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CAC KY HIEU PUQC SU DUNG

Ky hiéu Y nghia toan hoc/vat 1y
a, Goc dao lai trong mat ngang caa TRMS (Yaw angle)
a, Goc chao doc trong mat diing cua TRMS (Pitch angle)
Qyn Géc dao 1ai mau trong mit ngang cia TRMS
Ay Go6c chao doc trong mat diing cia TRMS
a, Van téc goc cua canh tay don ty do trong mat ngang
a, Van téc goc cua canh tay don ty do trong mit dung
oL Sai l¢ch nhan dang gitia trang thai z;, =z(f,) do duoc tu
md hinh h¢ théng va trang thai mauz, = z(t,) cia hé do
khi khdng c6 thanh phan bat dinh
S Luong qué diéu chinh
r=(10,75, ... 1T, )T Vector ctia m bién diéu khién
) Ma tran Hurwitz
o, Tir thong cua dong co dudi
o, Tur théng cua dong co chinh
U Mot chi s6 danh gia sai 1éch bam cho trudc
@) Lan can goc
o, Vian téc goc cua canh quat chinh
o, Van toc goc cua canh quat dudi
ZZ,:Mih Tong hop md men trong mat phang ngang
Zi:Miv Tong hop md men trong mét phing dtng
A(z) Ma tran hé théng phu thudc trang thai




Vi

B(z) Ma tran diéu khién phu thudc trang thai
B, Hé s6 ma sat nhét caa khop quay trong mit ngang

. Ma tran ham, phy thuc ¢ cung dao ham ¢ cua no, c6 tén goi
“ed la ma tran lyc hudng tam (centripetal and coriolis forces)
d(q,t) Thanh phan bt dinh theo bién khdp
d(z,t) Bit dinh ham theo bién trang thai
d, ~d(t,) Nhiéu udc luong lugng tir hda
d(z,1) Nhiéu uéc luong
E, Stic phan dién dong phan tng cua dong co dudi
E, Stic phan dién dong phan (ng cua dong co chinh
F Ma tran diéu khién trong phuong trinh Euler-Lagrange
F (@) Luc day do canh quat chinh tao ra
F.(@,) Luc day do canh quat dudi tao ra
g Gia toc trong trudng

Vector ham, phu thudc bién khép ¢, 6 tén goi la vector lyc

949) ma sat va gia tdc trong trudng
h Chiéu dai cta khép quay
i, Dong dién phan ung cla dong co dudi
» Dong dién phan ¢ng cua dong co chinh
I Ma tran don vi
J, M6 men quan tinh cta canh tay don tu do
J, M6 men quan tinh cia thanh ddi trong
J; Mo men quén tinh cuaa khéop xoay
J M6 men quén tinh cia rotor dong co mot chiéu

mm




vii

S M6 men quan tinh cta canh quat chinh

Iy prop M6 men quan tinh cua canh quat dudi

I M0 men quan tinh cua dong co chinh

J, M6 men quan tinh cua dong co dudi

J, Téng md men quan tinh trong mat ding

J, Tong mé men quan tinh trong mat ngang

k.., Hing s6 mo men cap det theo chiéu am goc dao li

Ky Hang s6 luc day canh quat dong co dudi quay theo chiéu
duong

K Hang s6 luc dy canh quat dong co dudi quay theo chiéu 4m

Ky Hang s6 luc dy canh quat dong co chinh quay theo chiéu duong

K o Hang s luc diy canh quat dong co chinh quay theo chiéu 4m

k. Hang s6 caa md men xen kénh do anh huéng cua téc do
lyc day canh quat chinh Ién chuyén dong cia canh tay don
tu do trong mat ngang

ke Hing s6 m6 men ma sat tinh trong mit ngang

Ky, Hang s mo men ma sét tinh trong mit ding

kun, Hé sé phu thudc vao chiéu van téc goc cach quat dudi khi
quay theo chiéu duong

ko Hé s6 phu thugc vao chiéu van téc goc cach quat dudi khi
quay theo chiéu am

Koy Hé s6 phu thudc vao chiéu van téc goc cach quat chinh khi
quay theo chiéu duong

k Hé s6 phu thudc vao chiéu van téc goc cach quat chinh khi

tun

quay theo chiéu am
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k, Hang s6 caa md men xen kénh do anh huéng cua téc do
luc day canh quat dudi 1én chuyén dong cia canh tay don
tu do trong mat dang.

Ko Hé sb m6 men ma sat Viscous trong mit ngang

Ko Hé s m6 men ma sat Viscous trong mit dung

k, Hé s hiéu wng con quay hdi chuyén

L Ham Largrange

Ly, Khoang céch tir trong tm ctia thanh déi trong dén khop xoay

l, Chiéu dai ciia thanh ddi trong

L, Khoang cach tir dbi trong dén khép xoay

I Chiéu dai phan chinh cta canh tay don tu do

l, Chiéu dai phan dudi cua canh tay don tu do

- Pién cam phan tng cua dong co chinh

L, Dién cam phan ung cla dong co dudi

m Khoi lugng

My Tong khdi lwgng cua canh tay don tu do

Ly Trong tdm cua canh tay don ty do

m, Khdi lugng phan phia bén canh quat dudi cua thanh ngang

m, Khéi lwong dong co dudi

m,, Khéi lugng vanh bao vé canh quat dudi

m Khéi Iwong phan phia bén canh quat chinh ciaia thanh ngang

m, Khéi lugng dong co chinh

m Khéi lugng vanh bao vé canh quat chinh

ms

Khéi lwgng cua thanh dbi trong




Tong khéi lugng cua thanh d6i trong

My

m,, Khéi lugng cta ddi trong

m, Khéi lwong cua khap xoay

Moo Mo men ma sat ciia chuyén dong canh tay don ty do trong
mat ngang

My M6 men ma sat ctia chuyén dong canh tay don tw do trong
mat dung

M,,., M6 men do hiéu &ng con quay hdi chuyén

M, MO0 men dién tur cua dong co dudi

M, M6 men dién tir cia dong co chinh

M,, M6 men tai dong co duoi

M,, Mo men tai dong co chinh

M, Tong hop mé men tac dong 1én canh quat chinh

M, Tong hop md men tac dong 1én canh quat dudi
Ma tran ham, phu thudc bién khép q, €O tén goi la ma tran

M) quan tinh (inertia)

n(t) Vector ham bat dinh

p=col ( e, (_é)

T |Véc to sai 1éch badm tai diém can bang
=(p1,p2, !pZn)

7=(wq, - 4, )T Vector clia n cac bién khép

T s Ban kinh vanh bao vé canh quat chinh

T, Ban kinh vanh bao vé canh quat duoi

T Ban kinh rotor dong co chinh

T Bén kinh rotor dong co duoi




Vector tin hiéu mau cho trudc

r

R, Dién tré phan ¢ng cia dong co chinh

R, Dién tré phan ting ctia dong co dudi

T, Chu ky trich mau

T Thoi gian qua do

U Vector céc tin hiéu diéu khién

U, Pién &p vao bo bién doi cong suat cho dong co dudi
U, Pién &p vao bo bién ddi cdng suat cho dong co chinh
Wy Dong ning

Wy, Pong nang cua canh tay don tu do

Wy, Pong ning cua thanh ddi trong

Wi Dong nang cua khéop xoay

W, Thé ning

W, Thé ning clia canh tay don tu do

W, Thé ning cua thanh dbi trong

W, Thé ning cia khop xoay

T Véc to trang thai cia hé théng

y Véc to tin hiéu dau ra ciia hé théng

z Véc to trang thai mau cua hé thong




Xi

BANG CAC KY HIEU VIET TAT

Ky hiéu Tiéng Anh Tiéng Viét

AD Apprgximation Disturbance Thuat toan nhan dang bat dinh ham
algorithm (Thuat toan AD)

A/D Analog / Digital Bién ddi twong tu /sd

AC Alternating Current Dong xoay chiéu

CNN Chebyshev Neural Network Mang no ron Chebyshev

DC Direct Current Dong mét chiéu

DOF Degree Order Freedom Bac tu do

EKF Extended Kalman Filter B0 loc Kalman mé rong

GA Genetic Algorithm Thuat toan di truyén

1SS Input-to-State Stable On dinh dau vao trang thai

LQG Linear Quadratic Gausian Diéu khién Gauss tuyén tinh - bac hai

LOR Linear Quadratic Regulator Bo diéu khién tuyén tinh bac hai

LTI Linear Time - Invariant EZ;Z?:E fuyén tinh bat bien theo

MIMO | Multiple Input Multiple Output ~ [Nhiéu dau vao nhiéu dau ra

MPC Model Prediction Control Diéu khién m6 hinh du béo

PD Proportional-Derivative Piéu khién ti 1é - vi phan

PID Proportional-Integral-Derivative  |Diéu khién ti 1¢ - tich phan - vi phan

PIDAFC| PID Active Force Control Bo diéu khién PID 4p dit mo men

PWM | Pulse Width Modulation Diéu ché d6 rong xung

rad radian Don vi do goc

RHC Receding Horizon Control Piéu khién doc truc thoi gian

rpm revolutions per minute Vong/phat

S second Giay

SGUUB Semiglobally uniformly ultimately Gi6i han cudi ban toan cuc
bounded

SISO | Single Input Sing Output Mot dau vao mot dau ra

TTH Tuyén tinh hoa

TITO | Two-Input Two-Output Hai du vao hai dau ra

TRMS | Twin Rotor MIMO System Hé théng Twin Rotor MIMO

UAV | Unmanned Aerial Vehicle Thiét bi bay khong ngudi lai
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MO DAU

1. Tinh cap thiét caa dé tai

Hé théng Twin Rotor MIMO (TRMS_Twin Rotor Multi-Input Multi-Output
System) 1a mot bo thi nghiém khi dong hoc, cac chuyén dong cua nd duoc md
phong giéng cac chuyén dong ctia may bay truc thing. TRMS la d6i tuong dicu
khién phi tuyén dién hinh nhiéu dau vao nhiéu dau ra, c6 tuong tac xen kénh, co
tham s6 bat dinh va c6 nhiéu tac dong. Vi vay, di co nhiéu cong trinh trong va
ngoai nudc 1ldy TRMS lam dbi twong nghién ciru nham phat trién va kiém nghiém
cac phuong phap khién méi, dac biét 1a cho bai toan diéu khién bam vi tri chinh
xac. Mic du mdi cong trinh déu dat duoc nhitng két qua dua trén cac ti€u chi,
phuong phap xay dung hé diéu khién dat ra nhung TRMS van 1a mot thach thirc
khong nhé d6i voi cac nha nghién ciru trong viée p dung céc thuat toan diéu khién
méi dé cai thién chat luong bam quy dao. Do do, tac gia da chon dé tai luan an
“Nghién ctru thiét ké bo diéu khién bam quy dao cho hé théng Twin Rotor MIMO”
dé co thém dong gop moéi c6 ¥ nghia khoa hoc trong nghién ctru 1y thuyét ciing nhur
kha ning tng dung vao thuc tién cho 16p ddi twong phi tuyén nay.

2. Muc dich va nhiém vu cia dé tai

Muc tiéu tong quat: Nghién cuu thiét ké bo diéu khién tuyén tinh hoa phan hoi
két hop voi bo nhan dang bat dinh, nhidu cho doi tuong co dién-tir, md ta boi mo
hinh Euler-Lagrange néi chung va ap dung cu thé cho TRMS.

Pé thyc hién dugc muc tiéu nay, dé tai dit ra cac nhiém vu chinh sau:

- Nghién ciru k¥ thuat cai dat bo diéu khién tuyén tinh héa chinh xac cho 16p

h¢ Euler-Lagrange, khi nd c6 moé hinh chinh xé&c.

- B6 sung vao bo diéu khién trén thém chirc ning nhan dang thanh phan bat
dinh ham va diéu khién bu thanh phan bat dinh ham d6 dé mo rong kha ning ung
dung ciing nhu chat lugng bo diéu khién tuyén tinh hoa chinh xac, cho ca nhiing 16p

hé Euler-Lagrange c6 md hinh khéng chinh x&c.



3. Pdi twgng va pham vi nghién cieu caa luan an

Déi twong nghién ciru cua ludn an 13 16p hé Euler-Lagrange song tuyén, bt
dinh néi chung va TRMS néi riéng. Véi TRMS thi ddy 1a mot hé co gan nhu day du
tinh nang mo phong cua mot thiét bi bay dang tryc thang va thudc nhom cac hé co-
dién tir c6 mo hinh kiéu Euler-Lagrange tong quat.

Pham vi nghién ctru cy thé cua dé tai la:

- Nghién ctru thiét ké phwong phap diéu khién hé Euler-Lagrange dang song
tuyén, c6 md hinh khong chinh xac, chtra thanh phan bat dinh ham, dé dau ra ciia hé
théng, tire 14 cac bién khdp cta hé, bam tiém can theo quy dao mau mong mudn cho trude.

- Ap dung phuong phép trén cho hé cu thé 13 TRMS. Kiém chung chit luong
diéu khién bang mo phong va thyc nghiém.

4. Phwong phap nghién ciru

Pé dat duwoc muc tiéu cua dé tai, luan an su dung cac phuong phép nghién cuu

- Nghién cuu ly thuyét: Phan tich, tong hop cac kién thuc vé sai 1éch mé hinh
toan cua hé Euler-Lagrange noi chung va TRMS noi riéng, nguyén nhéan cua cac sai
1éch d6. Tir d6 dua ra phuong phap diéu khién thich hop ma cu thé ¢ day 1a phuong
phap diéu khién thich nghi bu sai 1éch mé hinh va phuong phap diéu khién tuyén
tinh héa chinh xac bang phan hoi trang thai.

- Nghién cuu mé phong: Su dung cong cu Matlab-Simulink ¢ mé phong kiém
chung cac nhan dinh ly thuyét va cac thuat toan ma luan an dé xuat.

- Kiém ching két qua nghién ctru béng thyc nghi€ém sat voi diéu kién cua thuc
té, tirc 1a tién hanh thi nghiém dé danh gia chat luong thich nghi va bén vimng cua bo
diéu khién dé xuat trén ban thi nghiém vat Iy TRMS.

5. Nhitrng déng gép méi, y nghia khoa hoc va thuc tién caa luan an

* Ludn dn dd c6 cdc dong gép cu thé nhu sau:

- Xay dyng bd diéu khién bam quy dao cho hé Euler-Lagrange song tuyén c6
m6 hinh chinh xac, chimg minh tinh 6n dinh va 6n dinh tiém cén cta hé bam trong
truong hop khong c6 va co yéu té bat dinh.

- Xay dung bo diéu khién thich nghi bam quy dao cho hé Euler-Lagrange song

tuyén bét dinh trén co s& bd diéu khién tuyén tinh hoa chinh xac két hop bo nhan



dang thanh phan bét dinh duya trén nguyén 1y t6i uvu héa timg doan sai 1éch mé hinh
trén truc thoi gian.

* Ynghfa khoa hoc cua lugn an:

- TUr b diéu khién theo luat PID ctia nha cung cap thiét bi cho TRMS, luén an
d3 thiét ké duoc bo didu khién bu bat dinh theo nguyén 1y tdi vu hoa timg doan sai
1éch m6 hinh trén tryc thoi gian dat d6 chinh xac cao vé bam quy dao mau;

- Péng gép mot phan nho vao su phat trién phong phu cia 1y thuyét didu khién
tuw dong cho hé phi tuyén ¢4 tham sb bat dinh va nhiéu tac dong.

*y nghia thuc tién ciia lugn dn:

- Pa dang hoa cac phwong phap diéu khién cho mé hinh TRMS, ung dung
trong dao tao ¢ bac cao hoc va nghién ctru sinh cua truong;

- Tir két qua nghién ciru nay c6 thé ap dung cho cac phan tir bay c6 dang khi
dong hoc phuec tap.

6. Bo cuc caa luan an
Noi dung chinh cua luin an ¢6 bdn chuong va phan két luan, gdm cac van dé
nghién cuu sau:

Chuong 1 trinh bay tong quan vé mé hinh hoa va cac phuong phap diéu khién
da c6 cho TRMS. Tir d6, 1am 13 tinh cip thiét cia luan an trong viéc dé xuat
phuong phéap diéu khién phu hop cho TRMS nhim cai thién chit luong diéu khién
hé thong.

Chuong 2 xay dung bé diéu khién tuyén tinh hoa chinh xac TRMS khi ¢6 mé
hinh chinh xac.

Chuong 3 xay dung diéu khién bu bat dinh ham dwa trén nguyén 1y t6i wu hoa
ting doan sai 1¢ch md hinh trén truc thoi gian. Sau do, két hop véi bd diéu khién tuyén
tinh hoa chinh xac dé duoc bo diéu khién thich nghi bén viig cho TRMS.

Cubi cung, & chuong 4, chét lugng bo diéu khién tuyén tinh hoa chinh xac két
hop vé6i co ciu nhin dang bu sai 1éch bat dinh cia mé hinh s& duoc kiém chimg

trong cac diéu kién thuc té véi ban thuc nghiém vat Iy TRMS.



CHUONG 1

TONG QUAN VE TRMS - MO HINH HOA VA CAC PHUONG PHAP
PIEU KHIEN

1.1 M0 hinh hoa TRMS

1.1.1 Céu triic vit Iy TRMS

- Bieu khien

v

\ bo luvong

Hinh 1.1: Céu triic vat Iy TRMS [8].

Hinh 1.1 biéu dién ciu trac vat 1y cia TRMS [8]. Pay 1a mot bo thi nghiém

duoc thiét ké cho muc dich thuc nghi¢m, hé théng bao gém:

- Phan co khi cia TRMS bao gdm hai rotor duoc truyén dong boi dong co
chinh va dong co dudi (day 1a cac dong co dién mot chiéu kich tir doc 1ap véi ngudn
kich tir dung nam cham vinh ctru) két hop v6i mot ddi trong. Ca hai rotor va dbi

trong cung duoc dat trén mdt canh tay don tu do. Cac bg phan nay duoc gfm voi tru thap.

- Bén canh bg phan co khi con c6 phan dién (dat dudi tru thap). N6 dong vai
tro trong viéc diéu khién TRMS. Phan dién nay thyc hién do cac tin hiéu va truyén
dén may tinh PC, viéc truyén tin hiéu diéu khién théng qua card I/O. Cac bd phan

co va dién két hop thanh mot hé théng hoan chinh.



Hé thong TRMS c¢6 mé hinh ctia mdy bay tryc thang nhung di duoc don gian
hoa dang ké. Sy khac nhau giira mé hinh TRMS va may bay truc thing duoc chi ra
trong Bang 1.1 dudi day, duoc ldy tir cac tai liéu [9] va [10].

Bdng 1.1: Nhitng khdac nhau chinh giiva trwc thing va TRMS [9]-[10]

TRMS Truc thang
) Khoang cach gitra
Vi tri cua truc xoay o Dinh dong co chinh
hai ro to

Phat dong nang hoic | B¢ diéu khién toc do N
biéu khién tdp chung budc 1a

diéu khién doc. cua dong co chinh
Péi hudng 1a duoc didu | . Goc 14 cua cac la canh
P Toc do dong co dudi
khién boi dong co dudi
Piéu khién goc nghiéng Co, cho diéu khién doi
cua canh theo chu ky Khéng co hudng(tao d6 nghiéng ngang,
quay doc than may bay)

Mot dic diém rat quan trong do6 la vi tri va van tbe may bay truc thang duoc
diéu khién thong qua van tdc cac rotor. O may bay tryc thing thuc, van tdc rotor
hau nhu khong doi va luc day duoc thay ddi théng qua didu chinh goc cac 14 canh
rotor. Tuy vay cac dac tinh dong hoc quan trong nhét & may bay truc thang dugc thé
hién trong mé hinh TRMS. Giéng nhu may bay truc thing thuc, c6 su xen kénh
quan trong gitta hai rotor, bat ky mdt su thay ddi toc do & dong co chinh s¢ anh
huong dén dong co dudi va nguoc lai. Hé thong c6 hai ddu vao hai dau ra (cac dién
ap cung cap cho céc rotor) va cac dau ra (goc do trén mit phang ngang va mit
dung). Khi cip dién ap cho dong co chinh sé& sinh ra mot luc nang canh tay don tu
do di chuyén theo hudéng doc truc, dong thoi mot phan cua lyc nang sé sinh ra mo
men quay tai truc chinh khién cho canh tay don tu do quay quanh truc chinh nguoc
lai chiéu quay cua canh quat chinh. bé chéng lai sy tu quay cua canh tay don ty do,
dong co dudi duge cap mot dién ap dé sinh ra lyc day dung dé can bang lai mé men

nay giam su quay cua can dong thoi n6 lam nhiém vu di chuyén hudng cua canh tay



don tu do theo hudng ngang truc. Do xen kénh giita hai rotor theo chiéu doc va truc
ngang truc va anh hudng cua cic nhidu tac dong nhu ma sat, sai s6 phép do, van tde
gid, hudng gio, nhiét d6, 46 am... déu gy bat loi cho su 6n dinh cua thong. Trang
thai cta canh tay don tu do dugc thé hién bang bdn bién: goc chao doc a, va goc
dao 1ai a, duge do bang cac bd mi héa quang tai khdp xoay va thém hai bién trang
thai 1a van toc goc @, ctia dong co chinh va @, cua dong co dudi dugc do bang
may phat tbc gin vao cac dong co truyén dong. Chuyén dong trong trong khong
gian cia TRMS bi gi6i han boi khoa co khi trong mit phang ngang Gng véi:
—4.2rad <o, <+1.5rad

va
-1.05rad < o, < +1.057rad
trong mat phang dung [10].
Hinh 1.2 dudi mo ta chi tiét quan hé hai phan dién va co trong TRMS.
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Déi trong Dbong co chinh

- Tru va mdy phét toc

Hinh 1.2: Két cdu co-dién TRMS [10]
1.1.2 Mé hinh héa bing phwong phdp 1y thuyét
Diéu khién quy dao chuyén dong ciia hé théng TRMS c6 cau triic vat 1y nhu
hinh 1.1, 12 mdt trong nhitng céch hiru hi¢u nhét dé kiém tra cdc thuat toan diéu

khién. Véi sy da dang cua dbi tuong phi tuyén, dé nghién ctru thiét ké cac bo didu



khién phu hop véi déi twong, thi phai c6 duge md hinh toan hoc cua ddi tugng. Co
hai cach mé hinh hoa 13 mé hinh héa chinh x4c va mé hinh hoa gan dung. Dé mo
hinh hoa chinh x4c dong hoc phi tuyén ciia TRMS, cac nha nghién ciru thuong sir
dung mo hinh hoa chinh xac dua theo phuong phap Euler_Newton, phuong phap
Euler Lagrange. Ca hai phuwong phap ndy déu cho ra két qua mé ta ddi tuong chinh
xé4c va sai 1éch giita hai mo hinh 13 rit nho. Trong tai liéu [8], nha san xuat dua mo
hinh toan dua theo Newton-Euler. Tuy nhién trong qué trinh mé hinh héa dé don
gian di bo qua chiéu dai » cua khop xoay. Trong céac tai liéu [9], [10], tac gia da
trinh bay chi tiét phuong phap mé hinh hoa theo ca hai phuong phap Euler-
Newton va phuong phdp Euler-Lagrange. M6 hinh héa dgya theo phuong phap
Euler-Lagrange cho két qua chinh xac hon mét chut so véi Newton-Euler khi so
sanh v&1 mo hinh TRMS thuc.

Trong ludn an nay s& sir dung két qua mo hinh hoa dya theo phwong phap
Euler-Lagrange da dugc trinh bay o hai tai liéu [9] va [10] dé thiét ké, tong hop bo

diéu khién thich nghi bén viing. Cong viéc mo hinh héa nay gdm hai budc:

- Bu6c 1: Dua vao phuong trinh Euler-Lagrange dé thiét 1ap cdu trac mé hinh
toan cho TRMS.

- Budc 2: Thuc hién nhan dang tham s6 mo hinh d3 co tir bude 1 dé duoc mot

md hinh toan hoan chinh.
1.1.2.1 Phuong trinh Euler-Lagrange

Phuong trinh Euler-Lagrange ctia mot hé co ¢ cu truc nhu sau [11]:

d(or) (or)
——| | = | =f¢ (1.1)
dt\ 0q oq
trong do:
-q= (ql,qz, e, )T la vector céc bién khép, F' la ma tran diéu khién,
-t=(1,75, ... ,rm)T | vector cAc md men dau vao,

- L= ,Wa -2 Wy la ham Lagrange, trong d6 Wy, Wy lan luot la dong

ning va thé ning cua hé tinh tai cac khop,



- Z—L = [G_L oL .. ’G_Lj la dao ham Jacobi ctia mdt ham nhiéu bién.
z

ox, oz, oz,

Dua vao phuong trinh (1.1) ta sé xay dung mo hinh toan cho TRMS.
Xay dung mé hinh todn cho cdc dong co chinh va dopng co dudi

M6 hinh toan ctia dong co dugc xay dung dya trén cadc phuong trinh can bé‘mg,

ma cu the 1a gom:

1. Phuong trinh can bang dién ap cua dong co chinh:

iy

Vy = Ba* Ravlay + Loy (1.2)

av-av

trong do:

- V, 1a dién ap phan g dit vao dong co chinh (V). Mbi quan hé giita dién ap diéu
khién U, véi dién 4p V, & dau ra bo bién doi, c6 thé duoc tinh gan dung: V, =k,U,
voi k, =8.5 theo tai li¢u [10]

- E,, =k, 0,0, 1a sitc phan dién dong cua dong co chinh véi tir thong ing véi dong
co chinh ¢, (V), dién tr6 phan tng cua dong co chinh R, (Q), dién cam phan tng
cua dong co chinh L, (H) va dong dién phan tng cta dong co chinh By (A).

2. Phuong trinh cdn bang mdé men dong co chinh:

Mev = ML’U + er da)v
dt

+B, o, (1.3)
trong do:

- M, =k, @i, 1a md men dién tir ddng co chinh (N.m), v6i h¢ s6 md men

dién tir dong co chinh £ (NmM/AWD).

av
- M, la mb men tai dong co chinh (N.m), dugc tinh boi:

[y Ky, |@,| n€u @, >0 14
LU - k ~ ( . )
1on @y |a)y| néuw, <0

co w, la van téc goc trén truc dong co chinh (rad/s) va k,,,,k,,, 1a nhitng hé so

(Nms?/rad?) phu thudc vao chiéu van téc goc o, .



- B, lahé sd ma sat Vicous dong co chinh (kg m?/s)
- J,.. 1a m6 men quén tinh cia dong co chinh (kg m?)

3. Phuong trinh can bang dién ap cua dong co dudi:

dz,,

V,=E,+R,i,+L
h ah ah “ah ah dt

(1.5)

trong do:

-V, la dién ap phan ung dit vao dong co dudi (V). Mdi quan hé giita dién ap
diéu khién U, véi dién 4p V, & dau ra bd bién ddi co thé dugce tinh gan dung:
V, =kU, , trong d6 k =~6.5 theo tai liéu [10]

- E, =k, ¢,@, 1a stc phan dién dong cua dong co duoi (V), voi tir thong ng

v61 dong co dudi ¢, (Wb),

- R, ladién tro phan tmg cua dong co dudi (Q) ,
— L, 1adién cdm phan tng ciia dong co dudi (H),
— 1, la dong dién phan tGng cua dong co dudi (A).
4. Phuong trinh cAn bang mé men dong co dudi:
M, =My, +Jtr%+Btra)h (1.6)
trong do:
- M, =k, @i, 1a md men di¢n tir cua dong co dudi (N.m),
— k,, 1a hé s6 md men dién tir dong co dudi (Nm/AWDb).,
— M, la md men tai dong co dudi (N.m), duoc tinh boi:

k., @, |w,| néu w, >0

k@ |, n€u @, <0

cO @, 1a van toc goc trén truc dong co dudi (rad/s) va ky,, ky, 1a nhitng hé s6

(Nms?/rad?) phu thudc vao chiéu van téc goc o, (rad/s),

— B, lah¢ s6 ma sat Vicous dong co dudi (kg m?/s),
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- J,, 1a md men quén tinh cua dong co dudi (kg m?).

Vi tri va vin téc cdc cdnh tay don, thanh doi trong va khdp xoay

Theo [9], [10] thi dé xay dung dugc mdt mo hinh toan dwa trén phuong trinh
Lagrange (1.1), TRMS céan dugc phan chia thanh 3 phan: (i) Phan thir nhat bao gdm
canh tay don ty do (phan can chinh va phan can dudi), déng co chinh va dong co
dudi, vanh chan chinh, vanh chan duéi; (ii) Phan thir hai gdm c6 thanh ddi trong can
bang va ddi trong; va (iii) Phan cudi cung 1a thanh néi khép xoay.
1. Canh tay don ty do.

Xét cac hinh vé chi tiét cac canh tay don tir do cia TRMS cho ¢ hinh 1.3, hinh
1.4 va hinh 1.5. Gia thiét rang:

[7.(R), 7, (R, (R ]
2 toa do cta diém B, trén cin khong xoay véi khodng cich R, tir O, tic 1a
PO, = R,. Ngoai ra, gia thiét raing OO, =h,, trong d6 O 1a toa d6 gbc. Dé hinh vé&
don gian thi truc = va y da dugc vé tr O, va qui udc chiéu (+) cua a;, trung
chiéu quay kim ddng hd, con chiéu (+) cua o, nguoc chiéu quay kim ddng ho.

Theo nhiing hinh v& minh hoa nay thi:

r.(R)) = R;sinacosa, +hCcosa,
r,(By) = Ry cosa,cosa, —hsing, (1.8)

r,(R) =R;sina,

Lay dao ham cac phuong trinh (1.8), ta duoc van tdc 1an luot theo cac phuong:

v, (R)) = Rjay, cosa cosa, — Ry, siney, sine, — hay, siney,
v, () =-Rye, sing, cosa, — Ry, cose, sina, — ha, cosa, (1.9)

v,(R) =R, cosea,
Tiép theo, binh phuong do 16n ctia van toc tai diém B, dugc:
v?(Ry) =03 (B) + vl (Ry) + 02 (Ry). (1.10)
Sau khi bién di va rat gon ta dugc phuong trinh sau:

v?(Ry) = R2c? cos? a, + hPa? + RE6? + 2Rhay i, Sina, . (1.11)
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O day, goc oy, khong anh hudng t6i r,(R), nén dé cho don gian ta d3 gia thiét bang
0 nhu biéu dién & hinh 1.4.

bong co duoi
Z

Thanh n6i chdt xoay

\ Ps
01

Cénh tay don tu do

P boéng co chinh
SN

4

Pong co chinh

/ TRMS 33-220 \

Hinh 1.4: Hinh chiéu ditng ciia TRMS véi a, =0 [10]
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e e il =
! Pong co duoi /
S 3 /
B
F_‘
I~

Hinh 1.5: Hinh chiéu ngang ciia TRMS [10]

2. Thanh doi trong.
Ky hiéu:
(7 (Ry), 1, (Ry), 7.(Ry) ]

13 toa do cua diém P, trén thanh dbi trong cach tam O, mot khoang cach bang R,,

hay PO, = R,.Khi d6, hoan toan twong tuy nhu (1.8) ta ciling c6 dugc:

r.(R,) = R,sing;, sina, + hcosa,
r,(Ry) = Rycosay, sina, —hsina, (1.12)
r,(R,) =—-R,cosa,.

Pao ham phuong trinh (1.12), duoc vén tdc:

v, (R,) = Ry, COS ey, Sina, + Ryax, Sin ey, COsa, — hayy, Sina,
v, (Ry) =Ry, sinay, sina, + Rya, cos oy, Cosa, — hay, COS a, (1.13)
v,(R,) = Rya,sina,

Tiép theo thay binh phwong d6 16n cia van toc tai diém P, cho boi phuong trinh:
v2(Ry) = v (Ry) + vy (Ry) + 02 (Ry) (1.14)
s€ co:

v?(R,) = Rdf sin® a, + h?a? + R5a? — 2R,har ar, cOs . (1.15)
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3. Khop xoay.
Véi myc dich tdng d chinh xac hon, diém P; ¢o thé dugc xem xét véi toa do:
[ 7.(Ba), 7,(Ry), . (Ry) ]

trén vi tri khdp xoay, vi tri ma R, 1a khoang cach gitta P; va O . Khi d6 co:

Ty (R3) = RG COSO[h
r,(I) =-Rgsing, (1.16)
r,(R3) =0

Tt day, van toc tuong tng va do 16n van toc cua diém F; s€ la:

v, (Rg) = —Ry éh sing,

v,(R3) =—Ry ¢, cosa, (1.17)
v, (Rg) =0
va o?(Ry) = Ric?. (1.18)

Biéu thivc ning lwong

Dua vao phuong trinh xac dinh dong nang:

W, = %I v* (R)dm(R) (1.19)
va thé ning:

W, = g[r,(R)dm(R) (1.20)
s& duoc dong ning va thé ning cu thé clia cac thanh phan twong tng trong TRMS
nhu sau:

1. Déng ning va thé néing cua canh tay don ty do.

1 .2 2 .2 1 2.2 .. .
Wy, ==|a; cos“a, +a’ |J, +=ha;m; +ha,a, m;l. SInx
d1 2( h v v) 1 2 A1 A" 0V v (121)
Wy = gmgly sine,
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trong do:
Jy = fRfdm(Rl) = (%+ My, + My, jlf +(%+mmr +m, . jl,i +

m 2 2
ms
+ Tms + mtsrts

(1.22)
my = fdm(Ri) =m, +m,, +m, +m, +m, +m,
B fRidm(Rl) B (mm 12+m,,. +m,,, )lm —(mt [2+m,. +m,, )lt
T fdm(R) my,

1

O day:
W;,: DOng nang cua canh tay don tu do (J)
Wy Thé ning ctia canh tay don tuy do (J)
J; : M6 men quén tinh cta canh tay don tu do (kg m?)
my, Téng khdi lugng trén canh tay don tu do (kg)
lTl : Trong tdm cua canh tay don tu do (m)
m,: Khdi lugng phan dudi ciia canh tay don tu do (kg)
m,, - Khéi luong phan chinh ciia canh tay don tu do (kg)
my, . Khdi luong cta dong co dudi (kg)
m,.. . Khoi lugng cta dong co chinh (kg)
my, Khdi lugng cta vanh dong co dudi (kg)
m, .. Khéi lugng clia vanh dong co chinh (kg)
, : Chiéu dai phan duéi ctia canh tay don tw do (m)
I, Chiéu dai phan chinh canh tay don tu do (m)
r,,. - Ban kinh cua vanh dong co duéi (m)

7.+ Ban Kinh cua vanh dong co chinh (m)
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2. Déng nding va thé ning cua thanh doi trong.
1 c2 ainl .2 1 2.2 ..
Wy, =—|a;sin“a, +a, |J, +=h"c;m; —ha,c, coSa,m
d2 2( h v v) 2 2 h'T h*v v YT, (123)
W, = —gcos(e,ymy, i,

trong do:
_ [ p2 _ My 2 2
']2 - -[Rde(RZ) - ?lb + mcblcb

my, =Jdm(R,)=m, +m,, (1.24)

_ myly 2+ mgyly,

I, g,
o day

W;, : Dong nang cua thanh d6i trong (J)

Wy Thé ning cta thanh ddi trong (J)

J,: Mo men quén tinh cua thanh d6i trong (kg m?)

my, : Téng khéi luong trén thanh doi trong (kg)

Iz, : Trong tdm cua thanh dbi trong (m)

my - Khéi luong thanh dbi trong (kg)

My Khéi lwong ddi trong (kg)

l,: Chidu dai ciia thanh di trong (m)

l,: Khoang cach gitra d6i trong va khép xoay (m)
3. Péng nding va thé nang cua khép xoay.

1,
Wy, = =]
=5 %3 (1.25)

Wi =0
trong do
Jy = R2dm(R;) = %hz. (1.26)

o day
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Wy, : Dong nang cua khép xoay (J)

Wis: Thé ning ctia khdp xoay (J)

J3: Md men quén tinh caa khdp xoay (kg m?)
my, . Khéi lwong cua khép xoay (kg)

L, : Chiéu dai caa khop xoay (m)

Cdc phwong trinh Lagrange

Thay cac két qua trén, gém (1.21)-(1.26), vé dong ning va thé ning cac thanh
phan trong TRMS vao phuong trinh Lagrange (1.1) ta s& co:

Ay OL_OL sy (1.27)
va
d( oL oL
il Bl N N 7 # 1.28
dt(advj oa, ZZ: " (1.28)
trong do:
3 3
L=3Wg—=2W,. (1.29)
Mot cach chi tiét thi:
|:J1C03820!W +J,sin’a, +h2(mTl +mp, ) +J3]dh +
+h(mgly, sina, —my by, cose,)é, +
+h(myly, Cosa, +my by sina,)a’ +2(J, —Jy)a,a,sina, cosa, = Y My,
va

(Jy+Jy)a, + h(mTllT1 sina, —mg, Iy, COSa, )dh

.2 . .
+aj (J,—J,)sina, cosa, +g(mTllTl cosa, +my Iy, Sin 0%) =M,
7

Biéu dién hai phuong trinh trén v&i nhau dudi dang vector, duoc:
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2 . 2 2 . .
Jycos"a, +J,s8In" o, +h (mT1 +mT2)+J3 h(mTllT1 sine, —mg, Iy, cos%) ah}
h(mTllT1 sina, —mgl; €os %) (J1+J,) a,

h(mTllT1 cosa, +myly, sin %)% +2(J, - J,)a,a,sina, cosa, LM,

7
.2 . . - 4
a; (J,—J,)sine, cosa, +g(mTllT1 COS @, +my Iy, SiN av) 2M;,
13

(1.30)

trong do
- >YM, la téng cac mdé men tac dung cia chuyén dong theo phwong ngang,
i
tinh nhu sau:

ZM’L}L = Mpmp.h = Mf?”iC,h = cable + kma)v COS“,U (1.31)
7
Vol

M

prop.h — lch (a)h) COS(O!U)

la md men ciia lyc day cua canh quat dudi, M., 1amd men ma sat cua chuyén
dong theo phuong ngang, co:

0 trong truong hdp khac

- M, 1a mb6 men cua cap det voi

C

(kgpen,  Khi a, =0
e Nk, a, khi a, <0

C

M

C

(1.33)

- SM,, la téng ctia cic md men tic dung ctia chuyén dong theo phuong ding

(3
va duoc tinh nhu sau:

Z]wiv = Mprop.v - Mfric.v + kta)h + ngro (134)
trong do:
Mprop.v = lmE) (a)v)

la md men cua lyc day cua canh quat chinh, M, , 1a md men ma st cua chuyén



18

dong theo phuong dirng, dugc tinh:

ky, khi ¢, =0"

sign(a,)+3  —ky, khi a,=0" (1.35)
0 trong truong hgp khac

Mfric.v = kvadv +k

CJv

M,,, =k F,c,cos(a,) (1.36)

gyro
la md men cua con quay hoi chuyén.
Cac tham sb my,,my, Va I 1, dugc xac dinh bai:
1 2 1 2
My =My + My + My + My, + M+ My

mT2 = mb + mcb

m m
(2’”+mmr +mm5jlm —(2’f+mt,, +mt5jlt

My
W;blb + Myl
by =—"5———
mr,
F,,F, la cac lyc sinh ra boi canh quat dudi va canh quat chinh, véi:

kg non @, Khi @, >0

F, = |y ' @ (1.38)
kgn@y |, khi @, <0

va

ko, |@,| khi @, >0

E =% ) (1.39)
ko, |0, khi @, <0

Tir mo hinh toan hoc (1.30) trén cia TRMS cung voi tat ca cac tham sb ham

(1.31)-(1.39) cuia n6, ta nhan thay hé thong TRMS ¢6 cac dic diém co ban sau:

- La hé phi tuyén.

- Xen kénh, do anh huéng cua chuyén dong cta canh quat chinh va canh quat
dubi.

- Bt dinh mé hinh, do tham sb bién d6i khé mé hinh hoa, hé sb ma sat trén

khép thay d6i, cac tham sb chi co thé xac dinh thong qua nhén dang.
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- Chiu tdc dong cua nhi€u, gobm nhicu hé thong, nhiéu do luong, nhicu tac

dong boi dieu kién moi trudng nhu van toc gid, nhiét do, do am...

Ciing boi nhitng dic diém mé hinh todn ndy cia TRMS ma ta can phai cO
nhing phuong phép diéu khién chuyén biét dé c6 thé dam bao dugc chat luong diéu

khién dit ra.
1.1.2.2 Nhdn dang tham s6 mé hinh

Nhan dang tham s6 mo hinh 1a dé c6 dugc mot md hinh chi tiét, day di cho
mot TRMS cuy thé. Cac tham s6 mo hinh nay bao gom ca tham sé ciia co cau chap
hanh 13 cac dong co chinh va dudi (1.2)-(1.7), cling nhu c4c tham s6 mo hinh Euler-

Lagrange cua khéi vat 1y (1.30)-(1.39) nhu mé ta ¢ hinh 1.6.

DPé nhan dang duogc nhitng tham ) nay nguoi ta do cac tin hiéu vao ra cua hé
gdm u,7,q roi so sanh v6i ddu ra ctia mé hinh cé cing tin hiéu vao voi dau ra do
duoc cia hé. Sau d6 xac dinh cac tham s mo hinh sao cho tong binh phuong sai
léch giita hai dau ra d6 1a nho nhat. Trong trudng hop cac phép do tin hiéu bi 1an
nhiéu thi thay vi tong binh phwong thuin tiy, ngudi ta s& str dung ky vong cua tong
binh phuong sai léch. Cac budc chi tiét cta quy trinh nhan dang trén cho riéng

TRMS da duoc trinh bay cu thé & hai tai lidu [9] va [10].

i . T
Co cau T Co hé cua q= (ah ! OCU)
> —

U
w l ! >
chap hanh TRMS

Hinh 1.6: Céu triic khéi tong thé ciia hé vit Iy TRMS.
1.2 Cac phwong phap diéu khién hién c6 va tong quan cac cong trinh lién quan
C6 thé thiy hé théng TRMS vira c6 tinh phi tuyén manh két hop véi viée xen
kénh (Hé¢ MIMO) cung vé6i su tac dong cta nhiu thi cdn c6 mot b didu khién
manh mé& 1am cho hé théng duogc on dinh va bén vitng nhanh chéng d6i phé duoc su
bién ddi ctia mo hinh va tac dong cua nhidu. Viée tim ra ludt diéu khién tot hon cho
TRMS cung véi kha nang han ché anh huéng cua nhidu dén viéc diéu khién da thu

hat dugc quan tdm ctia nhi€u tac gia trong va ngoai nudc.
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Hién da c6 nhiéu phuong phap diéu khién, tir tuyén tinh don gian cho dén phi
tuyén phirc hop voi kha ning khang nhidu, khang bat dinh chip nhan dugc. Mbi
phuong phép déu cé nhing uu nhugce diém riéng va ching ciing chi dam bao duoc
chat lwong diéu khién dit ra v6i nhitng gia thiét, yéu cau vé moi trudng hoat dong,
tinh chinh xac cia mé hinh cu thé kém theo.

Tuan theo nguyén tic ctia k¥ thuat diéu khién rang mdi phuong phap diéu
khién déu phai dugc xay dung dua trén mot loai mo hinh thich hop, nén dé tién cho
viéc trinh bay cac phuong phap diéu khién hién co, sau day ta s& xem md hinh toan
(1.30) ctia TRMS chi la dang dac biét ctia mot hé dién-co ndi chung nhu sau:

M(q)g+C(g:9)q+g(q) = Fz+n(t) (1.40)

trong do [11],[12],[13],[15]:

T 5. , , A r A A A A
-q :(ql,qz, ,qn) la vector ctia n cac bién khép, F' 1a ma tran diéu khién.
T . , A 22 . X
- 7=(7,75, ... ,7,,) lavector cua m bicn diéu khién.

- M(q) la ma trdn ham, phu thudc bién khép q, c6 tén goi la ma tran quan

tinh (inertia). Ban than n6 1a mot ma tran d6i xtmg xac dinh duong.

- C’(g,g’) la ma trdn ham, phu thugc ¢ cung dao ham ¢ cua no, ¢6 tén goi la
ma tran lyc hudng tam (centripetal and coriolis forces). NO thuong c6 quan hé
phan dbi xtmg voi M (¢) nhu sau:

d ) .
%M(gl) =C(q.9)+C" (¢.9). (1.41)
- g(¢) 1a vector ham, phu thuc bién khép q , c0 tén goi la vector lyc ma sat va

gia toc trong trudng.
- n(t) 1a vector ham bat dinh, dai dién chung cho tit ca cac thanh phan sai
léch md hinh va nhiéu tac dong khéng mong mudn vao hé.
Ap dung cho md hinh TRMS dugc md ta bang phwong trinh (1.30) vao

phuong trinh (1.40) s& duoc cac tham sé nhu sau:
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z:[ﬁpm"h} g{j‘j], M(g)=(my(0), Clad)=(cs(@), 1.7 =12

prop.v v

. T
F=1Iy,, g(q)= (0 , g(mylpcosa, +my, Iy sin %))

’f_l(t) — [_Mfric,h - Mcable + kma)v Cos«,

-M frica T ke, + M

qyro

|

myy(q) = J,€08% @, + J, 5N @, + h? (my, +mg, ) +J;

(1.42)

My (q) =My (q) = h(mTllT1 sina, —mg Iy, COSav), My, (q) = Jy +J5,

a1(q.4) = 26, (J, - J;)sina, cosa,

ax(q,9) = dvh(mTllTl cosa, +my,ly, sin a,U)

Czl(gif_i)=0'£h(J1—J2)SinaUCOSaU va ¢y, =0.

1.2.1 Diéu khién tuyén tinh

Dé 4p dung dugc cac phuong phap diéu khién tuyén tinh thi trude tién ta can

phai chuyén d6i mé hinh phi tuyén ctia hé co-dién (1.40) n6i chung va TRMS (1.30)

,(1.42) néi riéng thanh hé tuyén tinh. Mot phuong phap chuyén d6i nhu vdy duoc

thé hién & hinh 1.7, co tén goi 1a phuong phap diéu khién tuyén tinh hoa bang phan

hdi, da duoc trinh bay trong cac tai liéu [4],[13] va [14].

Bo diéu khién | T

Hé tuyén tinh

T

v
—_———)
' vong trong

\ 4

Hé TRMS

<=

.....

v

.
-t

Hinh 1.7: Tuyén tinh héa bing bé diéu khién phan héi

Véi gia thiét rang mo hinh hé co-dién (1.40), hay TRMS mé ta béi mo hinh

toan (1.30), (1.42) la:
- Tuyét d6i chinh xac,

- bu co cau chap hanh,

- Va khong chira thanh phan bt dinh, ttrc 13 c6 n(t) =0, thi mot b diéu khién
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(vong trong) 1am hé phan hdi tro thanh tuyén tinh sé& 1a:

=M(q)v+C(q.9)q+g(q)- (1.43)

Ta thay ngay duogc rang véi bo diéu khién vong trong (1.43) cho & trén thi hé
phan hoi ¢ hinh 1.7 s& tro thanh tuyén tinh (tich phan bac 2 va tach kénh):

M(q)v=M(q)j hay v=4, (1.44)

Vi M(g) 1a ma tran kha nghich (x4dc dinh dwong). Ngoai ra, & déy ta con thiy ring
v6i bo diéu khién (1.43), hé (1.44) khong nhing tuyén tinh con |a tach kénh.

Véi bo diéu khién vong trong (1.43) nhu vay thi van dé diéu khién tiép theo
chi con 1a diéu khién hé tuyén tinh, tach kénh (1.44) bang mot bo diéu khién tuyén
tinh (6 vong ngoai) sao cho toan bd hé kin c6 dugc chét luong bam mong mudn, tic

1a dé dau ra g cuano bam tiém cén theo duge vector tin hi¢u mau 7 cho trudc.
1.2.1.1 Piéu khién PID

Dé diéu khién n hé SISO cua hé tuyén tinh tach kénh (1.44) bac n:

G =v;, =12, ... ,n c6ham truyén Gl-(s)zi2 (1.45)
s

thi don gian nhat 1a ta sir dung bo diéu khién PID.

PID 14 ciu triic phan hdi phd bién nhat [16]. Nhu ta di biét, diéu khién phan
héi dua trén nguyén tic lién tuc do (hodc quan sat) gia tri bién dugc diéu khién
khién va phan hoi thong tin bo diéu khién dé tinh toan lai gia tri clia bién dugc diéu
khién. B diéu khién phan hoi c6 kha nang 1am cho hé kin 6n dinh va c6 thé 6n dinh
mot qué trinh khong 6n dinh, lam giam anh huéng cta nhiéu bat dinh (khong phu
thudc vao nhidu qua trinh do dugc hay khong), bén vimng voi sai léch cia mé hinh
va c6 thé triét tiéu duoc sai 1éch diéu khién [7] . Chinh vi vay dé diéu khién TRMS
mot s6 nha nghién ctru da sir dung bo diéu khién nay.

Trong tai liéu ctia nha san Xuét [8], cac hé s6 bo diéu khién PID dugc tim dua
vao phuong phap quy dao nghiém s, tuy nhién két mé phong va thuc nghiém cho

thay lwong qua diéu khién con 16n.
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O tai liéu [17], dé tim cac thong sb cua b diéu khién PID da dung phuong
phap thuc nghiém Ziegler-Nichols. Két qua nghién ctru cho thdy hé théng TRMS

dat dugc quy dao mong mudn tuy nhién dau ra c6 nhiéu dao dong.

Trong tai liéu [18], Sumit Kumar Pandey va cong su da phat trién bo diéu
khién PID v&i bo loc & thanh phan vi phan. Thiét ké nay cho thiy chat lugng qua do

va O trang thai 6n dinh t6t hon khi so sanh v&i bo PID kinh dién.

Ngoai ra mot sd nghién ctru st dung bd diéu khién PID két hop véi cac thuat
toan tién hoa nhu thuat toan toi wu bay dan PSO [19], [20], thuat toan di truyén GA
[21] dé tim thong s6 bd bién d6i PID. Trong tai liéu [20], st dung thuat toan tdi wu
bay dan (PSO) dé tim cac thong s6 tdi wu cho cac bd didu khién PID gbc chao doc
va goc dao lai. Myc tiéu chinh 1a 1am cho chat luong diéu khién TRMS tot hon va
nhanh chéng va chinh xac quy dao mau. Ciing trong [21], mot bo diéu khién dua
trén thuat toan di truyén da duoc trién khai cho hé thong MIMO. Céc tac gia thao
luan vé cai tién diéu khién hé théng TRMS theo phuong ngang va doc bang cach st
dung b6 diéu khién GA-PID.

Nhin chung st dung bo diéu khién PID gitip hé théng on dinh, tuy nhién do
TRMS 13 hé MIMO ¢ tinh phi tuyén va xen kénh nén chat luong qua d6 con han
ché. Ngoai ra, cac gia thiét dé tuyén tinh hoa phan hdi duge cho TRMS ciing d3 han
ché kha ning cta bo diéu khién PID sau d6 & vong ngoai.
1.2.1.2 Piéu khién t6i wu LOR va LQG

Ciing dé diéu khién hé tuyén tinh MIMO (1.44) thi ¢c6 mot xu hudng nita kha
hiéu qua mang tinh bén vimng 1a diéu khién bam t5i uu theo nghia x4c dinh bo diéu

khién v sao cho véi n6 ¢6 dugce chat lugng:

J=1[(a-1)" Qg -r)+v" Ru]dt —min (1.46)
I g

trong d6 () 1a ma tran ban xac dinh duong va R 1a ma tran xac dinh duong cho

trude (hinh 1.8).
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Hinh 1.8: Piéu khién téi wu TRMS [23].

Mot s6 bo didu khién t6i wu da duoc ap dung dé diéu khién TRMS di dugc
gidi thiéu tai [22],[23],[24],[25]. Trong tai liéu [22], tac gia A. K. Agrawal da thiét
ké bo diéu khién phan hoi trang thai (LQG) dua trén phép do nhiéu & ddu ra TRMS.
B0 loc Kalman da dugc st dung dé ude lugng cac trang thai cua ddi tuong. Ma tran
ban duong Q va ma tran xac dinh duong R duogc chon tuy y. Dé tranh viée sir dung
phuong phap do va thuc nghiém, mot thuat toan téi wu BFO (Bacterial Foraging
Optimization) di dugc 4p dung. Két qua mod phong cho thiy dap tng hé thong
nhanh, thoi gian qua do giam, do qua diéu chinh giam. Trong [23], Kumar Pandey
va cong sy da thiét ké bo dicéu khién LQR cho TRMS. Két qua mé phong cho thay

bd diéu khién cho chat lugng diéu khién t6t hon so voi PID kinh dién.

Tai liéu [24] trinh bay céc budc thiét ké cho bd diéu khién badm tdi vu bang
cach sit dung mot bo diéu chinh tuyén tinh bac hai (LQR) véi khau tac dong tich
phan. No di cho thiy sy két hop bo diéu khién LQR véi khau tac dong tich phan
(LQI) cung cip chat lugng vuot troi so v6i cac bo diéu khién t6i wu [22]. Trong tai
liéu [25], trinh bay mot bd diéu khién t6i wu LQR cho TRMS sir dung phan hdi dau
ra. Két qua mé phong cho thiy bo diéu khién cho chét luong tét. Tuy nhién, nghién
ctru nay chua tién hanh thyc nghiém, méi chi dimg & mé phong.

Trong tai liéu [26], M. Saqlain va cs. (2017) d4 tuyén tinh héa TRMS va phan
tich cdu trac vong hd sau do6 trinh bay vé bo diéu khién PID, bé diéu khién t6i vu
LTR (loop transfer recovery) va st dung bé diéu khién LQG. B6 diéu khién LQG
dugc thiét ké diéu chinh bang cach diéu chinh d6i twong va hiép phuwong sai nhiéu

dau ra. LQG thuc hién tot dap tmg yéu cdu thong sb k¥ thuat trong mién thoi gian
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va tan s. Bo diéu khién t6i wu bén viing da duoc ap dung vao TRMS trong cac tai
liéu [27],[28],[29].[30].[31].

7“1 - U 1 z
o gk »| B khiy >
B?;d'eu xen kénh TRMS
khien H»
> > D(s) > >
L - Uy o

Hinh 1.9: TRMS véi bg diéu khién Ho [27]

Trong tai lidu [27], chién luoc diéu khién cia bo diéu khién He dugc thiét ké
cho TRMS. Tur két qua mé phong cho thiy viéc lya chon tét hon vé ham trong s
ctia bo dicu khién toi wu Ho dé TRMS duoc on dinh thong qua phan hoi. Trong tai
liéu [30], muc tiéu chinh cua thiét ké nay 1a thiét ké mot bo diéu khién giam bac
bén vitng H. cho TRAS (Two-Rotor Aerodynamical System) c6 cdu triic c¢b dinh
duéi anh huéng khac biét cua cac tin hiéu dau vao. Phuong phap da cho thay cai
thién dang ké chat lugng bam va khir nhidu so v&i so véi phuong phap H.. thong
thuong.

1.2.2 Piéu khién phi tuyén

Diéu khién phi tuyén duoc hiéu 1a cac phwong phap sir dung truc tiép hodc
gian tiép mo hinh phi tuyén (1.40) cua hé co-dién néi chung hay (1.30),(1.42) cia
TRMS noi riéng, dé thiét ké bo diéu khién.

S6 lugng cac phuong phap diéu khién phi tuyén cho TRMS rat phong phu, bao
gdm ca nhitng phuong phap truyén théng va phuong phap théng minh, duoc hiéu 1a
nhitng phuong phap c6 sir dung tri tué nhan tao (Al). Nhitng phuong phap truyén
thong sir dung truc tiép mo hinh phi tuyén hé dién-co néi chung da duoc trinh bay
chi tiét trong [2], [4], [15], chang han nhu:

- Piéu khién bu trong truong.

- Piéu khién thich nghi v6i md hinh ngugc.
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- Piéu khién thich nghi Li-Slotine.
- Biéu khién truot.

Mot s luong 16n cac bo didu khién phi tuyén Khac, phat trién thém, riéng cho
TRMS, gdm ca nhiing phuong phép diéu khién thong minh (sir dung tri tué nhan
tao) cling dd dugc cong bd gan dy, ching nhu nhitng céng bd ¢ cac tai liéu tham

khao tir [31] dén [52].
1.2.2.1 Diéu khién theo nguyén Iy truot

Bo diéu khién truot (SMC) cung cap d6 6n dinh vuot trdi trong trudng hop
c6 nhidu bén trong ciing nhu bén ngoai anh hudng dén hé théng. Y tuong chinh
cua SMC 14 tao ra bé mit thay doi (switching surface), goi la mat truot, sau do dé
budc cac trang thai cua hé théng dat dén bé mat nay va sau doé truot doc theo no.
Trong [32], mot thuat todn xodn (twisting algorithm) dua trén bd diéu khién truot
bac hai (SMC) duoc dé xuét dé diéu khién TRMS. Bo SMC bac hai qua mo phong
da chung minh sy bén virng chéng lai su bat dinh va nhiéu ngoai cua h¢ théng
TRMS. Ngoai ra b diéu khién truot bac hai 1am giam hién tuong chattering dau
vao diéu khién.

Tai liéu [33] da trinh bay modt nghién ciru so sanh ché do truot thich nghi
(ASMC) va ché d6 truot tich phan thich nghi (AISMC) cho hé théng TRMS. Pé
xudt SMC sir dung luat diéu chinh hé sb thich nghi dé giam bét hién tugng rung
(chattering) bang cach udc luong hiéu qua gidi han trén cua bat dinh. O giai doan
tiép can mit truot do tinh khong bén viing von c6 cia SMC ¢6 thé dan dén hé thong
khong 6n dinh, vi vay thiét ké ISMC duoc dua ra dé dam bao su 6n dinh cta hé
thong ngay tir ban dau Ngoai ra, luat diéu khién dé xuat thiét 1ap ché do trugt voi
giam hién tuong chattering bang cach sir dung luat diéu chinh thich nghi. Phan tich
so sanh dugc thyuc hién gitra b diéu khién ASMC va AISMC cho théy hiéu qua va
bén vitng trong viéc diéu khién TRMS trong sy hién dién khong mong mudn cia su
bat dinh ctia hé thdng va nhidu ngoai. Trong [34], mot bo diéu khién theo ddi bén
viing cho TRMS str dung bd diéu khién truot tich phan. Pé loai bo su gian doan

trong hiéu diéu khién, bo diéu khién duoc ting cudng béi mot bd quan sat nhiéu ché
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d6 trugt. Két qua mo phong va thuc nghiém ching t6 tinh bén vitng va hiéu qua cua
phuong phap.

Trong tai liéu [35], cac tac gia di nhdn manh viéc thyc hién mot bd quan sat
trang thai phi tuyén tinh dé udc tinh cac trang thai khong do duoc cua TRMS. Hiéu
xuat thoi gian thuc cta bo diéu khién SMC véi bd quan sat phi tuyén di dugc chimg
minh qua thuc nghiém. Trong [36], cac tac gia d3 xem xét mo hinh hé thong TRMS
va bo diéu khién SMC dugc thiét ké ma khong c6 bo quan sat dé kiém tra goc chao
doc va goc dao lai. Chat lugng hé thdng duoc danh gia véi tin hiéu mau dau vao 1a
ham don vi. Cac két qua d chirmg minh hiéu qua ctia SMC so véi bd diéu khién
PID kinh dién.
1.2.2.2 Diéu khién thich nghi

TRMS 13 mot dbi twong phi tuyén co cac tham sd bién d6i vi thé mot sb
nghién ctic da sir dung bd diéu khién thich nghi dé diéu khién ddi twong nay, chang
han nhu cac cong b nhu tai liéu [37], [38].

Trong tai liéu [37], trinh bay mo hinh va bd diéu khién thich nghi theo thoi
gian thyc cho hé théng phi tuyén TRMS. Hé thong dugc thyc hién bang mé hinh
ban dau dua trén cac dinh luat, sau d6 duge cai tién dé thich ung tdt hon véi d6i
tuong thyc. Sau d6, mo hinh toan hoc dugc su dung dé thiét ké bo diéu khién thich
nghi trong Simulink. Cac bo diéu khién ty chinh cho déi tugng thuc va md hinh phi
tuyén trong Simulink di dwgc so sanh. B diéu khién PID vé&i phuong phap
ZieglerNichols duoc stra ddi Takahashi cho két qua khong phu hop cho dbi twong
thuc nay. Mat khac, chat lugng ctia bd diéu khién 2DOF duya trén phuong phap gan
diém cuc don gian nhung lai t6t hon dang ké.

Trong tai liéu [38], cac tac gia di trinh bay phuong phap diéu khién TRMS
trong phong thi nghiém. N6 cho thdy kho ¢ thé 6n dinh hé thong va bam tin hiéu
mau khi str dung bd diéu khién kinh dién véi thong sb cb dinh. Ca hai phuong phap
dua trén diéu khién thich nghi ty chinh. Hai thiét ké nay dya trén phuong phap da
thire. Trong trudng hop dau, mot thuit toan cé tinh dén twong tac bén trong giita cac
bién dau vao va dau ra da duoc dung. Phuong phap thir hai sir dung nguyén tic diéu

khién phan tan véi mot diéu khién logic bd sung cho chuyén doi nhan dang quy nap
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trong cac vong cu thé. Trong ca hai truong hop, su 6n dinh cia hé thong vong kin
duoc dam bao va sau mot giai doan thich nghi viéc bam tiém cén tin hiéu mau dat
dugce. Két qua ca hai phuong phap diéu khién kha tot. Ngoai ra phwong phap dé

xuat rat don gian va c6 hiéu qua tng dung trong thuc té.
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Hinh 1.10: Mach diéu khién mé phéng hé théng diéu khién TITO [38]
1.2.2.3 Piéu khién mo

Theo tai liéu [39], cac tac gia da dua ra bo diéu khién logic md cho TRMS. Ho
da thiét ké mot bo diéu khién cho hai bac ty do trong trudng hop thay d6i mot bac
c6 anh huéng nho nhat dén bac con lai va hé théng giit 6n dinh. Ho ciling thiét ké
mot bo diéu khién sir dung suy luan Segeno. Két qua chi ra rang chéat luong hé
thong sir dung logic md cho chét lugng t6t hon so v6i bo diéu khién PID kinh dién
hay bd diéu khién LQR.

Trong [40], trinh bay bd diéu khién PID str dung logic mo ap dung cho TRMS.
Céac tham s6 ctia PID bo diéu khién duoc diéu chinh thich nghi béi mot bo diéu
khién FGSPID (Fuzzy Gain Scheduled PID). Cac két qua md phong va thir nghiém
cho thay hé thong on dinh, chat luong diéu khién bam chinh xé4c theo cac goc chao

doc va gbc dao lai.
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Hinh 1.11: So dé khoi bé diéu khién FGSPID cho TRMS [40].

Trong céac tai liéu [41], [42] trinh bay vé b diéu khién logic mo - PID cho
TRMS. Chit lugng ctia b diéu khién bdm chuyén dong theo doc phuong doc va
ngang da chung minh thoa man vé d6 chinh xéc, tac dong nhanh theo tin hi¢u mau
qua mo phong [41] va trong thyc nghiém [42]. Trong [43], cac tac gia thuc hién khur
ghép va mod hinh héa TRMS bang mé hinh m¢ Takagi—Sugeno cho TRMS. Dya vao
d6 ho ap dung mot bo diéu khién két hop Logic mo LQR phan tan song song
(Parallel distributed Fuzzy LQR _PFLQR) dé diéu khién vi tri ctia goc chao doc va
goc dao 1ai & TRMS. Két qua mo phong cho thiy hiéu qua va bén viing cua bo diéu
khién PFLQR.

1.2.2.4 Diéu khién bang mang neural

Trong [49], [50] da phat trién phuong phap diéu khién mé hinh nguoc cho mot
bac tu do ciia TRMS. Trong truong hop bo qua sai 1éch mé hinh nguoc, mot bo didu
khién PD duoc diéu chinh bang thuét toan di truyén dugc st dung dé ting cudng
cac dac tinh bam cua hé théng. bé uéc lugng sai 1éch mé hinh ngugc, mét bo bu no
ron thich nghi dugc dugce thém vao diéu khién hé théng. Két qua mo phong [49] va
thuc nghiém [50] cho thiy chat lugng bam goc chao doc thoa mén trong ché do qua

dd cling nhu ché do xac 1ap.
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Hinh 1.12: So dé khoi diéu khién thich nghi mé hinh ngwec [49],[50].

Trong [51], mot bd quan sat trang thai dua trén mang no ron cho hé théng
TRMS duoc trinh bay. Pau tién, mot bd quan sat cuc bo don gian dugc dua ra. Hi¢u
qua cua bd quan sat nay s& phu thudc vé do chinh xac ciia md hinh. Sau d6, mot mot
bd quan sat trang thai dya trén mang no ron dugc dua ra. Bo quan sat nay cé thé
duoc ap dung cho hé théng TRMS ma khong can bat ki hiéu biét vé dong luc hoc
ctia hé théng. Mot mang no ron hai 16p duoc st dung dé woc tinh cac phi tuyén cia
hé théng. Mot luat hoc cho mang no ron dugc dua ra dam bao sy on dinh cua bd
quan sat. Két qua mo phong cho thay dap tng ciia bd quan sat 1 thoa dang. Trong
truong hop by quan sat dua trén mang no ron, sai I¢ch trang thai bd quan sat s€

nhanh chéng hoi tu vé khong.

Trong [52], trinh bay mot bo diéu khién no ron — PID cho timg kénh riéng biét
ctia hé thong TRMS. Phuong phép nay két hop loi thé ctia bo diéu khién PID thong
thudng va mang no ron lam cho hé thdng bén vitng va thich nghi véi bién d6i. Két

qua mo phong cho thiy dau ra bam theo quy dao cho trude voi do chinh xac cao.

Trong tai li¢u [48], trinh bay mo0t by quan sat duya trén mang no ron cho
TRMS. Cac thanh phan phi tuyén khong rd s& duoc ude lwong nhd luat didu chinh
trong sd ctia mang no ron. Su 6n dinh cta bd quan sat dugc chi ra nho phuong phap

on dinh truc tiép theo Lyapunov. Mot chuyén dbi toa do dugc sir dung dé chuyén
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d6i lai bat ding thirc nay thanh bit dang thirc ma tran tuyén tinh (LMI). Mot thuét
toan c6 tinh hé thong dugc trinh bay dé kiém tra tinh kha thi ctia bat dang thirc bac
hai va dem lai mgt by quan sat ctr khi nao c6 nghi¢ém. Sai 1é€ch trang thai uéc luong

va trong sO ciia mang no ron dugc dam bao dé rang budc cuoi tiém can veé khong.

Trong [44], trinh bay mot bo diéu khién logic md no ron thich nghi dugc trién
khai va 4p dung dé diéu khién hé théng SISO va hé théng MIMO. Hé théng dao
dong cudng buc 1a dugc coi 1a ddi twong SISO trong khi TRMS 1a d6i tuong
MIMO. Chét luong bam cia bo dicu khién da dugc ching minh véi tin hiéu ham

don vi va ham sin du6i anh hudng cta nhicu.
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Hinh 1.13: Ciu triic AFC dp dung cho TRMS [47]

Ciing trong [47], cac tac gia bo sung mot bo diéu khién PID ap dit mo men
PIDAFC (PID Active Force Control) dé diéu khién cac hé théng phi tuyén. Muc
tiéu chinh 1a dé diéu khién TRMS dé thyc hién cac vi tri mong muén va loai bé anh
huong ciia nhiéu loan bén ngoai. Khi c6 anh hudng xen kénh giira hai canh quat cta
hé thong MIMO né 1a mot hé thong véi trang thai phi tuyén. Vi vdy ma ho nghién
ciru mot bd PID-AFC két hop voi mang noron va logic md dé bu dip cac nhidu
loan. AFC s& udc tinh cac nhiéu loan trong khi mang no ron va mo s& t6i wu hoa cac

sai 1éch. Chi minh AFC khong thé dap ung riéng &, d6 1a 1y do tai sao ho phai sir
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dung két hop mo va mang no ron. Két qua cho thiy dap tng dau ra bam theo
tin hiéu mau voi thoi gian qua dd nho. Tuy nhién nghién ctru nay chi ding lai &

mo phong.

Tai liéu [46] d trinh bay phuong phap thiét ké mot bd quan sat ding mang no
ron (NN) cho mé hinh roi rac Euler cia TRMS. Bd quan sat dua trén mang no ron
Chebyshev (CNN), duoc hudn luyén bang cach sir dung bo loc Kalman md rong
(Extended Kalman Filter EKF). Sai 1éch udc lugng trang thai va sai 1éch dau ra
duge dam bao 13 gidi han cudi ban toan cuc (semiglobally uniformly ultimately
bounded SGUUB) va gidi han trong s6 mang no ron. Vi thuét toan dua trén EKF,
su hoi tu hoc tdp dugc cai thién so vdi cac thuat todn dugc s dung trude day. Mo
phong két qua cho thay hiéu qua ctia dé xuat CNN.

Trong [45], cac tac gia dd trinh bay mot luat diéu khién thich nghi truc tiép
mang no ron cho mot 16p hé théng phi tuyén MIMO c6 dang i = f(z) + G(z)u sir
dung tuyén tinh hoa phan hoéi khi f(z) va G(z) duoc wdc lugng. Thach thic dé
udc luong dong thdi vée to f(z) va ma trdn G(z) duogc st dung trong viéc tong
hop luat diéu khién do khong dong nhat vé sb chiéu véi cac cdu tric mang no ron cd
nhiéu 16p dau ra khong co sin. Van dé nay duoc giai quyét nho k¥ thuét vector hoa
va dinh hinh lai ma tran bang cach st dung phuong phap Kronecker. Phuong phap
nay tao ra cau trac mang no ron trong dwong gdm nhiéu 16p dau ra nhd két qua xir
Iy ma trdn phu hop tuong tng voi cac udc luong duoc dé xuit. Cac luat cip nhat
trong s6 dbi véi ca hai ham no ron co so dé ude tinh ca f(z) va G(z) dugce tao ra
sao cho luat diéu khién dé xuét dat duoc dff)ng tho1 bam theo hai muyc ti€u cling nhu
su 6n dinh ctia hé thdng vong kin theo tiéu chuin Lyapunov. Cac hé s ti 1é o va
dugc dé xudt song song véi khai niém duoc st dung rong rdi cua thuong sb
Rayleigh dugc ap dung trong dong luc hoc cdu tric dé danh gia tin sd dao dong
riéng ctia mot hé thong. Cac két qua mo phong trén TRMS di ching minh tinh kha
thi va hiéu qua cua luat diéu khién dé xuat. Tinh wu viét ciia phuong phép nay nam
trong sy phat trién cta luat diéu khién phu hop cho mét hé théng MIMO trong
truong hop khong c6 thong tin vé phi tuyén.
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1.2.2.5 Diéu khién tuyén tinh phdn hoi

Diéu khién tuyén tinh héa bang phan hoi trang thai khéng méi va ciing da
dugc 4p dung thanh cong cho TRMS. Uu diém chinh cua phuong phép nay 1a tan
dung dugc cac uwu thé cia diéu khién tuyén tinh cho hé phi tuyén néi chung va
TRMS néi riéng nhu dd dé cap ¢ phan dau muc 1.2.1 truée ddy.

Chang han tai liéu [14] d3 trinh bay mot bo diéu khién chi tiét dua trén tuyén
tinh hoa phan hdi dau ra duogc thiét ké dé on dinh cho riéng TRMS va lam cho céch
tay don bam chinh x4c theo tin hiéu mau hoic dat dugc vi tri mong muén dat dugc

vi tri mong mudn trong 2 DOF (hinh 1.14).
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cwe 6a phan hoi phuong doc dong co T
: phwong doc : chinh
B6 quan
sét
Diéu khién e - —
@, |Piukhién Uh | tuyéntinh )r:;cn(gg:\cr:g 7, '\:‘IO :,l::
—»1 gan diém [— hoa phan hoi |—] : —p| N9UQ
cwe phurong M, phwong dong co
; g ngang duoi

Hinh 1.14: Bj diéu khién tuyén tinh phdan héi cho TRMS [14].

Trong TRMS chi c6 goc chao doc va goc dao 1ai co sin dé do. Mot bo quan
sat dé udc lugng cac trang thai con lai, duge két hop voi k¥ thuat tuyén tinh hoa
phan hoi trong hai giai doan. Trong giai doan dau, luc déy canh canh quat dugc coi
1a dau vao diéu khién ao dan dén mot mo hinh chinh tic TRMS cho phép tuyén tinh
hoa phan hdi duoc ap dung don gian. Trong giai doan hai, cic mdé men dong co va
dién ap dau vao diéu khién thyc té dugc tinh todn twong (mg bang cach gidi cac
phuong trinh dai s6 va mé hinh dao dong co. Trong dé xuit ndy cac hiéu ing xen
kénh duoc duy tri trong bd diéu khién vi phan va do d6 khong can phai khir xen
kénh TRMS thanh cac hé théng con theo mit phang ngang va doc nhu thuong dugc

thuc hién trong cac nghién ctru. On dinh theo cap s6 nhan cua vong kin dugc dam
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bao bang cach st dung phuong phép thir hai cua Lyapunov. Két qua mé phong cho
thay hiéu sut ciing nhu hiéu qua cta bd diéu khién di cho.
1.2.2.6 Pieu khién du bdo va diéu khién truot doc truc thoi gian

Tinh hiéu qua vé kha ning bén viing ctiia phuong phap diéu khién du bao [5],
[53]-[57] da dugc x4c nhdn trong nhiéu tng dung thuc té va dbi voi bai toan diéu

khién bén virg bam theo tin hiéu mau cho TRMS ciing vay [1],[3].

Bo diéu khién

; dw bao
a) : ;
: Ham muc '
= tiéu ;
l l Déi twong
K ) u k 5 y
i — p 2 Zk
ToLUu L 75 didu khién
i (hé TRMS)
Khéi dy |€— | Ty,
bao dau ra <
Ctra s6 dw bao hién tai i
- >
b) ; :
i | coasbdubaotiéptheo | !
E - : : t=kT,
— |———
k  k+1 k+N

Hinh 1.15: Ciu triic va nguyén Iy lam viéc ciia hé diéu khién dw bdo [5).

Hinh 1.15 mé ta cdu trac co ban ctia mot hé théng didu khién du bao. Tur
nguyén tac chung do6, khi trién khai nguoi ta c6 thé thu dugc nhidu bo diéu khién du
bao khac nhau. Sy khac nhau nay cha yéu nim ¢ cac phuong phap tdi wu hoa duoc
ap dung, ciing nhu cac ham muc tiéu duoc sir dung. Nhitng phuong phép tdi wu hoa
thuong dugc sir dung trong diéu khién dy bao da cé trong cac tai liéu [58], [59] vé
phuong phap truyén thong va [60] - [63] vé phuong phap tri tué nhan tao.

Mot bo diéu khién du bao (model predictive control - MPC) gom 3 khdi chinh
13 khdi mé hinh dy béo, khdi ham muc tiéu va khéi tdi wu héa (hinh 1.15a). N6 1am

viéc theo nguyén tic trugt doc trén truc thoi gian (receding horizon control - RHC)
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nhu mé ta ¢ hinh 1.15b. O day ciing can luu ¥ 1 bo diéu khién MPC ludn 13 mot bo
diéu khién RHC, nhung nguoc lai thi khong, vi bo diéu khién RHC khong chira

khéi mé hinh dy bao trong no.

Nhu cac tai liéu [53] vé MPC tuyén tinh va [57] vé MPC phi tuyén da chi 13,
vu diém cua diéu khién du bao 1a tin dung duoc vu thé cua cac phuong phap tbi uu
hoéa (truyén thong va thong minh) vao diéu khién. N6 co tinh bén virng cao v6i mot
sai 1éch nhé cua mé hinh, xtr 1y dugc cac diéu kién rang budc cta bai toan diéu
khién. Song né ciing lai c6 nhuoc diém 1a bo diéu khién c6 cau trac kha cong kénh,
thuat toan diéu khién chira nhiéu phép tinh 1ap chong chéo trong né, kéo theo nguy
co sai sb tinh toan cao, tham chi trong nhiéu trudng hop con bi tinh quéan, khong
thoat ra dugc khoi vong lap. Ngoai ra, ca hai bo bo diéu khién MPC va RHC con la
nhitng bo diéu khién khong lién tuc, nén viéc chon chu ky trich mau 7, (ciing 1a
budc dich chuyén trén tryc thoi gian nhu mé ta ¢ hinh 1.15b) khéng phu hop ciing

s& 1a mot tic nhan anh hudng t6i chat luong diéu khién [1], [3], [5].

Qua nhirng danh gia tong quan cua cic cong trinh nghién ctiru da cong bd & trong
va ngoai nude, tac gia d& xuit bo diéu khién thich nghi bam quy dao cho hé co -
dién song tuyén bat dinh. B diéu khién duoc xiy dung dua trén co so bd diéu
khién tuyén tinh hoa két hop v&i bd nhan dang thanh phén bt dinh dya vao nguyén
Iy tdi wu hoa ting doan sai 1éch mo hinh trén truc thoi gian ap dung cho TRMS, mot
hé thdng phi tuyén lién tuc, xen kénh manh va c6 nhidu. Thach thic 16n phia trude
ctia nghién ciru nay 13 xdy dung bo diéu khién bam quy dao cho hé co - dién song
tuyén, chirng minh tinh on dinh va 6n dinh tiém can caa hé bam trong truong hop
khong c6 va ¢ yéu té bat dinh. Sau d6, tién hanh cai dit va thuc nghiém thanh cong

bo diéu khién d& xuat cho TRMS trong phong thi nghiém.

1.3 Két luén

O chuong 1 ludn 4n d3 trinh bay tong quan vé hé théng Twin Rotor MIMO,
phan tich mé hinh toan theo Euler-Lagrange, dé cap dén cac van dé phi tuyén cua
d6i tugng can nghién ctru 1a TRMS. Nho @6, ¢6 thé thdy TRMS 1a hé MIMO phi
tuyén c6 hai dau vao / hai dau ra, chiu anh huong xen kénh, c6 thong sé bat dinh

cuing nhiéu tic dong. Qua phén tich danh gia téng quan cac cong trinh nghién ciru
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clia cc tac gia trong va ngoai nudc véi cac hudng nghién ctru vé diéu khién bam
quy dao chuyén dong cia TRMS dé 1am 13 tinh cip thiét cia ludn an, dwa ra dé xuat
xay dung bd diéu khién thich nghi bam quy dao cho hé co — dién song tuyén bat
dinh trén co s& bd diéu khién tuyén tinh hoa va bd nhan dang thanh ph'?m bat dinh
theo nguyén 1y t6i wu hoa timg doan sai 1éch mé hinh trén truc thoi gian 4p dung
cho TRMS. B6 diéu khién nay tan dung duoc cac wu diém cua nhitng bd diéu khién
d3 co, dong thoi tranh duoc cac nhuoce diém ciia chung. Chinh vi vay, ludn an d3 dat

ra cac yéu cau:

- Van str dung wu thé dang tin cdy ctia cac phuong phap diéu khién tuyén tinh
lién tuc (khong can roi rac hda mo hinh dé thiét ké bo diéu khién).

- B6 sung thém cho cac phuwong phap diéu khién tuyén tinh trong mién thoi
gian lién tuc, hay it nhat 13 cac phuong phap tuyén tinh héa d6, kha ning thich nghi

va bén viing dugc véi ca nhitng thanh phan bat dinh phi tuyén.
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CHUONG 2
PIEU KHIEN TUYEN TINH HOA CHINH XAC TRMS KHI CcO
MO HINH CHINH XAC

Phuong phéap duoc luan 4n dé xuit sau ddy cho hé co-dién (1.40) néi chung va
TRMS (1.30),(1.42) néi riéng c6 muc dich 1a dé hudng téi viéc két hop bo didu
khién tuyén tinh héa chinh xac vai diéu khién bu bat dinh & chuwong 3 (nd s& duoc
xem nhu bd diéu khién vong trong). Bdi vy phuong phap dé xuat nay can téi dang
mo hinh toan khéac ctia ddi twong so véi (1.40), ma ¢ d6 né co thé dua dugc vé cdu
trdc trang thai song tuyén. Noi cach khac, & chuong nay, luan 4n s& tim cach xay
dung bo diéu khién bam quy dao mau cho hé co-dién c6 moé hinh Euler-Lagrange

song tuyén:

M(9)i+Clg,@)i=F|u+d(g,)] (2.2)
thay vi cau triic goc (1.40) ban dau.

C6 thé thay néu so sanh véi (1.40) thi md hinh (2.1) nay 1a twong dwong néu

nhu thanh phan bat dinh n(t), cling nhu vector luc ma sat va gia toc trong trudong

g(q) cua (1.40) duoc gia thiét 1a déu thudc khong gian anh cia F':

n(t) = Fn(t)' va g(q) = Fg(g)’ (22)
Khi do gilta n(t),g(q) cta (1.40) va d(g,t) cta (2.1) c6 quan hé:
d(g.t) =n@t)' - g(q)’. (2.3)

Ngoai ra, do phuong phap d& xuat ndy cta luan 4n, ma thyc chit chinh 13 mot
dang cai bién ctia phuong phap diéu khién bu trong truong cho cac hé co-dién noi
chung mé ta bai md hinh (1.40) dang da co céu chap hanh, sao cho né phu hop
dugc voi ciu trac cta song tuyén cua cac bién khop (2.1), ciing 1a dang Euler-
Lagrange song tuyén, nén s& la can thiét, néu ta hiéu rd hon vé phuong phéap diéu
khién gdc ndy (phuong phap diéu khién bu trong trudng). Chinh vi vay, chuong nay

s€ duoc bo cuc nhu sau:
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- Trude tién 1 phan trinh bay vé noi dung phuong phap diéu khién bu trong
truong co ban, 4p dung cho 16p hé (1.40) dang du co cAu chap hanh.

- Tiép theo 13 phan cai bién ctia phuong phap trén cho 16p hé song tuyén (2.1)

- Cubi cung 1a phan cai dit riéng phuong phap cai bién nay cho TRMS cu thé,
mo ta bdi mo hinh (1.30) va (1.42).

2.1 Phwong phap co sé: Diéu khién bu trong truong

Phuong phép diéu khién bu trong trudng 13 mot phuong phép thiét ké bo diéu
khién bam quy dao mau cho trude, ky hiéu la r, cho cac bién khop q cua l6p hé
co-dién (1.40) du co cau chdp hanh, khong chira thanh phan bat dinh (goi 12 hé c6
md hinh chinh x&c):

M(q)j+C(g,9)g+9(q) =u (2.4)
trong 46 u =7, nghia 12 da gia thiét co cdu chip hanh giéng nhu mot khau bién doi
1y tuwdng cac gia tri vat 1y.

Bo diéu khién c6 dugc tir phuong phép nay, xét vé mit cau tric thiét ké, 1a
mot bd diéu khién cascade voi hai bd didu khién con léng vao nhau nhu mé ta &
hinh 2.1, trong do:

- B diéu khién vong trong 1a ¢6 nhiém vu tuyén tinh hoa chinh xac hé (2.4),

- B¢ diu khién vong ngoai c6 nhiém vu diéu khién céc bién khép ¢ ciia hé da

dugc tuyén tinh hoa chinh xac, bam ti¢ém can theo dugc quy dao mau trude r .

r € Hé co-dién q

tr (c6 mo =

B diéu B diéu khién
- khién bam tuyen tinh > hinh Euler-

quy dao dit r hoéa chinh xac Lagrange)

Hinh 2.1: Céu triic cascade ciia b diéu khién bu trong truwong [4].

|
1S

\ 4

2.1.1 Tuyén tinh héa chinh xdc bing phan héi

B6 diéu khién tuyén tinh héa phan hdi (diéu khién vong trong) cho hé co-dién
tir (2.4) cling chinh 14 bo diéu khién (1.43) da biét trude day:
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u=M(q)v+C(g,9)q+9(q) (2.5)

va cung véi no6 h¢ kin & vong trong tr¢ thanh tuyén tinh:

g=uv. (2.6)

Hon thé nira, hé tuyén tinh (2.6) trén con la tach kénh, gdm n hé con SISO (mét
vao-mot ra) dang tich phan bac 2:
g =v,1=L2, ...,n
trong d6 n 13 s6 cac bién khép (va ciing 14 s6 cac tin hiéu dau vao).
2.1.2 Diéu khién vong ngodi dé bam quy dao miu
Bo diéu khién vong ngoai duoc xac dinh 1a [4]:
Q=%+K1§+chfl—§ véi e=r—¢q (2.7)

& day r[rad], e [rad], Kl[md/sz], K,[rad/l s]

Hai ma tran K, K, dugc chon sao cho:

0 1

12 ma tran Hurwitz. V4i b didu khién vong ngoai trén thi hé dd tuyén tinh hoa
chinh xac (2.6) s€ tr¢ thanh:

d*r de d%e de
j=v=—+Ke+K,— hay 0=—5+Kje+K,—,
U= 1€t R, yy % 1€t Ra

D)

tirc 1a tré thanh:

@ ) q)@ = @ - ex"(q’t@gij (2.9)

néncé e >0 va é > 0, vi @ la ma tran Hurwitz.

D

2.1.3 B§ diéu khién chung

Ghép hai bd diéu khién (2.5) va (2.7) chung lai v6i nhau, ta duoc:
u=M(q)[i +Kie+ K,é]+C(q,4)g+g(q) véi e=r—¢ (2.10)
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va day chinh 13 bo diéu khién chung cho ca vong trong va vong ngoai dé diéu khién
hé co-dién du co cdu chdp hanh, c6 md hinh chinh x4c cho & cong thire (2.4). Sau
day bo diéu khién chung (2.10) nay s& dugc luan an cai bién thanh dang thich hop

v6i mo hinh song tuyén theo bién khép (2.1) ciia hé co-dién.

2.2 Phwong phap dé xuét cho hé Euler-Lagrange song tuyén khi c6 mé hinh
chinh xé&c

Lu4n 4n quan tdm t6i nhitng hé co-dién tr ¢ ciu trac song tuyén theo bién
khép, di co cau chap hanh, vdi mo hinh chinh xac, duoc dinh nghia ¢ day 1a hé
(2.1) c6 F=1 va d(q,t)=0. Néi cach khiac, mét trong nhing d6i trong quan tim
cua luan an khi c6 mo hinh chinh xac la:

M(q)j+C(g,9)q=u. (2.11)
2.2.1 Bé diéu khién bam quy dao méu

Cai bién bd diéu khién chung (2.10) sao cho né phu hop duge véi dang Euler-
Lagrange song tuyén cho & cong thirc (2.11), ta sé& co:

u=M(q)[F+Kie+Kyé]+C(q,¢)q voi e=r—q. (2.12)

Day ciing s& 1a bo diéu khién dé c4c bién khép ¢ cia hé Euler-Lagrange song
tuyén (2.1) di co cau chap hanh, khong chira thanh phén bat dinh (d(g,¢) =0), bam
tiém can theo dugc quy dao mau trudc r, nhu md ta & hinh 2.2 duédi day. Bo diéu
khién nay sau d6 s& duoc luan an ghép tiép véi khau diéu khién bu bat dinh cho ¢
chuong 3, dé thanh mot bo diéu khién thich nghi cho hé tong quat (2.1) c6 chua
thanh phan bét dinh d(g,t) ¢ dau vao.

lgz

r

—>|Bo6 diéu khiénbam| U | Hé co-dién tir dang q

— quy dao dat cho & »| song tuyén theo bién >
|—> céng thirc (2.12). khép (2.11).

Q
e

Udc lwong gia tri
dao ham

Hinh 2.2: Diéu khién bam quy dao méu cho hé song tuyén theo bién khop.
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Mot luu ¥ thém 13 khi cai dat bo didu khién (2.12) ta cAn phan hoi vé bo diéu
khién ca vi tri q 1an toc do cua ¢ cua cac bién khop. Trong truong hop khong co
cam bién do toc d, ta c6 hai giai phap k¥ thuat sau dé xac dinh gia trj dao ham vi

tri bién khép ¢ tir tin hiéu do dwge ¢ cua hé:
1. Xde dinh xdp xi dgo ham.

Dua gia tri tin hi€u ¢ do dugc tu h¢ qua mot khau Xap xi vi phan:
s

1+Ts
khi d6 daurala ¢, .

Gy(s) =

véi 1> T >0 nho tuy chon (2.13)

2. Ubc lwong gia tri dao ham nho khau quan tinh bédc nhat.

Pua gié tri tin hiéu q, do dugc tur hé qua khau quan tinh bac nhat:

Gy(s) = véi 1> T >0 nho tuy chon. (2.14)

1+Ts
Khi d6 dau ra z cia n6 s€ ti€ém can (v0 cung nhanh) té1 dau vao ¢ . Do do6 ta c6 thé
xem nhu 2 = ¢ . Gifra hai tin hi¢u vao ra nay co6 quan hé¢:
4—z

z2+Ti=q hayc_jzg'z—T (2.15)

va no dugc xem nhu gia tri wdc lugng xap xi cua ¢ .

Dinh ly 1: Voi cac ma tran K, K, :
K, =diag(ky,), K, =diag(ky,) ¢ kj; >k, >0 (2.16)

thi bg diéu khién (2.12) sé lam cho ddu ra ciia hé song tuyén theo bién khép, mé td

boi mé hinh chinh xdac (2.11), tiém cdn t6i dweoc tin hiéu mau .
Ching minh:

Ky hi¢u hai ma tran:

2K} 0 \ 2K, K, K,
Q= va P= (2.17)
0 2(K:-K) K K

Véi céc diéu kien (2.16) cac ma tran P, Q s& 1a nhitng ma tran ddi xtmg xac dinh

duong. Tiép theo, cing voi @ cho boi (2.8), ta s& co:
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I -K,)\ K K, K, K,|\-K, -K,

(2}(5 0 J
=— ) = —Q
0 2(K%-K)

Cubi cung, vi (2.18) 1a phwong trinh Lyapunov véi @ ddi xumg xac dinh

(2.18)

duong c6 nghiém P ciing d6i xtng xac dinh duong (tham chi 1a duy nhat), do d6 @
phai la ma trdn Hurwitz. Vi vady ¢& muc 2.1.2 thi phuong trinh (2.9) v6i e =r—¢q
phai c6 dong thoi e — 0 va é - 0 (d.p.c.m).
2.2.2 Bdnh gid chit lwong bén vitng ciia by diéu khién dé xudt cho hé Euler-
Lagrange song tuyén bit dinh

Tai liéu [1] va [4] c6 trinh bay mot phuong phap diéu khién bén viing ISS cho
hé bat dinh dang tong quat (1.40), du co cau chip hanh, tic 1a hé ¢6 md hinh:

M(q)G+C(q,9)q+g(q) =u+n(t), geR". (2.19)
Néu so sanh vai (1.40) thi ¢ hé (2.19) ndy c6 F =1 (di co cdu chap hanh) va 7 =u
(co cau chip hanh 1a 1y tuéng - xem hinh 1.6). Phuong phép gi6i thiéu & hai tai liéu,
[1], [4] néi rang & hé bat dinh (2.19), néu nhu ta chon dwgc mot dai luong d (t) sao
cho c6 duge diéu kién bi chin:

d(t) - M(g) " n(t)| < p, Vt.q
v6i u 12 mot chi sé danh gia sai 1éch bam cho trudc, thi khi sir dung bd diéu khién
phan hoi vi tri va toc do cac bién khép:

u=M(q)| F—d(t)+ Kie+ Kyé |+ C(g,9)d +9(q)
¢6 hai ma tran d6i xung xac dinh duong K, K, thoa man:

K, =diag(k,), K, =diag(ky,) v6i k5, >k, >0,

hé s€ c6 sai Iéch bam e =7 — ¢ ludn tién vé 1an can 0 xac dinh boi:

0= {;_a = col(e,¢) € R*"| [p| < %“} (2.20)

trong dé

A=max(hy , ky) va 5 =min(kf , k3, k). (2.21)
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C6 thé thay kich thudc cta 1an can gbec O nay cang nhd, chat luong bam cang
t6t. Lan can O con thuong duoc goi 1a tap hit. Nhu duge chi 16 & hai cong thic
(2.20) va (2.21) thi kich thudc tap hat @ d6 hoan toan diéu chinh dugc thong qua
ko, VA ky;, von 14 nhitng hing s dwoc chon tuy y.

Dua theo két qua da c6 trén cua [1], [4] luan 4n di dén mot phat biéu twong tu
nhu sau, nhung bay gid 1a cho 16p hé Euler-Lagrange song tuyén (2.11) c6 thém
thanh phan bat dinh n(t), mé ta boi:

M(q)§+C(g,9)g =u+n(t). (2.22)
DPinh ly 2: Voi hai ma tran K, K,
K, =diag(ky,), K, =diag(k,;)

ky= ... =k, =a, kyy= ... =k,, =-Jab (2:23)
c6 b—1>a >0 latuy chon, thi bé diéu khién:

u=M(q)| #-d(t)+ Kye+ Kyé |+ C(q,0)d (2.24)
trong @6 d(t) la ham dwoc chon théa man:

()~ M) (0] < 1, Vhg (2:25)

s€ dwa sai léch bam e =r—q cua hé Euler-Lagrange song tuyén chita thanh phan

bat dinh (2.22), cung dao ham ciia n6 | € , tién vé dwoc lan cdn nhé cia goc:

O :{g =col(e,¢) e R?"

M ﬂ}. (2.26)
a

Ching minh:

Véi hai ma tran K, K, da cho ¢ (2.23) thi hai ma tran P,() xac dinh boi cong
thire (2.17), nhu phan ching minh cua dinh 1y 1, 13 hai ma trin d6i xtimg xac dinh
duong. Hon thé nita chiing con thoa min phuong trinh Lyapunov (2.18) ¢6 ma tran
® cho & (2.8). Ngoai ra, hé kin, gdm dbi twong Euler-Lagrange song tuyén (2.22) va
bo diéu khién (2.24) con mé ta duoc bai:

d’e de

e = -1
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hay

d 0 I 0
e _ p+|  |lv=0Op+ Bv (2.27)

trong do:

p= [gj () =d(t) - M(q) 'n(t) va B= GJ .

€
Str dung ham xac dinh duong:

V(p) =%£TP2_? véi p=col(e.¢)=(pups - P20)
cung vai (2.27), ta co:
av _1
dt 2
:%[QT(CDTP+PCD)£+QT(BTP+BTPT)B]

[((D}_) + Bz_))TP]_) + ]_)TP(CD£+ Bz_))]

Y T T
—E<—£ Qp+2v' B PQ)
K? 0 2K.K, K
:_BT 1 , ]_?+1_)T(0, )[ 122 1]£
K? 0
:—BT 1 ) ]_)+QT(K1 y Kz)p
0 (K;-Kp)

=0’ 2 pf —(ab=a) 2 pl;+ (apss 0P, (@b = )P, oo s(ab=a)py, )0

<~a?[p|" + afu]|p| < (sl

Nhu vay, khi sai léch bam p con nam xa géc, trc la con co: p O thi van con
c6 V<0, nén p van giam, hay sai 1éch bam van tién vé gbc va do chinh 1a diéu
phai chiing minh.

Cubi cung, ciing tir dinh 1y 2 ta thay, khi ap dung tryc tiép bo diéu khién bén
vitng ISS (2.24) cho hé Euler-Lagrange bat dinh (2.22), thi v6i hing sé « duoc
chon cang 16n, mién hip din O s& cang nho. Tuy nhién trén thuc té ta khong thé
chon a=o0 dé tinh bam 6n dinh ISS tré thanh bdm 6n dinh tiém can. Do d¢, dé

diéu khién bam 6n dinh ti€ém can thi van dé con lai 1a phai lam thé nao dé chon duoc
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vector ham d(¢) thoa méin diéu kién bét budc (2.25) tmg véi u=0. Van dé nay sé

duoc ludn 4n giai quyét & chuong 3.

2.2.3 Ap dung cho TRMS va kiém chitng chit lwong by diéu khién bing mé
phong trén MatLab

M6 hinh TRMS (1.30), khi dugc viét lai dudi dang Euler-Lagrange song

tuyén, khong chira thanh phan bat dinh, s& trd thanh hé (2.11) véi cac tham sd:
. N . uy a
M((_]) = (mtj(g))’ C((._Zlg) = (Cz‘j(g’g))l ) :l’ 2 va u= [u Ji g = (ahj (228)
2 v

trong do6, nhu da cho ¢ cong thuce (1.42), thi:

myy (g_z) = m21(c__z) = h(mTllTl Sina, - mTlez COSa,),

My, (q) =J1+J;

c(g,4) = 2¢, (J, - Jy)sine, cosa, (2.29)

¢ =0,
Uy =2 My, uy =2M,,
Nhu vay, néu so sanh véi mo hinh goc (1.30) ban dau cia TRMS thi ¢ day ta
d3 phai st dung thém gia thiét:
0

= == O
9(0) g(mTllTlcosav +my, by, sin 0%) - (2:30)

Gia thiét trén s& hoan toan khong anh huéng téi chat lugng diéu khién sau nay
ctia bo diéu khién (2.12) da dé xuat, khi n6 dugc két hop thém véi khau nhan dang
thanh phan bat dinh d (¢ chuong 3), Vi trong d6 c¢6 chira ludn ca 9(q) .

Bo diéu khién s& dugc cai dit thanh chuong trinh, c6 tén goi 1a TRMS (trong

phu luc), gdm hai file:

- File thtr nhat, 13 mot ham con ¢6 tén TRMS.m, thé hién dong hoc cua h¢ kin,
c6 md hinh chung ctia d6i tuong diéu khién 1a (2.11),(2.28)-(2.30), Do ¢ phan mém
MatLab, phan dong hoc bt budc phai duge biéu dién dudi dang phuong trinh trang
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thai, chir khong dugc ¢ dang Euler-Lagrange (2.11), nén & day, mo hinh (2.11)
dadugc chuyén thanh dang phuong trinh trang thai trong dwong:
i =A(z)z + B(z)u (2.31)

trong do:

- = —[QJ NEE Bw=|
g‘“(zz]_ i) U0 M@y tew) T M@yt @32)

u=M(z,)[F+ Ké+Kpe]+C(z)q, e=r—q

— File thtr 2, ¢6 tén 1a runTRMS.m, véi nhiém vu khai béo céc tham sé va
goi file thtr nhat thong qua 1énh ode45 ciia MatLab (thuc chat 1a mot ham con dé
tim nghiém hé phuong trinh vi phan bac nhat dudi dang day cac gia tri), dé lay két
qua mo phong.

Khi cai dit bo diéu khién (2.12) cho ban thi nghiém TRMS cé tai truong
PHKTCN Thai Nguyén, luan 4n da sir dung cac tham s6 sau cho mé hinh (2.28) va
(2.29), duoc 1ay tir tai liéu [10].

Bing 2.1: Tham sé mé phéng cho TRMS

Tham s6 Ky hiéu | Giatri | Ponvi
Chiéu dai ctia khdp xoay h 0.06 m
Téng khdi lwong cta canh tay don tu do mrp 0.8250 kg
Tong khdi lugng cta thanh dbi trong mr, 0.0908 kg
Trong tdm cua canh tay don tu do Iy 0.0186 m
Trong tdm ctia thanh ddi trong Iy, 0.2443 m
M6 men quan tinh cia canh tay don tu do J, 0.0591 kgm?
Mo men quan tinh cta thanh ddi trong Jy 0.0059 kgm?
M6 men quén tinh ctia khép xoay J3 1.68x10° |  kgm?
Gia tdc roi ty do g 9.81 m/s
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Hai ma tran K7, K, duoc chon lan luot la:
40 0) | 30 0
K, = va K, =
0 40 0 30
C6 hai truong hopvé quy dao mau r dit trude dung dé mé phong cho cac

truong hop 1a cac tin hi¢u dang budc nhay don vi va dang hinh sin nhu sau:

r=(tm @r) =(0503) [rad]
va 7 =(au @) =(0.25in(0.1256¢), —0.2sin(0.1256t))" [rad]

Chuong trinh diéu khién trén di cho ra cac két qua moé phong nhu mé ta & cac

hinh sau, tir hinh 2.3 dén hinh 2.10.
0.6
0.5

. X 4.73
E 0.4 Y 0.5 DA :
= — =Piuvao
' 0.3 —Biura

FO

S 0.2

8

¢ 0.1
0

0 20 40 60 80 100
Theri gian [s]

Hinh 2.3: Ddp irng géc ddo ldi ieng vdi tin hi¢u mdu la ham buéc

khi m6 hinh khong co g(q)

— =Pauvao

— — DAu ra
® 0.3
[
5 0.2 :
@
=
[*]
o
3 0.1

0

0] 20 40 60 80 100

Thei gian [s]

Hinh 2.4: Ddp irng goéc chao doc vng vdi tin hiéu mdu la ham bwéc
khi mo hinh khong c¢6 9(q)
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Két qua mé phong cho truong hop quy dao mau r dit truée dang bude nhay
don vi (hinh 2.3 va hinh 2.4) va dang hinh sin (hinh 2.5 va hinh 2.6) khi mé hinh
TRMS khong c6 nhiéu n(t) va bé qua thanh phan trong truong 9(q), tirc 1a khi mo
hinh Euler-Lagrange song tuyén ciia TRMS 1a chinh xac. Két qua md phong nay
cho thiy bo diéu khién (2.12) d3 1am cho tin hiéu dau ra ciia hé bam tiém can theo

duoc tin hiéu mau, didu da dugc khang dinh bang 1y thuyét tai dinh 1y 1.

Hon nita, ¢ trudng hop quy dao miu dang budc nhay don vi, két qua mo
phong trén hinh 2.3, gbc dao lai dat trang thai xac 1ap sau ¢ =4.73(s) con trén hinh
2.4 gbc chao doc dat dugc xac lap sau ¢ =4.86(s).

0.3 - ==Piu vao
. 0.2 TN N — =baura
o r4 LY F4 -
© Y3 \ L \
[t 0 1 ! (Y , (Y
:Eu ' \\ [' \‘
o 0 \ g \ 7
= * I . /

\ ’ \ ’

8 -0.1 s 7 7

_02 [ —_—y L, -

-0.3

0 20 40 60 80 100
Thei gian [s]

Hinh 2.5: Pdp irng gdc dio ldi itng vdi tin hiéu mébu 1a ham sin
khi md hinh khong c6 g(q)

0.3 — =Piuvao
= \ \
g 0.1 r 4 \ 7 \
o 0 / /
o \
T \ / \ /
Q . .

-0.1 y 7
8 \ 1 \
002 ~7 ~7

-0.3

20 40 60 80 100
Thei gian [s]

Hinh 2.6: Pdp irng géc chao doc teng vdi tin hiéu méu 1a ham sin
khi m6 hinh khong ¢6 g(q)
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Dbi voi quy dao miu hinh sin, thi két qua & hinh 2.5 va hinh 2.6 ciing cho thiy

tin hiéu d4u ra bam ngay tin hiéu mau, nhu dinh 1y 1 d4 khing dinh.

Tiép theo 13 két qua mo phong cho trudng hop quy dao mau r dit trude dang
budc nhay don vi (hinh 2.7 va hinh 2.8) va dang hinh sin (hinh 2.9 va hinh 2.10) khi
mo hinh TRMS khéng c6 nhidu n(t) nhung c6 thanh phan trong truong g(q), tac la
khi md hinh Euler-Lagrange song tuyén 1a khong chinh xac (c6 chtra thém thanh
phan bat dinh).

0.6

0.5 =
X 5.58

0.4 Y 0.5

- =D3u vao
0.3 - | - —Diu ra

0.2

Goc dao lai [rad]

0.1
0

0 20 40 60 80 100
Thei gian [s]

Hinh 2.7: Ddp irng géc ddo ldi ieng véi tin higu mdu la ham buéc

khi m6 hinh c6 g¢(q)

0.4 — =Piuvao
—B3u ra
-'E 0.3 x48 | - - - " ===== =
g Y 0.21595
o 0.2
(1]
-_—
[%]
8 0.1
S 0.
0 1 1 1 1
0 20 40 60 80 100

Theri gian [s]

Hinh 2.8: Ddp irng goéc chao doc vrng vdi tin hiéu mdau la ham bwéc
khi mé hinh c6 g(g)
Déi voi quy dao mau dang budc nhay don vi khi c6 thanh phan trong trudong
g(q), trén hinh 2.7, gbc ddo lai dat van trang thai xac 1ap sau ¢ =5.58(s) do thanh
phan g;(¢) =0 con trén hinh 2.8 goc chao doc khong dat duoc xé4c lap do g,(q) #0.
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Két qua ciing twong ty d6i voi quy dao miu dang hinh sin nhu thé hién hinh 2.9 va
hinh 2.10. Biéu nay hoan toan dung voi ndi dung cua dinh 1y 2 trong truong hop
thanh phan bat dinh ham 1a bi chin, bo diéu khién (2.12) tuy khéng 1am hé 6n dinh
tiém can, song van lam hé 6n dinh ISS v&i mot tap huat c6 kich thudce phu thude vao

tham s bo diéu khién, cho & cong thirc (2.26).

0.3

— - =PDAiu vao
0.2 — L~ — =Piura
% ,‘ \\ J', s\
E &, - ya t‘
— 0.1 ‘f Y d AN
im N / \
[=] 0 \ I" L
S . . \ -
L% . 7
\g -0.1 a K n‘ /4‘
@ _0.2 \‘.._‘ ', \-. _“
-0.3
0] 20 40 60 80 100

Thoi gian [s]

Hinh 2.9: Pdp irng goc ddo ldi ieng vdi tin hiéu méu 1a ham sin
khi md hinh c6 g(q)

0.3 — =Piu vao
— Piura —~
T °° RS RN
= s - R Y d' L
= 0.1 y \
o 7 d A
.= 0 /! \ 4
£ /4 AN / A
rx] LY » . rd
o -0.1 ! LY
3 NS e _ o
o —T —

-0.2 v Ty ”

-0.3

0] 20 40 60 80 100

Théi gian [s]

Hinh 2.10: Pdp itng géc chao doc irng vdi tin higu mdu 12 ham sin
khi m6 hinh c6 g(q)

Viy, v6i cting ma trn tham sd K, K,, két qua md phong dd khang dinh chat
luong bd diéu khién tuyén tinh héa chinh xac khi bé qua nhiéu tac dong va trong
trudng. Khi xuét hién thanh phén trong g(g) thi chat luong diéu khién bam 6n dinh
tiém can cua bo diéu khién tuyén tinh hoa khong duoc dam bao, thay vao do 1a chat

lugng bam 6n dinh ISS.
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2.3 Két luan
Céc két qua nghién ctru cia luan an thudc chuong nay gdm co:

- Pa trinh bay tom tat lai dugc mot phuong phap didu khién truyén thong 1a
phuong phap diéu khién bu trong trudng, 1am co cd cho viée dé xuat xay dung bod
diéu khién tuyén tinh héa chinh x4c cta ludn an, 4p dung cho 16p hé Euler-Lagrange
song tuyén, du co cdu chap hanh va khong chira thanh phan bat dinh (dugc goi 1a hé

c6 md hinh chinh x&c).

- P chiing minh chit ché bang 1y thuyét (¢ dinh 1y 1) vé chat luong bam 6n
dinh tiém can theo quy dao mau ma bd diéu khién dé xuit nay mang lai cho hé

Euler-Lagrange song tuyén.

- Vé truong hop hé Euler-Lagrange song tuyén khong chinh xac, tirc 1a trong
n6 ton tai mot thanh phan bat dinh ham, & chwong nay ludn an ciing di ban t6i mot
kha ning cai tién bo didu khién da d¢ xuat, & van c6 thé dat duoc it nhat 1a mot

chét luong bam 6n dinh ISS (thay vi bam 6n dinh tiém cén).

Mic du két qua bd sung nay s& khong duoc ludn an tiép tuc st dung, song cO
thé xem n6 nhu 1a mot khang dinh cho kha niang tng dung cua bd diéu khién dé
xudt cho mét 16p rong cac hé Euler-Lagrange khi mé hinh 1a khdng chinh xéac (c6

sai I¢ch mo hinh).

- Bén canh viéc ching minh bang 1y thuyét, chit luong bam 6n dinh tiém cin
trén ctia bo dicu khién dé xuat ciing da dugc luan 4n chimg minh lai lan nita bang
mo phong véi md hinh TRMS dang Euler-Lagrange song tuyén va khong chira
thanh phan bt dinh.



52

CHUONG 3

PIEU KHIEN BU BAT PINH HAM THEO NGUYEN LY TOI UU
HOA TUNG POAN SAI LECH MO HINH TREN TRUC THOI GIAN

Hién nay d3 c6 kha nhiéu phuong phap nhin dang thanh phan bat dinh ham

cho hé phi tuyén noi chung va do dé ciing ap dung duoc cho ca hé song tuyén:
& = A(z)z + B(z)[u+d(z,1)], (3.1)

v6i d(z,t) 13 thanh phan bat dinh ham, phy thudc trang thai va cé cung sb chiéu
nhu tin hiéu diéu khién, tirc 1a thanh phan bat dinh ham nay thudc khong gian anh
ciia B(z). Trong s6 d6, phuwong phap nhan dang bat dinh duoc ap dung rat nhiéu,
mang lai tinh hiéu qua tot, 1a mang neural [64], [65], [66], [67], [68].

Tuy nhién viéc sir dung mang neural ciing c6 tinh han ché cua no. D6 la:

- Thanh phan bat dinh ham can phai tron.

- S lugng phép tinh can phai thuc hién nhan dang rat 16n, kéo theo nguy co
tich Iy sai s tinh toan cao.

Boi vy, sau ddy luan an s& sir dung két qua da ¢ cua hai tai liéu [6] va [69],
thay cho mang neural dé xdy dung co cAu nhan dang d(z,t), phuc vu viéc diéu
khién bu nhu duoc mé ta & hinh 3.1. Phuong phap niy dugc xay dung trén co s&
cuc tiéu hoa tung doan sai 1éch, c6 duoc tir dir liéu do duoc trong qua khur, gitta hé
thong va md hinh miu cia nd (1a moé hinh khong chira thanh phan bt dinh). Do d6

né vira mang tinh thich nghi theo mo6 hinh mau, vira mang tinh "hoc" (learning).

d thanhphin bét dinh ham

Co cau (2 Déi twong

chép hanh ”| diéu khién

& trang thai hé thong
—>

Uéc lwong thanh [€¢—mm
phan bat dinh ham |g———onu——

Hinh 3.1: Céu tritc hé diéu khién bi thanh phén bét dinh ham & dau vao.
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C6 thé thiy sau khi dugc nhan dang va bu bat dinh nhu mé ta ¢ hinh 3.1 thi
viéc thiét ké bo diéu khién (vong ngoai) s& tré nén don gian hon véi viée chi con 1a
diéu khién cho hé tién dinh mé ta bai mo hinh song tuyén:

& = A(z)z + B(z)u (3.2)

sao cho dau ra y= g(g:) ciia n6 bam tiém can theo dugc quy dao mau dit trude la
r(t). 6 ciing chinh 1a céng viéc d3 duoc luan an giai quyét & chuong 2 cho
TRMS véi chuong trinh diéu khién TRMS (xem code chwong trinh cho & phan
phu luc).

3.1 Thuit toan nhin dang thanh phan bat dinh ham
3.1.1 Lép hé bit dinh cé6 mé hinh trang thdi song tuyén

Luan 4n gi¢i han pham vi nghién ctru cho 16p cac ddi twong diéu khién phi
tuyén, mo ta boi moé hinh dang song tuyén (trong d6 c6 TRMS). Khi co cdu chip
hanh dugc gia thiét 1 1y tuong, tirc 13 ¢6 w =7 (thuan tay chi vé mat gia tri), khong
¢6 16i (d =0) va ciing khong c6 nhidu tac dong thi hé song tuyén & hinh 3.1 s& c6
mo hinh 1y tudéng cho & cong thic (3.2), trong do:

- A(z), B(z) la hai ma tran phu thudc trang théi,
- u, z 1an luot 1a vector cac tin hiéu diéu khién va trang thai cua h¢.

Nhu vy, néu nhu bay gid ta xét thém sy anh hudéng cua nhidu dau vao ciing
nhu 161 co cdu chap hanh, ké ca khi c6 sai 1éch mé hinh véi gia thiét ring sai 1éch d6
thugc khong gian anh ctia B(z), thi mo hinh 1y tuéng trén s& trd thanh mo hinh bat
dinh ham c6 dang tong quat:

= A(z)z + B(z)[u+d]. (3.3)

C6 thé thdy dang md hinh song tuyén bt dinh (3.3) trén l1a du dé bao quat mot
ho kha rong cic hé phi tuyén c6 trong thuc té, ké ca nhitng hé Euler-Lagrange bat
dinh (2.1), du hodc thiéu co cdu chip hanh [6], trong d6 c6 TRMS, 1a dbi twong
dugc luan an chon dé mo phong, danh gia chat lwong nhan dang thanh phan bat

dinh. That vay, néu nhu st dung ky hi¢u:
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(21

thi (2.1) tro thanh (3.3) voi:

Az) = ° ! a B(z) = ° 3.4
(s wactgn) ™ " ) 0

3.1.2. Nhin dang nhiéu theo nguyén tic cwc tiéu héa tirng dogn binh phwong sai

léch mo hinh

Hinh 3.2 mé td nguyén 1y nhan dang thanh phan bat dinh ham d(t) doc theo
tryc thoi gian trén co s& cuc tiéu hoa sai léch nhan dang. Nguyén 1y nay da duoc
gidi thiu ¢ tai li¢u [69] vai muc dich la xac dinh day:

{do.dy, ...}, trong d6 dy =d (%) (3.5)

ctia két qua nhan dang d (¢) tai cac thoi diém 4., k=01, ..., t{; =0 sao cho sai l¢ch
trang thai z, =x(f,) do dugc tur hé théng (3.3) va trang thai mau cta hé d6 khi

khong ¢ thanh phan bt dinh, duoc ky hiéu 1a hé:
z2=A(2)z+ B(z)u (3.6)

cling & ding thoi diém ¢, d6, 1a nhé nhit. Luu y & md hinh mau (3.6) ta da sir dung
B(z) thay cho B(z) nhu thong thudng phai c6 cia mot md hinh mau va ly do cho

diéu nay ciing da duoc giai thich ¢ tai liéu [69].

Do trang thai tir he théng z, = (¢, )
Xéc dinh trang thai mau Z,

Xac dinh thanh phan bat dinh ham ik

Hinh 3.2: Nguyén Iy nhan dang thanh phan bat dinh timg doan trén truc thoi gian.
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Dé xay dung dugc sai léch giita z, = z(t,) do dugc tir hé théng va z, = 2(t.)
ciia md hinh miu (3.6) ciing ¢ thoi diém d6, trude tién ta can lugng tir hoa (3.3)
theo thoi gian thanh:
Ly ® [I + TsA(@k—l)]Zk—l +T,B(z; 4) [Qk—l + C_lk-]
= Al @+ By [up +dy ] (3.7)

trong d6 vé trai 1a gid tri trang thai z, = z(t,) do duoc tir h¢ (3.3) sau khi da duoc
bu bat dinh, con vé phai 1a mé hinh roi rac twong tng ctia né Va:

Ap =1+ T Ay 4), By =T,B(z)4) voi T, =t —1;. 4 (3.8)
1a cac ma tran hang, vi z s—1 la da c6. Hai ma tran hang nay s& duoc str dung trong
khoang thoi gian ¢, <t <t?,,, thay vi cdc ma trdn phu thudc trang thai A(z), B(z).
Diéu nay 13 chip nhin duoc néu nhu A(z), B(z) 1a lién tuc theo z va T, la hing
s6 voi moi k.

Tiép theo, do mé hinh mau (3.6) 1a tuy chon, mién rang phai c6 dong hoc
tuong Gmg voi hé duge nhan dang, nén thay vi st dung truc tiép (3.6), ta sé& sir dung
phién ban ctia né twong trng véi mo hinh roi rac (3.7) nhu sau:

2y =[T+ T Az )] 250 + T,By (@1 0) 4

= Az + Bow g ’ (3.9)

trong do:
A =T+TA(z;4)- (3.10)
Tur (3.7) va (3.9) ta suy ra duogc:
vy~ 2 R A+ By [w +d |- Al 2 - B
= A 21— A zpa + Bidy,
hay sai 1éch nhan dang giira chung la:

_ z z
O =z —zp — A zpy + A 244 + Bid,

=B, d;, +¢ (3.11)
VOI:

e, =T — 2 — AT+ ALz g (3.12)



56

Bay gio ta s€ nhan dang gia tri d;, =d(¢,) c0 trong (3.11) trén co s& cuc tiéu

hoa binh phuong sai 1éch udc lugng:
T
Ji,(dy) = égék =(Bydy +e;) (Bpdy +e;)
=d;, (B{ B,)d, +2¢; Byd; +¢; ¢, — min. (3.13)

Ky hiéu nghiém t&i wu tim dugc ciia (3.13) 1a d,, thi do (3.13) 1a bai toan tdi

uu toan phuong, khong rang budc, nén co:
d.=(B{B) Ble,
va khi duoc két hop thém véi (3.12) thi:
d = (BkTBk )_1 By (Qk —zp— A ma + AL ék—l) - (3.14)

Vay, khi tong két lai tat ca cac bude tinh trén, tir (3.8), (3.9) dén (3.14) ta c6
dugc thuat todn nhan dang gid tri d, ¢ thoi diém ¢, hién tai ciia thanh phan bt dinh
ham d(t) co trong hé song tuyén (3.3) trén co s& do dugc trang thai z, cua hé &
dung thoi diém do, gdm céac phép tinh sau:

Thuit toan nhin dang thanh phan bat dinh ham (thuit toan AD)

1. Chon mét khoang dich chuyén trén truc thoi gian T véit, =kT, k=01 ...
cach déu nhau. Pay 13 nhitng thoi diém ma d(t) s& dugc ude luong xap xi thanh diy
cac giatri d, ~d(t,).

O day ta can gia thiét rang ma tran B(z) cta hé song tuyén (3.3) 1a du hang tai
moi diém trang thai z, = z(t,), tac la cé: rank B(z;,) =n, Yz, .

Tuychon z , va d_,.Gan z_, =0, k=0.

2. bo z;, =z(t,) twh¢ théng. Tinh:

AL =T+ T Az, )
A =T+ T AG, ),
By, =T.B(z;), (3.15)

_ z
2, = AL zp4 + BLu,

ik = [BkTBk Tl BI.T (Ek —2 A 2ia —A/fﬂ—l)

roi gan k= k+1 va quay vé 2.
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Vé chit luong nhan dang thanh phan bat dinh ham d(t) co trong hé song
tuyén bat dinh (3.3) cta thuit toan nhan dang trén, trong tai liéu [69] da khing dinh
va chimg minh: “Néu trang thdi z, = z(t,) do duoc tir hé & thoi diém 1, biéu dién

chinh xdc dwoc boi mo hinh khong lién tuc:
thi két qua wée lwong nho thudt todn AD sé la chinh xdc, tirc ld ¢6: d p=d(t.)”

Ngoai ra, c6 thé thdy nguyén tic udc luong thanh phan bat dinh 13 timg budc
so sanh sai léch dau ra cta hé (3.3) v6i mo hinh mau khong c6 nhiéu (3.6), chi tiét
hon 1a so sanh mé hinh roi rac (3.7) cua (3.3) v&i mo hinh roi rac (3.9) cua (3.6). Vi
mo hinh mau la tuy chon, mién sao co chat luong dong hoc sat nhét so v6i mo hinh
hé ban dau (3.3) nén dé tang téc d6 hoi tu cho thuit toan nhan dang trén, ta co thé
gan bién:

2kl = Lpy1

& dau vong lap k+1 tiép theo khi di do duoc z,,,, thay vi phai xac dinh trang thai
2,4 ctia md hinh mau (3.9) trén co s& st dung lai vector trang thai z, cuané & thoi
diém trude do.

O trudong hop nhu vay, cac phép tinh (3.15) cua thuat toan nhan dang di cho &

trén s& duoc thay bang:

Ap =T+ T Az ),
Af =T+ T Az, 1),
B, =T.B(z;_4),

A
2, = A 21+ By, (3.16)

(ik = |:BkTBk ]_1 BkT (fﬁk 2+ A 25— A}f@k—l)

2L =2y,

Mo rong hon nira, khi mé hinh (3.3) ctia hé ¢ thanh phan bat dinh ham khéng
nam & dau vao, tuc 13 hé:

T = A(z)r+ B(z)u+d(z,1). (3.17)
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thi thuat toan udc lugng va bu bat dinh trén cling van sé xac dinh duoc:
d(z,t)' = B(z)d
theo nghia ti vu [69]:

sup

t,x

d/—c_l‘—>min.

Cubi cung, do chinh x4c nhan dang thanh phan bat dinh ham d(t) duwa trén
that toan nhan dang AD [69] cling da khéng dinh ré“mg sai 6 uéc lugng thanh phﬁn
bat dinh U= cz —d chi phu thudc vao viéc roi rac hda mo hinh lién tuc thanh khong
lién tyc. Béi vay, khi xac dinh duoc mot chu ky trich mau T, thich hop thi sai s6
nay sé& rat nho va cé thé bo qua dugc. N6i cach khéc, sy anh hudng cia sai s6 d6 t6i
chat luong diéu khién 1a khong déang ké. Cu thé hon nita thi, theo noi dung dinh Iy
2, anh hudng ciia sai s6 d6, thé hién thong qua tap hut O cho ¢ cong thirc (2.26), la
tap O @6 s& co kich thude rat nho.

3.2 Xay dung b diéu khién thich nghi bdm quy dao miu cho hé Euler-

Lagrange song tuyén bat dinh

O chuong 2 luan 4n da trinh bay phuong phap diéu khién bam 6n dinh tiém
can cho hé Euler-Lagrange song tuyén c6 mo hinh chinh xéac (2.11). Tiép theo day
chlng ta s& bd sung cho nd kha ning nhin dang bat dinh va diéu khién bu thanh
phan bat dinh nay, dé nd con ap dung dugc cho ca 16p hé Euler-Lagrange bat dinh
(2.19).

Trude tién, chiing ta chuyén d6i mo hinh Euler-Lagrange bét dinh (2.19) thanh
dang Euler-Lagrange song tuyén bét dinh bang cach dit thanh phan bt dinh méi:

d(g,t) =n(t) - g(q) - (3.18)
Khi d6, md hinh Euler-Lagrange bét dinh ban dau (2.19) trd thanh:
M(g)i+C(q,9)g =u+d(g.t). (3.19)

Tiép theo, khi sir dung ky hiéu:

:1::[?] (3.20)
q
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thi md hinh (3.19) s& tr¢ thanh dang mé hinh trang thai song tuyén bat dinh:

(0 I 0 e
‘2[0 —M@10(%@')}“{1\4@)J[“‘W

= A(z)z + B(z)[u+d(z,t)] (3.21)

nhu d dugc thé hién ¢ (2.32) va (3.4), trong do:
0 I 0

-1 . ’ B(Z) = -1
0 -M(q)"C(g,9) M(q)

dung nhu dang mo hinh (3.3), thich hop vé6i thuat toan nhan dang bat dinh di trinh

A(z) = { va d(z,t) =d(g,?),

bay ¢ muc 3.1.2.
3.2.1 B§ diéu khién két hop diéu khién bam va b bét dinh

Céu tric diéu khién két hop nay duoc mé ta ¢ hinh 3.3 duéi day.

S
Hé Euler- z = col(q,q)
Lagrange -

Nhan dang [€————¢
bat dinh  |eg—

r
—>»1 B6diéu u
khién TTH

Hinh 3.3: Diéu khién két hop tuyén tinh héa chinh xdc va b bit dinh.

Trong d6 bo diéu khién TTH dugc ldy tir cong thire (2.12) va co ciu nhan dang
duoc xay dung theo thuat toan AD tir myc 3.1.2. Ly do la vi & cAu tric diéu khién
nay thi sau khi d3 dugc bu thanh phan bat dinh, hé bat dinh (3.21) tré thanh hé ¢
mo hinh trang thai song tuyén chinh xac (hé song tuyén tién dinh):

&= A(z)z + B(z)u (3.22)
va n6 hoan toan twong duong voi dang mo hinh Euler-Lagrange song tuyén cho &
cong thire (2.11) da xét & chuong 2. Boi vay bd diéu khién TTH trong hinh 3.3 ciing
s& 1 bo diéu khién (2.12) va n6 hoan toan dam bao dugc ring trang thai z bam

tiém can theo dugc quy dao mau col(r,7) , nhu da duogc chirng minh tai dinh 1y 1.
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3.2.2 Kiém chirng chit lwong bang mé phong trén MatLab véi TRMS
B diéu khién két hop ¢ hinh 3.3 da dugc luan 4n cai dat thanh chuwong trinh
viét trén MatLab, c6 tén goi 1a AD _TRMS (xem code chuong trinh cho & phan phu

luc), trong d6 hai ma tran K, K, van duoc chon lan luot 1a;

40 0 | 30 0
K, = va K, =
0 40 0 30
Truong hopcho quy dao mau r dit trude dung dé mé phong cho cac trudng

hop la cac tin hi¢u dang budc nhdy don vi va dang hinh sin van dugc chon nhu sau:

(05,0.3)"

r= (ahR' AR )T

va 7 =(au @) =(0.2sin(0.1256¢), —0.2sin(0.1256t))"

Thanh phan bat dinh ham dugc gia dinh:

n(t) = 0.04sin(0.3t) +0.02cos(0.01¢)
~+7 71 0.08c0s(0.2t) +0.075sin(0.5¢)

va khi d6 nhiéu d(q,t)=n(t)-g(q)
Chuong trinh diéu khién AD_TRMS nay thuc chat gom hai files. File thi nhat
CO tén AD_TRMS.m, 1a mdt ham con khai bao dong hoc h¢ kin. File thur hai 1a

chuong trinh mé phdng, ¢ tén la runAD_TRMS .m.
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( Bét ddu )

\ 4
Khoi tao
- Cac thong s TRMS (bang 2.1)
- Céc gia tri khoi tao: N = 20.000, 7, = 0.005,
t(k)=0,k=0
_ T
()
- C4c tin hiéu quy dao mau
- C4c tin hiéu nhidu d(q,t)
- Gan ngau nhién: Z_1,d_4

-Po gz, = z(t;,)
- Tinh

Ay =T+ T Az ),
Ap =T+ T A(zy),
B, =T.B (Z-1),

A%
2y = Af 254 + By,

d, = [Bisz Tl B! (lk —Z+ Az — AL %—1)
ﬁ theo phuong trinh (2.12)
(u—d,)
K, =diag(k,), K, =diag(ky,) v6i k3, >k, >0
Nhép céc tham sb do, tinh dugc vao phuong trinh (3.3)
- Tang K=k

Néu k>N

Sai

Két thuc

Hinh 3.4: Lwu dé thudt todn ciia chwong trinh diéu khién két hop
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—==Nhiéu
—, 0.4 = =Nhiéu woc lvong
E
£ 0.3
@
£ 0.2
‘E 0.1
=T
- - - g N
0.1
0 20 40 60 80 100
Theoi gian [s]
Hinh 3.5: Nhiéu woc lwong gh (t) trén mdt ngang
khi tin hi¢u mdu |3 ham buwdc
0.4

Do 1om nhiéu [Nm]
=]

= ==Nhiéu

= =Nhiéu woc lwong

s N o~ AN\ yaN
\n.. \J’ ™ \/ ~/
-0.4
0 20 40 60 80 100
Thoi gian [s]
Hinh 3.6: Nhiéu wéc lugng d,(t) trén mdt dirng
khi tin hiéu mdu 1a ham buwéc
0.6
E 0.5
=04
P 3 1
o 0.3 = =Pau vao
3'.5 0.2 —PDaura
o
©0.1
0
0 20 40 60 80 100
Thoi gian [s]

Hinh 3.7: Ddp irng goc ddo ldi irng véi tin higu méu la ham budc

khi chwa c6 khau bl nhiéu
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— =Piuvao
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Hinh 3.8: Pdp itng géc dio ldi ttng vdi tin hiéu méau la ham buwéc
khi c6 khau bt nhiéu

04 - =PAiuvao

Paura

Goc chao doc [rad]
Q ©
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NS N N

©
—
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Thei gian [s]

Hinh 3.9: Pdp irng géc chao doc vng véi tin hi¢u mau la ham buwdc
khi chira c6 khau bu nhiéu

04 I ___Da -
%X 5.1 B?U vao
. Y 0.29859 aura
_Eg 0.3 -
I
%.
o 0.2
(1]
-_=
[&}
-8
S 0.1
0]
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Théri gian [s]

Hinh 3.10: Ddp irng ciia géc chao doc irng véi tin hiéu mdu la ham buéc
khi c6 thém khau bl nhiéu
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= = = Nhiéu
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Hinh 3.11: Nhiéu wéc lwong 3}1 (t)trén mat ngang
khi tin hi¢u mdu 13 ham sin
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Hinh 3.12: Nhiéu wéc lwong czj (t) trén mat dieng
khi tin hi¢u mdu 13 ham sin
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Hinh 3.13: Pdp ikng géc ddio ldi teng véi tin higu mdu 13 ham sin
khi chira c6 khau bu nhiéu
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Hinh 3.14: Pdp ikng géc ddio |ai teng véi tin higu méu 12 ham sin
khi ¢é khdu bit nhiéu
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Hinh 3.15: Pdp itng géc chao doc irng véi tin hiéu mdu 13 ham sin
khi chura bit nhiéu
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Hinh 3.16: Pdp itng géc chao doc irng véi tin hiéu mdu 13 ham sin
khi c6 khau bu nhiéu
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Hinh 3.4 13 lvu dd thuat toan ctia chwong trinh diéu khién két hop, con céc
hinh tir hinh 3.5 dén hinh 3.16 1a két qua mo phong chat luong diéu khién goc dao
14i va goc chao doc cta hé thdng TRMS cung két qua nhan dang cac thanh phan bt
dinh ham.

Véi truong hop tin hi¢u mau 13 hang s6, két qua mé phong & cac hinh, tir hinh
3.5 dén hinh 3.10 d3 cho thiy chét luong bam 6n dinh cua bo diéu khién dé xuét. O

d6 con cho thay thém duoc két qua ude luong cia cac thanh phan bt dinh ham trong hé.

Con lai, & cac hinh, tir hinh 3.11 dén hinh 3.16 13 két qua mo phong cho
truong hop tin hiéu mau c¢6 dang hinh sin. O ddy ching cling d3 mot 1an nita xac
nhan chat luong bam 6n dinh tin hiéu miu cua bo diéu kién tuyén tinh héa chinh

xac (2.12) khi dugc két hop thém véi bo diéu khién bu bat dinh.

Nhu vy, tit ca cac két qua mo phong trén di cho thay trong truong hop hé ¢o
chtra thém thanh phan bat dinh, chat lugng bam 6n dinh ISS cua bo diéu khién
tuyén tinh hoa chinh xac (2.12) da dugc chuyén thanh bam 6n dinh tiém cin nho c6
thém b¢ diéu khién bu bat dinh.

Nhitng két qua moé phong trén da minh chimg duoc chat luong bd didu khién
két hop tuyén tinh hoa chinh xac va bu bat dinh d3 thiét ké. Hai thanh phan bat dinh
ham cfh, c?v da nhan dang tot gia tri thuc d,, d, tuong Ung dé phuc vu cho bd diéu
khién bu. Piéu nay dugce minh chung trén hinh 3.7, hinh 3.9, hinh 3.13, hinh 3.15 1a
cac truong hop khi chua bu, goc dao 1ai va goc chao doc khong bam tin hiéu mau.
Khi c6 hiéu bu nhidu trén goéc dao ldi va goc chao doc can t=4.28[s] va
t=5.11[s] d¢ dat trang thai xac lap ddi véi tin hiéu miu 1a hang s6 (tvong ung
hinh 3.8 va hinh 3.10). Két qua mo phong trén hinh 3.14, hinh 3.16 cho thiy khi tin
hiéu mau dang sin, goc dao 1ai va goc chao doc nhanh chong bam tin hiéu mau gan

nhu tire thoi.
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3.3. Két luan
Trong chwong 3 ndy, luin 4n d3 dat duoc nhitng két qua nghién ciru sau:

- Xay dung duogc thuat toan udc lugng thanh phan bat dinh ham trong mo hinh
Euler-Lagrange song tuyén, phuc vu viéc diéu khién bu.

- Két hop bo diéu khién bu bat dinh ham véi b didu khién tuyén tinh hoa
chinh x4c & chuong 2 dé c6 duoc bo dicu khién bam 6n dinh tiém can tin hi¢u mau

cho cac hé Euler-Lagrange song tuyén.

- Panh gia chét luong bo diéu khién dé xuat thong qua mo phong trén MatLab
cho TRMS.
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CHUONG 4
KIEM CHUNG CHAT LUQNG BANG THU'C NGHIEM

Dé kiém chung chat lugng cua bd diéu khién di dé xuit, sau day lun an s&
tién hanh thuc nghiém ¢ didu kién thuc té, ma cu thé 13 trén ban thi nghiém TRMS

co tai truong Pai hoc K¥ thuat Cong nghi¢p Thai nguyén.
4.1 MO0 ta ban thi nghiém

Pay 14 ban thi nghiém c6 tai Vién Nghién ciru phat trién Cong nghé cao vé K¥

thuat Cong nghiép thudc Pai hoc K¥ thuat Cong nghi¢p Thai Nguyén.
4.1.1 CA4c thiét bi trén ban thi nghiém

Hinh 4.1 md ta cau tric hé thong thi nghiém TRMS, gém c6 mdy tinh, card
ghép ndi dSPACE 1103, h¢ thong Twin Rotor MIMO, trong d6:

- May tinh, noi cai dit bo diéu khién, dugc ndi hai chiéu véi hé vat Iy TRMS

dé guri tin hiéu diéu khién t6i TRMS va nhan céc tin hiéu do dugc tir TRMS.
- Hé thong vat Iy TRMS.

- H¢ théng tao nhiéu ngoai, duoc lép thém dé danh gia chét luong khang nhiéu

cua bo diéu khién.

dSPACE 1103

Do luong

—————

Diéu khién

Hinh 4.1: Céu triic vat Iy ciia ban thi nghiém TRMS
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4.1.1.1 May tinh
- Cau hinh may tinh trong ban thi nghiém TRMS: La loai Acer, c6 b vi xtr li
Intel(R) Core(TM) i3-3220 CPU @ 3.30Ghz, RAM 2.00GB, 6 ctng 500 GB

- May tinh dugc cai phan mém Matlab 2012a va phan mém ControlDesk 3.2.7
dé giao tiép, xir 1y va diéu khién TRMS.

4.1.1.2 Card dSPACE DS 1103

Card dSPACE DS 1103 (Hinh 4.2) 1a san phiam xu 1y tin hiéu s do hing
Dspace (Purc) san xudt. B diéu khién duoc tich hop trén phan cimg (Card DS
1103), phan mém (ControlDesk va Simulink) dung dé tinh toan toc d cao trong mo

phong thoi gian thyc (Real Time Interface) va thuc hién truc tiép hé thong.

Bo diéu khién nay dugc thiét ké dé dap tmg yéu cau diéu khién thong minh
nhanh chong bam gia tri dt va phu hop véi nhiéu ing dung nhu: diéu khién dong co, ro
bdt, cac hé théng dinh vi va dong co bude, diéu khién nhanh ddi véi cac bo didu

khién tuy dong.

Hinh 4.2: Card dSPACE 1103

C6 thé thay card DS 1103 1a mot mach da ning trong nap mau diéu khién
nhanh, c6 thé gin bang mach trong mot may tinh hodc mét hop mé rong dSPACE

dé kiém tra chirc ning diéu khién trong mot phong thi nghiém hodc trén truc tiép
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thiét bi. V4i kha ning xir 1y vao ra (I/O) rat nhanh cho nén DS 1103 thuc su rat
quan trong d6i voi cac ung dung cho nhiéu thiét bi truyén dong va cam bién. Vi
card DS 1103 dugc st dung voi giao dién thoi gian thyc (RTI) cho nén co thé lap
trinh duoc tir mdi trudng Simulink. C6 thé thuc hién cau hinh tat ca cac d6 hoa 1/ 0O
bang cach kéo cac khdi RTL ddy chinh 1a cach nhanh chong va thuén loi dé thuc

hién chtrc nang diéu khién trén bang mach nay,

Giao dién /O véi s6 luong 16n 1am cho mot mach diéu khién da nang DS1103
cho nhiéu tng dung. N6 cung cap mét lya chon tuyét voi cta cac giao dién, bao
gdm ca 50 kénh I/O nhi phén, 36 kénh A/D va cac 8 kénh D/A. Pé thém cac nhiém
vu cho I/O, mot khéi diéu khién DSP xay dung nhd TM320F240 DSP cua Texas

Instruments dugc sir dung nhu mot hé théng phu.

——————————————————————————————————————————————————————————————————————————————————————————— i
Slave 1
96 MEB — :
1
|ngﬁ§“ prmmunicztion PAVM 0
! PowverPC SDRAM —t 1 x3-Phasa |
d 750GX d x 1-Phasa !
1 1
1
I 1
4 Capture —
! e nputs |
i i
g 1
: 1
1
| < Local Bus > Analog Input fk"——
A | ¥ 1& ch. 10-bit !
P | | |
1
g = 1
1 32 ME 2 General ntarrupt Serial L
1 i .
Application Purpose Controller [~ 1| eripheral :>
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Master PPC ¥O 1
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Hinh 4.3: Ciu triic dsPACE DS 1103
4.1.1.3 Hé vat ly TRMS

TRMS trong phong thi nghiém c6 ma hiéu TRMS 33-220 cong ty thiét bi

Feedback ché tao gom:

- Khéi nguon dong, cat va bao vé qua tai.
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- Hai canh quat duoc truyén dong boi hai dong co mot chiéu Maxon, mdi
déng co c6 gin may phat tbc dé 1ay do téc do quay va dua téi khdi ADC cua
dsPACE 1103.

- Hai canh quat dugc gin theo phuong vudng goc voi nhau trén cing mot

canh tay don.

- Mot thanh c6 gan ddi trong duoc gin vudng goc véi canh tay don tu do va ca

hai cung dugc gén trén mot try tai khdp xoay.

- Trén khép xoay c6 gan hai sen so do goc chao doc @, va goc ddo 1ai ay, gia

tri hai géc nay dua téi dSPACE 1103.
4.1.1.4 Hé théng tao nhiéu ngodi

Véi mong mudn kiém ching hé théng TRMS c¢6 kha ning 6n dinh trong diéu
diéu kién nhiéu ngoai, mot b tao nhiéu chu dong tac dong 1én hé théng TRMS la

mot quat gi6 da duoc 1ap thém voi cac théng so:
- Pién 4p xoay chiéu dinh mirc: Uam = 220/240V.
- Cong suat dinh murc: Pam = 38W.
- Dong dinh muec: lam = 0.22A.

- Tan s dinh muc: fam = 50/60 Hz.

220i240
0.22A 38w
IMPEDANCE PROTECTED

Hinh 4.4: Quat gié tao nhiéu chii dpng.
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4.1.2 Ciu triic tong thé ban thi nghiém TRMS ciia PHKTCN Thdi Nguyén

Hinh 4.5: M6 hinh ban thi nghiém TRMS

Céc hinh, tir hinh 4.5 dén hinh 4.7 m6 ta tong thé ban thi nghiém TRMS ciing
cic cam bién cua no. Tiép theo hinh 4.8 mo ta viéc thuc hién két ndi cé4c tin hiéu
phan hdi dong va téc do: tin hiéu phan hoi dong dién phan tng dong co dudi va
dong co chinh vdo ADCH17, ADCH18, tin hiéu phan hdi tbc do tir may phat tdc
dong co dudi va dong co chinh vao ADCH19, ADCH20. Xuat tin hiéu diéu khién
dong co dudi va dong co chinh tr chan DACH1 & DACH2 trén card dSPACE
1103. Cudi cung 1a hinh 4.9 biéu dién viéc thuc hién két ndi tin hiéu do tir cac sen

so do goc chao doc @, va goc dao 1ai a;, xudng card dSPACE 1103.

e

Hinh 4.6: Vi tri cim bién do géc o,  Hinh 4.7: Vi tri cim bién do géc a,
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Hinh 4.9: Két noi tin hi¢u twr cac cam bién do goc «,,c, .

4.2 Cai dgt by didu khién cho ban thi nghi¢gm TRMS

Qua trinh thao tac, diéu khién 1a su lién két giita cac khéi phan cing va phan
mém va c6 sy luan chuyén cac tham so gitta cac khdi nay véi sy phan cong 16 rang
cic nhiém vy, cu thé:

- Cong cu Simulink: Str dung dé cai dit chuong trinh diéu khién.

- Cong cu ControlDesk: Dung dé mo phong, quan sat, diéu khién cac tham sb
tac dong.

- Card DS 1103: Dung cho két ndi, giao tiép, do cac tin hiéu twong tac giira
mAay may tinh va bd bién d6i cong suat.

Dé diéu khién TRMS thyec, can lién két Card dspace 1103 v6i Simulink thong
qua ControlDesk nhu mé ta & cac hinh, tir hinh 4.10 dén hinh 4.14.
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ENCODER
MASTER SETUP

DS1103ENC_SETUP

-+ pi, =ib—> DAC
DC Duoi

Saturation Gain DS11020AC_C1

25

Uh Constant1

DAC

+

Saturation

OC Main

DS11023DAC_C2

25

v

Constant2

Hinh 4.10: Tin higu diéu khién dién dp dit vao dpng co dudi va dong co chinh

Enc position -4"2°pii2048 +,
Enc delta position av
DS1103ENC_POS_C1 G av 0
Constants
Enc position -4*2*pi/2048 o
Enc delta position ah
D51103ENC_POS_C2 G_sh 0
Constant
. < v gae
Hinh 4.11: Do goc chao doc o, va goc dao ldi o,
ADC :‘ 10*193.077 p2
‘ w_h
DS1103ADC_C19 G_Omegs. tsil
ADC =‘ 10*193.077 w0
‘ W_v
DS1103ADC_C20 G_Omegs_main

Hinh 4.12: Do vin téc goc ré to ®,, ®

v

tuong irng voi dong co duéi va dong co chinh
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ADC 10 +, p@

iah

DS51103ADC_C17 G Current tait

-2.5

Caonstant3

ADC 10 +,

iav
DS1102ADC_C18 G_Cument_main
-2.5
Constant4
Y A Ve A - - Ve
.
Hinh 4.13: Do dong phan ungroto t, !, trongung
re A Ae ] A s
voi dong co’ duoi va dong co chinh
v ah R—] o
Sine Wave
Ah R u
. :/Q,_rDAh_R av R—] o ol TRMS_Euler-Lagrange J
iah
Step_Ah R ah Rdot_,| o ot iah—izh !
i dd a2y -
- - o L aiah  Uh m
av_Rdot—] v $wh o Un whi—>wn
[ Ah—|
X d_prap_h PID_iah
Sing Wave ™° " PID_Wh B
SR f—bAv_R ah_R2dot| ol Bien doira Wh ah—ah
av_R2dat] a—slay Ah_dot
Step Av_R SVFT Av_dot
M_propde  w_y| N
* fen o i lav_R b Y = Wy
|| ejav Uy
Bien doi ra Wy . ’
I T PID_W PID,_iav e
2 - SVF2
£l "
h
i 2 Ixs ¢
x0 "
x1 24.{
= 4
gh Uéc ong nhizu
dnt

Hinh 4.14: Ciu triic hé thong diéu khién hé thue TRMS thiét ké trén Simulink.
Trén ciu tric hé thong diéu khién c6 cac thanh phan:
- SVF1, SVF2: Cac bd loc bién trang thai, day l1a khau bac hai

- B§ di€u khién tuyén tinh héa chinh xéc: dung dé tinh tin hi€éu diéu khién mo6 men.
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- PIDo, PID;: Cac mach vong phan héi 4m tdc d6 va 4m dong dién twong tng
cho dong co dudi va dong co chinh. Mach vong dong dién 1a mach vong bén trong,

tin hi¢u dau vao mach vong dong dién chinh 1a dau ra ctia bg di€u khién am toc do.

- TRMS vat 1y: Lién két Card dspace 1103 véi Simulink théng qua phdn mém
diéu khién ControlDesk.

- Khéi wée lugng nhidu: xac dinh nhiéu va bu nhiéu d,, d,twong tng theo mit

phing ngang va mit phang ding.

M

- M0i quan h¢ gitra toc d6 goc @,,w, v61 MO men lyc day M, ., . M,,.,,.,

cua canh quat dudi va canh quat chinh tuong ing, dugc xac dinh:

M
Moo khi M, ,cose, <0
Lk, [cosa

UI

w, =10 khiM  ,cose, =0 (4.1)
M
M| khi M, ,cosa, >0
Lk, |cosar,| ‘
va
M
‘z% khi M,,.,,, >0
'm" fup
®,=+0 khi M,,,,,=0 (4.2)
[Myropa
prop.h .

4.3 Két qua thi nghiém va danh gia

Sau khi cai dat bo diéu khién, tién hanh thuc nghiém véi nhitng truong hop
khac nhau (c6 va khong ¢ nhidu ngoai), ta thu dugc nhitng két qua nhu dudi day.
4.3.1 Tién hanh thi nghi¢m

Do céc thiét b trén ban thi nghiém TRMS di duoc chudn hoa, do vy lac nay
cac tin hiéu dat cho goéc chao doc ¢, va goc ddo lai «, dé lay két qua thyc nghiém

d3 duoc quy chuan véi don vi rad.
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Vector tin hiéu mdu r=(5 ,7,)" cho hai géc ¢=(e, , @,)" can phai bim
theo van duoc chon 1a hﬁng s6 va dang hinh hinh sin:
Truong hop tin hiéu mau 1a hang so:
a;, > 1, =0.5[rad] va o, —r, =0.3[rad]
Trudng hop tin hiéu mau dang hinh sin:
oy, — 13 =0.2sin(0.1256¢) [rad] va «, — r, =-0.2sin(0.1256¢) [rad]
Bo diéu khién tuyén tinh hda chinh xéc, trong d6 hai ma tran K, K, van duoc

chon lan luot la:
40 O 30 0
0 40 0 30
Thong sb bd dicu khién PID cho co cau chap hanh la:

— Théng s bo diéu khién téc d6 va dong dién cho dong co dudi:

PID, : K,, =0.00001 K,, =0.000005, K,, =0.000035

@y,

PIDia/z : vaiuh, = 0'257 K],iah = 20! Kdliah - 0-0028

— Théng s6 bd diéu khién toc do va dong dién cho dong co chinh:
PID, : K,, =0.000004, K,, =0.00005, K,, =0.000015
PID??,”, Kp,i(w = 011 K[ij' = 80, Kd,i(w =0.0005

Céc tham s6 PID nay da dugc lya chon trén co sé phuong phap Ziegler—
Nichols 2.

4.3.2 Két qud va ddnh gid chit lwong

Sau day 1a nhitng két qua thi nghiém thu duoc cho hai truong hop khéac nhau
1a c6 va khong c6 nhiéu chi dong tir ngoai vao TRMS.
4.3.2.1 Két qua khi khdng c6 nhiéu ngoai

Hinh 4.15 dén hinh 4.24 1a két qua mo phong chat luong diéu khién goc ddo
14i va goc chao doc cia TRMS cung két qua nhan dang cc thanh phan bat dinh.
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0.5

0.4

0.z

D& 16 [rad]

0.1

0.0

-0.1

o 10 20 30 40 50 50 TO a0 S50 100
Thé&i gian [s]

Hinh 4.15: Ddp itng goc ddo ldi teng véi tin higu méu la ham budc
va sai léch Khi khéng cé nhiéu quat gié

D51 - --- G S e e e .
: : : : : : W D3uvao
: : : : : : : W 23ura :
0.4 f—/\\ ...... e e L L L W Sai l&ch ..
0.3 e —~
g ozdf-- - ...... ...... ...... ...... ....... ....... ....... ....... .......
= :
ks :
L T R I S T T
=] :

0.0 PR - e
o] | L U N U U L R U I :
0.2

o 10 20 30 40 50 60 70 a0 90 100

Thé gian [s]
Hinh 4.16: Pdp itng géc chao doc ikng véi tin hiéu mau la ham buéc
va sai lgch khi khéng cé nhiéu quat gié

001077 - R R SRR SRR SRR SRR S AR :
. : : : : : S : :
soozd |- - L oo B Nhiguwdclueong :
00081 - - SRR R SRR ERRERE R SRR S AR :
0.004
E 0.002
= i
= 0.0004
w
"2 ]
< _0.002-
=
=]

o -0.004
[ |

-0.006

-0.008

-0.010-

o 10 20 30 40 50 50 70 80 90 100
Th&i gian [s]

Hinh 4.17: Nhiéu wéc lwong cih (t) trén mdt ngang teng véi tin higu mdu 13 ham

bwdc khi khong cé nhiéu quat gié
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DA g e o c m o m e e e e e e e e e e e e e e IR s
ooad |- W mbiguwde lugng |
oosd |- oI
ooad |- LI I

E pozd |-

= 0.0z |

w@  0.00 : |

£ ’ | HACH

= 1

= -0.02 -

o 00e : : : : : : : : : :
-0.06 Ceereees R SRR R R R R RN :
-0.0891 |- - - R T R R ERREE EERERE R A :
-0.10 +

0 10 20 30 40 50 50 70 80 90 100

Théi gian [s]

Hinh 4.18: Nhiéu wéc lwong 3,0 (t) trén mat dieng teng véi tin hi¢u mdu 13 ham

bwéc khi khong cé nhiéu quat gié

|
o
=

Goc dao 13i [rad]
& & &
L

o 10 20 30 40 50 50 T a0 S0 100
Théri gian [s]
Hinh 4.19: Pdp irng géc dio ldi teng véi tin higu mau «,,, = 0.2sin(0.1256t)
khi khéng cé nhiéu quat gio
U B AR A R
.2 .5 o1 M sailéch:
paf |-

0.2 ..... .....

0.0

Bé ldn sai léch [rad]

S
N

0.4 —
0 10 20 30 40 50 60 TFO 80 90 100
Théi gian [s]
Hinh 4.20: Sai léch géc ddo ldi teng véi tin hi¢u méu 1a ham sin
khi khéng cé nhiéu quat gié



Goc chao doc [rad)]

-0.2

80

o 10 20 30 40 S0 &0 O 20 S0 100
Thé gian [s]

Hinh 4.21: Pdp itng géc chao doc irng véi tin hiéu mdu 13 ham sin

0.6

0.4

0.2

0.0

B0 ldn sai léch [rad]

5
ha

-0.4-

khi khong cé nhiéu quat gié

M Sai l&ch:

o 10 20 30 40 S0 SO YO &0 S0 100
Théri gian [s]

Hinh 4.22: Sai léch géc chao doc ikng véi tin hiéu mdu 13 ham sin

Hinh 4.23:

khi khéng cé nhiéu quat gié

00207 7 - - 25 SRR SRR SR :
i M Mhigdu woc lvong
— 000 |
=
=,
=
il
=
e
—
=]
.
0010 |-
—0.020-
o 20 40 &0 a0 100

Thai gian [s]

Nhiéu wéc lwong d, (t)trén mdt ngang ting véi tin hi¢u méau 12 ham

sin khi khéong cé nhiéu quat gié
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D20 T 2 - i r Ttz

M rMhigdu woc lveng

000

D4 1én nhiéu [Nm]

—0.10

020 -
0 10 20 30 40 S0 50 To a0 S0 100

Théri gian [s]

Hinh 4.24: Nhiéu wéc lwong d,(t) trén mdt dieng teng véi tin hi¢u méu 13 ham

sin khi khéng cé nhiéu quat gié
Hinh 4.15, hinh 4.16 va hinh 4.19, hinh 4.21 cho théy tin hiéu dau ra bam tin

hiéu dau vao. Tuy nhién, lugng qua diéu chinh va thoi gian qua do kha 16n d6i vai
goc chao doc 6, =0.1[rad], T,y =12 [s] (hinh 4.16). D6 tron dau ra goc dao lai
d6i v6i tin hiéu miu 13 hang sé khong duogc tot (hinh 4.15). Nhiéu wéc luong trén
hinh 4.23 va hinh 4.24 cho thdy d6 16n nhiéu theo mit phang ngang kha nhé so véi
mit phang dimg.

4.3.2.2 Két qud khi cé nhiéu ngoai

Hinh 4.25 dn hinh 4.34 13 két qua thuc nghiém chét luong diéu khién goc dao
14i va gbéc chao doc cta hé thdng TRMS cung két qua nhin dang cac thanh phan bt
dinh ham.

Nhiéu ngoai dugc tao ra & day nho mdt 1a quat gio tac dong vao canh quat va

hai la thong qua tac dong mot ngoai luc turc thoi vao vanh dong co dudi.

T B e S e
0.5 r g " " . = . :

TG e PAra
o] [ i il M Sl eeh:

Goc dao lai [rad]
i

0 10 20 30 40 S0 G0 To a0 80 100
Theri gian [s]

Hinh 4.25: Ddp irng goc ddo ldi teng véi tin higu méu la ham budc
va sai I¢ch Khi ¢é nhiéu quat gié véi t = (50+100)s
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B.Sq T -t s Ttz
0.4

0.3

0.2

Gac chao doc [rad]

o 10 20 B-EI- 4-I} 5-IJ- E-I} T"'-IJ E-EI- E-I]- 1 E-I-IJ-
Thei gian [s]
Hinh 4.26: Pdp itng géc chao doc ikng véi tin hiéu mdu la ham buéc
cing sai 1¢ch khi c¢é nhiéu quat gié véi t = (50+100)s

u,u,alu,._._ ........ R R I :

2
=]
o
en

0 000

|gin nhigu [Nm]

_0.0051

Do

-0.o1o-

o 20 o 80 a0 100

4
Thei gian [s]
Hinh 4.27: Nhiéu wéc lwong d, (t) véi tin higu méu 1a ham buéc khi cé nhiéu
quat gio tgi t=(50+100)s

W Nhidu wéc luiong:

2
=]
en

0,00

|én nhiéu [Nm]

bg

0,05

=010

o 10 20 30 40 S0 &3 TFOoo &80 S0 100
Thoi gian [s]

Hinh 4.28: Nhiéu wéc lwong d,(t) véi tin higu méu 1a ham buéc khi cé nhiéu
quat gio tgi ¢t =(50+100)s
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DLy T e s
0.3
0.2
0.1
0.0/

=01 1

Gac dao lai [rad]

0.2

-0.31

0.4 ——+ —t—t — —t——

0 10 20 30 40 50 60 TFO S0 S0 100
Thei gian [s]

Hinh 4.29: Pdp ing géc ddo ldi teng véi tin higu mdu 13 ham sin

khi c6 nhiéu quat gié tgi t =(50+100)s.

;. EDEuvao:

Goc chao doc [rad]

o 10 20 30 40 S0 S0 o S0 S0 100

Thei gian [s]
Hinh 4.30: Pdp ieng géc chao doc irng véi tin hiéu mdu 13 ham sin khi cé nhiéu
quat gio tgi ¢t =(50+100)s.

R T R

gaf |- iooil i MEsailéch :

0.2

Bd |dn sai léch [rad)

5
b

_0.4-
0 10 20 30 40 S0 &0 TFO 80 90

Théri gian [s]
Hinh 4.31: Sai léch géc dio ldi teng véi tin hiéu méu 12 ham sin
khi ¢ nhiéu quat gié tai t = (50+100)s
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Hinh 4.32: Sai léch géc chao doc ieng véi tin hiéu mdu 1a ham sin khi cé nhiéu
quat gié tgi t =(50+100)s

0010, T
B Nhidu wdce leeong
0.005 : : :

0000

6 1¢n nhiéu [Nm]

=0.005

=000

00154 ' i ' j ' i ' j ' i
o 20 40 50 a0 100
Thoi gian [s]
Hinh 4.33: Nhiéu wéc lwong d, (t) ting véi tin hiéu mau 1a ham sin khi cé nhiéu
quat gié véi t =(50+100)s
0101
-:Nhigu u‘fl:fr'c Il.g.rc_:r'né

0.05

D |én nhiéu [Nm]

000

-0.05

—o.10d4
o 1 20 30 40 0 &0 FO &80 90 100

Thri gian [s]
Hinh 4.34: Nhiéu wéc lwong d (t) teng véi tin hiéu mau 12 ham sin khi c6 nhiéu
quat gié tai ¢ =(50+100)s
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Hinh 4.25 dén hinh 4.34 13 két qua thuc nghiém Khi c6 nhidu ngoai 1 quat gi6
tlr thoi diém¢ = (50+100)s. Tai thoi diém ¢ =50 [s], nhidu ngoai lyc anh hudng kha
manh dén hé théng, tuy nhién nho co cau bu nhidu ma dap tmg dau ra nhanh chéng
bam tin hiéu mau. Piéu nay c6 thé thiy 16 qua cac nhidu wéc lugng d,, d, phan ing
nhanh chéong véi nhiéu ngoai (hinh 4.27, hinh 4.28, hinh 4.33 va hinh 4.34).
4.3.2.3 Pdnh gid chdt lwong va két ludn

Két qua thuc nghiém cho bo diéu khién tuyén tinh hoa chinh xac két hop véi
co cau ude lugng nhiu va bu nhiéu cho dbi twong TRMS cho chét lugng kha tot.
Diéu ndy da duoc minh ching trong hai truong hop: khéng c6 nhidu quat gio (hinh 4.15
dén hinh 4.24) va c6 tic dong ctia nhiéu quat gi6 (hinh 4.25 dén hinh 4.34).

Vé nhitng két qua thi nghiém thu dugc cu thé:

- Khi khong c¢6 nhidu quat gi6: Tin hiéu dau ra bam tin hiéu dau vao cho ca
goc dao lai ¢, va goc chao doc «,. Khong c6 luong qua diéu chinh ddi véi ay, ,
thot gian qua do xép xi 12s, do tron cua tin hiéu dau ra chua tbt. Ddi véi a, luong

qua diéu chinh &, ~0.1[rad] va thoi gian qua d6 T,

a0 ®15[s], do tron tin hi¢u ra

kha t6t dbi v6i goc chao doc. Dbi véi goc dao 1ai d6 tron diéu chinh d6i véi tin hidu
mau dang hing chua tot. Piéu nay c6 thé do nguyén sai 1éch giita m6 hinh 1y thuyét
va mo hinh thuc té.

- Khi c6 nhiéu quat gi6 trong khoang thoi gian ¢ = (50 +100)s dua tin hiéu
nhidu quat gi6 tac dong 1én hé thong dang lam viéc on dinh. Lic nay, sau thoi gian
qua d6 xap xi 5s cho goc dao lai oy, thi dau ra bam tin hiéu dau vao. Pdi véi goc
chao doc «, can thoi gian qua do 134 =15[s] thi méi 6n dinh. C6 thé thiy nho co
khau u6c lugng va bu nhidu d,, d, ma hé théng van gitt 6n dinh khi c6 sy tham gia

cua nhi€u ngoai.
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4.4 Két luan
O chuong 4 da giai quyét dugc nhiing cong viée sau:

- Pi tién hanh thiét ké, lip dat cai dat va tién hanh thuc nghiém dbi tuong 1a
TRMS trong phong thi nghiém véi bo diéu khién tuyén tinh hoa chinh xac két hop
v6i co cdu u6e luong nhidu va bu nhifu. B didu khién tuyén tinh hoa chinh xéac
nay 1a bo diéu khién mo men vi vay dé chay thuc nghiém thi hé thong can bd xung
thém hai mach vong: mach vong tdc do va mach vong dong dién.

- Két qua thuc nghiém trén ban thi nghiém TRMS phu hop véi 1y thuyét vé chat
luong diéu khién da duoc khang dinh & chuwong 2 va 3.

N6 ciing da chimg minh tinh dung dan thuat toan udc lwong nhiéu va bu nhidu
khi mé hinh d6i twong bat dinh va chiu anh huong ciia nhiéu, da ting cudng kha ning

khang nhiéu dé cai thién chat luong diéu khién.
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KET LUAN VA KIEN NGHI

I. KET LUAN

Két qua cac nghién ctru cua luan 4n di c6 mot sé dong goép méi nhu sau:

- Xay dung bo diéu khién bam quy dao cho hé co - dién song tuyén, chimg
minh tinh én dinh va 6n dinh tiém cén cta hé bam trong truong hop khong co6 va céd
yéu tb bat dinh. Dya trén phuong phap diéu khién truyén théng 14 phuong phap diéu
khién bu trong truong, lam co ¢ cho viée dé xuat xdy dung bd diéu khién tuyén
tinh hoa chinh xac cta luan an, 4p dung cho 16p hé Euler-Lagrange song tuyén, du
co cau chap hanh va khong chira thanh phan bat dinh (dugc goi 1a hé c6 mé hinh
chinh xac). Pa chirng minh chit ché bang 1y thuyét (¢ dinh Iy 1 va 2) vé chét luong
bam 6n dinh tiém cén theo quy dao mau ma bo diéu khién dé xuat nay mang lai cho
hé Euler-Lagrange song tuyén;

- Xay dung bo diéu khién thich nghi bam qu§ dao cho hé co — dién song tuyén
bat dinh trén co s& bd diéu khién tuyén tinh hoa va bo nhan dang thanh phén bat
dinh theo nguyén 1y tdi wu hoa timg doan sai 1éch mé hinh trén truc thoi gian. Dya
trén viéc xay dung duogc thuat toan udc lugng thanh phén bat dinh ham trong mo
hinh Euler-Lagrange song tuyén, phuc vu viéc diéu khién bu. Két hop bo diéu
khién bu bat dinh ham véi bo diéu khién tuyén tinh hoa chinh xac & chuong 2 dé
c6 dugc bd didu khién bam 6n dinh tiém can tin hiéu mau cho cac hé Euler-
Lagrange song tuyén.

II. KIEN NGHI

- Nghién ctru mo6 hinh TRMS, co6 thé ap dung cac bd diéu khién khac nhau,
ung dung trong dao tao & bac cao hoc va nghién ctru sinh cia truong;

- Tir két qua nghién ctru nay c6 thé ap dung cho cac phan tir bay c6 dang khi
dong hoc phirc tap nhu: cac UAV va nghién ciru thém cac phuong phap diéu khién
phi tuyén khac tng dung cho TRMS.
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PHU LUC

TRMS

Chuong trinh diéu khién TRMS gom hai file. File thir nhat, 1a mot ham con c6
tén TRMS.m, thé hién dong hoc cua hé kin, phan hoi trang thai tu dbi tuong la
TRMS (2.11), (2.28)-(2.30) vé bo diéu khién (2.12) va tir bo diéu khién t&i ddi
tugng. Noi cach khac, file nay cai dat hé c6 moé hinh cho ¢ cong thuce (2.31),(2.32).
File tht 2, goi 1a run TRMS.m, c6 nhiém vu khai bdo cac tham s6 va goi file thu

nhat thong qua ham ode45 dé giai phwong trinh vi phan va 13y két qua mé phong.
TRMS.m

function dx = TRMS(t,x)

global g r r d r dd mTl mT2 J1 J2 J3 h 1Tl 1T2 u Ax Bx d

% x(1)=ql; x(2)=92; x(3)=ql_dot;x(4)=9g2_dot;

M1=J1* (cos(x(2)))*2 + J2*(sin(x(2)))”*2 + (mT1l4mT2)* (h*2)+J3;
M2=h* (mT1*1T1l*sin(x(2) ) -mT2*1T2*cos (x(2))) ;

M3=J1+J2;

M=[M1 M2;M2 M3];

cll=2*x(4)* (J2-
Jl) *sin(x(2)) *cos (x(2)) ;cl2=h*x(4) * (mT1*1Tl*cos (x(2))+mT2*1T2*sin (

x(2)));

c21=x (3) * (J1-J2) *sin (x (2) ) *cos (x (2) ) ;c22=0;
C=[cll cl2;c2l c22];

gl=0;g2=g* (MT1*1T1*cos (x (2) ) +mT2*1T2*sin (x(2))) ;
G=[gl;g2];

%$d=[0.04*sin(0.3*t)+0.02*cos (0.01*t) ;0.04*cos(0.2*t)+0.06*sin(0.5*

t)1-G;



r=[0.5;0.3];r_d=[0;0];r_dd=[0;0];% Tin hieu mau step
% r=[0.2*sin(0.1256*t) ;-0.2*sin(0.1256*t)];
% r_d=[0.02512*cos (0.1256*t) ;-0.02512*cos (0.1256*t) ] ;

%r_dd=[0.003155*sin(0.1256*t) ;0.003155*sin(0.1256*t)];% Tin hieu

mau hinh sin

e=r-[x(1);x(2)]; e_dot=r _d-[x(3);x(4)];
Kl=40*eye (2) ; K2=30*eye (2) ;

u=M* (r_dd+Kl*e+K2*e dot)+C*[x(3);x(4)];
Ax=[0 0 1 0;0 0 0 1;zeros(2) -M\C];
Bx=[0 0;0 1;inv(M)];

dx=Ax*x+Bx* (u+d) ;

runTRMS .m

global g r mTl mT2 J1 J2 J3 h 1T1 1T2
g=9.81;

mT1=0.825;mT2=0.0908;J1=0.0519,J2=0.0059;J3=1.68e-
05;h=0.06;1T1=0.0186;1T2=0.2443;x0=[0 0 O O]

t0=0; N=20000; Ts=0.005; px=[]; ti=[];pr=I[1;

for i=1:N+1

[t,x]=0ded5 (RTRMS, [t0 tO0+Ts],x0) ;

k=length(t); tO=t(k),; ti=[ti (i-1)*Ts]; px=[px;x0];
x0=x(k, :) ;pr=[pr r];

end

figure (1) ;plot(ti,pr(l,:),ti,px(:,1)); legend('a hr','a h');
figure (2) ;plot(ti,pr(2,:),ti,px(:,2)); legend('a vr','a v');

figure(3); plot(ti,px(:,3),ti,px(:,4)); legend('a_hdot','a vdot');



AD_TRMS

Diy 1a chuong trinh diéu khién TRMS khi trong hé c6 chira thém thanh phan
bat djnh him. N6 ¢6 tén la AD_TRMS va gdm hai file. File thir nhat, 1a mot ham con
CO tén AD_TRMS.m, thé hién dong hoc clia hé kin cing céc thanh phan bat dinh,
phan hoi trang thai tir dbi twong 1a TRMS (3.19) vé bo diéu khién (2.12) c6 thém
khau bu bat dinh va tir bo diéu khién t6i ddi twong. Noi cach khéc, file nay cai dat
h¢ c6 mod hinh cho ¢ cong thie (3.19). File thtr 2, goi 1a runAD TRMS.m, c6 nhi¢m
vu khai bao cac tham sb va goi file thir nhat thong qua ham ode45 dé giai phuong

trinh vi phan va lay két qua mo phong.

AD TRMS.m

function dx = AD_TRMS (t,x)

global g r r d r dd mTl mT2 J1 J2 J3 h 1Tl 1T2 u Ax Bx dh d d_them
% x(1)=ql; x(2)=92; x(3)=ql_dot;x(4)=9g2_dot;

M1=J1* (cos(x(2)))"2 + J2*(sin(x(2)))*2 + (mT1+mT2)* (h*2)+J3;

M2=h* (mT1*1T1*sin (x(2))-mT2*1T2*cos (x(2)))+d_them;

M3=J1+J2;

M=[M1 M2;M2 M3];

cll=2%x (4) * (J2-
J1) *sin (x(2)) *cos (x(2)) ;cl2=h*x (4) * (mT1*1T1*cos (x (2) ) +mT2*1T2*sin (

x(2)));

c21=x(3) * (J1-J2) *sin (x (2) ) *cos (x (2) ) ;c22=0;
C=[cll cl2;c21 c22];

gl=0;g2=g* (MT1*1T1*cos (x (2) ) +mT2*1T2*sin (x(2))) ;
G=[gl;g2];

d=[0.04*sin(0.3*t)+0.02*cos (0.01*t) ;0.08*cos (0.2*t)+0.07*sin(0.5*t

)1-G;



r=[0.5;0.3];r_d=[0;0];r_dd=[0;0];% Tin hieu mau step

% r=[0.2*sin(0.1256*t) ;-0.2*sin(0.1256*t)];% Tin hieu mau hinh sin
% r_d=[0.02512*cos (0.1256*t) ;-0.02512*cos (0.1256*t) ] ;

% r_dd=[-0.003155*sin(0.1256*t) ;0.003155*sin(0.1256*t)];
e=r-[x(1);x(2)]; e dot=r d-[x(3);x(4)];

Kl=40*eye (2) ; K2=30*eye (2) ;

u=M* (r_dd+Kl*e+K2*e_ dot)+C*[x(3) ;x(4)];

Ax=[0 0 1 0;0 0 0 1;zeros(2) -M\C];

Bx=[0 0;0 1;inv(M)];

dx=Ax*x+Bx* (u+d-dh) ;

runAD TRMS.m

global g r r d r dd mTl mT2 J1 J2 J3 h 1Tl 1T2 u Ax Bx dh d d_them
g=9.81;

mT1=0.825;mT2=0.0908;J31=0.0519,;J2=0.0059;J3=1.68e-

05;h=0.06,1T1=0.0186;1T2=0.2443;x0=[0 0 0 0];d_them=0.25;

z0=x0'; t0=0; N=20000; Ts=0.005; dh=[0;0]; px=[]; ti=[]; pd=I[];

pdh=[] ;pr=[1;

for i=1:N+1

[t,x]=oded5 (RAD_TRMS, [t0 t0+Ts],x0);

k=length(t); tO=t(k),; ti=[ti (i-1)*Ts]; px=[px;x0];

Mz1=J1* (cos (z0(2)))*2+J2* (sin(2z0(2)))*2 + (mT1+mT2)* (h*2)+J3;
Mz2=h* (mT1*1T1*sin(z0(2))-mT2*1T2*cos (z0(2)))+d them;
Mz3=J1+J2;

Mz=[Mzl Mz2;Mz2 Mz3];

czll=2*z0(4)* (J2-J1) *sin(z0(2) ) *cos (z0(2)) ;



cz12=h*z0 (4) * (mT1*1Tl*cos (z0(2) ) +mT2*1T2*sin(z0(2))) ;
cz21=z0(3) * (J1-J2) *sin(z0(2) ) *cos (z0(2)) ;cz22=0;

Cz=[czll czl2;cz2l cz22];

Az=[0 0 1 0;0 0 0 1;zeros(2) -Mz\Cz];

B=Ts*Bx; A x=eye (4)+Ts*Ax; A z=eye(4)+Ts*Az;

z=A z*z0+B* (u-dh) ; dh=((B'*B)\B')*(x(k,:)'—z+A;z*zo—A;x*x0’);
z0=z; x0=x(k,:); pd=[pd d]; pdh=[pdh dh];pr=[pr r];

end

figure (1) ;plot(ti,pr(1l,:),ti,px(:,1)); legend('a hr','a h');
figure (2) ;plot(ti,pr(2,:),ti,px(:,2)); legend('a vr','a v');
figure (3); plot(ti,pd(1l,:),ti,pdh(1l,:)); legend('dl',6 'dhl’');
figure(4); plot(ti,pd(2,:),ti,pdh(2,:)); legend('d2',6'dh2');

figure(5); plot(ti,px(:,3),ti,px(:,4)); legend('a_hdot',6'a vdot');



