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, ‘ MO DAU
1. Tinh brc thiet ctia de tai.

Ngay nay, linh vuc vé khoa hoc 1o bdt ludn thu hat duoc su quan tam
ciia cac nha khoa hoc trén thé gii. Bang chimg cho thiy 1a ngay cang
nhiéu nhiing sach gido khoa, chuyén dé va cac hoi thao dic biét vé rd bot
duoc to chie. Mbi quan tam nay con dugc thé hién béng su cO mat cua ro
bt trong cac img dung diéu khién va n6 da trd thanh thude do dé danh gia
mirc do tu dong hoa trong nhiéu nha may xi nghiép.

R6 bt 1a mot nganh khoa hoc tong hop cac nguyén 1y cua nhiéu nganh
khoa hoc khac nhu: Piéu khién hoc, co khi, phong sinh hoc, dién tur, tin
hoc, tri tué nhan tao va k¥ thuat diéu khién tu dong. Trong d6 k¥ thuat diéu
khién ty dong 1a nganh déng vai trd quan trong va thuc ddy su phat trién
manh mé cua khoa hoc vé ro bot. Tuy nhién linh vyc nay van con kha méi
mé trong thoi diém hién nay. D¢ tai ndy nghién ciru vé phuong phap lua
chon bo diéu khién va mo phong két qua thiét ké ro bét cling nham muc
dich dong gop thém kién thirc vé linh vurc nay.

2. Muc dich nghién ctru dé tai.

Nhu ta d3 biét viéc mod phong trude dbi tuong dé tim quy luat diéu khién
1a viéc 1am rat can thiét. Cong viéc nay rat quan trong boi né lam giam chi
phi san xuét ro bdt, nd giup ta tranh dugc nhig 16i thiét ké khong déng co.
Mic du bo diéu khién tim duge tir viée tinh toan trén phin mém mo phong
¢ bo thong sb chua sat véi thuc té bén ngoai, tuy nhién day ciing 1a nhiing
goi ¥ hét strc can thiét ddi vai ngudi thiét ké, chi can gia cong thém khi xay
dung d6i twong thuc 14 hoan toan c6 thé dap ung dugc yéu cau.

3. Péi twong va pham vi nghién ciu cia dé tai
Trong pham vi d& tai ndy, tac gia chi tinh toan, thiét ké bo diéu khién

cho canh tay ro bt 2 bac ty do dang 6 — r. Dé xuét sir dung 2 luat diéu
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khién d6 1a luat diéu khién thich nghi don gian va luat diéu khién thich nghi
bén ving. Tur d6 dua ra két luat vé tich wu viét cta bod diéu khién duge lua
chon. Dé)ng thoi téng quat hoa cho vige thiét ké ro6 bdt n bac tu do.

4. Phwong phap nghién ciru cia dé tai.

Ung dung phin mém mo phong Matlab dé¢ mé phong cac chuyén dong
ctia 16 b6t hé 6 —r tir d6 tim ra phuong an diéu khién t6i wu cho hé. Bén
canh d6 so sanh wu nhuoc diém véi cac phuong phap diéu khién khac, tir
d6 dé xuét phuong an lya chon tham s6 cho bo diéu khién cling nhu tham
50 cua link.

5. 'Y nghia khoa hoc va thuc tién cia deé tai

Trong khoa hoc 16 bt thi yéu té quan trong nhat d6 1a tim cac phuong
phap diéu khién ro bt toi wu.

Viéc tim hiéu 1y thuyét va mo phong diéu khién ro bdt hai bac tu do 1a
budc tiép can dé tién toi nghién ctru mé rong thanh bai toan diéu khién

chuyén dong cua r6 bdt n bac ty do
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CHUONG 1: RO BOT CONG NGHIEP VA RO BOT HAI BAC
TUDOHE®O -

1.1 R6 bét cdng nghiép
1.1.1 Giéi thiéu chung

Cung voi su phat trién khong ngimg cta khoa hoc k¥ thuat, cac may
mac thiét bi trong cong nghiép ngay cang yéu cau phai dat ning suit cao,
lam viéc chinh xac. Mat khac, nhu cau tu dong hda cho cac qua trinh roi
rac ngdy cang cao. Cac qua trinh ndy c6 thé ké dén nhu nap phoi cho méy
cong cu, lap rap bang mach, o t6,... Chinh vi vy ma ré bdt xuat hién dé
thoa mén nhitng nhu cau ndy. R bdt 1a mot thuat ngir ding dé chi nhiing
may moc thiét bi tur dong c6 kha ning thay thé con nguoi thyc hién nhing
nhiém vu cong viéc.

Co rat nhiéu dinh nghia vé RO bét, Theo tiéu chudn AFNOR cua
Phép thi:

Robot la mét co cdu chuyén doi tw dong co thé chwong trinh hoa, ldp lai
cdc chuong trinh, tong hop cdc chwong trinh ddt ra trén cdc truc toa dé, co
kha nang dinh vi, di chuyén cdc doi twong vt chat, chi tiét, dao cu, gd ldp
... theo nhitng hanh trinh thay d6i da chwong trinh hod nham thiee hién cdc
nhiém vy cong nghé khac nhau.

Theo tiéu chuan VDI 2860/BRD:

Robot la mét thiét bi ¢6 nhiéu truc, thuc hién cdc chuyén dong co thé
chwong trinh héa va noi ghép cdc chuyén dong cia ching trong nhimng
khodng cdch tuyén tinh hay phi tuyén cia déng trinh. Chiing dwoc diéu

khién béi cdc bo phdn hop nhdt ghép két néi véi nhau, ¢6 khd nang hoc va
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nho cac chuong trinh, chung dwoc trang bi dung cu hogc cdc phuong tién
cong nghé khdc dé thwc hién cdc nhiém vu san xudt truc tiép hay gian tiép.
Theo tiéu chuan GHOST 1980:

Robot la mdy tw déng lién két gitta mot tay mdy va mot cum diéu khién
chwong trinh hoa, thuc hién mot chu trinh cong nghé mot cach chu dong
V6i sw diéu khién c6 thé thay thé nhitng chirc ndng twong tir ciia con nguoi.
Bén canh khai ni¢m robot con c6 khai niém robotic, khai ni€ém nay co thé
hiéu nhu sau:

Robotics la mot nghanh khoa hoc co nhiém vu nghién ciru vé thiét ké,
ché tao cdc robot va g dung chiing trong cdc linh vuc hoat déng khdc
nhau cia xd hoi loai ngwoi nhw nghién citu khoa hoc - ky thudt, kinh té,
quéc phong va dan sinh.

Robotics la mot khoa hoc lién nghanh gém co khi, dién twr, ky thudt diéu
khién va cong nghé théng tin. N6 la san pham déc thii ciia nghanh co dién
tir (mechatronics).

Robot cong nghiép 1a mot linh vyc riéng cua robot, n6 ¢d dac trung riéng
nhu sau:

- La thiét bi van nang dwoc TPH theo chwong trinh va cé thé ldp trinh lai
aé dap vung mot cach linh hoat khéo léo cac nhiém vu khdc nhau.

- Puoc ung dung trong nhitng truong hop mang tinh cong nghiép ddc
tring nhie vdn chuyén va xép dé nguyén vt lidu, ldp rdp, do luong.

Do c6 hai dic trung trén nén robot céng nghiép co thé dinh nghia nhu
Sau:

Theo Vién nghién ctru robot ciia Mi dé xuat:

RBCN la tay mdy van ning, hoat déng theo chwong trinh va c6 thé ldp

trinh lai dé hoan thanh va nang cao hiéu qua hoan thanh cdc nhiém vu
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khdc nhau trong céng nghiép, nhie vin chuyén nguyén vt liéu, chi tiét,
dung cu hodc cdc thiét bi chuyén dung khdc.

Hay theo dinh nghia GHOST 25686 — 85 nhu sau:

RBCN la tay may dwoc dat cé dinh hay di déng, bao gom thiét bi thira
hanh dang tay may co mot s6 bdc tw do hoat dong va thiét bi diéu khién
theo chuwong trinh, c¢é thé tdi lgp trinh dé hoan thanh cdc chire ndng vin
déng va diéu khién trong qud trinh san xudt

Ngay nay, 16 b6t di tré thanh mot trong nhitng cong cu khong thé
thiéu trong cac nha may xi nghi¢p c6 muc do tu dong hoa cao. R6 bt dam
nhan nhiing cong viéc khé khan nhu lam viéc trong céc 10 phan ung hat
nhan, trong cac moé truong c6 do phong xa va nhiét do cao hoac trén nhiing
d6 cao ma con ngudi khong thé thao tac hoic 1am viéc an toan. Ngoai ra 1o
bot con duge tng dung nhiéu trong linh vie doi sdng nhu y hoc, sinh hoc,
ky thuét dja chéat va trong doi sdng hang ngay nhu ro bdt ban hang, trong
nha, tiép tan...

Trong nhimg nim qua, nganh céng nghiép rd bét da dat dugc nhimg
thanh tiru to 16n. Nhung khong dimg lai & @0, hién nay ro bdt con dang tiép
tuc dugc nghién ctru phat trién dé dap Gmg nhu cau ty dong hoa ngdy cang
cao. Ro bdt can phai tré nén thong minh hon, d6 chinh xac cao hon, thoi
gian tac dong ngan hon va do d6 ciing can tim kiém cac phuong phap diéu
khién da dang va tot hon.

1.1.2 Céu triic co ban cia rd bt cong nghiép
Mot robot cong nghiép thuong bao gom céc thanh phan chinh nhu :

canh tay robot, ngudn déng luc, dung cu gan I&n khau chap hanh cubi, cac

cam bién, bo diéu khién, thiét bi day hoc, may tinh ... cac phan mém lap
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trinh ciing nén duoc coi 1a mot thanh phan cua hé théng robot. Mdi quan hé

giira cac thanh phan trong robot nhu hinh 1.1.

Ciaccam |,
bién
Y
BA d-»} ) 4
. 0 dieu A . _
Thiét bi J khién va Nguodn | Canh tay
ay 4 gy 5 robot
day hoc mady tinh dong lyc
h
v Y
Céc chuong Dung cu
trinh thao tac

Hinh 1.1 Cac thanh phan chinh ciia hé rd bot

Canh tay robot (tay may) 1a két cau co khi gom cac khau lién két véi
nhau bang cac khdp dong dé co thé tao nén nhitng chuyén dong co ban cia
robot.

Nguén dong luc 1a cac dong co dién (mdt chiéu hodc dong co budc),
cac hé théng xy lanh khi nén, thuy luc dé tao dong luc cho tay may hoat
dong.

Dung cu thao tic dugc gin trén khau cudi cta robot, dung cu cla
robot c6 thé co nhiéu kiéu khac nhau nhu: dang ban tay dé nam bat d6i
tuong hodc cic cong cu lam viée nhu mé han, d4 mai, dau phun son ...
Thiét bi day-hoc (Teach-Pendant) dung dé day cho robot céac thao tac can
thiét theo yéu cau cua qua trinh lam viéc, sau dé robot tu 1ap lai cac dong
tac dd duoc day dé lam viéc (phuong phéap 1ap trinh kiéu day hoc).

Céac phan mém dé 1ap trinh va cac ch-ong trinh diéu khién robot d-oc
cai dat trén may tinh, dung diéu khién robot thong qua bd diéu khién
(Controller). Bo diéu khién con dugc goi 1a Modun diéu khién (hay Unit,

Driver), n6 thudng duoc két ndi v6i may tinh. Mot modun didu khién c6
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thé con c6 cac cong Vao - Ra (I/O port) dé lam viéc voi nhiéu thiét bj khac
nhau nhu cac cam bién gitip robot nhan biét trang thai ciia ban than, xac
dinh vi tri cta d6i tuong lam viéc hoac cac do tim khac, diéu khién cac
bang tai hodc co cau cap phoi hoat dong phdi hop véi robot ...
1.1.3 Co cau tay may
Tay may 1a phan co s& quyét dinh kha ning lam viéc cta robot. D6

1a phan co khi dam bao cho robot kha ning chuyén dong trong khong gian
va kha ning lam viéc nhu nang, ha vat, lap rap...Tay may hién nay rat da
dang va nhiéu loai khic xa véi tay nguoi. Tuy nhién, trong k¥ thuat robot
van dung cac thuat ngir quen thudc dé chi cac b phan cia tay may nhu vai
(shoulder), canh tay (Arm), c6 tay (Wrist), ban tay (Hand) va cac khép
(Articulations),...

Trong thiét ké quan tdm dén cac thong s6 co6 anh huong 16n dén kha
nang lam vi€c cua robot nhu:
- Strc nang, do cung virng, luc kep cua tay...
- Tam v&i hay ving 1am viéc: Kich thudc va hinh dang ving ma phan lam
viée c6 thé véi tdi.
- Sy khéo 1éo, 1a kha nang dinh vi va dinh huéng phan cong tac trong ving

lam viéc.

Wrist

Am

. )—QB-( i~

Két cau tay may

Hinh 1.2 Két cau tay may
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Céc tay may c6 dic diém chung vé két cau 1a gdm co cac khau, duoc
ndi voi nhau bang cac khop dé hinh thanh mot chudi dong hoc ho tinh tir
than dén phan cong tac.

Cac khop duoc dung phd bién 1a khép truot va khép quay, tuy theo
s6 luong va cach bd tri cac khdp ma c6 thé tao ra cac tay may kiéu toa do
Decac (Cartesian), toa do tru (Cylindrical), toa d6 cau (Revolute), SCARA,
POLAR, kiéu tay ngudi (Anthropomorphic).

% Tay may kiéu toa dé dé cdc, con goi 1a kiéu chit nhat, dung ba khép
truot, cho phép phén cong tac thyc hién mdt cach doc 1ap cac chuyén dong
thang, song v&i ba tryc toa do. Vung lam viéc cia tay may c6 dang hinh
hop chir nhat. Do sy don gian vé két cau tay may kiéu nay c6 d6 climg ving
cao, do chinh xac dugc dam bao déng déu trong toan by vung lam viéc,
nhung it khéo 1é0. Vi vdy, tay may kiéu dé cac dugc dung dé van chuyén va
lap rap.

X Tay mdy kiéu toa dé tru khic véi tay may kiéu décac & khop dau
tién: Dung khép quay thay cho khdp truot. Vung lam viéc cia né c6 dang
hinh tru réng. Khép truot nim ngang cho phép tay may “thod” duoc vao
khoang réng nam ngang. P9 cimg viing co hoc cla tay may try tét, thich
hop véi tai nang nhung d6 chinh xac dinh vi goc trong mit phang nam
ngang giam khi tim vdi ting.

% Tay mdy kiéu toa do cau khac kiéu tru do khép thir hai (khdp truot)
duoc thay bang khép quay. Néu quy dao chuyén dong cua phan cong tac
duge mo ta trong toa do cau thi mdi bac tu do twong tmg véi mot kha nang
chuyén dong va ving 1am viéc cta n6 1a khéi cau rong. Do cimg vitng cua
loai tay may nay théip hon hai loai trén va do chinh xac dinh vi phu thudc

vao tam voi .
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X/

< Tay may Scara dugc dé xuat dung cho cong viéc lap rap. D6 1a mot
kiéu tay may c6 céu tao dic biét, gdm hai khép quay va mot khép truot,
nhung ca ba khép déu co truc song song véi nhau. Két cdu ndy 1am tay may
cimg vimg hon theo phuong thiang dimg nhung kém ctng vimg theo
phuong dugc chon la phuong ngang. Loai nay chuyén dung cho cong viéc
lap rap voi tai trong nho theo phuong dung. Tu Scara la viét tit cua
“selective compliance assembly robot arm” dé mé ta cac dic diém trén.
Ving 1am viéc ctia Scara 1a mot phan cia hinh try rong.
% Tay may kiéu phong sinh, c6 ca ba khop déu 1a khop quay, trong d6
tryc thir nhat vudéng goc voi hai tryc kia. Do su twong tu voi tay nguoi,
khép thir hai dugc goi 1a khdp vai, khép tht ba goi 1a khép khuyu ndi cang
tay v6i khuyu tay. V&i két cau nay khong c6 su tuong ung gilta kha ning
chuyén dong cta cac khau va s bac tu do. Tay may lamviéc rat khéo 1éo,
nhung do chinh xac dinh vi phu thudc vi tri cua phﬁn cong tac trong vung
lam viéc. Ving lam viéc cua tay may kiéu ndy gan giéng mot phan khoi
cau.
1.1.4 Nguyeén tic dieéu khién

Hé thong diéu khién ro bot ciing gidng nhu véi cac hé dicu khién cac
qua trinh ty dong hoa khac. Nguyén tic diéu khién 13 can diéu chinh hé
thong theo huéng 1am cyc tiéu ham sai sd

Ham sai s6 dugc xac dinh bang cong thirc: € = 04 — 0
Trong d6: 64 1a vi tri gbc mong mubn dat duogc

0 1a vi goc thuc té ciia khop

Khi &€ — 0 thi khép 16 bot duoc coi 1a d3 dat dén vi tri mong mudn.
C6 rat nhiéu phuong phap diéu khién dé dat dugc diéu kién £ — 0, trong do6
c6 viéc mo phong trén Matlab thong qua ham diéu khién thi viéc quan sat

dé dang trén duong dic tinh dau ra cho ta cai nhin truc quan hon. Tuy

10
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nhién, trong thuc té con nhiéu yéu té khach quan khac tac dong dén co cau
chuyén dong cua ro bt vi du nhu ma sat, diéu kién moi truong, chuong
ngai vat... ¢ thé lam cho thong sé diéu khién thay doi. Vi vay, tiy ting
truong hop cu thé ma dua ra ham diéu khién cho sat v6i thuc té hon.

1.1.5 Pong hoc thuan ro bét.

Mot robot nhiéu khau cau thanh tir cac khau ndi tiép nhau thong qua
cac khop dong. Goc chuan (Base) ctia mot robot 13 khau sé 0 va khong tinh
vao sd cac khau. Khau 1 ndi véi khau chuan bai khép 1 va khong c6 khop
& dau mat cua khau cubi cung. Bat ky khau nao ciing duoc dic trung boi
hai kich thudc:

- Do dai phap tuyén chung : aj

- Goc gitra cac truc trong mat phang vuong goc voi a, : A,

Khaép n-1 | Khép n ! Khép n+1
\-\_\ Q_:_D Bn
(_pen-l '

\

Khau n-1

\.

||l.
Qﬁir:) en +1

Khau n-2

Hinh 1.3 Cac thong s6 ciia khau : 0, d, ava a

Trong do:
- a, la d§ dai duong vudng gbéc chung gitra 2 truc quay cua khop

dong n+1 van

11
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- 0o, la goc chéo gitra 2 truc khop dong n+1 va n.

- d, 1a khoang cach do doc truc khép dong thir n tir duong vudng
gbc chung gitta tryc khoi dong thtr n+1 va truc khép dong n toi
duong vuong géc chung gitra khop dong n vai truc khop n-1.

- 0, 1a goc gitra hai duong vuong géc chung noi trén.

MGdi truc s& c6 hai phap tuyén v6i nd, mdi phap tuyén dung cho mdi
khau (trudc va sau mot khép). Vi tri twong ddi ctia hai khau lién két nhu
thé duogc xac dinh béi d, 1a khoang cach gitta cac phap tuyén do doc theo
tryc khop n va 0, 1a gbc gilta cac phap tuyén do trong mit phang vudng
gbc voi tryc.

d, va 6, thuong duoc goi la khoang cach va goc gitra cac khau.

Dé mé ti moi quan hé giiva cdc khdu ta gin vao méi khdu mot hé
toa dp. Nguyén tic chung dé gin hé toa dé lén cdc khdu nhw sau:

- Géc cua hé toa do gan 1én khau thi n dat tai giao diém cta phap tuyén a,
v6i truc khép thir n+1. Trudng hop hai truc khép cat nhau, goc toa do s&
dat tai chinh diém cat d6. Néu cac truc khép song song véi nhau, goc toa dd
dugc chon trén truc khop ctuia khau ké tiép, tai diém thich hop.

- Truc z cua hé toa do gén 1én khau thtr 1 dat doc theo truc khop thir n+1.

- Truc x thuong duge dat doc theo phap tuyén chung va huéng tir khép n
dén n+1. Trong trudng hop cac truc khép cat nhau thi truc x chon theo tich
vecto Zn X Zna.

Truong hop khép quay thi 0, 13 cac bién khép, trong truong hop
khép tinh tién thi d, 13 bién khép va a, bang 0.

Céac thong sb ap, ap, dy va 0, duoc goi la bo thong s6 DH.

Phép chuyén ddi ma tran tir hé toa do nay dén hé toa do tiép theo

duoc tao ra bang cac thong sb twong tng vao ma trin sau:

A, = Rot(z,0) Trans(z,d) Trans(x,a) Rot(x,a)

12



Nguyén Pirc Minh — Bé mén Dién tw déng cong nghiép

Truong DPai hoc

Dan lap Hai Phong

(cos#, —cosa,sing, sina,sind,  a, cosa, |
sing,  cosa,cos6, —sina,cosd, a,sing,
A= 0 sing,, CoSc, d, (1.1)
0 0 0 1

Dong hoc thuan r6 bot 1a su két hop ctia cac ma tran chuyén doi gitra
cac hé toa do thanh mgt ma tran chuyén doi dong nhat. Ma tran nay mo ta
vi tri va hudng cua h¢ toa do n doi véi hé toa do co so.

Ma tran chuyén d6i dong nhat dugc xac dinh nhu sau:

T, = AL A, A, (1.2)
Ma tran c6 cac thanh phﬁn duoc ki hiéu nhu sau
_nX OX a'X pX |
n, o, a, p
T =y v % y
" nZ OZ aZ pZ (1.3)

Trong d6 n, o, a 1a cac véc to don vi cua hé toa do thur n, cho phép xac dinh
huéng cta hé toa do n vdi hé toa dd co so. Ba vec to nay biéu dién tinh

chat quay cua h¢ thir n so vo1 hé co s6.

nX OX aX

0

A,=ln, o, a, (1.4)
n o

: 9 4
Va P(pyx, Py, P2) 1a vi tri cia dau tay ndm ro bot chiéu 1én ba truc x, y, z.
1.1.6 Pong hoc ngwoc rd bot.

Bai toan thuan dong hoc nham xac dinh dinh vi va dinh hudng cua
phan cong tac khi cho trudc cac bién khdp. Bai toan nguoc cho trude vi tri
va dinh hudng cua khau tdc dong sau cung doi hoi phai xac dinh bo thong
s6 toa do suy rong dé dam bao chuyén dong cho trude cua phan cong tac.

DPdi véi tay may co két cAu dang chudi dong ho, néu cho trude bd

thong s6 bién khop thi vi tri va dinh hudéng ctia phan cong tac xac dinh duy
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nhat, diéu nay khong dung véi cic tay may co ciu trac dang chudi dong
Kin.

Pbi voi cac tay may dang chudi dong ho, tmg véi mot bo thong sb
mo ta dinh vi va dinh hudng ctia phan cong tac khi giai bai todn nguoc co
thé x4y ra cac trudng hop:

— €6 thé c6 nhiéu 16 giai khac nhau.

— Céc phuong trinh dong nhét thirc thudng c6 dang phi tuyén,
siéu viét, thuong khong cho 101 giai ding.

— C6 thé gap nghiém v6 dinh vi ¢ cac lién két thira giéng kiéu
két cau siéu tinh.

— (€6 thé c6 10i giai toan hoc, song 10i giai nay khong chap nhan
duogc vé mat vat 1i do cac yéu t6 vé két cau cua ciu truc khong
dap ung duoc.

C6 rat nhiéu phuong phap dé tim dugc (¢x, ¢y, 9,), n6 tiry thudc vao cac
phép quay hoac cac loai 1 bt khac nhau. Viéc gidl bai toan dong hoc
nguoc cia robot can thoa min cac diéu kién sau:
- biéu kién ton tai nghiém:
Piéu kién ndy nham khang dinh: C6 it nhat mot tép nghiém (04,6, ...,06,d; )
sao cho robot c6 hinh thé cho trude.

(“Hinh thé” 1a khai niém mé ta tudng minh cia vecto cudi Tg ca vé vi tri
va huong).
- Diéu kién duy nhat cta tép nghiém:
Trong khi x4c dinh cac t€p nghiém can phan biét rd hai loai nghi¢m :

+ Nghiém toan (Mathematical Solution): Cac nghi€ém nay thoa man

cac phuong trinh cho trudc cua Ts.

14
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+ Nghiém vat 1y (Physical Solution): 1a cac t€p con cuia nghiém toan,
phu thudc vao cac giéi han vat 1y (gidi han vé goc quay, kich thude ...)
nham xac dinh tép nghiém duy nht.

Viéc giai hé phuong trinh dong hoc c6 thé dugc tién hanh theo hai phuong
phap co ban sau :

+ Phuong phép gidi tich (Analytical Method): Tim ra cac cong thtic
hay cac phuong trinh toan giai tich biéu thi quan hé giita cic gia tri cla
khong gian bién truc va cac thong sb khac cta bo thong s DH.

+ Phuong phép s6 (Numerical Method): Tim ra cc gia tri cua tép
nghiém bang két qua ciia mot qua trinh lap.

Phuong phép giai bai toan dong hoc nguge str dung cac ham lugng
giac ty nhién. Cac gbéc thuong dugc xac dinh thong qua ham arctang hai
bién. Phuong phap nay duoc dua ra boi Pieper va ap dung tot v6i nhiing
robot don gian, thuong ta nhan dugc nghiém ¢ dang cong thirc don gian.

Khi giai bai toan dong hoc nguoc cé thé xay ra hién tuong “suy
bién”. Khi ¢6 nhiéu hon mét tép nghi¢m ddi véi bai toan nguoc dé xac dinh
vi tri va huéng ctia ban tay, thi canh tay dugc goi 13 suy bién.

Dung phuong phap Pieper, cac nghiém nhan dugc thuong c6 4 dang
cong thirc, mdi dang c6 mot y nghia dong hoc riéng.

Dang thir nhat: - sinda, + cos®a, =0  (1.5)

Dang ndy cho ta mot cip nghiém cach nhau 180°, n6 mé ta hai hinh thé
tuwong tmg ctia robot. Néu cac ttr s6 va mau sd déu bang khong, robot bi suy
bién, lac d6 robot mét di mot bac tu do.

Dang thur hai: ~ -Sipy + Cipy = d; (1.6)

Dang nay ciing cho ta cip nghiém sai khac nhau 180y, mot lan nita lai ton
tai kha nang suy bién khi tr s6 va mau sé bang 0. Robot & trudng hop nay

thudng c6 mot khép tinh tién va do dai tinh tién duoc coi 1a > 0.
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Dang thirba:  Cipx + Sipy = Spd3 (1.7)
va dang thir tu: - C,d; = - p, (1.8)

Cac phuong thinh ndy thuong c6 nghiém duy nhat. Ngoai cac dang
phd bién, khi robot c6 hai hay nhiéu khép song song (Vi du robot Elbow),
cac goc cua timg khép phai duoc xac dinh bang cach giai dong thoi nhiéu
khép trong mbi quan hé tong cac goc khdp.

Nhin chung khi s bac tu do cang 16n thi bai toan nguoc cang kho
giai, ) nghiém todn hoc lai cang nhiéu, khi d6 dé chon duoc nghiém diéu
khién doi hoi phai loai bo cac nghiém khong phu hop duwa trén co s¢ cac
rang budc vé gidi han hoat dong cua cac khdp. Viéc lya chon phuwong phap
dé giai bai toan nguogc cling 1a mdt van dé, cho dén nay khong c6 phuong
phap tong quat nio c6 thé ap dung cho tat ca cac robot.

1.1.7 Pong luc hoc ro bot.

Dbong luc hoc tay may nghién ctru mbi quan h¢ gilra lyc, mOmen,
ning luong... voi cac théng sd chuyén dong cta né. Nghién ctru dong luc
hoc tay may nham cac muyc dich sau:

— M5 phong hoat dong cua tay may, dé khao sat, thir nghiém qua trinh
lam vi¢c cua n6 ma khong phai dung tay may that.

— Phan tich tinh toan két cdu cta tay may.

— Phan tich thiét ké hé thong diéu khién cua tay may.

Nghién ctru dong luc hoc robot 13 cong viée can thiét khi phan tich
cling nhu tong hop qua trinh diéu khién chuyén dong. Viéc nghién ctru
dong luc hoc robot thudng giai quyét hai nhiém vy sau dy

- Xac dinh momen va lyc dong xuat hién trong qua trinh chuyén
dong. Khi d6 qui luat bién d6i cta bién khép qi(t) coi nhu da biét.

Viéc tinh toan luc trong co cdu tay mdy 1a rat can thiét dé chon cong suat

dong co, ki€ém tra d§ bén, do ctrng viing, ddm bao do tin cay cua robot.
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- Xac dinh cac sai s6 dong tic 1a sai Iéch so voi qui luat chuyén dong
theo chwong trinh. Lic ndy can khao sat phuong trinh chuyén dong cia
robot ¢6 tinh dén dic tinh dong luc cta dong co va cac khau.

C6 nhiéu phuong phap nghién ctru dong luc hoc robot, nhung
thudng gip hon ca 13 phuong phéap co hoc Lagrange, cu thé 1a dung phuong
trinh Lagrange - Euler. Ddi voi cac khau khép cua robot, véi cac ngudn
dong luc va kénh diéu khién riéng biét, khong thé bo qua cic hiéu tng
trong truong (gravity effect), quan tinh (initial), tuong ho (Coriolis), ly tim
(centripetal) ma nhiing khia canh nay chua duoc xét day du trong co hoc
o dién. Co hoc Lagrange nghién ctru cac van dé néu trén nhu mot hé thong
khép kin nén day 1a nguyén 1y co hoc thich hop ddi véi cac bai toan dong
luc hoc robot.

Ham Lagrange ctia mot hé théng nang luong dugc dinh nghia :
L=K-P (1.9)
Trong do: K 14 tong dong ning cta hé thong
P 13 tong thé ning
K va P déu la nhirng dai lugng vo6 hudng nén co thé chon bat cir hé toa do

thich hop nao dé bai toan dugc don gian. Poi v6i mot robot ¢d n khau, ta

co: K=>K, P=>P (1.10)
i=1 i=1

O day K; va P; 1a dong ning va thé ning cua khau thi i xét trong hé toa do

chon.Ta biét mdi dai lurong K va P; 1a mot ham $6 phu thuoc nhiéu bién s6:

K;=K(q;,q;) va P, =P(q;,q;)
Vé6i q; 1a toa do suy rong cta khép ther i. Néu khop thr i 1a khép
quay thi g; 1a goc quay 0;, néu 1a khép tinh tién thi q; 1a do dai tinh tién d;.
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Ta dinh nghia : Luc tac dung Ién khau thu i (i=1, 2,..., n) v&i quan
niém la luc téng quat (Generalized forces), nd co thé 1a mot luc hodc mot
momen (phu thudc vao bién khdp q; 1a tinh tién hodc quay), duoc xac dinh

boi:
T —a—.___ (1.11)

* X4c dinh tong dong niing ciia rd bot
Coi 6 bdt 1a mdt tay may c6 n thanh ctng lién két lai, tong dong
nang ciia rd bot bang dong niag ciia cac thanh cimg cong voi dong nang cia

cac khop:
K= Z(Kn +Kpi) (1.12)
i=1
Dong nang cta thanh cing i xac dinh nhu sau:

1 ) *T ) *
Ki=> [P i oV (1.13)
Vli
Vé6i p, 1a véc to van tde thing va p 1a mat do cac phan tir co ban trong thé
tich dV, con V,; 1a thé tich cta thanh cung thir i. Véc to van tdc trén thanh

ctimg duoc tinh bang cong thic:
pi = pn"‘ @il (1.14)
Dong nang cua khop thir i dugce xac dinh nhu sau:
T

Kmi zln’]mi pmi pmi+1a)T I 2 (115)

2 2 mi " mi ““mi
Trong d6 my,; 1a khoi lugng cua khop thu i, I, 1a mé men quan tinh cua

khép thir i, © 13 van toc goc.
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* Xac dinh tong the niang cua ro bot
Tong thé nang cua r6 bot cling duge xac dinh bang tong thé nang cua cac

thanh cimg va thé ning ctia phan rd to md to dat trong cac khép.

P= Z:,(Pn +Pi) (1.16)
Thé ning cua cac thanh ctng 1a:

P = %ngg p; pdV =-m, ] p, (1.17)
Thé ning cua cac khép 1a:

P = =My Jg P (1.18)

Két hop (1.17) va (1.18) ta dugc cong thirc tinh tong thé ning nhu sau:
P= _Z (mligg Pii + My gg pmi) (1.19)
1.2Ro b6t 0 -r.

1.2.1 Pong hoc thuan cia ro bot 6 - r.
Trong khong gian 3 chiéu:

Hinh 1.4 R6 b6t 0 — r nhin trén khong gian 3 chiéu
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Nhung vi gdc quay cua r6 bot nam trén truc z nén c6 thé bicéu dién nhu sau:

y

0

X
Hinh 1.5 R& bét 6 — r nhin trén khong gian 2 chiéu

Bang thong sb:

@
o
ol =
<

0] Al
A, 0 0 r 0°

Ap dung quy tic Danevit-Hastenberg dé tinh cdc ma tran bién d6i dong

nhat gitra cac truc toa do nhu sau:

cosd -sin@ 0 O
OAlzROt(Z, 0) = sind cos¢ 0 O (1.20)
0 10
0 0 01
1 0 0 r
1 0100
A, = Trans(x,r) = 1.21
2 (x,r) 0 10 ( )
0 0 01

Phuong trinh dong hoc thuén cua r6 bot 1a: °T, = °A A,
cosd -sind 0 rcosé
sing cosé O rsind
0 0 1 0
0 0 0 1
Nhu vay tay nam ro bot sau khi quay va tinh tién s& c6 toa do méi Ia:

P =[rcos® rsind 0]"

T, = (1.22)
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1.2.2 Pong luc hoc rd bot 6 —r.
Pé xac dinh dong luc hoc ctia 16 bdt hé 6 — r ta s& phan tich cac luc

co trén 2 khép cua 16 bot nhu dudi hinh sau:

y
r l g
I:r ng
0
&5 X
T m;g

Hinh 1.6 Cic luc ¢6 trén cac khép ciia ré bot
Trong d6: msg la trong luc xuét hién tai trong tdm cua khop 1
r, 1a khoang cach tir gbc toa o dén trong tam khép 1
m,g 1a trong luc xuét hién tai trong tam khop 2
r 1a khoang céach tir goc toa do dén trong tdm khép 2
7 12 lyc m6 men, xuat hién khi khép 1 quay
F.1a luc day, xuat hién khi khép 2 tinh tién
Nhu vay xac dinh phuong trinh dong luc hoc cua hé chinh 1a xac
dinh mé men (luc ) va luc F, gay nén chuyén dong cta rd bot.

Pbi v6i khdp quay (bién khop 14 0) ta co dong ning va thé ning cla

khép duge xac dinh nhu sau:
1 2 '2
K, = > mr° o (1.23)
P, =m,gr, sind (1.24)

Péi v6i khop tinh tién (bién khop 14 r) ta 6 dong nang va thé
nang cua khép duogce xac dinh nhu sau:

2 2

1 . .
Ky=omy(r +1°0) (1.25)
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P, =m,grsing

Nhu vay ham Lagrang L =K; + K, — (P, + P,) vdi Ky, Ky, Py,P, duoc xac

dinh béi 4 cong thire (1.23), (1.24), (1.25) va (1.26)

(1.26)

Pé xac dinh cac luc ¢ trén 16 bdt ta ap dung cong thic (1.11)

- Xét khép 1 (khdp quay voi bién khép 1a 0)
a—lf = % =m,r? 6+m,r2 0
oq, 060

Dao ham theo thot gian (1.27) ta duoc:
dat_ m,r2 6+ 2m,rr 6+ m,r2 o
dt 55

Pao ham ham Lagrang theo bién khép 0 ta duoc:

oL oL
— =—=-m,gr, cosé —m,grcosé
oq, 06
) ; d oL oL
Viét lai ham (1.11) ta co6: iy
dt@q, 0q;

Thay (1.28) va (1.29) vao ta s€ duoc:

7, =7 =M 6+ 2m,r r 6+ m,r? 6+m,gr, cosé + m,grcosé
- Xét khép 2 (khop tinh tién voi bién khép 1a r)
oL oL :
_. = — = mz r
0q, oOr
Dao ham (1.31) theo thot gian s€ dugc:

d oL -
T = m2 r

dt oy
Pao ham ham Lagring theo bién khép r ta dugc:

2
i:%:mzrﬁ —m,gsind
oq, or

Thay (1.32) va (1.33) vao (1.11) ta s& duoc:

(1.27)

(1.28)

(1.29)

(1.30)

(1.31)

(1.32)

(1.33)
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2

r,=F =m,r+m,ré —m,gsind (1.34)
Téng quat hoa (1.30) va (1.34) ta dugc hé phuong trinh sau:

r=H(q)g+C(a.9) g+ 9(a) (1.35)
Va hé phuong trinh dong luc hoc ré bdt nay co cac tinh chét sau:

- C6 d6 phi tuyén cao

- Co nhirng tac dong xuyén chéo gitra cac khdp véi nhau.

- Ma tran H 13 x4c dinh duong va d6i xtng.
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CHUONG 2: CONG CU MO PHONG MATLAB VA ROBOTICS
TOOLBOX

2.1 Gigi thiéu chung vé Matlab

Matlab 1a mot moi trudng tinh toan s6 va 1ap trinh, dugc thiét ké béi
cong ty MathWorks. Matlab cho phép tinh toan sé véi ma tran, v& biéu dd
ham sb hodc biéu dd thong tin, thuc hién thuat todn, tao giao di€n ngudi
dung va lién két v6i cac chuong trinh may tinh viét trén nhiéu ngdn ngi 1ap
trinh khéc.

Vé mat cau trac, Matlab gém mot cira sO chinh va rat nhiéu ham viét
san khac nhau. Cac ham trén cung linh vuc tng dung duoc xép chung vao
mot thu vién, diéu nay gitp ta s dung dé dang tim duoc ham can quan
tam. C6 thé ké ra mot sb thu vién ctia Matlab nhu sau:

« Control System Tollbox: 14 nén tang ctia ho toolbox thiét ké diéu khién
bang Matlab. N6 chita cac han cho viéc md phong, phan tich va thiét ké cac
hé thng trong ty dong diéu khién.

« Frequency Domain System Identification Tollbox: Bao gom cac M-file
gitip cho viéc mo phong cac hé thong tuyén tinh trén co s phép do dap tng
tan sb ctia hé thong.

« Fuzzy Logic Tollbox: Cung cap mdt tdp hop day du cac cong cu cho
viéc thiét ké, mo phong va phan tich cac hé thong logic mo (Fuzzy
Inferencs).

« Higher Order Spectral Analysis Toolbox: cung cap cac cong cu cho
viéc xtr 1y tin hiéu dung phd bac cao. Cac phuong ndy dic biét hiru dung
cho phan tich cac tin hiéu c6 ngudn goc tir mot qué trinh phi tuyén hay bi

nhicu phi Gaussian ( non-Gaussian noise) xam nhap.
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 Image Processing Toolbox: chir cac cong cu cho viéc stir Iy anh. N6
bao gém cac cong cu cho viéc thiét ké cac bo loc va luu trix anh, nang cép
anh, phan tich va thong ké.

* Model Predictive Control Tollbox: dac bi¢t hitu dung cho céac ung
dung diéu khién v6i nhiéu bién ngd vao (input) va ngd ra (output) ma phan
16n ¢6 cac gidi han nhat 1a trog k¥ thuat hoa chét.

* Mu-Analysis And Syntheris Tollbox: chtra cdc cong cu chuyén mon
hoa cho diéu khién t6i uu hoa ; Pic biét trong linh vuc robot cao cap va cac
hé théng da bién tuyén tinh.

* Signal Processing Tollbox: chira cac cong cu xur 1y tin hi€u. Cac ing
dung bao gdm: Audio (Pia compact, bang digital), video (digital HDTV,
xtr Iy va nén anh), vién thong (fax, telephone), y hoc, dia 1y.

« Non-linear Control Design Tollbox: cho phép thiét ké cac hé thong
diéu khién tuyén tinh va phi tuyén, st dung k¥ thuét t6i wu hoa trén co s
mién thoi gian.

« Optimization Tollbox: Céc 1énh dung cho sy t6i uvu héa cac ham tuyén
tinh va phi tuyén tong quat.

« Symbolic Match Toolbox: Bao gom céc coéng cu cho viéc tinh toan
trén cac biéu thic.

* System Identification Toolbox: Tap hop cac cong cu cho udc lugng va
nhan dang (tim mé hinh toan hoc cho mot hé thong vat 1y).

« Robust Control System: Cac cong cu cho phép phan tich va tong hop
cac hé thong diéu khién bang robot.

Ngoai ra con co cac toolbox khac nhu NAG Foundation Toolbox,

Quantitative Feedback Workshop, Spline Toolbox, Statics Toolbox.
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2.2 Robotics Toolbox

Robotics Toolbox 1a cong cu rat hitu ich cho viéc tinh toan véi 16 bt
nhu: dong hoc, dong luc hoc, thiét ké quy dao...dac biét 1a tinh nang mo
phong ciing nhu phan tich két qua tir cac thi nghiém 4o trén ro bot.

Cong cu nay dya trén nguyén tic rat co ban cua ré bdt nhu dong hoc
(kinematics) va dong luc hoc (dynamics). Cac thong sd nay duoc dong goi
thanh cac block trong thu vién ciia Matlab (inMatlab). Khi thiét ké ro bot,
nguoi dung co thé thiét ké chung trén cc giao dién chuyén vé 16 bot khac
nhu Easy Rob, Solidworks, RobotStudio... sau d6 nhiing chung vao moi
truong Matlab d¢é mo phong va diéu khién chuyén dong theo y mubn.

Mét s6 1énh thuong ding trong Matlab trong linh vure rd bot.

Bang 2.1 Lénh trong ma tran bién doi dong nhat

Bién doi dong nhat

eul2tr | Chuyén tir phép quay ole sang bién ddi ddng nhét

0a2tr | Hudng va vécto phap tuyén cia bién ddi dong nhat

rot2tr Chuyén ma tran quay (3x3) sang ma tran bién doi déng nhat (4x4)

rotx Quay xung quanh truc x

roty | Quay xung quanh truc y

rotz | Quay xung quanh tryc z

rPY2tr | Chuyén phép quay RPY sang bién ddi dong nhat

tr2eul | Chuyén tir bién déi ddng nhét sang phép quay ole

tr2rot | Chuyén tir bién ddi déng nhat sang ma trim quay

tr2rpy | Chuyén tir bién d6i ddng nhat sang phép quay RPY

transl | Trich thanh phn tinh tién trong ma tran bién ddi ddng nhét
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Bang 2.2 Lénh trong déng hoc ro bét

Pong hoc rd bt

diff2tr Chuyén tir hé pt sang bién d6i déng nhat
fkine Tinh d6ng hoc thuan rd bét
ikine Tinh dong hoc nguoc rd bt
iIkine560 | Tinh dong hoc nguoc cho robot Puma 560
jacob0 Tim ma tran Jacobi dua trén khung toa do tuong dbi
jacobn Tim ma tran Jacobi duya vao hinh hoc
tr2diff Chuyén tir ma tran bién d6i dong nhat sang dang pt vi phan
tr2jac Chuyén tir ma tran bién d6i dong nhat sang ma tran Jacobi
Bang 2.3 Lénh trong déng luc hoc ro bét
Dong luc hoc 16 bot
accel Tim h¢ phuong trinh dong luc hoc cho ro bot
cinertia
coriolis Xac dinh lyc mo6 men coriolis
friction Bu ma sat
ftrans Chuyén d6i luc/mémen
gravload | Tinh toan trong lyc ctiia khop
inertial Tinh toan khi c6 ngoai luc tac dong
itorque Tim md men quén tinh
nofriction | Luc ma sat khi ro bot di chuyén
rne bong luc hoc nguoc tbc do
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CHUONG 3: MO PHONG TREN MATLAB

3.1 M6 hinh tay may

Tay médy duoc dinh nghia 14 mot mat xich dong ning ho cia céc
khop. Mbi bac ty do ciia tay may duge cung cap md men doc lap. Sir dung
cach biéu dién cua Lagrange, ching ta c6 thé viét phuong trinh chuyén
dong cua tay may n bac tu do dudi dang sau day.

D(@)4+C(a.9)g+G(a)+Fq+7, =7 (3.1)

Véi geR" 1a hé toa d6 cua tay may; D(g) e R™ la ma trdn ndi xac
dinh duong, bi chin va ddéi xing; C(g,d)geR" 1a md men lién két va
huéng tam; 7, e R", G(g) eR", F.(q) €R" va 7 € R"la md men quén tinh,
ma sat, nhiéu va mé men dong ning cta hé.

Mo hinh dong cta o bét ¢o nhimng dic tinh dic trung sau day:

Pic tinh 1: Ton tai mot véc to o € R™ véi céac ph?m tor phu thudc vao
tham s cta tay may nhu trong lugng, nhitng mé men ndi, ... dé co:

D(@)d+C(a.q)a+G(@)+Fa+z, =w(a.q0a  (3.2)

Vé&i € R™™ 1a ma tran hoi qui .

Tinh chit ndy chi ra kha ning tuyén tinh hoa moé hinh dong hoc cia tay
may néu chon duoc tap tham sb phu hop cua tay may.

bac tinh 2: St dung dinh nghia hop thirc ciia ma tran C(q,q), khi ca
hai ma tran C(Q,q) va ma tran D(Q) phu thudc va thoa man

X" (D —-2C)x =0, VxeR" (3.3)
Ma tran (D —2C)1a ma tran ddi xtmg. Pic tinh ndy dam bao cac luc
duoc dinh nghia boéi C(g,¢)q khong anh hudng dén hé théng. Piac tinh nay

dugc st dung khi phan tich 6n dinh cua hé.
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Pic tinh 3: Ma sat trong phuong trinh dong hoc (3.1) duogc biéu dién

thong qua hai thanh phan
F.(q)=Fa+F(q) (3.4)
Véi F, 1a ma tran hé s6 ma sat va F,(g)1a biéu thirc ma sat dong. Vi ma sat
161 cuc bo khong lién két gitta cac khdp nén né chi phu thude vao van tbe
goc q.
3.2 Luat diéu khién
3.2.1 Luat diéu khién thich nghi
Bai toan diéu khién bam duoc thiét 14p nhu sau: Cho trudc quy dao

chuyén dong mau g, € R" va va toc d6 chuyén dong mau ¢, € R" va mot
vai hodc tit ca cac tham sd cla tay may khong 1, xac dinh luat diéu khién
7 va mét mat trugt S=0 dam bao quy dao cua h¢ bam trén mat truot voi
sai léch bam @ =q — g, xac dinh trudc va tién dén khong khi t — co.

bé giai quyét bai toan, mot mat trueot S =0 duoc chon nhu sau:

s=g+Aq (3.5)

V61 Ala ma tran xdc dinh duong va dam bao céac gia tri ri€ng cuia no
nam bén trdi mit phang phtrc va G 1a véc to sai 1éch bam.

Néu ché do truot ton tai trén mat truot s=0 thi theo 1y thuyét on dinh
VSS, ché d¢ trugt duge ddm bao trén co s¢ thiét ké ma tran A

q=—-Aqg (3.6)

Quan sat (3.6) cho théy sai I¢ch bam phu thudc vao gia tri riéng cua ma
tran A. Néu luat diéu khién duoc thiét ké dam bao ché do trugt trén mit
trugt S=0 thi dap ung sai 1€ch bam la nghiém cta phuong trinh dong hoc

tuyén tinh (3.6).
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Trén co s& cua luat diéu khién truot, lut diéu khién tac dong dén sai
léch bam doc theo mit truot s =0, mot véc to cac bién miu dugc chon dé
co:

G, (t) =0, () — Aq(Y) 3.7)

Phuong trinh dong hoc (4.1) ctia tay may c6 thé dugc biéu dién lai dudi
dang sau:

D(@)d+C(a,9)G+G(a) + F(q,q.t) =7 (3.8)

Vé6i F(g,9,t) = F.(4) +7,. Tuy nhién trong bai nay, véc to ham bét
dinh duogc thay thé bai F(q,d,6,t) = F.(q) + 74 bo1 vi n6 khong chi bao gém
nhiéu, ma sat ma con bao gdm ca nhidu phu tai. Vi vy phai biéu dién lai
(3.8) bang phuong trinh sau day:

D(a)d+C(a,9)d+G(a) + F(a.6.G,) =7 (3.9)

Véi gia thiét D(q),C(q,q),G(q) biét trudc va cac bién trang thai ctia hé
déu do duoc.

Pé thiét ké luat diéu khién véi co ché thich nghi, ta dinh nghia mot ham

Liapunov

V() = %(ST Ds+> 0/T'6) (3.10)

Vo1 (:)i =0, -0,,0] 1a véc to cot thir i ciia ma tran tham s6 toi wu ©°
va I, 1a hang s6 thuc duong. Pao ham cta V() theo thoi gian c6 dang:
V(t)=s"Ds + S5 Ds + S 0T T¢
(t)=s S+ES s+ 0,10,

= L (3.11)
=-s' (D4, +Cq, +G+F —-7)+>.0/I,0,

i=1
Véi F(q,6,6,t) 1a mdt véc to ham phi tuyén khong rd. Chiing ta thay thé
F(q,,6,t) bang mot ham N(q,q,¢|®). Bay gid, chung ta dinh nghia mot

luat diéu khién
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7 =D(a)d, +C(q,9)d, +G(a)+N(q,6,6|0) - Kps (3.12)

Vi Kp =diagk;, i=12,..nva
(01£(0.9.0) |
©;¢(a,9,4)

N(d.6,4|@) = . (3.13)
197£(9,9,4) |

Gia str xac dinh dugc ma tran tham s6 tdi wvu @, véc to sai 1éch Xép X1

nho nhat bang
w=F(q,d,6,t)-N(q,6,4| ©) (3.14)

Tw do ta co:

V=-s' KDs—sTw+i((§|TF,(5, —50/(a,6.6) (3.15)

=1

Véi 6,=0; -0, va £(q,6,6) 1a véc to cac ham.

Pé co: V(t)=—s"Ks—s'w (3.16)

Ta chon luat chinh dinh thich nghi

©,=-T;'s<(9,6,6), i=12..,n (3.17)

Néu w=0, c6 nghia la khong gian ctia N bao ca F, va nhu vay V() <0
khi va chi khi s=0. Khi sir dung dinh 1y ctia Lasalle, sai 1éch bam § s€ hoi
tu vé mat trugt va bam theo mit truot véi moi t>0. Béi vi s'w 14 biéu thic
thé hién sai léch ctia N so vé6i F va theo 1y thuyét xap xi da nang thi sai
léch nay rat nhé w< e, trong luat thich nghi thi n6 khong bang khong. So
dd hé théng diéu khién theo phuong phap nay duoc minh hoa & hinh 3.1.
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v
Bu ma sat
pd pd e N
May phat tin ~ T
hicumiu || — — Kos > »| Robot .

)| D¢, +Cd, +G

Hinh 3.1 So' o hé théng diéu khién thich nghi

3.2.2 Luat diéu khién thich nghi bén virng
Trong phuong trinh (3.16) c6 biéu thics'w, dé khir anh hudng sai

léch cua bo xép xi ching ta chon luat diéu khién thich nghi bén vitng co
dang sau:

7=D(a)d+C(a,6)d+G(q) + N(q,4,6]©) — K5 —Wsign(s) (3.18)

vl W =diag[ay,ay -8yl

Bay gio ham Liapunov (3.10) v61 luat chinh dinh (3.17) s€ c6 dao ham
theo thoi gian

V(t)=-s'Ds, <0 (3.19)
3.3 Cé4c yéu td tac dong khac.
3.3.1 Nhiéu

Tt phuong trinh (3.1), ta chi quan tdm dén nhidu F(q,q,t) = 7,(t), vi vay
luat diéu khién va luat chinh dinh thich nghi c6 dang:

Luat diéu khién don gian:

7=D(a)d, +C(q,0)q, +G(q) + N(9,4|6) -Kys  (3.20)

Luat diéu khién bén vimg:

7=D(q)d, +C(a,9)d, +G(a) + N(g,4|0) — Kys —Wsign(s) (3.21)
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Luat chinh dinh thich nghi:

0, =-I''s'(q,q), i=12..,n (3.22)
3.3.2 Ma sat.

Trong phan trén, chiing ta da khang dinh ma sat chi phu thudc vao téc
do goc q va doc lap véi tung khop quay cia tay may. Chinh vi vay chiing
ta c6 thé sir dung mot bo bu cho timg khép cua tay may. Trong trudng hop

nay, ching ta co thé biéu dién lai (3.4) dudi dang sau:
y=3 W& 00=0"¢ (9
&) = (£1(x), &5 (%),.£, (X))

0 =W, W,,..w,)"

Pay chinh 13 bd bu dé bu ma sat cho mdi mot khép cua tay may. Nhur
vay luat diéu khién va luat chinh dinh thich nghi c6 dang nhu sau.

Luat diéu khién don gian:

7=D(q)4, +C(a,9)d, +G(q) + N(q|6) - K;s (3.23)

Luat diéu khién bén vimg:

7=D(q)d, +C(0,9)d, +G(q) + N(¢|6) — Kos —Wsign(s) (3.24)

Luat chinh dinh thich nghi:

0 =-T'ss'(@, i=12..,n (3.25)

Duéi day 1a mo hinh diéu khién goc quay 0 khi c6 tham gia cta lyc ma sat
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Dhnennic Dvnamic
External Friction
Force
r
f
I;SL-E-R » Js+B v ; »

Hinh 3.2 Piéu khién géc quay rd bét khi cé lwe ma sat

3.3.3 Ma sat, nhiéu va phu tai thay doi
O phan truée ching ta dd biéu dién ma sat va nhidu bang cac ham

khéng rd F(g,t) va F(g,4,t). Nhung nhimg tham sé khong r& khi phu tai
thay di thi phu thudc ca quang duong, van toc goc, gia téc va thoi gian co
nghia 13 ham khéng o ¢6 dang F(q,q,q,t). Theo sy thay d6i cua phu tai,
chung ta biéu dién lai phuong trinh (3.1) dudi dang :
D(@)4+C(q,0)g+G(a) +¢(q,0,.4.) + FG+7, =7
Vi ¢(@.0.4.,t) = ¢, (DG + c. Cd) + ¢ G)

Cp = D(m,,0)6 — D(m,,q)q
¢c =C(m,,q,4)d-C(m,,0,4)q (3.26)
CG = G(mncq) - G(mnq)

Véi m, 1a gia tri phu tai tinh toan va m_, gid tr1 phu tai thyc khong rd.

Nhu vay ham khong 16 can duoc b bang mot ham c6 dang nhu sau:

F(d.6.4.) =¢(0.0,6.0) + F(a) +7, (3.27)
Ta c6 thé biéu dién (3.27) 1a tong ctia hai ham sau day:
F(a.6.4:) = F'(q,6,0) + F*(q.6.1) (3.28)
Vi

F(a,9,t) = c.[C(a,d),6] + . [G(a)]+ F. (d) + 7,
F*(a.d,t) =c,[D(a)d] (3.29)
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Bay gio, bo bu cho tat ca cac tham sb bat dinh duoc thiét ké bﬁng cach
stt dung ham riéng biét, mot cho F'(q,q,t) va mot cho F?(q,q,t). Luat didu
khién va luat thich nghi c6 dang:

7= D(q)dr +C(q,9)q, +G(q) +N*(q,4]©") + N?*(q,§|©%) - K;s

11 i —
I's<'(q.9), i=12..,n (3.30)

G)f:—l“i s<'(9,6), i=12,..,n

Chung ta dinh nghia mdt ham Liapunov c6 dang sau:

V(=5 Ds+ Y 6T 6+ Y 67T )

i=1

Thi

V(t)=-s" (D4, +Cq, +G+F —7)+ Y OT,0! + Y O T,07 (3.31)
1=1 1=1

va ta c6 sai léch nho nhat ctia bo xap xi c6 dang

=F'(a,4,t) - N*(q,4/©")
WZ = Fz(qvq’t) - l\,\IZ(q’q |®2*)
Thé (3.30) va (3.32) vao (3.31), cudi cung ta nhin duoc dao ham cia

(3.32)

ham Liapunov theo thoi gian c6 dang sau:

V(t)=-s"Kgs- sT W+ w?) (3.33)

Diéu d6 dam bao hé thdng kin 6n dinh. Luat diéu khién bén viing co
dang nhu sau:

7=D(a)d, +C(q,9)q, +G(q) + N'(q,4|©") + N?(q,d|©?) - K5 —Wsign(s)

3.3 Céac két qua mo phéng va nhan xét
Mo hinh tinh todn dong hoc ro bot  —r
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Hinh 3.3 M6 hinh tinh ddng hoc thuin rd bét

M0 hinh tinh vi tri, hwéng va van téc di chuyén cua tay nam r6 bot
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Hinh 3.4 Vi tri, hwéng va vin toc ciia RO bot

Hinh 3.5 Tin hi¢u vao va ra miu
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Két qua mo phong luat diéu khién thich nghi don gian va luat thich nghi
bén viing duoc biéu dién trong cac hinh 3.6, 3.7, 3.8, 3.9, 3.10 va 3.11.

Hinh 3.8 Sai 1éch bam cua cac khéop theo luét thich nghi don gian
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Hinh 3.11 Sai 1éch bam ciia cac khép theo luat thich nghi bén virng

Két qua bam muc tiéu cua tay nim ro bt khi sir dung luat diéu khién thich

nghi don gian (3.12a) va luat diéu khién thich nghi bén viing (3.12b)
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Hinh 3.12 Quy dao tay nim ro bt chay theo quy doa miu
Nhan xét
Két qua md phong cho thiy chit luong cua hé théng diéu khién theo
luat diéu khién thich nghi bén viing tt hon so véi luat diéu khién thich
nghi don gian. Ca hai luat diéu khién, diéu khién thich nghi don gian va
diéu khién thich nghi bén vitng, c6 thé tng dung cho tay may véi sb bac tu

do 16n hon hai.
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KET LUAN VA KIEN NGHI

1. Két luan

Pé tai da nghién ctru vé RS bdt cong nghiép ndi chung va di su nghién
ctru r6 bt hé 6 — r dé tir d6 dé xuat phuong an mo phong va diéu khién hé
bang cach st dung phian mém Matlab.

Gi6i thidu doi nét vé Matlab va vé Robotics Matlab

M6 hinh hoa dong hoc, dong luc hoc cua rod bot. Tinh toan bu khi o
bt co tac dong tir cac yéu td bén ngoai nhu ma sat, nhiéu hodc khi tai thay
doi.

Pé tai da dat duoc nhimg két qua sau:

Xac dinh dugc dong hoc, dong luc hoc cua ddi tuong tur vige tinh toan
trén phan mém.

Lua chon luat diéu khién tir hai dé xuat 1a luat diéu khién thich nghi
don gian va luat diéu khién thich nghi bén vimg.

Tim dic tinh dau ra va dic tinh vé vi tri, hudng, lyc va téc do cua tay
nam rod bdt dua vao hai luat diéu khién trén.

M6 phong duge két qua bam muc tiéu cia tay nim ro bét twong tmg
v6i hai luat diéu khién néu trén.

So sanh két qua dua trén duong dic tinh tur do két luat vé luat diéu
khién nao c6 két qua tot hon. Két qua cho thay, luat diéu khién thich nghi
bén vimng cho két qua tot hon luat diéu khién thich nghi don gian, ngoai ra

ta co thé ap dung luat di€u khién nay cho ro bot ¢6 s6 bac cao hon.

2. Kién nghi
Qua qué trinh nghién ctru va tng dung Matlab dé mé phong dic tinh

cua ro6 bot con mdt s6 van dé can ti€p tuc nghién ctru nhu sau:
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Nghién ctru luat diéu khién khi c6 dic tinh dong hoc va phi tuyén véi
tré dau vao va tré phan hoi.

Nghién ctru cac phuong phap xac dinh cac gia tri ban dau ciia b diéu
khién thich nghi bén viing trong bai toan diéu khién truot.

Khi s6 bac cua ré bdt cao hon, thi cac yéu to bén ngoai tac dong 1én
tirg khép 1a khac nhau nén viéc tinh bu trong luat diéu khién trén phai tinh

toan lai.

41



Nguyén Pirc Minh — Bé mén Dién tw déng cong nghiép
Truong Pai hoc Dan 1ap Hai Phong

TAI LIEU THAM KHAO
Tiéng Viét
1. Nguyén Doan Phudc, Phan Xuan Minh (2001), Nhdn dang hé théng
diéu khién, NXB Khoa hoc va K§ thuat.

2. Nguyén Phiing Quang (2004), Matlab & Simulink danh cho ky su
diéu khién tw dong, NXB Khoa hoc va Ky thuat.

3. Nguyén Thién Phtic (2002), Robot cong nghiép, NXB Khoa hoc va
Ky thuat.

4. Nguyén Thién Phuc, Nguoi mdy cong nghiép va san xudt tw dong
linh hoat, NXB Khoa hoc va K¥ thuat

5. L& Hoai Quéc (2002), Nhdp mon Ro-bst cong nghiép, NXB Khoa
hoc va Ky thuat.

6. Vii Si Thang, Phan Minh Tan, Pham Ngoc Minh, Pham Thuong
Cat. Phat trién hé théng nhdn dang va dinh vi vdt thé siz dung
camera cho hé théng phan logi san pham dung ré bat. Tuyén tap

hoi nghi Co dién tir toan quéc 1an thir nhat, 9-2002.

Tiéng Anh

7. Armel Cretual, Francois Chaumette, Image — based visual
servoing by integration of dynamic measurements.

8. J.A Piepmeier, G.V McMuray, H.Lipkin. Tracking moving target
with Model Independent Visual Servoing. Proceeding of the 1998
IEEE, Int. Conf. On intelligent robot and system, Leuven, Begium,
1998.

9. Paul. Y. Oh, Peter K. Allen, Design of a partitioned visual
feedback Control.

42



Nguyén Pirc Minh — Bé mén Dién tw déng cong nghiép
Truong Pai hoc Dan 1ap Hai Phong

10. Minoro Asada, Takamaro Tanaka, Koh Hosoda. Visual tracking
of Unknown moving object by Adaptive Binocular Visual Servoing.

11. Won Hong. Adaptive Control of a Two axis Camera Gimbal.

12. Kyu Bum Han, Yoon Su Back. Visual servo tracking strategy
using time-varying kalman filter estimation.

13. Wesley E. Snyder. Industrial Robot: Computer Interfacing and
Control. Prentice-Hall Inc press.

14.Wolfram Stadler. Analytical robottics and mechantronics.
McGraw-Hill, Inc press, 1995.

43



