ¢ lai trén mdt truot va u, la thanh phﬁn
tin hiéu lam cho z(¢) tién duoc vé mat truot.

Thanh phan u,, duoc xéc dinh véi gia thiét e(z,u,t)=0. Nhu vy ta cling s&
c6 dugc u,, theo cong thuc (2.24).

Pé xac dinh u y ta lam nhu sau. Trudc ti€én chon mot ham V(z,t) thdéa man
(dinh 1y LaSalle-Yoshizawa [3,44]):

71(|3_C|) <V(z,t)<y, (|£|)

ov oV

e F(z,1) < ~4(z)

(2.26)

vol y,(r) ek, i=12,3, tirc 1a nhitng ham cua bién thuc khéng 4m >0, don diéu

tang, théa man y,(0)=0 va limy,(r) =co. Tiép theo ta xac dinh u, dé co:
T—>00

. oV oV . [av ov } oV
V: + =

5 ot Bt f(z.t) +8—£H(:£,t)[?_m+(z]<0 (2.27)

khi t<T vaV=0Kkhit>T.

R& rang, cung véi (2.22), thi da dé co bat dang thirc trén néu u,, thoa man:
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min max(;—vH(g:,t)[yNw]SO, Vz,t<T (2.28)
uy e Xz
va day ciing 1 cong thirc dé xac dinh u, = (4, Uy, .. %) . Ching han nhu khi

ky hiéu h (z,t), k=12, ... ,m la cac vector ct cua H(z,1):
H(z,t)= (b (z,1), By (2, 1), ... b, (2,1))

thi u, thoa man (2.27) s€ co6 cac phﬁn tr wyy, k=12, ...,m la:

- t)sz‘gn[aa—v hy(a, t)]
xZ

Diéu khién truot bac cao
Dua trén ndi dung da nghién ctru cia cac tac gia tai [4,49,50], sau day ta s€ h¢
thdng lai cac ndi dung chinh cuia didu khién truot bac cao.

Trong thyc té, do khong tdn tai thiét bi tao ra dugc ham sign(), thay vao do la:

1 khi z>¢
s(x)=9-1 khi z<-¢

gi it nguyén gia tri cii khi |x| <&
nén ciing khong c6 dugc thanh phan u,, trong tin hi¢u diéu khién, tic 1a chi co:
U=Uy
Diéu nay di tao ra hién tuong rung (chattering) trong hé, khi ma u phai
chuyén doi gia tri v6i tan s vo cung 16n dé gitt duge z(t) trén mat truot o(z) =0.

Hinh 2.2 minh hoa nguyén nhan va hi¢u irng cua hién tuong rung nay.

a) b) 7,

45(0) o(z)=0 z(t)

-~ ”\ .
vl

o(z) <0

Hinh 2.2. Hién tugng rung (chattering). Nguyén nhan a) va hi¢u ting b).
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Mot k¥ thuat dé lam giam hi¢u ung rung 1a st dung mat truot bac cao. Phuong
phap diéu khién trugt véi mit trugt o(z) duoc goi 1a didu khién truot bac cao, hay
bac r>1, néu & do con co:

o(z)=0(z)= - =0 (z)=0
Nhu vay phuong phap diéu khién truot vira trinh bay trude day chinh 1a diéu khién
truot bac mot.

Do & diéu khién truot bac cao can téi sb luong 16n thong tin, s6 chiéu cua mat
trugt gidm, nén dé thuan loi trong viéc cai dit, chu yéu nguoi ta chi sir dung diéu
khién trugt bac 2 cho hé (2.25) bat dinh c6 mdt tin hiéu vao (m=1), tirc 14 cho hé:

&= f(z,t)+h(z, t)u (2.29)
voi f(z,t) va h(z,t) la hai vector ham bat dinh. Tuong trng, mat trugt trd thanh mat
truot don, c6 thé khong dimg o(z,t), véi:

o(z,t)=c(z,1)=0 (2.30)

Dé cy thé hoa nhiém vu diéu khién 1am cho quy dao trang thai z(¢) cua hé bat
dinh (2.29) tién duoc vé mit trugt (2.30) va ¢ lai trén do, trude tién ta bién ddi diéu
kién truot bac hai (2.30) thanh:

o(x,t, u)—8—0+a—6[f(x t)+h(x, t)u]

= %—t +Lo(z,t) + Lo(z,t)u (2.31)

6 (z,t,u, u)—6—0+a—a[f(x t)+h(z, t)u]+—h(x t)u

Sau do dat:

y(t)=o(z,t), 1) =6(z,t) va v="1

s€ duoc:
h =Y
2.32
{?Jz =(z,t,u)+y(z,t)u (2.32)
trong do
06 00
o(z,t,u) = §+a_[f(x B)+h(z. t)u |

7/('1:’ t) = ah’(g’ t)
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Nhu vay bai toan diéu khién truot bac hai cho hé (2.29) véi diéu kién truot
(2.30) tré thanh bai toan diéu khién 6n dinh cho hé (2.32).

Néu hé (2.29) voi mit truot bac hai (2.30) con thoa mén:

L,o(z,t)=0
thi nguodi ta goi nd 1a hé cé bac tuong ddi bﬁng 2. Nguoc lai hé s¢ duoc goi la co

béc twong ddi bang 1. V&i hé ¢ bac tuong dbi bang 2 thi tir (2.31) ta con co:
. oo
o(z,t,u)= 2 +Lo(z,1)

Do d6 hé (2.32) tr¢ thanh

h=Y
_ (2.33)
{yz =p(z,t)+y(z,t)u
véi cac vector ham bat dinh ¢(), 7() bay gio dugc dinh nghia lai la:
06 0o
! t)=—+— ' t
o(z,1) Yl azf(z )
06
y(z,t) =—h(z,1)
oz

Ta tam chia céc bd diéu khién trugt bac 2 hién c6, tic 14 cac b diéu khién 6n
dinh cho 16p hé bat dinh (2.32) va (2.33), thanh hai nhém nhu sau:

- B6 diéu khién xodn (twisting controller) ctia Levantosky [52], Levant [50] va
siéu xodn (super twisting controller) ctia Levant [51].

- Bo diéu khién truot can tdi uu (sub-optimal algorithm) ctia Bartolini [12].
1) Piéu khién trieot xodn:

Bo diéu khién xodn, dé xuat bai boi Levantosky [52] va Levant [50], 1a bo
diéu khién ap dung cho hé (2.32), trong d6 ¢ dwgc xem nhu tham sd va:

U=
13 tin hiéu vao. Hai thanh phan bat dinh ham ¢(-), () trong hé duoc gia thiét 1a bi
chan:

p()| <@ va 0<G <y()<G, (2.34)

Néi cach khac, bo diéu khién xoan duoc ap dung cho hé bét dinh:

{?’1 ~ Y (2.35)
U =) +y()v
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thoa min céac diéu kién bi chan (2.34).
B diéu khién xodn c¢6 dang nhu sau [4,50,52]:
-V si khi <0
:{ mSI-gn(yl) I- Y, (236)
—Vysign(y) khi gy, >0

trong d6 hai hang s6 V,,, V;, dugc chon thoa man:

Viy >V,

G, @ .
y GVy—P>G,V, +®

V., > max{4

Bo diéu khién xodn (2.36) nay s& dua duoc hé bat dinh (2.32) vé t6i mit trugt bac
hai (2.30) sau mot khoang thoi gian hiru han.

Dé ap dung dugc bo didu khién xoan (2.36) trén tat nhién can c6 gia thiét ¢
va y, la do duogc, hodc it nhét phai xac duogc dau cua no.

Ngoai ra, d6i voi nhitng hé (2.29) c6 bac tuong dbi bang 2, tic véi cac hé
dang (2.33), thi khi str dung ky hiéu:

u=v
n6 lai trd vé dang (2.32). Do d6 bo diéu khién xoan (2.36) ciing ap dung dugc cho
ca hé co bac twong dbi bang 2.
2) Diéu khién trieot siéu xodn:

Véi hé bat dinh (2.33) thoa man cac diéu kién bi chan (2.34), nhung y, lai
khong do duoc, Levant [4,51] dua ra bd diéu khién siéu xodn c6 dang nhu sau:

{UZ_/”%V) sign(y,) +u (2.37)

Uy =—asign(y)

trong do

a>—
Gy

40 +d
22 <2G@r®) o605
G (a—D)
Diéu dic biét cua bo diéu khién siéu xodn nay 1a khong can thém bét cr mot
thong tin nao vé Yy, , tic la vé dao ham ctia mit truot o(x,t).

Bo diéu khién siéu xodn (2.37) phan hoi dau ra trén s& dua dugc hé bat dinh

(2.33) vé téi mit trugt bac hai (2.30) sau mot khoang thoi gian hitu han [51].
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3) Diéu khién truot cdn toi wu:

Diy 1a bd diéu khién tbi wu tic dong nhanh phan hoi dau ra, dugc xay dung
boi Bartolini va cac cong su [12,4]. O bo diéu khién nay ta can phai xac dinh duoc
diém cuc tri ciia mat truot, tire 1a diém ma tai d6 co o(z,t)=0.

Xét hé bat dinh (2.32) véi cac diéu kién bi chin (2.34) cua cac thanh phan bt
dinh ¢(), 7(). Gia sir ta do dugc cac diém thoi gian t., k=12, ... ma tai do co

y,(t,) =0. Vay thi by diéu khién [12,4]:

v(t) =—a(t)V,sign [l/l(t) - 05%(%)]
trong do:

a(t) = a* khi y () [yl(t) - O.5yl(tk)] >0
1 trong truong hgp ngude lai

va hai hang s6 V,,, a* dugc chon théa man:

VM>max{ @ 40 }

a*G, ' 3G, —-a*G,

a*e(0, 1]m[0 : 3—Gl)

G,
s& dua dugc hé bat dinh (2.32) vé t6i mat truot bac hai sau mot khoang thoi gian
htru han.
2.2.2  Thiét ké bd diu khién truwot bac hai cho hé EL bat dinh thiéu co ciu
chap hanh

Tai liéu [54] da gidi thieu mot ing dung cua diéu khién truot bac hai vao diéu
khién bam 6n dinh hé cau treo. Song nhu da phan tich ¢ ngay dau chuong, bo diéu
khién nay 1a chua hoan chinh vi méi chi ra duge ring quy dao cua hé cau treo 1a
tiém cin vé mat truot chi chua chirng minh dugc nd s€ vé mat truot sau mot
khoang thoi gian hitu han. Hon nita né cling chua dua ra dugc diéu kién dé quy dao
ctia hé sau d6 s& truot trén mat trugt vé géc toa do.

Dé khic phuc nhirng khiém khuyét trén, sau day luan an s& mé rong phuong
phap giéi thiéu trong [54], von duoc thiét ké riéng cho hé cau treo 3D, nhu sau:

- M6 rong sang cho ca cac hé EL thiéu co cau chip hanh nhiéu bién khép doc

1ap (1.1) mot cach tong quat.
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- B6 sung phan chimg minh bo diéu khién d6 ludn dua qui dao cua hé vé mat
truot sau khoang thoi gian hitu han.

-Bb sung diéu kién dé hé truot duoc trén mat truot vé téi géc toa do.
Thiét ké b diéu khién

Trudce tién ta sé tién hanh xay dung bd diéu khién truot bac hai cho hé EL ¢
nhiéu bién khép doc 1ap. Khai niém vector cac bién khop doc 18p ¢, va bién khop
phu thude ¢ ) da dugc luan an dinh nghia & muc 1.1 thudc chuong 1.

Xét hé EL thiéu co cdu chip hanh (1.1) v6i 2m>n, tic 12 hé c6 mod hinh
khong tudng minh, bi nhidu tac dong ¢ dau vao va c6 s cac bién khop doc 1ap ¢,
nhiéu hon s bién khép phu thude ¢, , mo ta boi:

u+ @(t)]

0 (2.38)

Mg, 0)i+C(g,4,9)q +9(g, 6) :[

DPé md rong bo dicu khién truot bac hai cho hé cau treo 3D di dugc gidi thiéu
trong tai lidu [54], sang ca cho hé EL thiéu co cdu chap hanh, ¢ day ta s& gia thiét 1a
ton tai mot vector tham sd hang d sao cho khi thay vector @ trong (2.38) bat dinh

bdi tham s6 d nay, cau triic mo hinh trén van dugce gitt nguyén, tirc la:

e
M(q,d)i +Cg.4d)q+ 9(q. ) {@ @0 )) (2.39)

trong d6 thanh phan 6(g,¢,4,?) luc nay s€ bao gdm ca nhifu dau vao n(t) va sai léch
mo hinh:
A= M(q,0)§+C(q.4.0)i+g(q.0) |- M(q,d)i +C(q,4.d)q +9(q.d) |

sinh ra do su thay thé trén.

Do ¢ day d 1a da biét nén ta co thé viét lai mo hinh (2.39) trén nhu sau:

M(Q)i+Cla. )i+ 9(q) = (gg% (2.40)

v6i céc thanh phan M(g,d), C(g.4.d), g(gq.d) bay gid lan luot duge viét ngin gon

thanh M(q), C(g,9), 9(q) va gi=¢(g,¢,4,t) la thanh nhidu méi ¢ dau vao thay cho

n(t), dugc gia thiét 1a bj chan béi: ¢ <& (2.41)
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Lai ap dung phwong phap tach hé di duoc Spong st dung [77], va ciing giéng
nhu cong thie dd cho (1.13) trude ddy, ta s& co thanh phan hé con du co cdu chip
hanh tuwong tng cuia (2.40) nhu sau:

u+g=D(q)q, +hg,9) (2.42)
trong do:

h(g.4) = Cua(g. D4, + Cra(a. 94, + 9, () =

— M, (q) My, (Q)_l [Czl(g’ D4, +Cr(9,9)4, +9, (Q)]

([ My(g) Mip(q) ~ [Cu(@d) Ci(g.9) 3 9,(9)
. @‘[Mm(g) MZZ@J’ C(Q’Q)‘(cﬂ(g,g) Cala, g))’ g(g)_[gz(g)J

D(q) = My (q) — M, (q) M, (Q)_1M21(C_])
Hién nhién D(q) cling la ma tran dbi xtmg xac dinh duong, vi M (¢) 1a ma tran dbi
xung xéac dinh duong.

Tur day, khi mé rong mat truot s=$=0 gidi thi€u trong tai li¢u [54] sang hé
m, bién khop (2.42) twong tmg v6i nhiém vu diéu khién bam vi tri g, — ¢ , trong do
g, 1a quy dao mau dang hang s6 cho trude, tirc 1a ¢ =0, ta s€ c6 mat truot mo rong
nhu sau:

5(9:9) =4, +Ae+Tq,, e=q, -4, (2.43)

trong do, hai ma tran A, I' luc nay la:
/
A= dzag(/IZ) eR™™ T = (gj c Rmx(n—m) ’ 1—~/ — dzag(og) c R(nfm)x(nfm)

va © 13 ma tran kiéu (2m—n)x(n—m) co tit ca cac phan t bang 0. Tuong Gmg bod
diéu khién truot cho trong tai liéu [54] khi dwgc mé rong cho hé (2.42) ciing sé& c6

dang nhu sau:

u=u, —Ksgn(s), K =diag(k;) e R™" va k;>0, Vi, (2.44)
trong do:
u,, =h(g.4)~ D(g)[ 2Ad, + A +Tq, + AT'g, |. (2.45)

Tuy nhién, do & day hé nhiéu bién khép (2.42), khi dugc so sanh v&i mo hinh

hé cau treo 3D cua tai liéu [54], con c6 thém thanh phan nhiéu ¢ du vao bi chin
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boi gia tri chan trén & dinh nghia theo (2.41), nén bo diéu khién truot bac hai mo

rong cho trong hai cong thirc (2.44), (2.45) can phai c6 thém diéu kién bat budc 1a

[38]: k>0, Vi. (2.46)

Khoang thoi gian tién vé mit trwet 13 hiru han
Ta can chirng minh luat diéu khién (2.44), (2.45) dua hé tir moi diém trang thai

dau thudc mot tip compact trong khéng gian bién khdp (g(O),g’l(O)) eC vé dén mat

truot s(g,¢,) =0 sau dang mot khoang thoi gian hiru han.

Dinh ly 2: Néu ton tai mét vector hang d ma khi dwge thay cho vector tham sé bat
dinh @ trong hé (2.38) khéng lam thay déi vector bién khép déc ldp q, thi bg
dieu khién truot bic hai (2.44), (2.45) sé dwa dwoc hé (2.38) tir moi diém
trang thdi ddu (c_](O), g‘l(O)) eC thudc mét mién compact C vé t&i mdt truot
5(¢:4,)=0 ¢6 s(¢.4,) cho boi (2.43) va quy dao dat q_la hang so, sau mot
khoang thoi gian hitu han T .

Churng minh:

Vimit trugt s(g,¢,) cho boi (2.43) la vector ham lién tyc trén mién compact C
nén trén tdp compact nay cac phan tir s, 1=12, ...,m cua vector s(¢,¢,) ludn co

mot gia tri cuc dai p, va mdt gia tri cuc tiéu o, (dinh ly Weierstrass [2,3]).

Ta ky hiéu p 1a hing s6 duong théa man p =max|p,|>0. Khi do, tir ham xac

dinh duong:
V—isTKg— ! %
2p 201

va dao ham hai vé cua né theo thoi gian, ta s€ co tir gia thiét q. la hang so, tic 1a tir

é=g,,taco bat dang thire sau:
V= Zk’s -

Z 5, sgn(s;) = (K sgn(s))” &= (K sgn(s))” (g‘l +Ag,+ FQZ)

=—(K'sgn(s))" As—(K'sgn(s))" D(g)™K sgn(s)
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Tiép theo, do D(q) 1a ma tran dbi xtmg xac dinh dwong nén moi gia tri riéng
A(g) cuand déu 1a cac sd thuc duong. Trén mién compact C ta ky hiéu:

Amax = Max A(g) >0

(¢.9)eC  —
1a gié tri riéng 16n nhét ciia D(g) trén €. Khi d6, tir diéu hién nhién:
Ksgn(s) =0, V(q, g’l) eC
ta duoc:
mink? 52

(Ksgn(s))” D(g)™ K syn(s) > ya -

Suy ra:

V<—(Ksgn(s)) As—(Ksan(s))” D(g)™K sgn(s)
<~ (Ksgn(s))” As——2

max

(2.47)

Bit dang thire (2.47), cung véi tinh ddi xtmg xac dinh duong cua K, A va
diéu hién nhién rang sgn(s) va s ludn cing dau, dd chi ra rang V(¢) 1a ham don
diéu giam, c6 téc do giam ludn nho hon —52/ Amax - Vay phai co:

2

V() <V(0)- f

max

t. (2.48)

Bat dang thic cudi cung (2.48) niy di xac nhan sy ton tai cia mot khoang thoi gian
T hitu han dé c¢6 V(T)=0, tic 1a quy dao bién khép cia hé (2.42) s& vé dén mit
trugt sau mot khoang thoi gian hiru han (d.p.c.m). |

Dinh Iy trén sur dung gia thiét ¢(0),¢,(0) thudc mién compact €. Gia thiét nay
hoan toan khong han ché kha ning ung dung cua nd vi trong khong gian hiru han
chiéu mién compact C s& 1a mot tap dong va bi chin. Do trong thyc té cac gia tri
dau g(O),c;}l(O) ctia hé ludn 14 hitu han nén ta luén chon dugc mién nay du 16n sao
cho n6 chtra dung dugc tat ca cac diém trang thai dau c6 thé co cua hé.

Nhu vy vé6i dinh 1y 2 nay, nghién ctru sinh ciing di bd sung phan thiéu sot

con thiéu cua tai liéu [54] vé diéu khién trugt bac hai cho hé cau treo 3D. Cu thé 1a
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bd diéu khién truot bac hai d6 sé dua duoc hé vé mit truot sau ding mot khoang
thoi gian hiru han.
Piéu kién dé hé trugt dwoc trén mit truot vé goc toa dd

Xet dong hoc cua hé tai s(g,¢,) =0:

¢, =-Ae-Tyq,
Dit

r=col(z, , z, , T3) VOI T, =¢, T, =¢,, 3=,
Khi do, do:

va g la vector hing, nén ta cé:

Tiép theo, tir viéc tach hé (2.40) thanh hai hé con nhd phuong phap ciia Spong

thi bén canh h¢ con thir nhat 1a (2.42) ma bay gid, trén mat trugt s(g,q)=0 voi

¢ =0 duoc viét lai thanh:

i, =D(g)*[u-N(g.4)]= —(2A(_j1 +A%e+T4, +A1"g2)
ta con c6 hé con thr hai 1ay tir (1.12) nhu sau:
d, =My (@)™ | Myr (@) + £,(0:9) |
trong do:
569 =Cx(a. D4, +C2(a. D, +9,(a)
Suy ra:
By =i, =My (9) ™| My (@) + f,(0,9) |
= My ()™ [MZl(g)(ZAg'l +A%¢+Tq, +AT'g, )~ j_cz(g,(;']):|
= My, ()™ [MZl(g)(ZA(—Agl ~T,)+ A%y + Ty + AT, )~ £, (4, g)}
Ky hiéu tiép:
hz) =My (g) ™ [Mu(g)(ZA(—Azl —Tz,)+ Az, +T 2, +AF22)—J_02(Q,(_J)}

thi khi ghép (2.49) va
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ity = () (2550)
chung lai véi nhau, ta sé dugc mo hinh cta hé trén mat truot:
—Azy -z, —Az; —T'zy
&= T =Hz) véi Hz)= T3 (2.51)
h(z) h(z)

Vay ta dén duoc két luan nhu sau: Can va di dé hé truot dwoc trén mat truot
vé goc toa do la hé (2.51) phdi én dinh tiém cdn, ticc 1a khi va chi khi ton tai mot
ham xdc dinh dwong V' (z) sao cho:

/
%—Zﬁ(@) <0, Vz#0 (2.52)

la ham xac dinh dm (theo dinh 1y dao Lyapunov [3,44]).

Mic du diéu kién trén da duoc phat biéu mot cach téng quat cho 16p hé EL bat
dinh (1.1) thiéu co cau chap hanh va bi nhiéu tic dong & dau vao, song ¢ timg hé cu
thé, diéu kién nay con c6 thé dugc trién khai chi tiét hon dudi dang cac diéu kién vé

hai ma trin A, T, tirc vé cdc hé sO 4, va o, cua b diéu khién (2.44), (2.45). Ta s&

minh hoa két luan nay khi tién hanh xay dung bo diéu khién trugt bac hai cho hé

ciu treo 3D ¢ chuong 3 sau day.

2.3 Kétluan chwong 2

Trong chuong 2 ndy, luan 4n da dua ra mot s6 dé xuat vé xay dung bo diéu
khién thich nghi va bén vimg cho hé EL thiéu co cAu chdp hanh, c6 tham sb hiang
bét dinh 0 trong md hinh va bi nhiéu n(g,t) tac dong & dau vao u, mo ta boi mod
hinh tong quat (1.1), ma cy thé la:

1) Thi nhat 1a di xay dung duoc bd diéu khién thich nghi ISS (phat biéu trong dinh
Iy 1) cho hé (1.1). Bo diéu khién nay ap dung duoc cho hé vira chira tham s6
hang bat dinh, vira bi nhiéu tac dong & dau vao. Khac vai bo diéu khién truot, bo
diéu khién thich nghi ISS nay khong tao ra hién twong rung trong hé, nén kha
nang ung dung vao thyec té 1a cao hon.

Ngoai ra, tuy rang bo diéu khién thich nghi ISS duoc dé xuét ndy c6 nhugc diém
1a khong dwa duoc sai 1éch bam ciia hé vé 0, ma chi dua vé dugc mot 1an can gbc

O xac dinh bai (2.10), song diéu nay khong qua quan trong, vi kich thudc cua
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lan can O @6 ludn c6 thé diéu chinh nhé mot cach tiy ¥ thong qua tham sb
cta bo diéu khién.

2) Tht hai 13 di tong quat hoa duoc bd diéu khién truot bac hai cho hé cau treo 3D
dang tuong minh, gidi thiéu trong tai liéu [54], sang cho ca hé EL thiéu co cau
chép hanh (1.1), c6 tham sb bat dinh trong mé hinh va bi nhidu tac dong & dau
vao. Ngoai ra, lun an con chi ra dugc thoi gian h¢ vé mit truot ludn 1a hitu han
(dinh 1y 2) ciing nhu bd sung thém diéu kién dé hé sai sd truot duge trén mat
truot vé gdc toa do, diéu con thiéu & tai liéu [54].

Cubi cing, c6 mot van dé dit ra & diy ma luan an chua giai quyét duoc 1a dbi

v6i 16p hé EL ¢ hé con (2.20) khong ty on dinh thi cach thirc xac dinh tham sé d

thay cho tham sb bt dinh @ trong hé (1.1) ban dau mot cach tong quét, sao cho véi

n6 hé con thtr hai ctia hé 13 (2.20) s& 6n dinh tiém can. Ludn an mdi chi khang dinh

duoc 13 hé con (2.20) cta cac 16p hé (1.1) thoa min diéu kién néu trong tai liéu [36]

va da dugc trinh bay lai & muc 1.1.2, luén 6n dinh tiém can v6i moi tham sd d . Mot

trong s6 cac 16p hé nay la h¢ cAu treo 1a hé co hé con (2.20) tu 6n dinh v6i moi tham
sb d .Pay cling l1a h¢ dugc luan an chon lam doi tuong diéu khién dé minh hoa cac
két qua cua minh. Thuc té, tuy dac thu cua ting hé théng s€ lua chon dugc d phu

hop chtr cling khong nhat thiét phai xac dinh trong trudng hop tong quat.
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CHUONG 3 UNG DUNG TRONG DIEU KHIEN HE
CAU TREO 3D

Cau treo 12 mot hé EL thiéu co ciu chfip hanh thoa man diéu kién can béng
ctia thanh phan hé con trong ché do khong kich thich da dwoc néu tai myc 1.1.2
(dinh 1y 1 cua Isidori [36]). Cling chinh vi nhitng 1y do trén ma luan an da st dung
cau treo 1am d6i twong minh hoa cho viéc ap dung cac phuwong phap diéu khién
duoc luan an dé xuét & chuong 2.
3.1  Mb hinh ho4a hé cau treo
3.1.1 Ciu tric vat Iy hé ciu treo

Xét hé cau treo 3D & hinh 3.1, gdm xe cau (cart) v6i khdi lugng m, chay trén
mot xa d& nam ngang co6 khoi luong m, . Trong tai (payload) dugc nbi véi xe cau &
dau day cap co khoi lugng m . Dudi xe day c6 mot toi quay tao thanh luc w, chinh
do dai [ cua soi day cap budc tai trong. Luc déy Uy, U, lan luot cho xe ciu chay
doc trén xa d& va cho xa d& cing xe cau di chuyén theo truc oz duoc ldy tir dong
co nhu mot co cau chap hanh. Dudi tac dong cia lyc quan tinh trong qué trinh
chuyén dong, trong tai s& dao dong. Dao dong d6 dugc biéu dién bang goc Pys P
1an luot 1a goc gitta day budc trong tai véi mét phing va zoz va goc gitra hinh chiéu

ctia day budc 1én mat phang zoz v6i mit phang yoz.

v

Hinh 3.1. C4u trac vét 1y hé cau treo 3D
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3.1.2  Mb hinh EL hé céu treo 3D
Pé tién hanh xay dung mo hinh toan hoc cia hé ciu treo 3D, dua trén céc tai
liéu [5,6,16,18,22,37,38,74], ta can dit ra cic gia thiét sau dé don gian hda mé hinh:
— Khdi lugng day budc hang 1a bo qua duoc.
— Céc khbi lugng thanh phan m, ciia xe cau, m, cla xa d& 1a da biét.
— Khdi lugng cua trong tai m tap trung tai tim ctia hang.
Theo hinh 3.1, vector vj tri cia xa d&, xe cu va tai trong duogc xac dinh boi:
T, =(:r, 0, O), 1. =(z,y,0), T, = (2,1 Yns Zm) (3.1)
Toa dd cua tai phu thudc vao 5 thanh phén, nhu vay hé cAu treo ¢6 bién khép
g6m 5 thanh phan sau:
¢=(.9.09,.9,)"
trong d6 x va y la toa do cua xe cAu theo truc oz va oy va

z,, =z+lsing, cosg,

Y =y+lsing,
2, =—lCos¢p, COs @,

Toa dg cua tai phu thudc vao 5 thanh phén, nhu vay dong nang va thé nang h¢

cau treo ¢ trén duogc tinh:

E= Emil + Ecart + Epayload
V= Vpayload
trong do:
1 .2 .2 1 .2
Emil =5 Ecart =5Mme Epayload = _mrp
2 2 2
‘/payload = _mgl Cos¢p, COS (Dy

Tir d6, tong dong ning va thé ning cua hé thu dugc:

E:%Omﬂ%%ﬁg+%m£2+%m@ﬁ+y$+%»

V =-mglcose, cosg,
bat M, =m,_+m, va M, =m, suy ra h¢ c6 ham Lagrange:

L=E-V
1 1

L= EM””jCZ +§Myy'2 +%m(a’cfn +2 +22)+mglcosp, COs g,
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Ap dung cong thirc dong luc hoc Euler-Lagrange:

(oL@ (oL@d))

_ 3.2
i\~ g oq . (3.2)

trong d60L/0¢, 0L/dq la dao ham Jacobi ciia ham nhiéu bién va u 1a vector luc
tong quat. Tir day ta thu duoc cac phuong trinh:
(M, +m)Z+ D, +mlcose, cose,p, —mising, sing, @,
+misin g, cosg, | +2mcos g, cose,lo, —2msing, sing ip, (3.3)
—mising, Cos g, - — 2mlcos g, sin g, ¢, ¢, —mlsin g, Cosp @’ =u,

(M, +m)§j+ Dy+micose,p, +msing,l +2mlcosp,lp,

. , (3.4)
—msine, @’ =u,

msin g, oS @, & +msin g, jj+ml + D —mi cos? qoygbﬁ — ml(’pj (3.5)
—mgcosp, COS P, =1, |
1cos’ @6, +COSp, COS, i + gsing, cosg, — 2Isingp, COS@,¢,¢, (3.6)
+2¢0s” i, =0 |
lp, +cosg,ij+gcose, sin @, + Zl'g'oy +1cosg, sin (pygbi 3.7)

—sing, sing,#=0
v6i: - M, (kg) 1a thinh phan khéi lugng ciia hé di chuyén theo truc Oz.
— M, (kg) 1a thanh phan khoi luong cua hé di chuyén theo truc Oy .
— m(kg) 1a khdi luong cua tai trong.
— I(m) 1a chiéu dai cta day kéo tai trong.
- D,, D, D, 1acaché¢ s0 ma sat nhét.
— u,, u,, y la cac lyc diéu khién tac dong 1én hé cau treo.
Tir cac phuong trinh (3.3)-(3.7) ta c6 dugc mé hinh EL cta hé cau treo 3D voi
cAu tric chung nhu sau:
M(q)§+ Bq+C(q,9)q+9(q) = Gu (3.8)
trong do:
- q=(z,9l, (pz,(py)T 1a vector cac bién khép.

- u=(u,u, u,)" 14 vector luc tac dong vao hé (tin hidu dau vao).
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( my 0 myy omy, 77115\
0 my my 0 my

M(q)=|mgy mgp mgz 0 0 | lamatran quan tinh.

my 0O 0 my O
Mg mg 0 0 mgy
(D, 0 0 0 0
0 D, 0 00
B=| 0 0 D 0 0| lamatran hé sé ma sat nhét.
0 0 0 0O
0 0 0 0O
(00 a3 as os)
0 0 ¢35 0 cp
C(¢.¢)=]0 0 0 ¢y ¢y 12 matrin lye Coriolis va lyc hudng tam.
0 0 c3 cu oy
0 0 c53 Gy G

9(g) = (O, 0,93, 94, g5)T la vector trong luc.

0 0)
10
01
0 0
0

o

myy =M, +m, myz =mg =msing, cosp,

My =My =mlsSing, CoSe,, mys =mg =-mising, sing,

Moy =M, +m, mgz =m, my, = mi? cos? Pyr Mg = ml?

Mgy =My =MSIN@,, My =mgy =mlCOSP,

g =mCoS @, COSp, @, —msing, sing, ¢,

(4 =MCOSQ, COS@, I —mlCcos g, sing, B, —mising, c0sg, @,

5 =—mlcosg, sing ¢, —msing, sin goyl' —milsing, cosp,p, (3.9)
Cg =MCOSQP,P,, Cps =mCOSQ,[—mising @,

Cgq = ml cOS® PyPus Cg5=—mlP,, 43 =ml cos? PP,

caq =mlCOS? @ [ —mi? COSp, SiN@,p,, 45 =—mi’ COSP, SINP,P,
Csg =M@, C54 = mil? cos @, 8NP, P, Cs5 = mli

g3 =mgCosg, CoSp,, g, =mglsing, cosg,, gs =mglcosy, sing,
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Ta c6 thé thiy dugc 12 mo hinh nay thoéa man cac tinh chat da néu trén cta hé
Euler-Lagrange, chang han nhu tinh d6i xing xac dinh duong ctia M (g) va tinh
chét phan dbi xing (1.10).

Dua vao mo hinh thu duoc, ta théy:

1) Hé mang dic diém hut co ciu chip hanh khi cac goc léch ¢, ¢, khong dugc
diéu khién mot cach truc tiép ma phai diéu khién gian tiép thong qua cac thanh

phan lyc u,, v, v .

”

2) Hé phuong trinh mo ta hé cau treo 3D 1a hé phi tuyén c6 tinh lién két cao. Hai
diéu nay da tao ra nhiéu khé khan trong viéc thiét ké bo diéu khién cho hé cau
treo 3D doi hoi can ¢o nhitng phuong phap phu hop dé giai quyét ching.

Ciing tir mo hinh tong quat (3.8) nay cua cau treo 3D ma ta c6 thé dé dang suy
ra dugc mo hinh tuong tu cho cAu treo 2D.

3.1.3 Mo hinh EL h¢ ciu treo 3D hai diu vio

Mo hinh ciu treo 3D véi hai ddu vao 13 mé hinh duoc sir dung nhiéu trong qué
trinh khao sat tung phﬁn chét luong dong hoc dat dugc cua bd diéu khién. Trong
truong hop hé cau treo c6 do dai day budc hang [ 1a khong ddi thi mo hinh 3D 3
dau vao s& trd thanh md hinh 3D 2 dau vao.

Nhu vdy, & mé hinh 3D hé chi con hai tin hiéu vao 1a wu(t) va u,(t). Xe cau
v6i khdi lugng m, s& di chuyén theo ca hai chiéu z va y truc giao nhau trong mit
phang ndm ngang. Su di chuyén d6 dugc tao ra boi luc day u,(t) theo phuong z va
u,(t) theo phuong y ddc 1ap véi nhau (hinh 3.2). Hai luc ddy nay chinh 14 hai tin
hiéu dau vao ciia hé. Xe cau di chuyén theo phuong z trén mot thanh xa d& c6 khoi
luong m, . Nhu vay, toan bo khoi luong duoc dich chuyén doc theo truc y sé€ bao
gdm m, cla xe cAu, m, cua xa dd va m, cia hang dugc van chuyén. Véi viéc xem
w4 (t) =0 tham s6 mo hinh cau treo 3D (3.8) duoc rat gon lai thanh:

— Vector tin hiéu vao u chi con 2 phan tir v, u,.

— Vector bién khép q chicon 4 phan tir z, y, o,, ?,-

— Matran M(q) va C(g,9) la 4x4
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con lai cau trac (3.8) cta nd 1a hoan toan duoc gilt nguyén. Luc nay ta s& c6 ham
dong niang E va thé ning V cua hé nhu sau:
1 2 1 2 1 2 .2
E —E(mC +my,)E +§(mc +my, +m,)y +§(mhl +J)@; +
+ % (m, 12 sin? @, +J)@* +mylig, COS @, COS @ —m, li@Sin @, sin @+

+my,ly@, COS @, Sin @ +my, ly@sin ¢, COS @
V =gmyl, =—gm,lcose,

tirc 1a h¢ co ham Lagrange L=F-V:
_1 2 1 2 1 2 .2
L‘E(mc_i'mh)x +§(mc+mh+mz)y +§(mhl +J)@;

+%(th2 sin® g, +.J)@° +m, lig, COS @, COS p—

—my,lE@sin @, Sin @ +m,ly@, Cos g, Sing+
+my, ly@sin ¢, cos @ + gm, [COS @,

Hinh 3.2. Céu trac hé cau treo 3D 2 dau vao

Thay ham Lagrange trén vao phuong trinh (3.2) ta ¢6 mo hinh EL ciia cau treo

2D nhu sau:
M(q)§+C(q,)q+ g(q) = (uy,u5,0,0)" (3.10)

trong do:
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m, +my, 0 my,lCos g, COS @,
" m.+my, +m,  m,lcose, sing,
@)= m,1C0s @, COSp, m,lcosg, sing, myl? +.J
—mylsing, sing, m,lsing, cosg, 0 (3.11)
—mylsing, sing, '
my,lsing, cos g,
0
my 12 sin® g, +.J
0
0
9() = . (3.12)
== | myglsing,
0
0 0 -mylg,sing, cosgp, —m,lp, cose, sing,
10 0 -myle,sing, sing, +m,lp, cosep, cosy,
Cled=g o 0
0 0 m,l°¢, sing, cos g,
) (3.13)

—m, I, COS @, Sin @, —myl@sin g, cos g,
mylg, cos @, cosp, —mylpsing, sing,
—my, ¢, Sin @, COS
m, 1%, Sin g, cos g,
3.2 Piéu khién thich nghi ISS
3.2.1 B¢ diéu khién thich nghi ISS cho hé ciu treo
Nhu d3 dé cap & dau chuong, mac du da xuét hién tir kha 1au va duoc dung rat
nhiéu trong cong nghiép [70], song van d& diéu khién can ciu treo, cai tién chat
lugng van chuyén, boc d& hang, dinh huéng nhanh, an toan va chinh xac, tiét kiém
ning luong, van 13 bai toan thoi su, ké cho t6i ca ngay hom nay. O [35] tac gia da
dé xuat mot chién lugce diéu khién phan hoi trang thai dé nhac, 6n dinh, va phan
phdi phu tai. Hai bo diéu khién doc 1ap duogc sir dung: mot bo diéu khién (thuc hién
thay doi hé s6 khuéch dai voi su thay doi chiéu dai cap) dé diéu khién vi tri xe toi
va su dao dong phu tai va bd kia dé diéu khién vi tri nang phu tai. Thuat toan duogc
kiém tra trén mot mo hinh thu nho da chirng minh sy bam tdt ctia vi tri can truc va
chiéu dai cap, khong c6 cac dao dong du, va lam giam tdt cac nhidu bén ngoai ddi

Vo1 vi tri cia xe to1 va goc dao dong phu tai. Tuy nhién van con ton tai nhirng dao
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dong tirc thoi vai goc 1a 12°. Mot bo diéu khién trong [41,42] cac tac gia da sir dung
cac mang neural dé nang cao hi¢u suét ctia mot bo diéu khién phan hoi trang thai
ddng thoi hiéu chinh hiéu sudt truc tuyén theo su thay ddi cua chiéu dai cap. Ky
thuat mo ciing dugc céac tac gia sir dung dé thiét ké bo didu khién mo diéu khién vi
tri ctia xe to1 va goc dao dong dé loai bo cac dao dong du. Cac thi nghiém kiém tra
d3 chi ra rang bo diéu khién md va neural 1am cho xe toi di chuyén téi diém muc
tiéu mot cach tron tru khong c6 dao dong du; tuy nhién, c6 thé thdy rang no6 dat toi
diém muc tiéu rat cham.

Trong muyc nay, bd diéu khién thich nghi bén viing ISS d3 duoc luan an dé
xuit & chuong trude s& duoc ap dung dé diéu khién cho hé thong cau treo 3D. Bang
cach sir dung bo diéu khién nay khong nhitg dam bao duoc sy bam quy dao cho
cac chuyén dong cta cau treo ma con dam bao goc lac cua day cap theo cac phuong
tién dan vé khong. Khong nhimng thé, bd diéu khién ISS dé xuat trong phan niy con
dam bao rang hé thong van cho dap ung t6t khi co anh hudng cua nhiu bén ngoai
va ca khi ¢ su bat dinh trong tham s6 mo hinh. Hiéu qua cua bo diéu khién duoc
chting minh thong qua cac két qua mo phong thyc hién trén Matlab/Simulink.

Hé théng cau treo 3D (3.10), so véi md hinh chuan (2.1) dé ap dung phuong
phap thich nghi ISS do luan an dé xuit ¢ dinh 1y 1, ma cu thé 13 véi bd didu khién
duoc gidi thiéu tai cac cong thic (2.6), (2.9) ¢6 cac tham sb nhu sau:

(1) T T
o e e

(q,)

Q=LQ2J’ glz(m’y’l)T va g, :(%,%)T

3.2.2 Két qua mb phéng

Do dic trung ctia dbi tugng cau treo gan nhu khong thay doi toe do di chuyén
va trong luong phu tai nén tac gia di dwa ra két qua mo phong trong 1 chu trinh hoat
dong. Chat lugng cia bo diéu khién thich nghi bén vimg thiét ké trong muyc 3.1.2
duogc kiém chtng thong qua mot hé cau treo véi cac thong sb thue té nhu sau:

a = 5e0;

b = sqrt((a+1)*a);
K1 = [a 0;0 a];

K2 = [b 0;0 b];



56

K = [K1 K2];
mx = 5;
mc = 5;
mh =100;
1=15
D=[1000;0100;0000;0000];
g = 9.81;
Bét dinh m6 hinh duoc mé ta khi tai thay doi va day kéo tai trong gian tai
thoi diém 50 giay.
mh =130;
I=16
So d6 mé phong nhu hinh 3.3.

x_losd_resporsel

tses  Crane_Z_dot_dol
M phay
Sep 1 Thets_dot_dot
N Phi_dot_dot Q_dot fenay .

q_dot dot Fi Fi
Corsmnt2 3DCrane_Fapersi

Mia)t

Controller

Hinh 3.3. So d6 ciu trac mé phong bo diéu khién thich nghi bén virng

Két qua mo phdong dugc thyc hién trén MatLab va trinh bay béng dd thi tai céc
hinh tir hinh 3.4 dén hinh 3.6, trong d6 hinh 3.4 va 3.5 13 quy dao ciia cau treo theo
hai phuong z va z va hinh 3.6a va 3.6b la dap Gng goc lic cta hang trong qua
trinh di chuyén.

Véi két qua mo phong ta thay su di chuyén cua xe hang doc theo truc z va y
bam kha tét theo quy dao dat. Tuy nhién, dap tmg qua do cua hé théng con cham do
quan tinh cta hé 16n. Piéu nay ciing phu hop véi yéu ciu thuc t& dam bao do an
toan co khi khi ca hé théng c6 khdi lwong kha 16n. O hinh 3.6 sy dao dong theo
phuong truc y gan nhu khong ton tai. Theo truc z, day treo hang c6 dao dong diéu
hoa bién d6 nho véi goc dao dong khong dang ké (khoang 0.0008rad), ké ca khi co
bat dinh md hinh.
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Hinh 3.6a. Pap tung goc lac cta ddy cap theo cac phuong z,y khi chua

6 bat dinh mé hinh
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Hinh 3.6b. Pap tmg goc lac ciia day cap theo cac phuong z,y khi di c6
bat dinh mé hinh (tai thoi diém 50 giay).

Phan ndi dung trén di khang dinh phuong phéap diéu khién thich nghi ISS gidi
thiéu ¢ chuong 2 cta luan 4n 1a 4p dung duoc t6t cho hé théng cau treo. Bang cach
stt dung bo diéu khién nay khong nhirng dam bao duoc su bam quy dao cho céac
chuyén dong cua ciu treo ma con dam bao goc lic ciia day cap theo cac phuong tién
dan vé 1an can khong. Khong nhimng thé, bo diéu khién dé xuat trong phan nay con
dam béo rang hé thong van cho dap ung tt khi co anh hudng cua nhidu bén ngoai
va c6 tham s bat dinh mo hinh. Hiéu qua cta bo diéu khién da duoc chimg minh

thong qua cac két qua mo phong thyuc hién trén Matlab/Simulink.
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3.3 Piéu khién trugt bac hai
3.3.1 B0 diéu khién trugt bac hai cho hé ciu treo

Bo diéu khién truot bac hai cho hé EL bat dinh, thiéu co cdu chip hanh cho
bdi mé hinh (2.38) da c6 tir chuong trudc tai cac cong thic (2.44), (2.45), tit nhién
13 ciing 4p dung duoc cho hé cu treo mé ta bai (3.8).

Ciing ¢ chuong 2, véi dinh 1y 2 ta dd khang dinh dugc rang bo diéu khién
truot bac hai (2.44), (2.45) nay ludn dua dugc hé vé mit truot (2.43) sau ding mot
khoang thoi gian hitu han.

Phén con thiéu & chuong trudce 1a chi tiét hoa diéu kién tong quat bd sung &
cong thie (2.52) cho kha nang truot trén mat trugt vé g cta hé sai sb, bay gio s&
duoc luan 4n tién hanh cu thé véi ddi tuong 1a hé cau treo 3D.

O hé cau treo 3D (3.8) thi tir (2.50) va chat lugng bam mong mudn 9,4,
Vo1 g, = (zy, Yy 1,)" , tire 12 véi vector sai 1éch bam:

e=q-q,= (ez,ey,el)T, €, =TTy €,=Y—yy €=l—1,
ta s€ co:
By=i,= Mgzl[M21(2Agl+A2g+rg2 +Arg2)—021(_11—022g2 _QJ
= M3 (Mg 2 - Oy )(~Ae =g, |+ Mz My A% e+
+M2_21(M21F—C’22)g'2 +M2_21M21Afc;12 _Mz_zlgz
:Mz_zl(ozl_leA)AﬁJrM2_21(021_M21A)r‘12+
+M521(M21F_022)£]2_M£2122

( ()
= h(z) :kf_lz((z))J

voi
( M, +m 0 msing, cos%\
M, = 0 M, +m msing,
msing, cosy, msing, m

(mlsing,cosp, —mising,sing,)
My, =M, = 0 mlCcos g,
0 0
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Ci1=/0 0 mcosQ,Q,
00 0

0

{
('mcos ¢, C0s @, [ —micose, sing, 6, —mlsing, cosp, @,
L micos’ @,

—mlcosg, sing, @, —msing, sin (oyl —mlsin g, cos qoy(py\
mcos ,l—misin g p,
—mlgp,

(0 0 micos? (oy(pz\

C
270 0 mig, )
:( ml cos? (oyl mi? cosg, sing, @, —mi? cos @, smgoygpx\
2 mi’ cos @, Sin @, @, mil
( 0 )
0 (mglsing, cosg,
5= [ J ngl cos g, sing,
mgCcos @, Cos g,
Suy ra:
[ _wso, A
lc03¢@ [
M22 021 MZlA sing, sin Ccos /
coT sing,sing, , 08¢, , &,
[ [
( Cos ¢ I
— oy ——+tan tang, ¢
lcosg, 1 ?,9, PP,
Maz (Mol =Cin) = _sing,sin cos I
a p—
(0” kb Rl SIN oy —Cos @, Sin,@, %

gsing,
lcosg,
gcosg, sing,
[

Mz_zlﬂz =

va tu do la:
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CosQ, ., @ Cos @
hi(z)=——"% Afe, +5 Aae, — ~ Lo, +
hy () /oS y/,ll y T4 lCOS(oyﬂi 1P:
(cose I 3 gsing
+ Lo, ——+tane @ |, +tane ¢ @ — Z
| Tcoso ™71 Os0y ) P Pua Py [cos g,

va

sing, sing, CoS @ 6
]l’Z(@) = I : ﬂlzey - s 2’2261 +

oS o,
- I ’ ﬂvzazfoy

sing,sing, | ., cosga,—I .
—fyap—cowysm%gpﬁ++2¢y—

gCcos¢g, sin ?,
[

Viy vector ham 9(z) trong (2.52) s& duoc xap xi tuyén tinh trong 14n can gbc 1a:

( -A - ®3x2\\

09 (z
A= B—LE_) - L®2><3 ®2><2 12><2 (314)
= lz=0 A3l A32 A33
trong do:
(Oh b ohy
A ah aez aey ael ld
31 a_%xzo_ Oh, Oh, Oh, : 0 —/1_22 0
de, de, 0¢) l
CAR AR PIVE
4 _on| _| % Oo,  _ i
. o FQ_ % % = 0 _220!2 +g
a¢z a¢y 2=0 Zd
(O Oh) (o )
_% _ 8¢¢ a(py ld
33_8@3 m:O_ % % 0 ﬂ
o 8¢1‘ 8('py 7=02=0 ld

Nhu vay, da dé hé truot trén mit truot vé gde 1a ma trdn A cho bai (3.14) 1a mot ma

tran Hurwitz. Piéu nay twong duwong voi:



hay

s+4 o
s+ A, oy
s+ 4,
s -1
sl — Al = s -1
ﬁz Aoty s o
by by by
}“_5 Ay +g s 0
by by ly
s+ oy
s -1
ﬁz Aoty o
by by by
= s+ 4, a,
s -1
2 A0y + g %)
l I A
S+4 o 0 ||s+4, a, 0
= (s + /1,3) 1 0 s -1 0 s
2 Aoy +g AR Ay +yg
A I e

s — Al =(s+2,) s%[& Js + Ag}{s +k/1 ld2)52+is+@

Ly

P(s)

phai c6d P(s), Q(s) 1a hai da thirc Hurwitz.

4>0,4,>0, o <0, a2<0

=40 90 %9>0
ld Zd

%

>o,£ﬁ>o,ﬁg
ld

A —

Ua

ld)ld

) g &g
zUz L

a,) g iﬂ

d

Q(s)

Suy ra cac h¢ sb cua hai da thic P(s), Q(s) phai cung d4u va khac 0, tic la:

(3.15)
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va d6 chinh 1a diéu kién du (2.52) cta ludn 4an dé xuét bo sung da duogc chi tiét hoa
cho hé céu treo 3D.
3.3.2 Két qua mb phéng

Bay gid ta s& mb phong chét luong cta bo diéu khién truot bac hai do lun 4n
dé xuat (2.44), (2.45) cho dbi twong 3D Crane va tong hop bo diéu khién theo nhu
cac ndi dung dugc trinh bay & trén.

Hinh 3.7 | so @4 hé mé phong duoc xay dung trén MatLab.

[q1_ref.0;0] ¥ Reference 2

I:l Constant1 3
ID—F Measured & v I:I

5] g
qi_ref »lq1_ref 5 Demux_Scope
Constant 4
»lq dg Controller U U q_dq 1 "
Feros(S, 1 Reference 5 | ‘
Controller v

System Constant2 o

Measured 2 " I:l

Hinh 3.7. So d6 mo phéng trén nén Simulink hé cau treo 3D st dung diéu khién
truot bac hai

Dé kiém nghiém tinh dung dan cua diéu kién (3.15), ta thay doi cac tham sb
o, a, cua bo diéu khién dé khao sat tinh 6n dinh ctia hé kin. Cac két qua tmg véi 4
bd s6 khac nhau duoc ghi lai tir hinh 3.8 dén hinh 3.11.

C6 thé thdy trong tit ca cac trudng hop thi quy dao trang thai déu tién vé mait
truot sau mot khoang thoi gian hitu han, tuy nhién chi c¢6 cac bo sb thoéa man diéu
kién (3.15) 1a 1am hé 6n dinh. Hinh 3.8 1 két qua ung voi bo tham sé diéu khién
gidng tai liéu [74], nhung vi bo tham sb nay khong thoa man (3.15) nén ciing khong

cho két qua 6n dinh.
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Sliding Surface
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= s 0
8 -1000 E
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Time [s] -100
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ET 2005 5 10 15 20
é o \ Time [s]
g )
g -10 . Cargo swing 6
=
&
3 20
5} 5 10 15 20 4
Time [s] —
Cable Length () g e
1 o 2 |
=3
E 0.9 \ <
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=)
§ 0.7 ¥
2
0 5 10 15 20
0 5 10 15 20 Time [s]
Time [s]

Hinh 3.8. Két qua mo phong v6i o, =4 va a, =35

Hinh 3.8 1a két qua mo phong diéu khién truot bac cao hé cau treo 3D ¢6 3 dau
Vio véi cc tham s6 bo dicu khién 1a:

og=4va a,=35
Két qua mo6 phdéng nay cho théy hé khong on dinh mac du quy dao trang thai cua hé

da dén duoc mat trugt sau khoang thoi gian hiru han.



65

Sliding Surface
0.3
0.2
0.1
-0.1 //
-0.2/
-0.3
-0.4
0 5 10 15 20
Time [s]
Cargo swing ¢
Bridge motion (z) 0.5
E 1
€
[
= ¥ \AA\A
8 = 9 /\V/\VI\V/\V/\V
Q =2
2 2 V V
a 0 <
0 5 10 15 20
Time [s]
Trolley motion (x)
T 1 0.5
£ 0 5 10 15 20
= Time [s]
5}
uE: 05 Cargo swing 6
] 1
o
2]
8 o
0 5 10 15 20 0.5
Time [s] B f\ /\ {\
Cable Length (1) = SN\ S '\V/\ JA\
1 £ VARV v v \ /
E 0.9 \ -0.5 \Y
g 08 N
<3
3 07 1
0 5 10 15 20
0 5 10 15 20 Time [s]

Time [s]
Hinh 3.9. Két qua mo6 phéng v6i o, =02 va @, =0.2.

Hinh 3.9 13 két qua mo6 phong diéu khién trugt bac cao hé cau treo 3D c6 3 dau
vao véi cac tham s6 b diéu khién la:

oy =0,=02
Két qua mo phong nay cho thay ciing gidng nhu ¢ lan mo phong trudc, hé khong 6n
dinh mdc du quy dao trang thai cia h¢ da dén duoc mit truot sau khoang tho1 gian

htru han.
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Sliding Surface
0.3

0.2

o
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g 0.5 g f\
g S V/\Vr\
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L, ¢ TV
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£
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1 % V U
T 09 <
= 08 -0.02 U
g 0.
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Hinh 3.10. Két qua mo phong véi o, =a, =05

Hinh 3.10 13 két qua mo phong diéu khién trugt bac cao hé cau treo 3D c6 3
dau vao véi cac tham sé bo diéu khién 1a:

oy =a,=-05
Két qua mo phong nay cho th'éiy hé 1a 6n dinh va quy dao trang thai ctia h¢ dén duoc
mat truot sau khoang thoi gian hiru han.

Hinh 3.11 1a két qua mo phong diéu khién trugt bac cao hé cau treo 3D c6 3
dau vao vé6i cac tham sb bo diéu khién 1a:

g =0,=—4
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Két qua mo phong nay cho thay hé 14 6n dinh, it dao dong hon so véi vi du trudc va
quy dao trang thai cua hé dén dugc mat truot sau khoang thoi gian hitu han. Chat

luong hé thdng co thé dugc danh gia 1a kha tét.

Sliding Surface
0.3

0.2‘
0.1

[0} 5 10 15 20
Time [s]
Cargo swing ¢
Bridge motion (z) 0.01
g ! 7\
£
= 0.005
5 [N
£ 05 = 0
g /
< ‘© -0.005
2 gl
0
0 5 10 15 20 < oo \ /
Time [s] -0.015
Trolley motion (x) V
- 1 -0.02
E 5 10 15 20
E Time [s]
] 05 Cargo swing 6
% 0.02
@
a
0
0 5 10 15 20 0.01 A
Time [s] -
5]
Cable Length (1) g
1 2 0
0o :
\ -0.01

Length [m]
o o
N ®

-0.02
0 5 10 15 20
0 5 10 15 20 Time [s]
Time [s]

Hinh 3.11. Két qua mo phong véi o, = o, =—4
3.4  Piéu khién truot siéu xoan
3.4.1 Thiét ké b dicu khién trwot siéu xoin cho hé ciu treo
Mic du di ¢6 nhiéu phuong phap dé giai quyét bai toan diéu khién cho d6i
tuong cAu treo, tuy nhién, dé dua vao ung dung rong rai trong thuc tién, cac bod diéu
khién can duoc cai tién dé don gian hoa va tao ra tin hiéu diéu khién phu hop véi co

cau chap hanh.
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Trén co s¢ b diu khién truot bac hai da c6 tir tai liéu [54] cho hé cau treo va
da duge luan 4n chinh stra bd sung dé téng quat hoa cho h¢ EL bét dinh, c6 nhiéu
tac dong & dau vao, thiéu co cdu chip hanh ciing nhu d3 duoc luin an va 4p dung
cho hé cau treo 3D, sau day luan an tiép tuc phat trién tiép bo diéu khién truot siéu
xodn tong quat (2.37) cho riéng hé cau treo 3D.

Bo diéu khién trugt siéu xoan (2.37) ciing 1a bo diéu khién truot bac hai va da
dugc gidi thiéu ¢ cac tai liéu [49-52] cling nhu & muc 2.2.1 trude day. Bo diéu
khién trugt siéu xodn (2.37) khic phuc dugc nhuge diém phan hoi trang thai cta b
diéu khién xodn nho phan héi truc tiép dau ra. N6i cach khac, tén goi siéu xodn &
day khong c6 nghia 13 d6 xoan s& nhiéu hon ma chi c6 y nghia néi rang d6 1a bo
diéu khién phan hoi dau ra.

Tuy nhién dé van dung dugc nguyén 1y diéu khién trugt bac hai phan hoi dau
ra (truot si€u xoén), ta can thém gia thiét 1a hé cau treo 3D co gbc lac tuong ddi
nho.

Pon gian héa mé hinh khi hé c6 géc lic nho

Muc dich diéu khién ¢ day 1a di chuyén vat ning trong khi van dam bao goc
lic cua tai ¢,, @, du nho trong sudt qué trinh di chuyén vat nang. Do ciu tric phi
tuyén phan tan cua hé dong hoc tir (3.3) dén (3.7), mot bo diéu khién chung s& rat
kho thiét ké dé dam bao chat luong cho moi dai tham s6 lam viéc cua hé. Vay nén,
mot bo didu khién cuc bd dé 6n dinh goc lac cua tai sé duoc thiét ké. Voi tinh chat
cuc bd, phuong trinh dong luc hoc tir (3.3) dén (3.7) co6 thé don gian hoa bang cac
gia thiét goc lic cua tai ¢,, ¢, 1a du nho dé co:

sing, ~ @, cosg, ~1 voi i e{z,y} .

Ngoai ra ta gia thiét thém:

ool =0
trong d6 >0, >0, y 20, 620 va a+fB+y+5=>2

Véi cac gia thiét nhu trén, md hinh (3.8) vdi cac goc lac md ta trong cac cong
thire tir (3.3) dén (3.7) ctia hé cau treo 3D sé& dugc don gian hoa thanh:

(MT +m):’1§+Dr:1’:+ml¢T +mZ'(pI +2m[¢x =u, (3.16)
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1§, +3+gp, +2ip, =0

(My +m)g’j+Dyg+ml¢5y +mZ'¢)y + Zm[(by =u,
1, +§+gp, +2ip, =0

mie, +mije, +ml +Dj—-mg =1y

Bién do1 tiép cac cong thirc trén, ta co:

u |+
q)x 1 M T

x

. D, . D 1
i=|-——Li+——lp, —
M M M

xT x x

o =gl ol Dpi Do, 1 ou) 1u
[ I M, 1 M, Il M, I M, 1

x

M

x Yy T Yy

P D, . D, Dy 1 1 1
- g+M x¢z+_y§0y_a __gozu“__qpyuy +—y

y—[ Dyy+Dll'go 1(puJ+ lu
- v v a5 W
My My ! MU ! MU !
¢ = _g&_zl&+ Dy g_zmg&+ Dl l&_ 1 (Dyul — 1 ﬁ
O O R A VA R VAR B VA R VAR RSV

(3.17)
(3.18)

(3.19)
(3.20)

(3.21)

Mo hinh dugc don gian hoa van 1a phi tuyén nhung ching ta thay rang chuyén

dong trong mat phang zoz va yoz c6 thé tach riéng ra. Piéu nay cho phép thiét ké

bd diéu khién cho chuyén dong theo phuong zozva yoz doc 1ap nhau. Thém vao

d6, phuong trinh dong hoc nang ha tai (3.21) 13 tuyén tinh vi céc luc u,, u, s€ dugc

coi 1a nhiu. Véi nhitng danh gia trén, ta c6 thé tach ciu trac bd diéu khién 3D crane

thanh 2 bo diéu khién 2D cho chuyén dong xe cau theo hai mit phing zoz va yoz.

Thiét ké b diéu khién

1) Lwa chon mat truot.

Quy dao chuyén dong mau cua tai dugce thiét ké di tr diém dau By = (0,90, 2 )

téi diém cudi P :(:z:f,yf,zf). Ta c6 thé suy ra gia tri dat cho toa do xe cu va do

dai day cap va cac goc lac nhu sau:
z" =1z, y" =Yy, I =—2
@, =¢, =0

Biy gio ta xét mat truot ba chiéu sau:
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d?—CI','T-i-CI(iI}—CL'r)—kIQZ
s=|s, |=| 9-9"+e,(v=1")-ke, (3.22)
[0+ (1-1)

trong do ¢,, ¢,, ¢, k,, k, 1a nhiing hang sb duong. Pao ham cua mit truot theo thoi

gian ta co:
oy (B0 e, (3-d" )=k,
5=\ 8, |=| =i +¢,(1-9") -k, (3.23)
Sl

{17+ (i-1")

Thay (3.21) vao (3.23) ta duogc:

§, = _D, +c j:+ﬂl' —k,¢ _ 1 w—i" —c,a" +iu

T x xT

x

o ‘Dy . D] 7 . 1 e d .7 1
8, = _V+Cy y+ﬁ’l(py—ky(oy—ﬁ(pyul—y —¢,y +Muy
y

Y Y Y

§ =[g+ D, i, +&y'gp, +(—&+q)l‘— L P, — L pu, —1" —cll"}+lul
M, M, m M, M, m
(3.24)
Mt truot duoc chon trén ludn théa man tinh chat 14 khi hé sai s6 nam trén mat
truot s=0, nd s€ truot Ve géc toa do. That vay, trudce tién néu ta ky hi¢u cac sai Iéch
d6 1an lugt la:
€, =T—T,, €,=Y—Y, ¢ =]-1

r

va tach mat truot (3.22) tuong tng thanh 3 phan theo céc sai 1éch do:

s, =¢é,+ce, —k.@ =0 (3.25)

s, =é,+ce, —kp =0 (3.26)

s=¢6+ce =0 (3.27)
thi s& thay ngay tir (3.27):

s,=¢+ce=0 = ¢(t)=e(0)—>0 (3.28)
vi ¢ >0.

Tiép theo, tir (3.25) va (3.28), tirc 1a tir:
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s, =é,+c.e, —kp, =0 val—>Ii

T

thi vai (3.17) ta co:

l .o .. — 0
{ P, +E, + 90, (3.29)

é, +ce, k.o, =0
Chuyén (3.29) sang mién phtrc nhd phép bién ddi Laplace, ta c¢6 v6i cac gia tri
dau e, (0)=¢,(0)=¢,(0)=¢,(0) =0 cling nhu cac ky hiéu:
©, =Hp} B, =Le,}

hé phuong trinh sau:

2 2 _ —$°F —
{l,,s O, +s5°E,+z, +9gD=0 = B (stc)ta :kz[ sk, :L’TJ

sk, +x, +c, B, —k D, =0 ! g l7,52 +g
Suy ra:
—z (1s*+g+k, —z (15 +g+k,
B, = (s ravk) : ( d ) _BW
(s+c, )(lrsz + g) +ks* 18°+(k,+cl)s* +gs+ge,  As)
trong do

A(s) = lrs3 + (l-cm +c,l. )82 +gs+gc,

Da thttc A(s) cho ¢ cong thirc trén 1a da thirc Hurwitz, vi bang Routh cia né:

gc, k. +c,l.

g [

T

c6 cac hé s cot dau cung dau va khac 0. Vay phai c6:

e, =x—z, >0.

Cudi cung, tir (3.26) thi hoan toan twong ti nhu trén nhung bit dau voi thanh
phan (3.25) ctia mé hinh ta ciing chi ra duoc:

e, =y—y, > 0.

Nhu vay ta ciing da két thuc viéc chi ra rang khi cac bién trang thai cta hé

dugc duy tri trén mit truot 3 chiéu duoc chon theo (3.23) chira day du ca 5 bién
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trang thai cta ca hai thanh phan du va hut co cu chap hanh, thi sai léch bam
e=¢,—q, ctia hé sé tién vé 0.
2) Thiét ké bé diéu khién truot siéu xodn:

Trong truong hop goc ldc nho, céc bién trugt s, i {z,y,1} trong (3.22) chu
yéu phu thudc vao thanh phén luc u; (nhiing thanh phan lyc khac nhan véi hé sé 1a
cac goc lic v6i gia tri nho, tit din nén khong giy anh huodng 16n). Vay nén, véi

nhiing gia thiét vé tinh bi chdn cua cac thanh phéan, cac bién diéu khién v, v, , v

Y

duoc dinh nghia 1 du ra cta bo diéu khién super-twisting cho béi (2.37):

{U, = —ﬁiﬁsgn St (z..0) (3.30)

w; =—0a,;3gns;
trong d6, a, va A, 1 cic hiang s du 1on dé dam bao thoi gian hoi tu vé mat trugt
s=0 1a hiru han.
3) Thoi gian hé tién vé mat truot la hitu han:
Gidng nhu di trinh bay ¢ muc 2.2.1 véi bd diéu khién (2.37), ta xét hé sau:
z=a(t)+0b(t)u

v6i cac hang s6 duong C, K,;, K,

m?

U, q théa man:
|+ Uy p|<C, 0<K,, <b(t,z) <K, |alb|<qUy, 0<g<1
Bo diéu khién super-twisting c6 dang:

—u, |u[2U),

u= —ﬂ,|31:|1/2 sgnx +u; VOi Uy =
—asgnz, |u|<Uy,

v6i K a>C va A du 16n thi b diéu khién s& dua =z, vé goc toa do trong thoi
gian hitu han. Bién diéu khién « s& co gia tri di vao trong doan [—U U M] trong
khoang thoi gian hitu han.

Mic du 101 chtirng minh cho diéu khing dinh trén d3 dugc dua ra trong céc tai
liéu [49-52], song sau day nghién ctru sinh xin dugc dua ra mét 161 chimg minh
khac ma theo y kién cuia riéng ca nhan nghién ctru sinh 1a d& hiéu hon.

Xét truong hop thi nhat 1a:

[u| Uy,
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Khi do s€ co:
1 - , d
U == Ad|x] Y2 _y , do c6 —|z|=2sgn (:1:)
2 dt
Tién hanh nhan xét vé& dau cua 7 va u:
— Néu u>U,, thi

& ub>|a|

U U —|==
u>Uy >q M>b‘ b

Suyra
ub—|a|>0 = ub+a>0 & >0
Nghiala ¢ va u cung duong.

— Néu u<-U,, thi:

u<—UM<—qUM<—g‘:# < ub<—|a] < ub+|a|<0

b

Suyra
ub+a<0 hay <0
Viy ¢ va u cling cung am.
Nhu vay, zu>0vdi |u|ZUM. Khi do6, ta c6 wu<0 va |7JL|>UM vo1 |u|>UM, do:

i = —u® — 1 ia’cu|x|_ﬂ2 <0

nén |u| <U,, trong khoang thoi gian hitu han.

Hoan toan tuong tu cho truong hop |u|< U, thi tu:

f:d+6u—bll%—basgnx
2 |af

Nhu vay cling phai co:

(1 )

i e[—C,C]—[Km,KM]LE/IM%+asgnxJ

Gia thiét rang gia tri khoi tao 1a =0, £=4, >0 tai thoi diém ¢=0, do do,

qu¥ dao s& di vao ntra mat phang = >0. Chi tiét hon nita thi:

— Néu >0 va £>0 thi 2<C-K,a<0 nén & giam gid tri vé 0 va z tang gia

tri. Quy dao trang thai s& nam dudi parabol:
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L1 & 1 @t
2K, a-C 2K, a-C

parabol giao véi tryc:
. 2

m®~

Néu z>0 va #<0 thi gia tri cua & giam va nho hon 0 khién gia tri # ting
dan t61 khi #>0 thi & ting 1én, gia tri cia ¢ giam vé 0. Tai diém #=0 1a
diém i dat gia tri nho nhét.

Thay

vao phuong trinh trén ta dugc:

d+6u—basgnx:b1/1%
2 |af

Giai phuong trinh ta thu dugc nghi¢m:

,:E(a+bu_a\xyz

=l

Suy ra:

iz_—2(£+a\xﬂz
ANK, J

Nhu viy quy dao trang thai trong nira mit phang nay s& nim phia trén d6 thi

c6 phuong trinh

Vi cac truong hop con lai <0, ©<0 va £<0, £>0 lam twong ty nhu trén

dé thay 16 quy dao trang thai ctia hé nhu ¢ hinh 3.12.
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Hinh 3.12. Phén tich quy dao trang thai dudi tac dong bo diéu khién siéu xoan

Thong thudng, ta cho rang diéu kién |:1':M / x’0| <1 s& dam bao z, & hoi tu vé 0
khi [u|<U,, nhung diéu kién d6 chua di do khong cé dao ham tai diém U,,. Mit
khéc, dya vao cac dicu kién dau va |u|<U,; ta co:

|#=blalb+u/ <K, (1+q)UM, |#=blalb+u/2 K, (l—q)UM

va diém dau thoa man i, < K, (1+4)U,,, diéu kién:

5CM| < K, (1_‘1)UM _ K, (1—C.7)
do | Ky@Q+q)Uy Ky (l+q)

hay

2 (K,a+C)K, (1+q)
(K,a-C) K2 (1+q)

m

A>

1a diéu kién du dé tranh viéc giit u=+U,, trong qua trinh trugt.

Dé chimg minh thoi gian hoi tu 1 hitu han, ta chi xem xét hé khi diéu kién
u<U,, daduoc dam bao. Ta dat bién bd sung E=a+ bu, . Hién nhién ring, =4 tai
thoi diém =0 va w —>—a/b khi t—>o0. Do d6, &=b(a/b+w) tién t6i 0. Bat dau
tir thoi diém u < U,; dugc duy tri, dao ham ciia bién bo sung:

&= a+bu, —basgn(z)

thoa man bat phuong trinh sau:
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0< K, a-C<-&ign(z)< Kya+C

Tong gid tri tuyét doi gia tri clia ¢ tai mdi thoi diém z=0 bang Y|,

, ma
chuoi giam dan theo cap s6 nhan voi cong bdi nho hon 1 nén nd hdi tu. Tong thoi
gian hoi tu 1a hitu han cho bdi:

4
rT< ———. 31
<ZKHLa_C (33 )

3.4.2 Két qua mb phéng

Sau ddy ta s& tién hanh mo phong cho trudng hop cau treo dua trong tai tir vi
tri dau P :(:Izo,yo,zo) t6i vi tri cudi P =(a:f,yf,zf) trong khoang thoi gian kiém
chirng 1a 30s. Toa do cac diém dau va diém cudi dugc lva chon ngau nhién va dugc
quy d6i sang gia tri dit cac bién trang thai véi cac gia trj vé goc léch triét tiéu:

¢, =9, =0
nhu sau:

- Diém dAu cua tai trong trong md phong: P, =(0,0,-1). Ung véi do6 1a gia tri
cua trang thai ¢, =(0,0,1,0, O)T.

- Diém cubi ciia tai trong trong md phéng: Py =(0.5,0.4,-0.7). Ung véi d6 1a
gia tri cua bién trang thai q,= (0.5, 0.4,0.7,0, O)T .

Mo hinh toan hoc cuia déi tuong (3.8) duoc xay dung trong phan dau chuong
duogc st dung dé xdy dung 1én khéi md hinh toan hoc ctia hé céu treo 3D trong hinh
3.13 theo cong thuec:

i=M()[Gu=Bi-Cla.Di—9(0)]

Code trong khédi Crane3D trong hinh 3.13 dugc trinh bay tai phén phu luc 1.

Code trong khdi diéu khién trugt siéu xoan hinh 3.14 dugc trinh bay tai phan phu
luc 2.
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4. dq_ddq
crane3D -

q_dq

crane3D model

1/s

Integrator

Hinh 3.13. M6 hinh mé phong hé cau treo 3D

Y q_ref sh
Y dg_ref
4\ b
) g_dqController_SMC
dw

w

Controller HOSMC_SP

1/s

Integrator1

Hinh 3.14. M6 hinh mé phong bo diéu khién truot siéu xoan

D
Scope7  Derivativel Scope6
: — Scope10

Scopes x
-

Constant daref "

4 A F
Dervative q_dqController_SMC v
4 da.ad _"_’E
w aw crane3D s
cope =
A n
Controller HOSMC_SP D
Scopez = T
=
Scopet
o L]
Integrator Scope3 E
Scoped

thetax
=
thetay

Hinh 3.15. So d6 mé phong bo diéu khién truot bac cao siéu xoan theo

mo hinh d6i twong cau treo 3D gdc
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Hinh 3.16. So d6 xac dinh vi trf trong tai tir cac bién trang thai [ST2]

Bo diéu khién dugc xay dung tir cong thirc (3.30) dugc sir dung dé xay dung

1én khéi diéu khién thé hién trong hinh 3.13 véi code trong khéi Controller SMC

duogc trinh bay tai phu luc 1.

Tham s6 mé hinh dugc trinh bay trong bang 3.1 va tham sb bo diéu khién

truot bac cao siéu xoan duoc trinh bay trong bang 3.2.

Bang 3.1. Tham s6 hé cau treo dugc mo phong.

Tham sé (don vi) Gia tri
g(m!s%) 9.8
m, (Kg) 0.85
m, (Kg) S
m, (Kg) 7

m, (Kg) 2
D,(Nmls) |20
D,(Nmls) 30
D,(Nm/s) 50
i(m) 1

1, (m) 0.7
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Béang 3.2. Tham s6 b di€u khién truot si€u xodn.

Tham s6 (don vi) Gia tri
¢, 0 0 07 0 0

c=|0 ¢y 0 0 07 O
0 0 ¢ 0 0 8
k. 0 0.25 0

k=0 &, 0 025
00 00

A diag(6,6,6)

a diag(2,2,2)

Két qua mé phong duoc biéu dién ¢ cac hinh tir hinh 3.17 dén hinh 3.24, trong
do:

- Hinh 3.17 va hinh 3.18 cho théy tdc do dat tGi gia tri dat cua cac bién trang
thai z,y,l kha nhanh (xp xi 8s) va khong ton tai do qua diéu chinh.

- Hinh 3.19, hinh 3.20 cho thay cac géc 1éch dugc han ché trong pham vi nho
(<0.03) va tat dan theo thoi gian. Nhu vdy, bo diéu khién d3 dap tng dugc yéu cau
diéu khién dit ra cho d6i tuong.

- Hinh 3.21 thé hién lyc diéu khién cho doi tuong, tuy van con dao dong
nhung tan s6 va bién d6 déu nho. Piéu nay cho thdy uu diém cia bo diéu khién
truot bac cao so voi diéu khién truot co ban st dung khau relay s€ cho tin hi¢u luc
diéu khién dao dong vdi tan sd vo cung 16n. Pay 1a co so dé ap dung bo diéu khién
cho cac co ciu chdp hanh trong thuc té.

- Hinh 3.22 cho thiy mit truot khi vé gi trj 0 s& gdn nhu ndm yén tai d6, gan
nhu khéng c6 su dao dong xung quanh mit truot, diéu nay hoan toan phu hop véi ly
thuyét diéu khién truot bac cao khi hinh 3.23 cho théy dao ham cua mat truot tuy

van chua hoan toan vé 0 nhung c6 bién do va tan s6 dao dong nho.
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ST thetay
0.04
0.03
0.02
0.01 ’A N
0 \ \ I\ N\ A I
vvvyy=== o
-0.01 V
02V
-0.03
-0.04
0 5 10 15 20 25 30
time (s)
Hinh 3.20. DBap tng goc ¢,
ST forces
10
fx
— fy
5 & — ]
0 R g
%]
8
o
-5
10 ™
-15
0 5 10 15 20 25 30
time (s)
Hinh 3.21. Lyc diéu khién
ST sliding surface s
2.5
N —
2 — S, ]
— s,
1.5 \ o
%) 1 \
0.5
- \
-0.5
0 5 10 15 20 25 30
time (s)

Hinh 3.22. Mt truot s
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STds
0.8
0.6 — s, ||
—— S
y
0.4 S
0.2
3 of " 4’?—-‘“.
-0.2 \
-0.4 \
0.6 S
-0.8
0 5 10 15 20 25 30
time (s)
Hinh 3.23. BDao ham ctia mat truot §
ST s-ds
0.8

— S -0S

0.6 l\ x
— S -0S
0.4 y L
\ e SIS
0.2 N

< x

ds
o

-0.6

0.2 I
-0:4 \ /‘

-0.5 0 0.5 1 1.5 2.5

s
Hinh 3.24. Quy dao s—ds
Nhu vay, bd didu khién duoc thiét ké da dap ung duoc yéu cau bai toan diéu
khién dat ra ma cu thé 1a;

1) Pua duoc trong tai tir vi tri dau toi vi tri cubi dit trude trong khoang thoi gian
ngan.

2) Cac gbc léch dugce gidi han trong pham vi nhé va bi triét ti€u dan. Bo diéu khién
truot bac cao da cai thién dugc hiéu tng rung theo nghia thu nho khoang trugt
vé trong mot 14an can ciia goc, diéu nay hoan toan phu hop véi 1y thuyét. Vi chat
luong diéu khién khé tt, cing v6i d6 1a lyc diéu khién da han ché hién tuong
phai lién tyc thay doi vé6i tan s6 16n 1a co so dé tmg dung bo diéu khién vao

trong thyc tién.
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3.5 Xay dung ban thi nghiém céu treo 3D
3.5.1 Vit tu thiét bi

Céc vat tu thiét bi can thiét dé xay dung ban thi nghiém duoc cho trong bang
3.3. Ban thi nghiém duoc xay dyung trén co sé hd tro ciia cac dé tai nghién ctru khoa
hoc cép bo do Bo Cong Thuong dau tu.
Bang 3.3. Danh muc trang thiét bi ddu tu cho ban thi nghiém.

S6 lwong,

TT Danh muc Vit tu, thiét bj

don vi

1 | Dong co 52-68Series: 24VDV — M 3000rpm — 72WW — 03 BS
DC Motor va DC Servo Driver (T506-012; T511-012) '

2 | Card diéu khién DSPIC TMS320 — F 28335 01 B9
3 | Cam bién do cudng do dong dién ACS712 03 BH
4 | DSPIC30f4011 (module QEI xtr 1y tin hi¢u tir encoder) 03 bd
5 | Bo nguon 02 Bo
6 | Cam bién goc MPU-6050 (trong d6 c6 1 don vi ting toc 01 BS

phan ctng chuyén xir 1y tin hiéu DSP)

7 | Mot s6 vat tu khac (linh kién dién tir, Aptomat 10A, day
han, day dién, dc, vit, bang phip, cong tic hanh trinh ...)
8 | Vit tu, vat liéu co khi (Nhém dinh hinh 4 cay 25x40; thép

cac loai, 4 banh xe, nhya k¥ thuat ...)

3.5.2 Xay dung ban vé co khi vé mé hinh thi nghiém thue

Ban thi nghiém dugc xdy dung trén co sé thiét ké co cdu co khi dugc cho ¢
hinh 3.25 trong khuén kho hai dé tai cip bo ctia B Cong Thuong di duoc nghiém
thu. Hé thong diéu khién dugc trién khai theo so dd & hinh di trinh bay. Ba bo diéu
khién vong trong ¢ chiic ning diéu khién momen ba dong co cap cho hé cau treo.
Bo diéu khién vong ngoai két ndi voi cam bién vi tri va cam bién goc nghiéng, tinh
toan gia tri dat cho cac bd diéu khién vong trong. Thong tin duoc trao d6i bang

phuong thue 12C.
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95
3 3 2 1
x % -
i' ; R a
S o ..at--:,l ke —

30

615

SHR

y
)

STT Tén chi tiét Sé lugng
1 Truc vit M6 2

bong co secvo 3

& bi line ball 4

2
3
4 Khung nhém 25x45 20
5

j truc tron 2
[
2 Nguwéi vé | N. T.V.Hwong 11/2014 BAN VE LAP KET CAU
Kidm tra MO HINH CAU TREO 3D
KHOA DIEN Tile1:10
TRUONG PAI HOC KY THUAT
CONG NGHIEP THAI NGUYEN S6 luwgng:1

Hinh 3.25. Két cdu co khi ban thi nghiém cau treo 3D
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3.5.3  Thiét ké mach vong trong

Mach vong trong ¢6 nhi€ém vy nhan gia tri momen dat tir master dé diéu khién
dong co cip gia tri mémen thuc cho hé can cau treo theo ba phuong bai ba bo thiét
bi Driver — Dong co.

Thong sb cua dbi twong dong co mot chidu T506-012 (kéo xa d& ndm ngang

va xe cdu) cua SANYO DENKI:

Dién tro, di€n cam phén ung: R, =121Q0, [, =5.7mH.

— Hang sé moémen: k, =0.183N/A.

Mémen quén tinh: J =0.022 x10 3 kg.m? .

— Hé s6 ma sat nhét: F, =0.009x107% Nm/min™",

Dién tro cia MOSFET cong suit IRF540 & ché d¢ dan : R, = 44mQ.
Thong sb cua d6i twong dong co mot chidu T511-012 (kéo tai duoc ndi qua
day cap):

— Pién trd, dién cam phan Gng; R, =510, L =3.2mH.

— Hang s6 momen: &k =0.21N/A.

Momen quan tinh: J =0.037 x10 3kg.m?.

— Hé sb ma sat nhét: F;, =0.013x107° Nm/min ™.

Dién trd cia MOSFET cong suat IRF540 ¢ ché d6 dan: R, = 44mQ.

O dong co mot chiéu c6 choi than, gia tri momen dau ra cua dong co ty 18 véi
cudng d6 dong dién phan tng, cam bién do cudng do dong dién ACS712 dugce sir
dung thay cho cam bién do tryc tiép momen trén truc dong co. Driver diéu khién
dong co DCS 3T-25 khong tich hop sin cam bién do dong nén phai bo sung mot
mach do dong bén ngoai chung cho ca ba dong co. B phan giai cua mach do dong
la 610mV/A, gia tri offset 2,5V (duogc tinh lai & dau qué trinh lam viéc tranh hién
tuong troi offset) va dugce xur Iy bédi ADC 10bit ciia Driver DCS 3T-25.

Gia tri mémen dit duoc bd diéu khién vong ngoai (Master) truyén xudng theo
phuong thire 12C, dugc phan biét vdi cac 1€nh khac béi dinh dang ctia khung dir liéu

truyén.
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Tin hiéu diéu khién 1a dién 4p bam xung cép cho dong co, thay d6i boi do rong
xung PWM. Do han ché cua thiét bi didu khién mach ban cau IR2184, chu ky xung
PWM duoc chon bang 20kHz. Phuong phap diéu khién mach cau 1a khong dbi
xtng dé tranh khi c6 hién twong ham tai sinh s& lam méo va giam chat luong dién
ap. BO diéu khién s6 c6 tan sb trich mau phai du 16n (nhanh hon dang ké so voi
dong hoc ctia dong dién nhung khong can 16n hon tan sé bam xung). Chu ky trich

mau duoc chon 1a 0.1ms .

Taxa
» BPK1 UL Ll pongeol Treal 1
Cam bién
dong dién
BBK Tax2 Uz . Treal 2
—> Véng ngodi » BDK?2 » Dongco2 3 D C rane
Cam bién
dong dién
Tak3
» BDK3 Us » Dongco3 Teal 3
Cam bién
dong dién
Cam bién
vi tri
Cam bién
do gbc

Hinh 3.26. Hé thong diéu khién

Hinh 3.27. Cam bién do dong dién
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Khi bo diéu khién vong trong duoc thiét ké tét, co thé don gian mé hinh cua

hé théng do c6 thé bo qua anh hudng cua dong co khi thiét ké vong ngoai.

Phan driver de kich dan Mosfet Phan cong suat dieu khien dong co DC Servo su
1o dung 4 Mosfet kenh N ( IRF540 )
12VDC
PWM1H 06 24VDC
:
UBY 1nss1e ~ci3 g1
PWM1 N T HTuF 104 J at J Q2
g HO T W _ w . IRF540NTO
[ S S
) Z Vs
]

s 2 B IRF540MTO
2784 ‘ s J
- I 1 2 |
| |

a1 12VDC | MOTOR |
PWMZH 0 o

“"i —>— af Q4
1NSB19 —~C16-C16 14.1 IRF540NTO 16. 100 IRF540N/TO
PWM3 N ¢ VE 4.TuF 104

& ]

= i

= HO g I
o 4

OVERCURRENT 2 55

‘ IR2184

Hinh 3.28. So 6 mach vong trong
3.5.4 Cam bién vi tri

Cam bién vi tr ¢6 nhiém vu x4c dinh vi tri cta xe theo hai truc x,y va do dai
day [. Bo qua sy truot giita truc dong co véi thanh ring va day, c6 thé coi nhu cac
gia tri trén ty 1€ vai vi tri tuyét ddi cua truc dong co. Encoder tich hop san trong
dong co dugc st dung thudc loai incremental encoder, c6 d0 phan giai 500
xung/vong, duong kinh banh rang tuong ing la 200mm .

Tin hi¢u tor encoder dugc xuir ly boi module QEI (Quadrature Encoder
Interface) cua dsPIC30f4011, co tich hop san bd loc nhiéu va xir 1y 16i tin hiéu. Do
bd diéu khién vong ngoai khong c6 du sd luong bd doc encoder (can c6 3 bd) nén
tin hiéu tir encoder dong co duoc xur 1y ludén boi ba bd diéu khién vong trong va
dugc giri toi bo diéu khién vong ngoai qua phuong thirc truyén thong.

3.5.,5 Cam bién goc
Giéi thi¢u

MPU-6050 ¢ hinh 3.29 1a mot trong nhitng giai phap cam bién chuyén dong
dau tién trén thé gidi duoc thiét ké cho cong suét, chi phi thap phu hop véi cac yéu
cau hiéu sut cao. MPU-6050 c6 téi 6 (md rong t6i 9) truc cam bién tich hop trong
1 chip duy nhat bién bao gdom:

— 3 tryc con quay hoi chuyén tinh van téc goc.

— 3 truc cam bién gia tdc.
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Ngoai ra, MPU-6050 con ¢ 1 don vi ting toc phan ctng chuyén xt Iy tin hiéu
(Digital Motion Processor - DSP) do cam bién thu thap va thuc hién cac tinh toan
can thiét. Diéu nay giup giam b6t dang ké phan xtr 1y tinh toan cua vi diéu khién,
ci thién toc do xir Iy va cho ra tin hiéu phan hdi nhanh hon. Pay chinh 1 1 diém

khac biét dang ké cia MPU-6050 so véi cac cam bién gia toc va gyro khac.

Hinh 3.29. Cam bién gbc

Théng s6 ky thuat
Cam bién goc MPU-6050 dung cho ban thi nghiém c6 cac thong sé ki thuat
sau:
— Tich hop 2 cam bién: van tdc goc va gia tdc.
— Dai dién ap hoat dong : 2,375V — 3,46V.
— Nhiét do hoat dong tot nhat 25°C.
— Dai nhiét hoat déng: -40 dén +85°C.
— Giao thtic truyén thong 12C: hd trg dén 400kHz.
— D3 phan giai géc : £250 500 1000 2000 °/s
— Do phén giai gia téc : £2+4 £ 8 = 16g
Vi tri ldp dat
MPU6050 dugc dung dé do goc nghiéng cua diy cap budc hang. Cam bién
MPU6050 duoc gan 1én day cap theo chiéu: truc y cua cam bién theo phuong thang

dung, truc x va z nam ngang.
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Tinh gia tri tir goc cam bién
Co6 thé tinh gia tri goc tur gia tri van tdc gbc, hoac gia tdc hodc két hop van tde
goc va gia toc. Ky hiéu gia trj vén tde goc va gia tée doc duoc tir cam bién la:
gyro,, gyro,, gyro,, acc,, acc,, acc, Voi i € {:13, Y, l} (3.32)

va phuong phap tinh gia tri goc nghiéng bang phép tich phan van tdc goc timg truc

duoc thuc hién nhu sau:
dt
angle, _ gyro+= ( gyro, —offset, ) Z

dt
angle, _ gyro+ = ( gyro, — offset, ) I

dt
angle, _ gyro+ = ( qyro, —o ffsetz)E

trong do:

angle, _gyro, angle, _ gyro, angle, _ gyro
1an luot 14 cac gia tri goc nghiéng theo truc z,y, 2 tinh theo vén tdc goc truc z,y,z,

offset,, offset,, offset,
1a cac gia tri calib tir cam bién cho truc z,y,z, d/dt 1a thoi gian 1dy mau ciia mot 1an
doc gia tri cam bién, K 1ado6 nhay cua cam bién (theo datasheet).

Do khi dé yén MPU6050, gia tri cta van toc goc do tir cam bién khac khong
va luon dao dong quanh gia tri ¢ dinh nén ton tai gia tri offset. Dé xac dinh gia tri
offset ta dat MPU nam yén rdi doc va lay trung binh gia tri van tbc goc theo ting
truc. Tuy nhién do céch tinh tich phan nén gia tri goc thuong bi tréi sau khodng thoi
gian du 16n khi ma MPU van nam yén. Boi vay ngudi ta st dung phuong phép tinh

gia tri goc nghiéng theo gia toc nhu sau:

180 acc,
angle, _acc=——arctan ——
4 JJace, +acc;
180 acc,
angle, _acc=——arctan - >
7 acc; +acc;
180 acc? + acc§
angle, _acc=——arctan
T acc

z

trong do:
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angle, _ace, angle, _acce, angle, _acc
1a cac gia tri goc nghiéng theo truc z,y, z tinh theo gia tdc.
Do gié tri goc duoc tinh truc tiép tir gia toc nén hoan toan khong bi tréi, tuy nhién
khi MPU6050 rung lic manh thi gié tri goc tinh dugc s& c6 do qua diéu chinh 16n.
Tir d6 két hop hai phuong phap dé tinh goc nghiéng dé khic phuc duge nhuoc
diém va c6 duogc gia tri goc chinh xac bang cach hiéu chinh lai cong thirc tinh tich

phan vén tdc va sir dung thém b loc dé tinh gia tri géc nghiéng.
dt
angle, _ gyro = ( gyro, —offset, ) I +angle,
dt
angle, _ gyro+ = ( gyro, —offset, ) Z +angle,

dt
angle, _ gyro+ = ( gyro, —offset, ) Z +angle,

180 acc,
angle, _acc=——arctan —
z JJace, +acc;

180 acc,
angle, _acc=——arctan > -
7 acc; +acc;
180 accf + accj
angle, _acc=——arctan
/4 acc

Cong thue sir dung b loc dé tinh goc nghiéng sé& 1a:

angle, = filter,,;, *angle, _ gyro+ (l— filterqam)*anglex _acc

angle, = filter,,,, *angle, _ gyro+ (1— filtergam)*angley _acc

ain

angle, = filter,,,, *angle, _ gyro+ (1— fz’ltergam)*anglez _acc

ain

va hé sb loc filter,,;,, dugc lya chon tir thye nghiém dé c6 gia tri goc nghiéng chinh

xéc nhat.
3.5.6 Truyén thong
Nhiém vu IC2
Str dung phuong thirc truyén théng 12C dé truyén, nhan dir liéu gitra bo diéu
khién vong ngoai, bd diéu khién vong trong va cam bién MPU6050 véi cac thiét b
gom:
1) Master: BDK vong ngoai
2) Slave: 3 BPK vong trong, cam bién MPU6050
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3) Toc do hoat dong I12C: 400 kbit/s
4) Dia chi cac slave:
— BDK 1: 0x61
— BDBK 2: 0x62
— BDK 3: 0x63
— MPUG050: 0x68
5) Dia chi cac slave:
— Diéu khién bus 12C
— Truyén va nhan dir liéu tir vong trong va cam bién
Vai tro ciia BPK vong trong va MPU6050: Hdi dap yéu cau ctia BPK vong
ngoai khi nhan diung dia chi.

So @6 mach giao tiép

cc

SCL
GND

MASTER

Hinh 3.30. So d6 mang truyén thong trong hé théng

3.5.7 Thiét ké mach vong ngoai

B diéu khién vong ngoai c6 nhiém vu doc gid tri gbc va vi tri so sanh véi gia
tri dat va tinh todn ra momen dat cho mach vong trong.

Chu ky diéu khién ciia mach vong ngoai 1a 10ms. Trong mét chu ky diéu
khién, bo diéu khién vong ngoai s€ thyc hién cadc nhiém vu:

- Poc va xur 1y gia tri do goc tir cam bién MPU6050.

- Boc gia tri vi tri tir ba driver di€u khién vong trong.
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- Tinh toan gia tri momen dat cho mach vong trong theo thuét toan cua diéu
khién trugt.

- Truyén cac gia tri mémen tinh dugc téi ba b diéu khién vong trong.

- Luu lai cac gia tri da tinh phuc vu cho vong lap tiép theo.

Gia tri dat vi tri duoc truyén tir may tinh toi bo didu khién vong ngoai qua
phuong thirc UART. Vi diéu khién DSPIC30f4011 hd trg hai giao thirc UART2 va
12C hoat dong doc 14p nén co thé str dung dé giao tiép v6i may tinh va giao tiép véi
cac thiét bi trong hé théng diéu khién mot cach doc 1ap.

3.5.8 Lap trinh
Lap trinh cho mach diéu khién vong trong

Chu ky diéu khién ctia bd diéu khién momen 14 0.1ms duogc thyc hién trong
ngat ciia tin hiéu xung PWM (do tan s6 xung PWM la 20 kHz nén chu ky trich miu
s& 14 1ngat/2xung PWM). Do gi6i han cta thiét bi diéu khién sd, nén thoi gian giai
thuat toan diéu khién dong dién phai v6 cing nho dé c6 thé bé qua anh hudng cia
tré diéu khién:

- Sir dung céac thuat toan don gian dé giam thoi gian tinh toan, b diéu khién
vong trong 13 PI, thanh phan D duoc luge bo dé giam anh hudng cta nhidu do.

- Chi sir dung cac phép toan véi cac sd nguyén va sb thuc diu phay tinh.
DSPIC30f4011 c6 cong cu tbi uu tde do tinh toan cac phép toan nay.

- Han ché str dung céc bién trung gian dé giam bét khdi lugng tinh toan, va sai
s6 khi lam tron. Cac gia tri do va diéu khién s& khong dugc quy d6i vé thir nguyén
thuc (A,V,rpm...) ma van gilr 1a cac gia tri s6 doc tir ADC va encoder, cac hé sb
trong bo diéu khién (Kp Ki,...) s€ can dugc quy do6i twong tng.

- Pat mirc vu tién cao nhét cho chuong trinh diéu khién, cac 1énh lién quan
dén truyén thong ¢ muc thap hon.

Trong ngat truyén thong 12C, khi nhan duoc ky tu két thuc khung dir liéu, vi
xtr ly s€ gidi ma Iénh:

- Néu yéu cau la doc vi tri truc dong co, bd diéu khién vong trong s€ gui gia tri
nay 1én bo diéu khién vong ngoai.

- Néu khung dir liéu 1a gia tri momen dit, bo diéu khién sé& thay doi gia tri dat

trong chu ky diéu khién.
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Ngoai ra, bo diéu khién vong trong ciing dugc lap trinh dé giao tiép véi may
tinh phuc vu cac chirc ning: thay ddi tham sé bo diéu khién, thay doi gia tri dat
bang tay, truyén gia tri mémen truc dong co 1én may tinh.

Lap trinh cho mach diéu khién vong ngoai

Chu ky diéu khién cta bd diéu khién vong ngoai 1 10ms, 16n hon dang ké so
v6i chu ky trich miu ctia b diéu khién vong trong, dugc thuc hién trong ngét cia
bd dinh thoi. Thuat toan xay dung trén co so 1y thuyét 1a trén mién lién tuc, duoc
chuyén sang dang roi rac (bd diéu khién sé).

Bo diéu khién vong ngoai duoc ciu hinh 13 Master trong mang truyén thong
12C, doc thong tin tir cac cam bién va guri gia tri mémen dit cho bo diéu khién vong
trong.

Bo diéu khién giao tiép véi may tinh qua cong UART2, nhan cic yéu cau tir
may tinh: Start, Stop, thay doi gia tri dat vi tri (z,y,1), thay d6i tham s6 diéu khién,
va dong thoi gui gia tri cac bién qua trinh 1én may tinh. Do wu tién cho viéc diéu
khién nén viéc truyén thong tin 1én may tinh dugc thyc hién ngoai ngét, viéc nhan
va xir 1y thong tin tir may tinh dugc thyc hién trong ngit truyén thong nhung co
mirc uu tién thap hon so voi ngat Timer.

Lap trinh giao dién

Giao dién trén may tinh c6 nhiém vu thu thap sé liéu va giri cac thong sd diéu
khién tdi cac b diéu khién thong qua giao thire UART.

Giao dién duoc xdy dung trén nén Matlab GUIL cac ham s& duoc goi khi c6
cac ngét tr nGt nhan, va cd bao nhan duoc ky tu xuéng dong béo két thiic mot
khung dit liéu. Khi nhan dugc mot khung dir liéu tir vi diéu khién, chuong trinh
Matlab s& xtr 1y tach bién, va luu gia tri bién vao trong mang dir liéu dé v& do thi

ddc tinh theo tho1 gian.
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Hinh 3.31. Giao dién GUI diéu khién va thu thap sd liéu

3.5.9 Quy trinh vin hanh ban thi nghiém va két qua

Quy trinh van hanh

Két n61 ba dong co vdi ba bd driver dieu khién va mach do dong sao cho dong

dién qua dong co cung chiéu véi dong dién qua mach do, dau ra mach do dugc noi

v6i chan ADC cua driver tuong tng. Ngudn 5V cip cho mach do dong duoc 14y tir

driver di€u khién dong co.

Hinh 3.32. Hinh anh hé thyc nghi¢m 1
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Hinh 3.33. Hinh anh h¢ thuc nghi¢m 2

Ba bo driver, cam bién do gbc va bd diéu khién vong ngoai dugc ndi chung
vao duong bus 12C dé trao d6i thong tin giira cc thiét bi. Bo dicu khién vong ngoai
duoc ndi véi may tinh qua chuan truyén théng UART dé thu thap sé liéu.

Trén giao dién Matlab, két ni may tinh véi bo dicu khién vong ngoai, truyén
tin hiéu khoi dong hé thong. C6 thé thay ddi truc tiép gia tri dat va vé d thi dic tinh
theo thot gian.

Két qua thi nghiém

Hé can cau treo dugc diéu khién dé dua tai nang td1 mot vi tri xac dinh. Piém
gbc toa do 1a chinh giita ciia médt phang chuyén dong. Khoang cach tir vi tri dich toi
diém xuét phat theo truc z 1a 0.25m, theo truc y 1a 2s. Két qua cho dau ra bam theo
gia tri dat, sai 1éch rat nho khong dang ké. Thoi gian xac 1ap cia quy dao theo truc

2 nho hon 2.5s, theo truc y nho hon 2s, gan nhu khong ton tai d6 qua diéu chinh.

0.25 -

Khoang cach (m)
o
= o
o N
T T
1 1

o
—
T
1

0.05~ Giatridat H
Khoang cach

0 r r r r I L r
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Thoi gian (s)

Hinh 3.34. Toa d6 xa d& nam ngang
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Chiéu dai cap
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Hinh 3.38. Chiéu dai cap
Nhan xét
Hé dieu khién dap ung dwoc yéu cau bai toan diéu khién vi tri, dwa dwoc tdi
trong tir vi tri ddu téi vi tri cudi trong thoi gian ngdn, dé qud diéu chinh nhé. Han
ché & day la khé khan trong khdu ldp rdp cam bién géc nghiéng va két cau co khi

chwa thwe sw chinh xdc khi an khép giiva banh rdang nhwa va thanh truyén lyec.

3.6 Kétluin chwong 3

Véi sy hd tro ciia Bo Cong Thuong thong qua cac dé tai nghién ciru khoa hoc
[8,9,10], Nghién ciru sinh di xay dung duoc ban thi nghiém cau treo 3D nham kiém
chtng bang thuc nghiém cac két qua 1y thuyét cua luan an. Ban thi nghiém ciing da
dugc ghép ndi voi may tinh. Chuong trinh diéu khién cai dat trén may tinh ddi voi
bd diéu khién truot siéu xodn, trong d6 da diéu khién duoc hé cau treo 3D bam theo
duogc gia tri mong mudn nhu yéu cau dit ra.

Nhu vay, ludn an d3 xdy dung duoc mod hinh thi nghiém thyc dé kiém ching
Iy thuyét tai chuong 2, tmg dung trong nganh K§ thuat diéu khién va ty dong hoa
nham dap mg dugc yéu ciu bai toan diéu khién dit ra voi chat lugng diéu khién
kha tdt, cung véi d6 1a luc diéu khién phai han ché hién tugng lién tuc thay d6i vai
tan s6 16n va 1a co s¢ dé ung dung bo diéu khién vao trong thyc tién.

Két qua thi nghiém c6 sai 1éch nho so v&i két qua mo phong 1y thuyét, nguyén

nhan chinh 1a do két cau co khi cia mé hinh c6 sai 1éch trong qué trinh ché tao, lip
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rap. Tuy nhién, né di thé hién duoc dung tinh chat cta b didu khién truot phan hoi
dau ra (bd diéu khién truot siéu xodn) va dam bao theo cac thong sb cia bod diéu
khién truot.

Riéng céc bo diéu khién phan hoi trang thai, gdm bo diéu khién thich nghi ISS
véa bd diéu khién truot bac hai chua thuc hién dugc véi ban thi nghi¢m cAu treo 3D
do con thiéu cac cam bién phan hoi gia tri hanh trinh ctia quy dao bién khdp vé may

tinh (b6 diéu khién).
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KET LUAN, KIEN NGHI VA HUONG NGHIEN CcUU
TIEP THEO

4.1 Kétluan chung
Luan 4n d3 dat dugc nhitng két qua sau day:

1. B0 sung thém duoc tinh thich nghi va bén viing cho bd diéu khién tuyén tinh hoa

tirng phan di c6. Tinh thich nghi bo sung thém cho bd diéu khién nay dugc xay
dung theo nguyén 1y gia dinh rd (certainty equivalence). Tinh bén vimg dugc bd
sung nho nguyén 1y diéu khién ISS (input to state stable). Két qua da dugc luan
an phat biéu dué6i dang dinh 1y 1 & chuong 2.
Bo diéu khién ISS nay c6 uu diém la dong thoi xir Iy duoc ca tin hiéu nhidu
n(g,t) co 14an trong tin hiéu diéu khién & dau vao, vira xir Iy duoc sai I¢ch mo
hinh dudi dang cac thanh phan tham sé hang bat dinh. Nhuoc diém ciia n6 1a do
day 1a bo diéu khién phan hoi trang thai ¢, ¢, do dé no can phai c6 cac cam bién
do vi tri va van tdc cua tat ca cac bién khép trong h¢, nén h¢ nao théa man diéu
kién trén s€ sur dung duoc bo diéu khién nay.

2. Hoan thién duoc phuong phap diéu khién truot bac hai v6i bo diéu khién (2.44),
(2.45) va (2.46) cho hé thiéu co cau chap noi chung. Pong thoi ludn an cling da:
— BO sung dinh Iy 2 & chuong 2 dé khang dinh rang bo diéu khién d6 da dua

duoc hé vé mit trugt sau mot khoang thoi gian hiru han.

— B0 sung thém duoc diéu kién (2.52) dé hé sai léch trugt dugc trén mit truot
vé 0. Piéu kién nay cling da dugc luan an trién khai mot cach chi tiét thanh
diéu kién (3.15) vé cac tham s bd diéu khién khi 4p dung cho hé cau treo 3D.

Bén canh hién twong rung, bo diéu khién truot bac cao tuy réng chi xur 1y duoc

nhiéu n(g,t) dau vao, song vé co ban s& khong anh hudng nhiéu kha ning g

dung cua no, vi ddi véi tat ca cac hé ¢o sai 1éch mo hinh chi ndm & thanh phﬁn

hé con du co cau chép hanh, thanh phﬁn sai I¢ch mo hinh nay luén chuyén duoc
vé dang sai léch cua tin hiéu dau vao, tic 13 khi d6 no lai duoc xem nhu thanh
nhidu c6 1an trong tin hiéu diéu khién, nén hé nao thoa man diéu kién trén s& st

dung dugc bo dicu khién nay.
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Riéng voi ddi tuong EL thiéu co ciu chép hanh cu thé 1a hé cau treo 3D, luan 4n
cling d3 x4y dung duoc bd diéu khién truot siéu xodn (3.30) ¢ chuong 3 1am viée
theo nguyén tic phan hoi dau ra. Pong thoi ciing da chi ra duoc ¢ cong thic
(3.31) rang v&i b didu khién truot siéu xodn nay s& dwa hé vé mit truot sau mot
khoang thoi gian hitu han.

Lu4n 4n ciing d3 x4y dung duoc ban thi nghiém vé hé cau treo 3D, ghép ndi ban
thi nghiém voi may tinh va thir nghiém duoc chét luong ciia bo dicu khién truot
siéu x0dn ndy trong moi trudng thuc té.

Kién nghi va hwéng nghién citu tiép theo

Mot s6 van dé phat sinh trong qua trinh thie hién dé tai ma luin an chwa hoan

thién duogc, s€ dugc Nghién ctru sinh xem nhu 1a cac bai todn can nghién ctru ti€p

theo ctia minh trong twong lai. D¢ 1a:

1.

Déi v6i cac hé EL thiéu co cau chap hanh ¢ hé con (2.20) khong ty 6n dinh can
xay dung diéu kién du cho viéc lya chon vector tham sb d cua bo diéu khién
thich nghi ISS ma tng véi nd hé con ty do (2.20) tuong g s& 6n dinh tiém can
khi ma hé con nay, v6i dang twong dwong (1.22), khong thoa mén diéu kién da
duogc trinh bay ¢ muc 1.1.2, trich tir tai liéu [36].

Trong qua trinh x4y dung ban thi nghiém cau treo 3D, mic du da c¢6 cam bién do
goc du chinh xac, tuy nhién dé mo hinh gon hon ma van dam bao du chinh xac,
nghién ctru sinh da dit ra nhiém vu xay dung bd thuit toan quan sat goc lic
@,, ¢, tu gia tri do duogc cua quy dao bién khép q va téc do clia nd ¢ thay cho

cac cam bién goc, song chua lam dugc.
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PHU LUC

Phu luc 1: M6 hinh déi twwong cau treo

function dgq ddgq = crane3D(F,q dgq,mb,ml,mt,mc,br,bt,bb,qg)

$%Definition

%mb: mass of bridge

%ml: mass hoist mechanism
gmt: mass of trolley

tmc: mass of cargo

%br,bt,bb: friction of cargo hoisting, trolley, and bridge

%dg ddg init:

dg ddg=zeros (10,1);

%U: vector of input (size 5x1)
U=[F;0;0];

%g: vector of state space
z=q_dqg(1l);

x=q_dq(2);

1=g_dq(3);

phi=q_dq(4);

theta=q dqg(5);
g=[z;x;1l;phi;thetal;

%dg: derivation of g
dz=qg_dq(6) ;

dx=qg_dqg(7);

dl=g_dq(8);

dphi=q_dqg(9);

dtheta=q dq(10);
dg=[dz;dx;dl;dphi;dthetal;
%M: mass matrix

mll=mt+mb+mc;
ml3=mc*sin (phi) *cos (theta) ;
ml4=mc*1l*cos (phi) *cos (theta) ;
ml5=-mc*1*sin(phi) *sin (theta);
m22=mt+mc;

m23=mc*sin (theta) ;
m25=mc*1*cos (theta) ;

m31=ml3;
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m32=mc*sin (theta);
m33=ml+mc;
m4l=ml4;
md4=mc*1*1*cos (theta) *cos (theta);
m51=ml5;
m52=m25;
mb55=mc*1*1;
M=[mll,0,ml13,ml4,ml5;
0,m22,m23,0,m25;
m31,m32,m33,0,0;
m41,0,0,m44,0;
m51,m52,0,0,m55];
%C: Criolis and centrifugal matrix
cl3=mc*cos (phi) *cos (theta) *dphi-mc*sin (phi) *sin (theta) *dtheta;
cl4=mc*cos (phi) *cos (theta) *dl-mc*1*cos (phi) *sin (theta) *dtheta-
mc*1*sin (phi) *cos (theta) *dphi;
cl5=-mc*1*cos (phi) *sin (theta) *dphi-mc*sin (phi) *sin (theta) *d1l-
mc*1*sin (phi) *cos (theta) *dtheta;
c23=mc*cos (theta) *dtheta;
c25=mc*cos (theta) *dl-mc*1*sin (theta) *dtheta;
c34=-mc*1*cos (theta) *cos (theta) *dphi;
c35=-mc*1l*dtheta;
c43=mc*1l*cos (theta) *cos (theta) *dphi;
c44=mc*1l*cos (theta) *cos (theta) *dl-mc*1*1*cos (theta) *sin (theta) *dtheta;
c45=-mc*1*1*cos (theta) *sin (theta) *dphi;
c53=mc*1l*dtheta;
cb54=mc*1*1*cos (theta) *sin (theta) *dphi;
c55=mc*1*dl;
C=[0,0,cl13,cl4,cl5;
0,0,c23,0,c25;
0,0,0,c34,c35;
0,0,cd43,cd4,c45;
0,0,c53,c54,c55];

oe
(os]

damping cefficient matrix
B=[bb,0,0,0,0;

0,bt,0,0,0;

0,0,br,0,0;

0,0,0,0,0;

0,0,0,0,01;
%G: gravity matrix

g3=-mc*g*cos (phi) *cos (theta) ;
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g4=mc*g*1l*sin (phi) *cos (theta) ;
gb=mc*g*1l*cos (phi) *sin (theta);
G=[0;0;93;94;95];

%ddg: derivation of dg
ddg=inv (M) * (U-B*dg-C*dqg-G) ;
dg_ddg=[dg;ddq];

end

Phu luc 2: Bd diéu khién trwot siéu xoan

function [s,F,dw] =
Controller SMC(q ref,dq ref,q dgq,mb,ml,mt,mc,br,bt,bb,g,lamda, anpha, k,w
/1 C)

%%Definition

gmb: mass of bridge

%ml: mass hoist mechanism
smt: mass of trolley

gmc: mass of cargo
$br,bt,bb: friction of cargo hoisting, trolley, and bridge
gw: part of F

%F: vector of control forces (size 3x1)
F=zeros(3,1);

%q_ref: trafectory

gl ref=q ref;

dql ref=dq ref;

%g: vector of state space
z=q_dqg(l);

x=q_dq(2);

1=g_dq(3);

phi=qg dg(4):;

theta=q dqg(5);
$g=[z;x;1;phi;thetal;
ql=[z;x;1];

g2=[phi;thetal;

%dg: derivation of g
dz=g_dqg(6) ;

dx=q_dq(7) ;

dl=q_dq(8);

dphi=q_dqg(9);

dtheta=q dq(10);
%dg=[dz;dx;dl;dphi;dthetal;
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dgl=[dz;dx;dl];
dg2=[dphi;dthetal;
$M: mass matrix

mll

mt + mb + mc;

ml3 = mc*sin(phi) *cos (theta);
ml4 = mc*l*cos (phi) *cos (theta);
ml5 = -mc*l*sin(phi) *sin(theta);
m22 = mt + mc;

m23 = mc*sin(theta);

m25 = mc*l*cos (theta);

m33 = ml + mc;

m44 = mc* (l*cos (theta))"2;

m55 = mc*1*1;

oe

M = [ mll , 0 , ml3 , mld , ml5 ;
0 , m22 , m23 , 0 , m25 ;
ml3 , m23 , m33 , 0 , 0 ;

e oo

o

ml4d , 0 , 0 , m44 , 0 ;
ml5 , m25 , 0 , 0 , m55 ; 1;
[ mll , 0 , ml3 ;
0 , m22 , m23 ;
ml3 , m23 , m33 1;

oe

M11

M12 = [ ml4 , ml5 ;
0 , m25 ;
0 , 0 1:
M12';

M21

M22 [ m44d , 0 ;
0 , m55 ];
% Damping coefficient matrix B [5x5]
B = [ bb , 0 , 0 ’ 0 ’

’ bt ’ 0 ’

oe

o\°

o\°

o\°
(@) O O O
~
O
~
o
=
~
(@) O O O
~
(@) O O O (@)
~

oe

B1l = diag([bb,bt,br]);

% Coriolis and centrifugal matrix C(qg,dq) [5x5]

cl3 = mc*cos (phi) *cos (theta) *dphi-mc*sin (phi) *sin (theta) *dtheta;
cl4 = mc*cos (phi) *cos (theta) *dl-mc*1l*cos (phi) *sin (theta) *dtheta-
mc*1*sin (phi) *cos (theta) *dphi;

cl5 = -mc*l*cos (phi) *sin(theta) *dphi-mc*sin (phi) *sin (theta) *d1l-
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mc*1*sin (phi) *cos (theta) *dtheta;

c23 = mc*cos (theta) *dtheta;

c25 = mc*cos (theta) *dl-mc*1*sin(theta) *dtheta;
c34 = -mc*l*cos(theta) *cos (theta) *dphi;

c35 = -mc*l*dtheta;

c43 = mc*l*cos(theta) *cos (theta) *dphi;

c44 = mc*l*cos(theta) *cos (theta) *dl-

mc*l*1l*cos (theta) *sin (theta) *dtheta;

c45 = -mc*1*1*cos (theta)*sin(theta) *dphi;
c53 = mc*1l*dtheta;
c54 = mc*l*1l*cos (theta)*sin(theta) *dphi;

c55 = mc*1*dl;

% 0 , 0 , c23 , 0 , c25 ;
% , 0 , 0 , c34 , c35 ;
% 0 , 0 , c43 , c44 , c4d5 ;
% 0 , 0 , ch3 , ch4 , ch5 ;
Cli1 = [ O , 0 , cl3 ;

0 , 0 , c23 ;

0 , 0 ’ 0 1;
Cl2 = [ cl4 , cl5 ;

0 , c25 ;

c34 , c35 1;
c21 =10 , 0 , c43 ;

0 , 0 , c53 1;
C22 = [ c44 , c45 ;

cb54 , c55 13
% G: gravity matrix
g3 = -mc*g*cos (phi) *cos (theta);
g4 = mc*g*l*sin(phi) *cos (theta);

g5 = mc*g*l*cos (phi) *sin (theta);

Gl

[0;07931;

G2z = [g4;95];

%Ma tran thay the
M=M11-M12*inv (M22)*M21;
Cl=B1l1+Cl1-M12*inv (M22) *C21;
C2=Cl2-M12*inv (M22) *C22;
G=G1l-M12*inv (M22) *G2;
%$5liding surface

s = (dgl-dgl ref) + c*(gl-gl ref) - k*g2;
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Q

% Control signal

if (norm(s)<0.001)daus=zeros(3,1);
else daus=sign(s);

end
Usw=-lamda*sqgrt (abs(s)) . *daus+w;
dw=-anpha*daus;

if (abs (Usw(1l))>20)Usw(1l)=10;end
if (abs (Usw(2))>20)Usw (2)=10;end
if (abs (Usw(3))>20)Usw(3)=10;end
F=Usw;
%$F=-16,0,0;0,6,0;0,0,6]*sign(s);
5dw=[0;0;01];

end

Phu luc 3: Giao dién may tinh va bo diéu khién vong ngoai

function varargout = tutdchuto(varargin)

% TUT4CHUTO MATLAB code for tuté4chuto.fig

% TUT4CHUTO, by itself, creates a new TUT4CHUTO or raises the
existing

% singleton*.

% H = TUT4CHUTO returns the handle to a new TUT4CHUTO or the
handle to

% the existing singleton*.

% TUT4CHUTO ('CALLBACK',hObject,eventData, handles, ...) calls the
local

% function named CALLBACK in TUT4CHUTO.M with the given input
arguments.

% TUT4CHUTO ('Property', 'Value',...) creates a new TUT4CHUTO or

raises the
% existing singleton*. Starting from the left, property value

pairs are

% applied to the GUI before tutd4chuto OpeningFcn gets called. An
% unrecognized property name or invalid value makes property
application

oe

stop. All inputs are passed to tutd4chuto OpeningFcn via

varargin.

o
°
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oe

*See GUI Options on GUIDE's Tools menu. Choose "GUI allows only

one

o\

instance to run (singleton)".

o

o

See also: GUIDE, GUIDATA, GUIHANDLES

o

Edit the above text to modify the response to help tuté4chuto

o\

Last Modified by GUIDE v2.5 23-Sep-2015 22:30:20

% Begin initialization code - DO NOT EDIT

gui Singleton = 1;

gui State = struct('gui Name', mfilename,
'gui Singleton', gui Singleton,
'gui OpeningFcn', @tutd4chuto OpeningFcn,
'gui OutputFcn', @tutd4chuto OutputFcn,
'gui LayoutFcn', 1,
'gui Callback', (1

if nargin && ischar (varargin{l})

gui State.gui Callback = str2func(varargin{l});

end

if nargout

[varargout{l:nargout}] = gui mainfcn(gui State, varargin{:});
else

gui mainfcn(gui State, varargin{:});
end

$ End initialization code - DO NOT EDIT

% —-—-—- Executes just before tutd4chuto is made visible.

function tut4chuto OpeningFcn (hObject, eventdata, handles, varargin)
% This function has no output args, see OutputFcn.

% hObject handle to figure

% eventdata reserved - to be defined in a future version of MATLAB

o\°

handles structure with handles and user data (see GUIDATA)

oe

varargin command line arguments to tut4chuto (see VARARGIN)

oe

Choose default command line output for tut4chuto
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handles.output = hObject;

IsConnect = 0; % 1 = Connect,0 = Disconnect
%$Declare global variable
handles.status com = IsConnect;
handles.adc=0;

% Update handles structure
global adc adcl;

global i il;

global p u err p0 err pl;
global x ref y ref
adc=zeros (1,7);

p_u=0;

err p0=0;

err pl=0;

i=1;

il1=1;

x ref=0;

y _ref=0;

global nhans;

global nhansl;

nhans=0;

nhansl1=0;

global time;

time=0;

guidata (hObject, handles);

o\°

UIWAIT makes tutd4chuto wait for user response (see UIRESUME)

% uiwait (handles.figurel);

oe

-—-— Outputs from this function are returned to the command line.
function varargout = tut4chuto OutputFcn (hObject, eventdata, handles)
% varargout cell array for returning output args (see VARARGOUT) ;

% hObject handle to figure

% eventdata reserved - to be defined in a future version of MATLAB

% handles structure with handles and user data (see GUIDATA)

% Get default command line output from handles structure

varargout{l} = handles.output;
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%

--—- Executes on selection change in pComPort.

function pComPort Callback (hObject, eventdata, handles)

o° o

o\

%

hObject handle to pComPort (see GCBO)
eventdata reserved - to be defined in a future version of MATLAB

handles structure with handles and user data (see GUIDATA)

Hints: contents = cellstr (get (hObject, 'String')) returns pComPort

contents as cell array

o
°

contents{get (hObject, 'Value')} returns selected item from

pComPort

%

--—- Executes during object creation, after setting all properties.

function pComPort CreateFcn (hObject, eventdata, handles)

% hObject handle to pComPort (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns
called

o

°

oe

Hint: popupmenu controls usually have a white background on Windows.

See ISPC and COMPUTER.

if ispc && isequal (get (hObject, 'BackgroundColor'),

get (0, 'defaultUicontrolBackgroundColor'))

set (hObject, 'BackgroundColor', 'white');

end

o
°

--- Executes on selection change in pBaudRate.

function pBaudRate Callback (hObject, eventdata, handles)

o o

oe

oe

hObject handle to pBaudRate (see GCBO)
eventdata reserved - to be defined in a future version of MATLAB

handles structure with handles and user data (see GUIDATA)

Hints: contents = cellstr(get (hObject, 'String')) returns pBaudRate

contents as cell array

o
°

contents{get (hObject, 'Value')} returns selected item from
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pBaudRate

% —--—- Executes during object creation, after setting all properties.
function pBaudRate CreateFcn (hObject, eventdata, handles)

% hObject handle to pBaudRate (see GCBRO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns

called

[

% Hint: popupmenu controls usually have a white background on Windows.

o

See ISPC and COMPUTER.

if ispc && isequal (get (hObject, 'BackgroundColor'),
get (0, 'defaultUicontrolBackgroundColor'))

set (hObject, "BackgroundColor', 'white');

end

% —--—- Executes on selection change in pDataBit.

function pDataBit Callback (hObject, eventdata, handles)

% hObject handle to pDataBit (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATAR)

% Hints: contents = cellstr(get (hObject, 'String')) returns pDataBit

contents as cell array

% contents{get (hObject, 'Value')} returns selected item from
pDataBit
% —--- Executes during object creation, after setting all properties.

function pDataBit CreateFcn (hObject, eventdata, handles)

o\

hObject handle to pDataBit (see GCBO)

oe

eventdata reserved - to be defined in a future version of MATLAB

oe

handles empty - handles not created until after all CreateFcns

called

o)

% Hint: popupmenu controls usually have a white background on Windows.

o\°

See ISPC and COMPUTER.
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if ispc && isequal (get (hObject, 'BackgroundColor'),
get (0, 'defaultUicontrolBackgroundColor'))
set (hObject, "BackgroundColor', 'white');

end

% —--- Executes on selection change in pParityBit.

function pParityBit Callback (hObject, eventdata, handles)

function pParityBit CreateFcn (hObject, eventdata, handles)

if ispc && isequal (get (hObject, 'BackgroundColor'),
get (0, '"defaultUicontrolBackgroundColor'))
set (hObject, 'BackgroundColor', 'white');

end

% —--- Executes on selection change in pStopBit.

function pStopBit Callback (hObject, eventdata, handles)

function pStopBit CreateFcn (hObject, eventdata, handles)

if ispc && isequal (get (hObject, 'BackgroundColor'),
get (0, 'defaultUicontrolBackgroundColor'))
set (hObject, "BackgroundColor', 'white');

end

function eReceiver Callback (hObject, eventdata, handles)

function eReceiver CreateFcn (hObject, eventdata, handles)

if ispc && isequal (get (hObject, 'BackgroundColor'),
get (0, 'defaultUicontrolBackgroundColor'))
set (hObject, 'BackgroundColor', 'white') ;

end
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% —--—- Executes on button press in bClearRX.

function bClearRX Callback (hObject, eventdata, handles)
set (handles.eReceiver, 'String','");

% —--—- Executes on button press in bClearTX.

function bClearTX Callback (hObject, eventdata, handles)

% hObject handle to bClearTX (see GCBO)
% eventdata reserved - to be defined in a future version of MATLARB
$ handles structure with handles and user data (see GUIDATA)

set (handles.eTransmitter, 'String', ''");

function eStatusConnect Callback (hObject, eventdata, handles)

function eStatusConnect CreateFcn (hObject, eventdata, handles)

if ispc && isequal (get (hObject, 'BackgroundColor'),
get (0, 'defaultUicontrolBackgroundColor'))
set (hObject, 'BackgroundColor', 'white');

end

function eTranferStatus_ Callback (hObject, eventdata, handles)

function eTranferStatus_ CreateFcn (hObject, eventdata, handles)

if ispc && isequal (get (hObject, 'BackgroundColor'),
get (0, '"defaultUicontrolBackgroundColor'))
set (hObject, 'BackgroundColor', 'white') ;

end

function eRecordName Callback (hObject, eventdata, handles)

function eRecordName CreateFcn (hObject, eventdata, handles)
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if ispc && isequal (get (hObject, 'BackgroundColor'),
get (0, 'defaultUicontrolBackgroundColor'))
set (hObject, 'BackgroundColor', 'white');

end

function eTransmitter Callback (hObject, eventdata, handles)

function eTransmitter CreateFcn (hObject, eventdata, handles)

if ispc && isequal (get (hObject, 'BackgroundColor'),
get (0, 'defaultUicontrolBackgroundColor'))
set (hObject, 'BackgroundColor', 'white');

end

% —--—- Executes on button press in bConnect.

function bConnect Callback (hObject, eventdata, handles)

global i;

global adc adcl;

global s;

global sl;

IsConnect = handles.status com;

if (IsConnect == 0),
IsConnect = 1;
s = serial (get stringPopup (handles.pComPort)) ;
s.BaudRate = get doublePopup (handles.pBaudRate) ;
s.DataBits = get doublePopup (handles.pDataBit);
s.Parity = get stringPopup (handles.pParityBit);
s.StopBit = get doublePopup (handles.pStopBit) ;
s.BytesAvailableFcnCount = 4;
s.BytesAvailableFcnMode = 'terminator';
s.BytesAvailableFcn = @BytesAvailable Callback;
s.OutputEmptyFcn = @OutputEmpty Callback;
s.BreakInterruptFcn = @BreakInterrupt Callback;
s.ErrorFcn = @Error_ Callback;

s.PinStatusFcn = @PinStatus Callback;




125

s.BreakInterruptFcn = @BreakInterrupt Callback;

%s.TimerPeriod = 1;
s.TimerFcn = @Timer Callback;
fopen(s);

sl = serial(get stringPopup (handles.pComPortl)) ;
sl.BaudRate = get doublePopup (handles.pBaudRate) ;
sl.DataBits = get doublePopup (handles.pDataBit) ;
sl.Parity = get stringPopup (handles.pParityBit);

sl.StopBit get doublePopup (handles.pStopBit) ;
sl.BytesAvailableFcnCount = 4;
sl.BytesAvailableFcnMode = 'terminator';
sl.BytesAvailableFcn = @BytesAvailablel Callback;
sl.OutputEmptyFcn = @OutputEmptyl Callback;
sl.BreakInterruptFcn = @BreakInterruptl Callback;
sl.ErrorFcn = QErrorl Callback;

sl.PinStatusFcn = @PinStatusl Callback;
sl.BreakInterruptFcn=@BreakInterruptl Callback;
%$sl.TimerPeriod = 0.1;

sl.TimerFcn = @Timerl Callback;

fopen (sl);

temp s.status;
templ= sl.status;
if ((temp == 'open') & (templ=='open')),
set (handles.bConnect, 'String', 'Disconnect') ;
set (handles.eStatusConnect, 'String', 'Connected') ;
set (handles.pComPort, "Enable', 'off'");
set (handles.pComPortl, 'Enable', 'off');
set (handles.pBaudRate, 'Enable', 'off');
set (handles.pDataBit, 'Enable', 'off');
set (handles.pStopBit, 'Enable', 'off'");
set (handles.pParityBit, 'Enable', 'off');
set (handles.eRecordName, 'Enable', 'off'");

else

set (handles.eStatusConnect, 'String', 'A Problem occour..

end;
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else
%$s=handles.com;
set (handles.bConnect, 'String', 'Connect');
set (handles.eTranferStatus, 'String','");
IsConnect = 0;
set (handles.eStatusConnect, 'String', 'Disconnected’) ;
record (s, 'off'");
record(sl, 'off');
%$s=handles.com;
save ('data.mat', 'adc') ;
save ('datal.mat', "adcl');
fclose(s);
fclose(sl);
delete (s);
delete(sl);
set (handles.pComPort, "Enable', 'on'") ;
set (handles.pComPortl, 'Enable', 'on');
set (handles.pBaudRate, 'Enable', 'on');
set (handles.pDataBit, 'Enable', 'on');
set (handles.pStopBit, "Enable', 'on'");
set (handles.pParityBit, 'Enable', 'on');

set (handles.eRecordName, "Enable', 'on');

oe

%$%%clearvars global adc ;
end

global hand;

hand = handles;

handles.file=get (handles.eRecordName, 'String');
handles.com = s;
handles.status com = IsConnect;

guidata (hObject, handles);

function BytesAvailable Callback(obj,event)
global hand;
global adc;
global 1i;
ind = fscanf (obj);
dau=1;

a(l)='0";
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for k=1l:length (ind)
if ((ind(k)>='0")&& (ind(k)<='9"))
a(z)=ind (k) ;
z=z+1;
end;

switch ind (k)

case '+'
dau=1;
case '-'
dau=-1;
end;
if(ind(k)==" ")
z=1;

adc (i, m)=dau*str2num(a) ;
dau=1;
m=m+1;
clear a;
a(l)y='1";
end;
if (k==length(ind))
adc (i, m)=dau*str2num(a) ;
end;
end;
% evalin('base', ['plot(adc(:,2),adc(:,1),adc(:,2),adc(:,3))"'1);
% plot(adc(:,2),adc(:,1),adc(:,2),adc(:,3))
set (hand.eReceiver, 'String',ind) ;
i=i+1;
% {
global nhans
nhans=1;
if (nhansl)
controlvongtron () ;
end;

}

o\°

function BytesAvailablel Callback (obj,event)
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global adcl;
global hand;
global il;

ind = fscanf (obj);

dau=1;

for k=l:length (ind)
if ((ind(k)>='0")&& (ind (k)<="9"))
a(z)=ind (k) ;
z=z+1;
end;

switch ind (k)

case '+'
dau=1;
case '-'
dau=-1;
end;
if(ind(k)==" ")
z=1;

adcl (i1, m)=dau*str2num(a) ;
dau=1;
m=m+1;
clear a;
a(l)='0";
end;
if (k==length(ind))
adcl (i1, m)=dau*str2num(a) ;
end;
end;
% evalin('base', ['plot(adc(:,2),adc(:,1),adc(:,2),adc(:,3))"'1);
% plot(adc(:,2),adc(:,1),adc(:,2),adc(:,3))
%set (hand.eReceiver, 'String', ind) ;
% if (mod(il,100)==0)
% plot(adc(:,1),adc(:,3));
% end;
i1=i1+1;
% control();

o)

% global nhansl nhans
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% nhansl=1;
% control();
% i1f (nhans) controlvongtron();

%end

% 1if (adc(:,1)>20) fprintf (handles.com,)

%Specify the M-file callback function to execute when the output buffer
is empty
function OutputEmpty Callback (obj,event)

global hand;

function OutputEmptyl Callback(obj,event)

global hand;

$Specify the M-file callback function to execute when an error event
occurs
function Error Callback (obj,event)

global hand;

set (hand.eTranferStatus, 'Send Fail');

function Errorl Callback(obj,event)

global hand;

set (hand.eTranferStatus, 'Send Fail');

%Specify the M-file callback function to execute when the CD, CTS, DSR,
or
%RI pins change state
function PinStatus_ Callback (obj,event)
global hand;
function PinStatusl Callback (obj,event)
global hand;
%Specify the M-file callback function to execute
$when a predefined period of time passes
function Timer Callback (obj,event)
5 {
global s;
fprintf (s, num2str ('BZE")) ;
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oe
-

function Timerl Callback (obj,event)

{

o

global sl;
fprintf(sl, 'BZE");
}

% —--—- Executes on button press in bExit.

o

function bExit Callback (hObject, eventdata, handles)
global s
global adc adcl
IsConnect = handles.status com;
user response = modaldlg('Title','Exit tutd'");

switch lower (user response)

case no

% do nothing
case 'yes'
if (IsConnect == 1)
%s = handles.com;
save('data.mat', 'adc');
save ('datal.mat', "adcl');
fclose(s);
clear s;
end;
close (tut4chuto);
clear all;

end

function bSend Callback (hObject, eventdata, handles)
global s;

IsConnect = handles.status com;

%s = handles.com;

if (IsConnect == 1)
set (handles.eTranferStatus, 'String', 'Sending... ");
strTX = get (handles.eTransmitter, 'String');
fprintf (s, strTX);
set (handles.eTranferStatus, 'String', 'Success ');

end

%$handles.com = s;
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guidata (hObject, handles) ;

function stringPopup = get stringPopup (hObject,handles)
val = get (hObject, 'Value');

str = get (hObject, 'String');
stringPopup = str{val}; % convert from cell array

Q

% to string

% Function to
function doublePopup = get doublePopup (hObject, handles)
val = get (hObject, 'Value');

str get (hObject, 'String');
string = str{val};

doublePopup = str2double (string);

% —-—-- Executes on button press in button ClearTX.
% —--—- Executes during object deletion, before destroying properties.

function figurel DeleteFcn (hObject, eventdata, handles)

% hObject handle to figurel (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

global adc adcl

IsConnect = handles.status com;

if (IsConnect == 1),
%$s = handles.com;

record (s, 'off")
save ('data.mat', 'adc');
save ('datal.mat', "adcl');
fclose(s);
delete(s);
clear s;

end

delete (hObject) ;

% —--—- Executes when user attempts to close figurel.

function figurel CloseRequestFcn (hObject, eventdata, handles)
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% hObject handle to figurel (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
$ handles structure with handles and user data (see GUIDATA)
global adc adcl;

IsConnect = handles.status com;

if (IsConnect == 1),
%s = handles.com;

save ('data.mat', 'adc');

save ('datal.mat', "adcl');

fclose(s);

delete(s);

clear s;
end
% Hint: delete (hObject) closes the figure
delete (hObject) ;

% —--- Executes during object creation, after setting all properties.
$empty - handles not created until after all CreateFcns called
% ——-—- Executes on selection change in pComPortl.

function pComPortl Callback (hObject, eventdata, handles)

o\°

hObject handle to pComPortl (see GCBO)

o\°

eventdata reserved - to be defined in a future version of MATLAB

oe

handles structure with handles and user data (see GUIDATA)

% Hints: contents = cellstr(get (hObject, 'String')) returns pComPortl

contents as cell array

% contents{get (hObject, 'Value')} returns selected item from
pComPortl
% —--- Executes during object creation, after setting all properties.

function pComPortl CreateFcn (hObject, eventdata, handles)

o\°

hObject handle to pComPortl (see GCBO)

eventdata reserved - to be defined in a future version of MATLAB

o\°

Q

% handles empty - handles not created until after all CreateFcns
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called

% Hint: popupmenu controls usually have a white background on Windows.

o\

See ISPC and COMPUTER.

if ispc && isequal (get (hObject, 'BackgroundColor'),
get (0, 'defaultUicontrolBackgroundColor'))

set (hObject, 'BackgroundColor', 'white');

end
% —--—- Executes on key press with focus on pcomportl and none of its
controls.

function pComPortl KeyPressFcn(~, eventdata, handles)
% hObject handle to pcomportl (see GCBO)

% eventdata structure with the following fields (see

MATLAB.UI.CONTROL.UICONTROL)

oe

Key: name of the key that was pressed, in lower case

o

Character: character interpretation of the key(s) that was pressed

% Modifier: name(s) of the modifier key(s) (i.e., control, shift)
pressed
$ handles structure with handles and user data (see GUIDATA)

function text x Callback (hObject, eventdata, handles)
% hObject handle to text x (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB

oe

handles structure with handles and user data (see GUIDATAR)

oe

Hints: get (hObject, 'String') returns contents of text x as text

% str2double (get (hObject, 'String')) returns contents of text x
as a double

function text y Callback(hObject, eventdata, handles)

% hObject handle to text x (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB

% handles structure with handles and user data (see GUIDATA)

o\°

Hints: get (hObject, 'String') returns contents of text x as text
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% str2double (get (hObject, 'String')) returns contents of text x

as a double

% —--- Executes during object creation, after setting all properties.
function text x CreateFcn (hObject, eventdata, handles)
% hObject handle to text x (see GCBO)

o)

% eventdata reserved - to be defined in a future version of MATLABR

% handles empty - handles not created until after all CreateFcns

called

o)

% Hint: edit controls usually have a white background on Windows.
% See ISPC and COMPUTER.
if ispc && isequal (get (hObject, 'BackgroundColor'),
get (0, 'defaultUicontrolBackgroundColor'))
set (hObject, "BackgroundColor', 'white');
end

% —--- Executes during object creation, after setting all properties.

function text y CreateFcn (hObject, eventdata, handles)

% hObject handle to text y (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns
called

o)

% Hint: edit controls usually have a white background on Windows.

oe

See ISPC and COMPUTER.

if ispc && isequal (get (hObject, 'BackgroundColor'),
get (0, 'defaultUicontrolBackgroundColor'))

set (hObject, 'BackgroundColor', 'white');

end

% —--- Executes on button press in bx.

function bx Callback (hObject, eventdata, handles)

o\°

hObject handle to bx (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB

oe

handles structure with handles and user data (see GUIDATA)

%$s = handles.com;
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global hand
global s
x ref = get(handles.text x,'String');
if (x_ref(l)~='-")
X gui=strcat ('Bl+',x ref,'E');
else
X gul = strcat('Bl',x ref,'E");
end
fprintf(s,x _gui);
set (hand.eTransmitter, 'String',x gui);

%$handles.com = s;

% —--—- Executes on button press in bxy.

function by Callback (hObject, eventdata, handles)

oe

hObject handle to by (see GCBO)

eventdata reserved - to be defined in a future version of MATLAB

o

handles structure with handles and user data (see GUIDATA)

o

global hand
global s
y_ref =get (handles.text y, 'String');
if (y ref(l)~='-")
y _gui = strcat('B2+',y ref,'E");
else

y_gui = strcat('B2',y ref,'E');
end
fprintf(s,y gui);

set (hand.eTransmitter, 'String',y gui);

function control()

global sl s

global x ref

global p u err pO0 err pl

global adc i adcl il

global hand

err pO=err pl;

err pl=x ref-adcl(il-1,1);
p_u=(p_uterr pl*0.3754-err p0*0.3700);

if (p_u>2800) p u=2800;

end
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if (p_u<-2800)p u=-2800;

end

if (p_u<0)
dienap gui=strcat ('Bu',num2str(p_u),'E");
else

dienap gui=strcat('Bu+',num2str(p u),'E');

end

tic;

fprintf(sl, '%d',1234567);

toc

o)

% set (hand.eTransmitter, 'String',dienap gui);

$function controlvongtron ()
% —--—- Executes on button press in bPloty.

function bPloty Callback (hObject, eventdata, handles)

o

hObject handle to bPloty (see GCBO)

o

eventdata reserved - to be defined in a future version of MATLAB

oe

handles structure with handles and user data (see GUIDATAR)
global adc;
plot(adc(:,1),adc(:,5),adc(:,1),adc(:,6));

% —--—- Executes on button press in bPlotx.

function bPlotx Callback (hObject, eventdata, handles)

% hObject handle to bPlotx (see GCBO)
% eventdata reserved - to be defined in a future version of MATLABR
% handles structure with handles and user data (see GUIDATA)

global adc;
plot(adc(:,1),adc(:,2),adc(:,1),adc(:,3));

% —--—- Executes on button press in bsendy.

function bsendy Callback (hObject, eventdata, handles)

o\

hObject handle to bsendy (see GCBO)

eventdata reserved - to be defined in a future version of MATLAB

o\

o\°

handles structure with handles and user data (see GUIDATA)
global s;

IsConnect = handles.status com;

global sl

%s = handles.com;
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if (IsConnect == 1)
set (handles.eTranferStatus, 'String', 'Sending... ");
strTX = get (handles.eTransmitter, 'String');
fprintf (sl,strTX);
set (handles.eTranferStatus, 'String', 'Success ');
end
%handles.com = s;

guidata (hObject, handles) ;

% —--- Executes on button press in bplotxy.

function bplotxy Callback (hObject, eventdata, handles)

% hObject handle to bplotxy (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
$ handles structure with handles and user data (see GUIDATA)
global adc

plot(adc(:,2),adc(:,5),adc(:,3),adc(:,6));




