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LO1 NOI BAU

Vo ddau the ky tride, y tiong ddu tién vé Robot xudt hién, thé hién woc
ma chay bong cita con ngiedi la tao ra nhitng nguot mdy dé thay thé’ minh
trong nhitng cong viée ndng nhoc, nham chdan, nguy hiém. Vao khodng
nanr 1940, maw Robot daw tién ra doi tai phong thi nghiem quoc gia Oak
Ridee va Argonne cia MY, dé vdn chuvén cde hoat chdt phong xa j7].
Dén thap ky 80 trén 1thé gici da oo 1oi 40 nghin Robot thuoe 500 kiédu, do
200 hdng tham gia san xudt {2]. Ngav nay Robor dicoe sit dung rong rdi
trong san sudt, nghién cien khoa hoc va doi song. 6 la thiét bi khong thé
thiéu drigre rén cde hé thong san xudt, dde biél la cde hé thong sdn xudi
link hogt. Robot ngay cang khéo léo va thong minh, dwoe coi la sdn pham
dién hinh cria mot nganh kv thudgr mai: ngdanh co-dién ne (Mechatronics).

Cher den nuy, hau hét cde tricomg dai hoc kv thudgt o Viér nam dd dica
mon Robot cong nghiép vao chieong trinh chinh khéa. Mon hoc nay dieoc
gidng day chu yéu cho cde chuvén nghanh co khi, song cde khia canh
rieng biét ciia kv thudt robor, nhue k¥ thugt diéu khién, lip trinh, mo
phong ciing ditoe cde nganh kide rdt guan 1am.

Trong boi cdanh dé, chiing 160 bién soan tai liéu nay dé ddap 1img nhi
cau gidng day va hoc tap mon Robor cong nghiép trong cdce tricong dal
hoc. Mot sé noi dung trong 1ai licu eiing ¢6 thé phuc vu cho cde mon hoe
lien quan, nhe "Tw dong hoa hé thong sdn xwdt”, "Cong nghé sdn xudat
finh hoat”, "Piéu khién hé thong sdn xudt nhermdy tinh” .

NI dung chii véu cra tai lign hong vao lwa chon, khai thac va sie
dung Roboi trong cong nghiep. Tai lidu gom 7 chuong, hinh thanih 3 nuing
kien thite chinh: nén tdng co hoe va co ki trong két cdu tav may (cdae
chueone 2, 3 va 5): diéw khicn Robot (cliong 0) va ting dung Robor (clueong
7). Tuv nhicén, st phan chia nay la ieong doi, vi khéng thé phan tach rach roi
glita cothoc va ket cdn, co khi va diéu khien, Chiong 4 dioe hinh thanh nhie
cdit noi gitta co ki va diéu khién. Ngoai ra, phan phu lue sé giip ban doc
tién on lai cde kién thite lién quan vé dicu khien wvén tinh, mot vdan dé duge
de cap nhiéu trong tai licu.

Mdc div dd dioe kiém ra can than nhimg i lién chac con nhiéu sai
set. Chiing 160 chdn thanh mong mudn nhan diege va hét sice cdam on mol
Lop ¥ cia doc gia.

Cac vy kien dong gdp xin giri vé Nha xudat ban Khoa hoe va Ky thudt,
70 Tran Hung Dao, Ha Noi

Ha Noi thdang | nam 2003

Tac Gia



Chuonqg 1
CAC KHAI NIEM CO BAN VA PHAN LOAI ROBOT

1.1. CAC KHAI NIEM CO BAN VA PHAN LOAI ROBOT

1.1.1. Robot va Robotics

Tir thoi ¢6 xua, con ngudi di mong muon tao ra nhifng vat gidng nhu
minh dé bit ching phuc vu cho ban than minh. V{ du, trong kho théin
thoat Hy lap c6 chuyén ngudi khéng 16 Promethe dic ra con nguoi tir dat
sét va truyén cho ho su song, hoic chuyén tén né 1¢ Talus khéng 10 duoc

lam bdng déng va dugc giao nhiém vu bao vé hoang dao Crete.

Pén nam 1921, tir "Robor” xuat hién lan dau trong vo kich “Rossum’s
Universal Robots” cla i viét kich vién tudng ngudi Sec, Karel éapek.
Trong v& kich ndy, ong dung tr "Robot”, bién thé cla tir goc Slava
"Rabota”, dé goi mot thiét bi - lao cong do con ngudi (nhan vat Rossum)
140 ra.

Vao nhitng nam 40 nha van vién tuong Nga, Issac Asimov, mo ta robot
la mot chiéc may ty doéng, mang dién mao cua con ngudi, dudge diéu
khién bang mot hé than kinh kha trinh Positron, do chinh con ngudi lap
trinh. Asimov ciing dat tén cho nganh khoa hoc nghién ciu vé robot 1a
Robotics, trong d6 ¢6 3 nguyén tac co ban:

1. Robot khong duge xiic pham con ngudi va khéng gay tén hai cho
CON NZUvL.

2. Hoat dong cua robot phai tuan theo cdc quy tic do con ngudi dat ra.
Cic quy tac nay khong duge vi pham nguyén tic thit nhat.

3. Mot robot can phai bao vé su séng cua minh, nhung khong duge vi
pham 2 nguyén tic trudc.

Cédc nguyeén tac trén sau nay tré thanh nén ting cho viée thiét ké robot.

T su hur cdu cua khoa hoc vién tudng, robot din dian duoc gidi k¥
thuat hinh dung nhu nhitng chiéc may dac biét, dugc con ngudi phong tic
theo cdu tao va hoat déng clia chinh minh. ding dé thay thé€ minh trong
mot s6 cong viée xac dinh.

Pé hoan thanh nhiém vu dé, robot can ¢é khé nang cdm nhdn cic thong
sO trang thai cia mai trudng va tién hanh cac hoar déng tuong tu con ngudi.



Khi ning hoat dong cia robot duge dam bao bdi hé thang co khi, gom
¢df cdu van dong d¢ di lai va cg cau hanh dong dé c6 thé lam viéc. Viéc
thiél k& va ché tao hé théng nay thude linh vuc khoa hoc vé co cdu truyén
dong, chap hanh va vat liéu co khi.

Chuic nang cam nhan, gdm thu nhan tin hiéu vé trang thdi moi truong
va trang thdi cta ban than heé thong, do cac cam bién (sensor) va cdc thiét
bi l1ien quan thuc hién. Hé thong nay duge goi la hé théng thu nhin va xu
Iv tin hi¢u, hay don gian 1a hé thong cdam bién.

Muan phéi hep hoat dong cla hai hé thong trén, dam bao cho robot ¢é
the tu diéu chinh "hanh vi” cia minh va hoat dong theo ding chiic nang
quy dinh trong diéu kién moi truong thay doéi. trong robot phai cé hé
thong dicu khién. Xay dung cac hé thong diéu khién thuoe pham vi dién
t, k¥ thuat di¢u khién va cong nghé théong tin.

Mot cach don gian, Robotics dwoc hiéu la mét nganh khoa hoc, cé
nhiém vu nghién citu vé thiét ké, ché tao cdc robot va ing dung chiing
trong cdc linh vuc hoat dong khdc nhau cua xd héi lodi nguoi, nhie
nghién citu khoa hoc - ky thudt, kinh té, quoc phong va ddn sinh.

Tir hieu bict so bo vé chitc nang va két cdu cua robot, ching ta hiéu,
Robotics 13 mot khoa hoc lién nganh, gom co khi, dién tir, k¥ thuat diéu
khién va cong ngh¢ thong tin. Theo thuat ngit hién nay, robot 12 san pham
cua nganh co - dién tu (Mechatronics).

Khia canh nhan van va khia canh khoa hoc - k¥ thudt cba viée san sinh
ra robot thong nhat ¢ mot diém: thue hién hoai bdo ctia con nguoi, la tao
ra thiét bi thay thé minh trong nhitng hoat dong khong thich hgp véi
minh, nhu:

- Cdc cong viée lap di lap lai, nham chédn, nang nhoc: van chuyén
nguvén vat liéu, lap rdp, lau co nha,...

- Trong méi trudong khic nghiét hodc nguy hiém: nhu ngoai khodng
khong vi tru, trén chién truong, dudi nude sau, trong long dat, noi ¢6
phong xa, nhiet do cao.... ’

- Nhimg viéc doi hoi do chinh xdc cao, nhu thong tac mach médu hoic
cdc ong dan trong co the. lap riap céc cau tr trong vi mach,...



Linh vuc Gng dung cua robot rat rong va ngay cang dugc md rong
thém. Ngay nay. khdi niém vé robot di md rong hon khdi niém nguyén
thuy rat nhiéu. Su phong tdc vé két cdu, chic nang, ddng vé clia con ngudi
14 can thiét nhung khong con ngu tri trong ky thuat robot nira. Két cau
cia nhiéu "con" robot khdc xa vdi két cau cic bo phan cla co thé ngudi
va chiing ciing ¢6 the thuc hién duge nhiing viéc vuot xa khd niang cla
Con ngudl.

1.1.2. Robot cong nghiép (RBCN)

Mac du, nhu dinh nghia chung v€ robot da néu, khong ¢6 gi gidi han
pham vi tng dung cua robot, nhung cé mot thue t€ la hau hét robot hién
dang ¢4 déu duge ding trong cong nghiép. Ching c¢é dac diém riéng vé
két cau. chitc nang, da duge thong nhat hod, thuong mai hoa rong rdi. Lop
robot nay duodc goi 1a Robot cong nghiép (Indusirial Robot - IR).

K¢ thuat tu dong hod (TBH) trong cong nghiép di dat téi trinh dé rat
cao: khong chi TDH cac qud trinh vat 1y ma ca cdc qud trinh xir 1y thong
tin. Vi vay, TDH trong cong nghiép tich hop cong nghé san xuat, ky thuat
dién, dién tr, k¥ thuat diéu khién tu dong trong d6 ¢ TDH nhes may tinh.

Hién nay. trong céng nghiép ton tai 3 dang TOH:

- TDH cung (Fived Automation) duge hinh thanh dudi dang cac thiét
bi hodc diy chuyén chuyén mon hod theo déi tuong (san pham). N6 duoc
g dung ¢6 hiéu qua trong di¢u kién san xuit hang khoi véi san lugng
rat I6n cac san pham ciing loai.

- TDH kha trinh (Programmable Auromation) duge timg dung <hu yéu
trong san xudt loat nho, loat vira, dip ¢ng phan ldn nhu cdu san pham
cong nghié¢p. H¢ thong thiét bi dang nay [a cic thiet bi van nang diéu
khién s6, cho phép dé dang lap trinh lai d¢ ¢6 the thay doi ching loai (tdc
la thay d6i quy trinh céong nghé san xudt) san pham.

- TPH linh hoat (Flexible Automation) 1a dang phdt trién cua TDH kha
trinh. N6 tich hop cong nghé san xudl véi k¥ thuat dicu khién bang may
tinh, cho phép thay doi ddi twong sian xuat mi khong cdn (hoac han ché)
st can thiép ctia con ngudi. TDH linh hoat dugc biéu hién dudi 2 dang: 1€

" Do tinh phé dung ¢tia RBCN ma ¢6 tinh trang déng nhat Robot vai RBCN.
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bao san xuat linh hoat (Flexible Manufacturing Cell - FMC) va hé thong
san xuat linh hoat (Flexible Manufucturing Svstem - FMS).

RBCN ¢6 2 dac trung co ban:

- La thiét bi van nang, dugc TDH theo chuang trinh va cé thé lap trinh
lai dé ddp ting mot cédch linh hoat, khéo léo cdc nhiém vu khdc nhau.

- Puge ing dung trong nhitng trudng hop mang tinh ¢éng nghiép dac
trung. nhu van chuvén viv xép dd nguyén vat tiéu, lap rép. do ludng....

Vi thé hién 2 dic trung co ban trén ctta RBCN, hién nay dinh nghia
sau day vé robot cong nghiép do Vién nghién ctru robot clia My dé xuat
duge sir dung rong rai:

RBCN la tay mdy van néng, hoat déng theo chitong trinh va cé thé lap
trinh lai dé hoan thanh va ndng cao hiéu qud hoan thanh cde nhiém v
khac nhaw trong cong nghiép, nhie van chuyen nguyén vdi licu, chi 1iél,
dung cit hodc cde thiét bi chuyvén diing khdc.

Ngoai cdc y trén, dinh nghia trong TOCT 25686-85 con bo sung cho
RBCN chifc nang dién khién trong qua trinh san xuat:

RBCN la mdy e dong due ddt o6 dinh hay di dong, bao gom thiét bi
thita hanh dang tay mdy cé mor 56 bde ne do hoat dong va thiét bi diéu
khién theo churomg trinh, ¢6 thé tai lap wrinh dé hoan thunh cae chite nang
vén dong va dicu khién trong qud tiinh sdn xudt.

Chic nang vén dong bao gébm cdc hoat dong "co bdp” ahu van chuyén,
dinh hudng, xép dat, ga kep, lap rap,... d6i tuong. Chitc ning didu khién
am chi vai trd cua robot nhu mdt phuong tién diéu hanh san xuat, nhu
cung cap dung cu va vat liéu, phan loai va phan phdi sian pham, duy tri
nhip sdn xudi va tham chi ca diéu khién cdc thiét bi lién quan.

Véi dac diém cd thé lap trinh lai, RBCN 12 thi¢t bi TDH kha trinh va
ngay cang trd thinh bo phan khong thé thigu duoc cia cdc 1€ bao hoac hé
thong san xuat linh hoat.

1.2. CAU TRUC CO BAN CUA RBCN

1.2.1. Két cau chung

Mot RBCN duge cau thanh boi cac hé thong sau ¢hinh 1.1):

10



- Tay may (Manipulator) 1a co cau cd khi gom cac khau, khép. Chiing
hinh thinh cdnh tay dé tao cac chuyén dong co bdn, ¢é tay tao nén su
khéo 1éo, linh hoat va ban tay (End Effector)” dé truc ti€p hoan thanh céc

thao tac trén doi tugng.,

Mo truong.

Phan céng tac

- D& tugng
- Nhietl da
- Luc. momen,

F 3

Sensor giam
sat théng s0

Truyén dong cd khi

’

f

mai trueng

Sensor gidm
sattrang thai
hé thang

Cd cdu chap hanh

L

Diéu khién tu dong
{theo chuung trinh})

Hé théng dieu khién

4 Iy

GGiao dién .
Ngudi - Robot

Diéu khién bang tay

Hink 1.1: So do khoi ciia RBCN

- Co cdu chdp hanh tao chuyén dong cho cdc khiu cia tay may.
Nguon dong luc cua cédc co ciu chap hanh 1a dong co cdc loai: dién, thuy
lue, khi nén hodc két hop gitta chdng.

- Hé théng cam bién goém cic sensor va thiét bi chuyén déi tin hiéu
can thiét khdc. Céc robot can hé théng sensor trong dé nhan biét trang
thai cua ban than cdc cd cdu cua robot va cac sensor ngoai dé nhan biél
trang thdi cua moi trudng.

- Hé thong diéu khién (Controller) hién nay thudng 1a mdy tinh dé
gidm sat va diéu khién hoat dong ctia robot.

So do két cdu chung cua robot nhu trong hinh 1.2.

" End Effector true uép tic déng 1én d6i tuong, ¢d nghia rong hon Hand (ban
ray), nén sé dude dich 1a phan cong 1dc.

11



Canh tay {arm)
.

Khap khuyu tay
Bé diéu khién thiy luc (Etbow)

Khap vai

{Shoulder)
: ,“_‘/ J
i = \ ‘ Yaw ~
I % 1 . * A = - )
fa———— \ ™ <k \‘*}‘2%-\ .
y’ P T \‘-,.- Co tay
‘ BREsSs ol L\ \“-E;F%f" ‘P(W(ISU
Bo didu khién robot Khop than y R "-l/
{waist) Pitch t
Rol{ ™ J
\_________//

Hinh 1. 2: S do két cau chung ciia RBCN

1.2.2. Két cau cua tay may

Tay mady 1a phan co sd, quyét dinh kha nang lam viée ciia RBCN. B6 1a
thiét bj co khi dam bdao cho robot kha niang chuyén dong trong khong gian
vii kha nang lam viéc, nhu nang ha vat, ldp rdp,... Y tudng ban ddu ctia viéc
thiét k€ va ché tao tay mdy 1a phong tdc ciu tao va chidc ning cla tay nguoi
(hinh 1.3). V& sau, day khong con 1a dicu bat budc nita. Tay mdy hién nay
rat da dang va nhicu loai ¢6 dang vé khdc rdt xa voi tay nguoi. Tuy nhién,
trong k¥ thuat robot ngudi ta van dung cdce thuat ngit quen thudc. nhu vai
(Shoulder), canh tay (Arm), co tay (Wrist), ban tay (Hand) va cac khdp
(Articulations),... dé chi tay mdy vi cdc bo phan ciia né.

Trong thiét k&€ va st dung tay may, nguoi ta quan tdm dén cdc théng s6
cd anh hudng 16n dén kha nang lam viéc cua ching, nhu:

- Stic nang, do cung vimg, luc kep cua tay,... .

- Tam véi hay ving lam viéc: kich thude va hinh dang viing ma phan
cong tac cé the vai 16i;

- Su khéo 1éo, nghia la kha nang dinh vi va dinh huéng phan céng tac trong
vimg lam viéc. Thong s6 nay lién quan dén s6 bic tr do clia phin cong tic.

12



AN, i‘t Tay
: - E:é %g nguda

I -
S . oy

Canh tay Ban tay

\\ v on :
\‘ﬂ ’ x Canh tay Ban tay {phan cong tac)
i R e R
i ! -—{B{ H\b \|: } Tay
: e ey / ';;] ?");/-"qf" may

1 9 10 1112 13 1415 16

Hinl 1. 3: Sie tiong ne gifta tay nguot va tay mdy

Pé dinh vi va dinh huéng phéan cong tic mot cich wy ¥ trong khong
gian 3 chiéu no can ¢é 6 bic tu do, trong dé 3 bac tur do dé dinh vi. 3 bac
tr do dé dinh huéng. Mot s6 cong viée, nhu nang ha, xép da,... yéu cau sd
bac tu do it hon 6. Robot han, son thuong ¢é 6 bac tu do. Trong mot sd
trudng hop, nhu khi can su khéo 1éo, linh hoat hoac khi cdn toi vu hod
quy dao,... ngudi ta c¢6 thé ding robot véi s bac tu do 1én hon 6.

Céc tay mdy c6 diac diém chung vé két cau la gém co cdc khau, duoc
noi véi nhau bing cac khdp dé hinh thanh mét chudi dong hoc hd, tinh tir
than dén phin cong tic. Cic khop duge dung pho bién 1a khdp truot va
khdp quay. Tuy theo s6 luong va cdch b tri cac khdp ma ¢6 thé tao ra tay
may kiéu toa do dé cdc, toa do tru, toa do cau, SCARA va kiéu tay ngudi
{Anthropomorphic).

Tay mdy kiéu toa do dé cdc (hinh 1.4), con goi 1a kiéu chi nhat, ding
3 khdp truot, cho phép phan cong tac thuc hién mot cach doc lap cic
chuyén dong thing, song song véi 3 truc toa do. Ving lam viéc cla tay
may c6 dang hinh hop chi nhat. Do su don gian vé két ciu, tay may kiéu
nay ¢é do ctmg viing cao, do chinh xdc dugc dam bio dong déu trong
toan bo viing lam viéc, nhung it khéo 1éo. Vi vay, tay mdy Kiéu dé cdc
duoc dung dé van chuyén va lap rdp.

Tay may kiéu toa do tru (hinh 1.5) khic vé6i tay may kiéu dé cic &
khdp dau tién: dung khdp quay thay cho khdp truot. Ving lam viéc cua
né ¢é dang hinh tru réng. Khdp trugt nam ngang cho phép tay mdy "thd”
dugc vao khoang réng ndm ngang. P9 cing viing co hoc cla tay mdy tru
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tot, thich hgp véi tai nang, nhung dd chinh xac dinh vi géc trong mat
phang nim ngang giam khi tadm véi ting.

Tay mdy kiéu toa doé cdu (hinh 1.6) khic kiéu tru do khdp thi hai
(khdp trugt) duge thay bang khdp quay. Néu quy dao chuyén dong cia
phan cong tic duge mo ta trong toa do cau thi moéi bac tu do tuong ing
vdi mot kha nang chuyén dong va vang 1am viéc cta nd 1a khai cdu réng.
D6 citng vimg cua loai tay may nay thap hon 2 loai trén va dé chinh xdc
dinh vi phu thugc vao tdm vdi. Tuy nhién, loai nay ¢6 thé "nhat" duge ca
vat dudi nén.

SCARA (hinh 1.7) dugc dé xuat 1an dau vao nam 1979 tai Trudng dai
hoc Yamanashi (Nhat ban) dung cho.cong viéc lip rap. D6 1a mot kiéu
tay mdy ¢é céu tao dac biét, gom 2 khdp quay va I khdp trugt, nhung ca 3
khép déu ¢6 truc song song vdi nhau. K&t cau nay lam tay mdy cing viing
hon theo phuong thang ding nhung kém cing vitng (Compliance) theo
phuong duge chon (Selective), 1a phuong ngang. Loal nay chuyén dung
cho cong viéc lap rdp (Assembly) véi tai trong nho, theo phuong thing
dung. T SCARA 1a viét tdt cua "Selective Compliance Assembly Robot
Arm” dé mo ta cac diac diém trén. Ving 1am viéc clia SCARA 13 mot
phan cua hinh tru réng, nhu trong hinh 1.7.

Tay may kiéu tay nguoi (Anthropomorphic), nhu dugc méo ta trong
hinh 1.8, ¢6 ca 3 khdp déu la cac khdp quay, trong dé truc thit nhat vuong
g6c véi 2 truc kia. Do sy tuong tu vdi tay ngudi, khép thit hai duge goi la
khép vai (Shoulder joint), khdp thi ba la khdp khuyu (Llbow joint), néi
cdng tay véi khuyu tay. Véi két cau ndy, khéng ¢6 su tuong ting giira kha
ning chuyén dong cta cdc khau va s6 bac ty do. Tay mdy lam viéc rat
khéo 1éo, nhung dé chinh xac dinh vi phu thudc vi tri ctia phan cong tac
trong viing lam viéc. Vang lam viéc clia tay may kiéu nay gin giong mat
phin khoi cau.

Toan bd dang cdc két cau ta & trén mdt chi lién quan dén kha nang
dinh vi ctia phén cong tdc. Muén dinh hudng nd, cdn bd sung phdn 6 ray.
Muén dinh hudng mot cdch tuy ¥ phin cong tac, ¢ tay phai ¢6 it nhat 3
chuyén dong quay quanh 3 truc vuéng géc vén nhau. Trong trudng hop
truc quay cia 3 khdp giap nhau tai mot diém thi ta goi dé 1a khdp cdu
(hinh 1.9). Uu diém chinh cta khop cau la tdch duge thao tac dinh vi va
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dinh hudng cla phan céng tiac, lam don gian viéc tinh toin. Cac kiéu
khép khac c6 thé don gidn hon vé két cau co khi, nhung tinh todn toa do
kho hon, do khéng tach dugce 2 loai thao tac trén.

Phdn céng tdc 1a bo phén truc tiép tdc dong lén doi tugng. Tuy theo
yéu cau lam viéc cua robot, phin cong tic ¢6 thé la tay gap (Gripper),
cong cu (sing phun son, md han, dao cit, chia van éc,...).

1.3. PHAN LOAI ROBOT

Thé gidi robot hién nay da rat phong phd va da dang, vi vay phan loai
chiing khéng don gian. C6 rit nhiéu quan diém phan loai khdc nhau. Méi
quan diém phuc vu mot muc dich riéng. Tuy nhién, c¢6 thé néu ra day 3
cach phan loai co ban: theo két cau, theo diéu khién va theo pham vi ting
dung cua robot.

1.3.1. Phan loai theo két cau

Theo két cau (hay theo hinh hoc), nguti ta phan robot thanh céac loat:
dé cic, tru, cau, SCARA, kiéu tay ngudi va cdc dang khdc nita (xem cdc
hinh tir 1.4 dén hinh 1.9). Diéu nay di dugc trinh bay trong muc 1.2.2.

1.3.2. Phan loai theo diéu khién

C6 2 kiéu diéu khién robot: diéu khién hd va diéu khién kin.

Piéu khién ho, ding truyén dong budc (dong co dién hoic dong co thay
luc, khi nén.... ) ma quing dudng hoac gdc dich chuyén ty 1é vdi s6 xung
diéu khién. Kiéu diéu khién nay don gian, nhung dat d6 chinh xdc thap.

Diéu khién kin (hay diéu khién servo), sir dung tin hiéu phan héi vi tri
dé tang d¢ chinh xdc diéu khién. C6 2 kiéu diéu khién servo: diéu khién
diém - diém va diéu khién theo dudmg (contour).

Vdi kiéu diéu khién diém - diém, phan cong tdc dich chuyén tir diém
nay dén diém kia theo dudng thang véi téc do cao (khong lam viéc). N6
chi 1am viéc tai cdc diém dimg. Kiéu diéu khién nay dugc dung trén cdc
robot han diém, van chuyén, tan dinh, bin dinh,...

Piéu khién contour ddm bao cho phén céng tdc dich chuyén theo quy
dao bat kv, véi téc do cd thé diéu khién duoc. C6 thé gap kiéu diéu khién
nay trén cac robot han hd quang, phun son.
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Hinh 1. 4: Tay may kiéu toa do dé  Hinh 1. 5: Cdu triic tay mdv kiéu
cic toa do

Hinh 1. 8: Tay mdy kiéu tay ngioi Hinh 1. 9: Khép o tay

1.3.3. Phan loai theo itng dung

Céch phan loai nay dua vao tng dung ctia robot. Vi du, c6 robot cong
nghiép, robot dung trong nghién citu khoa hoc, robot dung trong ky thuit
vl try, robot dung trong quan su,... (hinh 1.10).
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Robot leo cau thang (General Electric -
L/SA)

Robot chdn sihién (Mech. Laboratory-Tapan) Robot [an viée duwoi nicie (OCA)

Robot trong hé thong san xudt linh hogat

Hinh 1.10: Mot 56 loai robot dicoe teng dung trong thie 16



Chudng 2
D@NG HOC TAY MAY

Theo quan diém dong hoc, mot tay mdy c6 thé duge biéu dién bang

mat chuoi dong hoe hg, gom cdce khau, lién két véi nhau bang cac khdp
quay hodc khdp trugt. Mot ddu cia chudi duoe gin 1én than, con dau kia
nodi vai phin cong tdc. Thao tdc trong qué trinh lam viéc doi hoi phan
cong tac phai duge dinh vi va dinh hieong chinh xdc trong khong gian.
Doéng hoc tay mdy giai quyét 2 16p bai toan:

- Ldp bai todn thuén can ¢t vao cac bién khop dé xdc dinh ving lam viéc
clia phan cong tic va mé ta chuyén dong ctia phin céng tac trong ving lam
viéc cua no;

- Lép bai todn nguge, xac dinh cde bién khdp dé dam bdo chuyén dong
cho trurde ciia phan céng téc.

2.1. VITRI VA HUONG CUA VAT RAN TRONG KHONG GIAN

2.1.1. Hé toa do vat

Thé (Posture) cua mot vat ran trong khong gian duge coi la duge xéc
dinh hoan toan néu biét duge vi 7 va hudong cua né trong mot hé quy
chiéu cho trude.

Trén hinh 2.1, hé toa dd6 O-xyz vdi cic vector don vi 14 x, y, = dugc
dung lam hé toa do goc. Dé mé 1a vi tri va huéng cia vat rin trong khong
gian. thudng phdi gan lén né mot hé toa do, goi la hé rtog dé vdt, vi du hé
O’-x'v'z. Goc toa do O' dat dién cho vi tri cua vit trong hé O-xyz, duge

xdc dinh qua biéu thiic:

o'=0'x+0'y+ o'z

’

trong d6 o', o',
O-xyz. Nhu vay, vi trf cta diém O duge mo ta nhd vector (3 x1) sau:

0" la cdc thanh phin cta vector o’ trong hé toa do

o'=0". (2.1)



Hudng coa vat duge dai dién boi cac vector don vi x', v, 2" cua he
0O'-x'y'z", duge mo ta bang cdc quan hé sau:
X =X X+X P+x.c

VoEyx4y v+ (2.2)

‘ ::'x+:‘1y+:;:

= v

Cdc thanh phan cuta cac vector don vi (¥, 2, V') & cosin chi phicemg
cba céc truc ciia hé O-x'vz"so véi hé O-vve.

Hinh 2.1 Viwd va hieomg cria vt ran trong khong gian

2.1.2, Ma tran quay

bé cho gon, 3 vector don vi trong (2.2) ¢6 thé duoc biéu dién dudi
dang ma tran (3 x 3), goi la ma tran guay, ky hicu [a R, nhur sau:

P lrx" x M 2w
R :[xr yl Zr] e X‘._. }'ll. zrl‘ = xnf '\’ }.v't‘ _]" :v.f' —1_ (3 g)
‘l Vl - Yh’ lw 3 1

Phép quay mot vat quanh mot truc toa do la truong hap riéng cua phép
quay mot vat trong khong gian. Chicu quay duge quy ude la duong néu
ngugc kim dong hé.

Gia stirhé O-x'yz’ nhan dugce do quay hé O-vyz quanh truc - mot goc @
(hinh 2.2), vector don vi cfia hé nay duoc biéu dién trong hé O-1y: nhu sau:

. A
cosa — 81 e ()
Y= |sing ; v=1cosa ;=0
0 0 /



Hinh 2. 2: Quay hé O-xvz quanh truc -

Vi vay, ma tran quay quanh truc - cia hé O-x'vz" so vai hé O-xyz la:
cosa ~sina 0
Riz, ¢ =lsina cosa 0O (2. 4)
0 0 1
Tuong tu, cdc ma tran quay khi quay vat quanh truc y mot géc 5, Ry,
F) va quanh truc x mot goc y, Rix. y)
cosfi 0 sinf

Riy. B) = 0 1 0 (2.5)
-sinff 0 cosf
1 0 0

Rix,y)=|0 cosy -siny (2.6)

() siny cosy

Cic ma tran quay trén € rat hifu ich khi khao st phép quay vat quanh
mot truc bat ky. Cé thé thir dé xdc minh rang chiing ¢é cdc tinh chat sau:

R(k,-9) = R'(k, &) (2.7)

trong d6 & = x, v.z; $= . B, yva R’ 1a ma tran chuyén vi ctia ma tran R.
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2.1.3. Phép quay mot vector
Ma tran quay khong chi ding dé biéu dién vi tri cim mot hé toa do so véi
mot hé toa d¢ khdc ma con duge diing dé mo ta sy quay clia mot vector.

Gia st 2 hé toa do O-xyz va O-x'yz", ¢6 géc O va O triing nhau (hinh 2.3).

zl

Hinh 2. 3: Biéu dién diém P trong 2 hé toa do

Diém P trong khéong gian duoc mé ta lan lugt trong hé O-xy: va
O-x'y'z" bang cac vector p va p”.

t

P P
p=1p. va pi=1{p
p. P

Vi p va p’ biéu dién cling mot diém P va chi v dén bicu thie (2.3) ta ¢6:

p=p=patpy+p =[xy p=Rp (2.8)

" Cha ¥ ring 3 vector clia R vuoéng géc vdi nhau timg doi mot va R 13 ma tran
don vi. N§ ¢é cac tinh chat:
R'R=IvaR"=R"
Tir bidu thitc trén ta it ra mot két luan quan trong: Chuyén vi cla ma tran
quay bang nghich ddo clia no [5).
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hay: P =Kp (2.9)
Trong trudng hop nay, ma tran quay R chinh 13 ma tran chuyén déi toa
do clua mot vector 1 hé O-vyvz sang hé O-x'y’z’, con R’ 12 ma tran chuyén
Vi cta ma tran R.
Vi du, néu h¢ O-vv=" nhin duge bang cdch quay hé O-1vz quanh truc z
mot g6 e thinh 2. 4) thi ta ¢6 quan heé giita toa do cua diém P trong 2 hé ia:
po=plcosa-plsina
p.o=p.sinatp cosa
p-=p’.
Neéu viet gon lai vy dé v dén bicu thic (2. 4) thi ta ¢6:
cosa —sina 0
p=|sinag cosa Olp'= Rz ap
0 0 !

Do ciling chinh 1a phuong trinh mo ta phép quay vector p quanh truc -
mot goc . Bi¢u dién hinh hoc cua phép quay nay nhu trong hinh 2. 5.

Tom lai, ma tran quay R ¢6 3 ¥y nghia tvong duong nhau:

- Bi¢u dién huéng gidia. 2 hé toa do, trong d6 cdc ¢ot cha ma trdn la
cosin chi phuong gitta cdc true cua hé méi so vdi hé goc.

- Biéu dién sut chuyén déi toa do clha mot vector giita 2 hé toa do ¢é
gdc trung nhau.

- LA todn wr bicu dién phép quay mot vector trong cling mot hé toa do.

A
y
l_,"\.
. r .
\“‘ v :(E
K Pl
' et i v
4 [
N /,/’f : :
7 L
e 5 >
= »
z l; ?,r, r

Hinh 2. 4: Bicu dién vector rong 2 Hinh 2. 5. Phép quay mét vector

he toa do

2
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2.2. PHEP QUAY MOT VECTOR QUANH MOT TRUC BATKY

2.2.1. Téong hop cac ma tran quay

Thong thudng mot vat thé trong khong gian c6 thé quay quanh mot
truc bat ky. Trong trudng hop dé, cé thé coi phép quay tong quat 1a su 16
hop nao dé cua cic phép quay don gian. Néu lam duge nhu viay thi ma
trn quay 16ng quat sé 1a téng hop clia cdc ma tran quay don gian.

Gia st ¢6 3 hé toa do chung goc 1a O-x,v,2,, O-x,v,z,, O-x,v,2,. Vector
p dai dién cho mot diém bat ky trong khéng gian duge biéu dién trong
méi he la p°, p', p”’. Ky hi¢u ma tran biéu dién phép quay clia hé i so véi
hé jla R

Ta ¢6 méi quan hé giita cdc vector p’ v p’ nhu sau:

pl=Rp’ (2.10)
Tuong tu, tacd:

p'=R"p' C 2.1y

P’ =R, p’ (2.12)
Thay (2.10) vao (2.11) va sir dung (2.12), ta ¢é:

R’"=R'R,/ (2. 13)

Ma tran quay R, trong biéu thic (2.13) ¢6 thé hiéu la ma tran téng
hop tlr 2 ma tran quay R’ va R,'. N6 mo ta 2 phép quay lién ti€p nhau:

- Quay vat (dang tring phuong véi he O-x,v,z,) theo R” d€ né trung
phuong véi hé O-x,v,z,.

- Ti€p tuc quay vat (hién da tring phuong véi hé O-x,v,z,) theo R, dé
nd trung phuong véi heé O-x,v,z,.

Phép qua)fz néi trén la iuay vat quanh hé toa do hién thon (hinh 2.6).
Ciing c6 thé lién tiép thuc hién phép quay quanh hé toa do ban ddu. Trong
truomg hop nay, cdc phép quay luon luén duge thue hién vai hé toa do ¢o
dinh thinh 2.7).

" Tir day vé sau, chi s6 trén trong ky hiéu cdc vector hodc ma tran chi hé toa
do, trong dé vector hoac ma tran duge mo (.
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Hinlt 2.7 Quay lién 1iép mot var theo hié toa do o6 dinh
C6 the hinh dung qua trinh quay theo cde bude sau:
Ban dau ¢6 2 hé O-v,v,5, va O-x,v,z, léch phuong nhau theo ma tran
quay R,
- Quay hé O-x,v,2, cho triing vé6i hé O-x,y,7, . twong img ma tran quay R,
- Quay hé 0-v,v,z, theo R, dé nhan duoc hé O-x,v.7,.
- BU phép quay & budc | bang phép quay nguoc R,
Quid trinh trén duge the hién bai biéu thife sau:
[ejl'! — RIHR“.’RJIRIU
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Vi R/R, = 1, nén cudi cing ta nhan duge biéu thic:

R’ =R./R/ (2. 14)

So sanh vai (2.13), chiing ta nhan thay phép quay lién tiép vat theo h¢
1o do o dink cho kKét qua giong nhu phép quay licn tiép vt theo hé toa
do hien then, whung theo thie ne newoe lai. Dicéu do cing ndi lén rang
khong thé tuy tién thay déi thi tr quay vat. Cling ¢6 thé kiém tra két luan
trén bang cach so sanh phép quay trong hinh 2.6 va hinh 2.7.

2.2.2 Phép quay quanh truc bat ky

Truong hop thudng xuyén gap phai trong nghién ctu déng hoc tay
may la mo ta phép quay mot vat quanh truc bat ky.

Gia st r = {r, r,r /" la vector don vi trong hé O-xv: cla truc quay. Ma
tran quay R(r, %) mo ta phép quay quanh truc »» mot géc & dugc xdc dinh
biang cich t6 hop ciac ma tran quay theo cdc truc toa d¢ goc (hinh 2.8).
Géc & duge quy ude la dicong néu chiéu quay nguoe kim dong ho.

Hinh 2. 8: Phép quay quanh mor truc bai ky

Mot trong nhitng cédch t6 hop cé thé nhu sau:
- Lam tring vector » véi truc z bang cach quay » mot géc - quanh
truc =, sau dé la - quanh truc y.

- Quay mot goc F quanh z.



) = Rz, a}Riv, PR(z, $)R(y,

ed¢_thianh phan cis . CO thé biéu dién cAc ham siéu viét dé

sing =

Thay ching vao (2.15), nhian duoc ma tran quay R(r, &), mé ta phép

quay quanh truc bat ky nhu sau’”:
ri(l-c)+e, rr(-c)y-rs, rr.(l-c,)+rs,
Rir.Q)=|rr (Il-c)+rs, ri(l-c)+c, rr.(l—c,)-rs, [(2.16)
r\_r-: (I-c,)-rs, r )7'__ (I-c,)+rs, ri(l-c,)+c,
Ma tran quay R(r, %) ¢6 tinh chat sau:
Rir, &) =R(-r,-9)

bicu d6 ¢6 nghia l1a phép quay mot gée & quanh truc » tuong duong
vai phép quay mot géc -9 quanh truc -r. -

Khi giai bai todn nguoge, nghia la tim géc quay & va truc quay » khi
biét ma tran quay:

thi c6 thé sir dung cac bicu thiic sau:

. . =1 T -
8 = roy I( it r__; i ] y= : B Ty (2. 17)

voi sind = 0.

" Tir day. cos s& dudc viét 1at bang ¢; sin viét tat bang s. Vidu, cos3 — ¢y,
sind = 5y,
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Ta thay (2.17) mé ta phép quay nho 4 thong s&: géc quay $ va 3
thanh phan cta vector 7. Tuy nhién, vi 7 [ vector don vi nén 3 thanh phan
cua nd bi rang buoc boi diéu kicn:

JHrieri=d {2.18)

Néu sin@ = ¢+ thi (2.17) vo nghia. Khi do, phai xét truc tiép cdc trudng
hop cu the, ké ca trudng hop $=0va 3= 7.

2.2.3. Mo ta toi thiéu cua hudéng

Ma tran quay ding dé moé ta hudng clia vat ¢6 9 thanh phan, nhung céc
thanh phin nay khong hoan toan déc 1ap vdi nhau. Ching phai vuong géc
vai nhau timg doi mot, nén ¢6 6 dieu Kién rang budc. Ngay ca phép quay
quanh truc bdt k¥, tuy dugc mo ta bang 4 tham s& nhu trong (2.17), thi
van ¢6 mot rang budc nhu bicu dién & (2.18).

Nhu viy ¢6 nghia la, dé mo 14 phép quay (hay dinh hudng), chi can
dung 3 tham s6 doc lap. Viée dung 3 tham s6 doc lap dé mo 1a hudng
dugc goi 12 sumé ta 161 thiéu (Minimal Representation of Orientation -
MRO). C6 the dung cac bd ba tham s6 khac nhau cho MRO, nhung
thuong dung nhat la géc Ewler va géc RPY.

2.2.3.1. Goc Euler

Gae Euler hinh thanh MRO bang cach 1o hop cdc thanh phin ciia ma
tran quay trong hé toa do hién thei. Tuy theo kidu to hop ma tran quay,
c6 12 bo géc Euler khdc nhau. Sau day 13 mot kiéu, goi 1a kigu ZYZ.

Gia st (¢ & w) 1a mot 18 hop cha gde Euler. Phép quay tuong tng vdi
no duge hinh thanh theo thi e sau (xem hinh 2.9):

z |z

A

' 2t % o

v y' Y
» K

Hinh 2. 9: Si hinh thanh géc Evler ZYZ
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- Quay hé toa do mot goc ¢ quanh =, tuong (ng ma tran quay R(z, @),
xem (2.4).

- Quay tiép hé toa do hién thai géc Fquanh v’ tuong tng Ry, &), xem [2.5).

- Quay tiép hé toa do hién thai gée w quanh =7, tuong dng R(z", W),
xern (2.4).

Hudng cta hé toa do cuoi cung 1a két qua cla su 16 hop cdc phép quay
trong hé toa d¢ hi¢n thoi;

Ry =Rz, @Ry, IR(Z", w) =

(_'V)CHCW - 's.;a 'ny - C;;JC,'JS:,V - Sw(’-w Cg,osl‘-i
_ o« . - P . — 3
= 8,040, HC,.8, S,Ca8, FC0, 8,8, 12.19)
- '\'H C'l,l/ 5 N ‘s‘uu C.‘J

Bai toan nguge duge giai bang cdch so sanh (2.19) v4i ma tran quay
cho trudc:

Cha y cac phan tr [1, 3], [2. 3] va [3, 3] cua (2.19) véi gia thi¢t »,; =0
va i =0, tacod:

@ = Atan2(r,, r)va 8= Atan2(\Jr} + 15 ry)

Yéu cau /7 + 75 > 0 (nghia la sin( &) > 0). géc 9 nam trong khoang
(0, r). Dé y cac phan tlr [3. 1] va [3, 2]. ta co:
yr=Atan2(r;, -r;,)
Téng hop lai, néu chon & trong khoang (0, 7), ¢6 13i gidi sau cho bai
toan nguoc:
@=Atan2(r.;. r, }
G=Atan 2(
w=Atan2(r,, ~r; }

(2.20)

“Atan2(y, ) la arctang(vix). ¢6 tinh dén dau clia cdc dot 86 dé xac dinh xem
g6c dang xét nam o gée phin tw ndo.
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Néu chon 4 trong khodng (-7, (), ¢6 lai giai tyong nr
@=Atan2(—r.,. —r,; )

&= Atan2(—/ P E L P ) (2.21)

wo=Atun2(—r;, .1y, )

[.&i giai bi suy thodi khi s» = 0. Khi dé chi ¢6 thé tinh t6ng hoac hi¢u
cug g va . Néu 9 = 0 hoac 8 = . thi phép quay chi thuc hién quanh cédc
tryc toa do ban diu.

2.2.3.2. Goc RPY

Khic véi gac Euler, géc RPY hinh thainh MRO bing cich tong hop cdc
phép quay thanh phan trong € roa do c6 dinh. RPY 1a cdc chit tat cla cdc
tir mo td ba chuyén dong cla con tau: Roll - chong chanh, Pirch - béng
benh va Yaw - chéch hudng (hinh 2.10).

z A

N~

A

(a)
Hinh 2. 10: M6 ta goc RPY (u) va thé hién ciia né trén tay mdy (b)

Phép quay tirong tmg véi goc RPY duoce thuc hién theo trinh tu sau:

- Quay hé toa dé goc mot géc ¢ quanh truc z. Phép quay nay duge mo
ta bang ma tran quay R(z, @) va biéu thitc (2.4).

- Quay tiép mot géc J quanh truc v, tuong tmg vdi ma trin quay R(y,
) va biéu thiic (2.5).

- Quay ti€p mot géc i quanh truc x, tuong tng véi ma tran quay Rfx,
) va biéu thitc (2.6).

Ma tran quay téng hop 1i tich ctia cic ma tran quay thanh phan. Chd y rang
cdc phép quay duge thuc hién theo hé toa do ban dau (xem lai muc 2.2.1):
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Ry = R(z, @R(y, $R(x, y) =

C,Cy Co¥y8, —8,0, C.85,0, +5.5,

= |y e C§.5 O C§.C —C§ 2. 22
$,Cq  S,8,8, HC, €, 8,85, —C.8, (2.22)
-5, CyS, €y,

Tuong ty nhu truong hgp géc Euwler, bai toin nguge duge giai bang
cach so sanh (2.22) v4i ma trdn quay cho truéce:

¥{, +r); >0 thi $niam trong khoang (-2, 2/2). Khi dé ta cé 10
gidi sau:

p=Atan2(r.,. r,, )}

l9 = Alan2(—rj_,‘_.
w=Atan2(r;,, r,, )

Véi 9 trong khoang (7/2, 32/2), ¢6 16i gidi sau:
w=Atan2(—-r,,, —r,, )

G =Atun2(-r,, - (2.24)

W= AI(T}?Z(“?’_;_;,_"_;_;)

Loi gidi bi suy thodi khi cg = 0. Khi dé chi cé thé tinh tdng hodc hiéu
cua ¢ vi .

2.3. PHEP CHUYEN POI THUAN NHAT

Chuyén dong t6ng quat trong khong gian clia mot vat ran gém 2 thanh
phan: tinh tién (chivén vi) va quay (chuyén hicng).

Gia str ¢6 mot diém P trong khong gian (hinh 2.11). p” la vector cta P
trong hé toa do O,-x,y,5; p' & vector trong hé O,-xy,z,. 0,” 1a vector
chuyén vi clia géc O, so vdi O, con R, 1a ma tran quay cla hé 1 so véi
hé 0. Thé clia diém P so véi hé O,-x,v,z, c6 thé duoc biéu dién bang biéu

thitc sau:
()

‘T =0, +R/p (2.25)
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Bang cich nhan 2 v& cta (2 25y véi R, va chi y rang R" = R,

nhan dugc phuong trmh bié uyén vi nguge lai:

(2.26)
C4 2 bicu thic irén déu thé hién ring, phép chuyén déi toa do ¢6 thé biéu
dién dudi dang 6 hop clia phép chuyén vi va phép quay. Cé thé biéu dién
phép chuyén déi kiéu trén nhd mot ma tran duy nhit A,” gém 4 ma trin con:
] ]
A= | R0 9 (2.27)
0" 1
Trong d6 R, 1a ma tran quay dang 3 x 3, ¢,” 1a vector chuyén vi ¢6
dang ma tran 3 x 1, 0" 1a vector chuyén vi phéi canh va déi v6i dong hoc
robot 1a vector 0, / 12 gid tri cia he s6 ty 1&. Ma tran trén duge goi 1a niu
trdan chuyén doi thudn nhdt. Phép chuyén d6i nhd ma tran thuin nhat
dugc goi 1a phép chuvén déi thudn nhdt,

Bing cdch trén. ¢6 thé bi¢u dién cdc phép quay co ban:

0
0
0
]

0 0 0
Ry.p=| (2. 29)
-5y ¢y, 0
| 0 0 1]
1 0 0 0
Rix. ) = 0 ¢, -5, 0 2. 30)
= 0 s ¢ 0 -
4 ¥
0o 0 0 1!
va phép tinh tién co ban:
1 0 0 4,
01 0 d
T(d,d,d}= N (2.31)
— 0 0 1 d.
0 0 0 1
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Hinh 2. 11: Bicu dién diém P trong  Hinh 2. 12: Hé toa do trén ban
cae hé toa do khdae nhan tay
Nh& 4 ma tran ¢o ban nay c¢é the bi¢u dién chuyén dong bt kv cua
mot vl trong khong gian. .
Thong qua ma tran chuyén doéi thuan nhat, cé thé biéu dién phép
chuyén déi toa do tong quat (2.25) dudi dang thudn nhat:

}3“ — zil()?jl

1t /
. ~u | P =i | P
trong do: po= : Y =

Tuong tu, chuyén doi thudn nhat gifra hé toa do 0 sang hé toa do 1:
?jl — A(l]"a(l :(All])flﬁﬂ
hoac. A; _ R;l'f' _ RIUI'()]U . ]eEIj -"R(I;()IU

' o 1 0o

Chii y rang, d6i v4i ma tran chuyén ddi thudn nhat tinh chat truc giao,
nghia la A’ = A" khong duge dam bio.

N6i tém lai, phép chuyén déi thudn nhat cho phép biéu dién dudi dang
thu gon phép chuyén déi gitta 2 hé toa do. R rang., néu goc cta 2 hé toa
do triung nhau thi phép chuyén doi thuan nhat ¢ thanh phép quay. Ngugc
lai, néu goc quay bang 0 thi né trd thanh phép tinh tién.

Tuong tu véi phép quay, ma tran cla phép tinh tién tong hop ¢6 thé
dugc biéu dién dudi dang tich cdc ma tran tinh tién thanh phan:

pl=A Ay A

Trong d6. A’ mé ta chuyén doi thuan nhat toa do mot diém tir he thit/

vé he thit i-/.
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2.4. BAI TOAN THUAN CUA DPONG HOC TAY MAY

Trong dai da s& cdc truong hop, tay mdy la mot chudi dong ho. duoc
cau tao bdt mét s& khau (Links), duoc ndt véi nhau nho cac khap. Mot
dau cla chudi ndi voi gid (Base), con dau kia noi vdéi phan cong tic. Moi
khau hinh thanh cing véi khdp phia trude né mot cap khau - khép. Tuy
theo két cau ciia minh méa mai loai khdp dam bao cho khau noi sau nd cic
kha nang chuyén dong nhat dinh.

Méi khép (thuc chat [a cap khau - khép) duge dac trung boi 2 loai
thong so:

- Cac thong s6 khong thay déi gid tri trong qua trinh [am viée cla tay
mdy dugce goi la tham sé.

- C4c thong sd thay doi khi tay may lam viéc duoc goi la cic bién khap.

Hai loai khép thong dung nhat trong ky thuat tay may la khep truoet va
khép quay. Ching déu 1a loai khép ¢é mot bac tu do.

Bai todn thuan nhdm moé ta thé'(vi tri va fueomg) cria phdn cong tde dudi
dang ham s6 cita cdc bién khop. Gia st 6 mot tay mdy véi n+/ khau va n
khdp (hinh 2.13). Thé cua phan cong tdc so vdi hé toa do goc O,-x,v,7, duoc

mo ta bang vector dinh vi p” va hudng dc vector chi phuong n, s, a.

dién bang ma trax chuyén doi thudn nhat:

@ (2.32)

Trong d96, ¢ 1a vector n phan tr, gom cédc bién khdp; p 1a vector dinh vi;

Phép chuyén déi toa do duge bré

n’(q) s"(q) a"(q)
0 0 0

T (q)=

#, ¥, a 1a cac vector chi phuong cla phén cong tac, cling chinh lia vector don
vi cua cac truc toa do. Néu phan cong tic la tay gip thi goc toa do dat vao
tam quay; vector « dit theo phuong ti€n dén vat; s nam trong mat phang
trugt ctia ham kep; 7 vuong géc vdi a va s theo quy tic ban tay phai.

Mot trong nhitng phuong phap giai bai todn thuan la dung truc ticp
hinh hoc giai tich. Vi du, d6i v6i truéing hop co cau 2 khau phing (hinh
2.14), tacé’;

TKy hidus; ;= sin(q+..+q,); ¢, = cos(qi+..+q,).
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Si2 O @6 T a0,
—C)y 8, a5, +d,8,

0 0 0

0 0 0 1

Phuong phdp tinh todn truc ti€p chi dp dung dugc cho cic co cau don
gian. Dé ¢6 thé gidi cdc bai todn téng qudt can mat thuat giai chung. Mot
trong nhimg thuat giai nhu vay xuat phat tir quy rdc Denavii-Hartenberg,
duge Denavit vd Hartenberg xay dung vao nam 1955. D6 1a quy tac thiét
lap hé théng toa do trén cdc cip khau - khép trén tay mdy. Dua trén hé
toa do nay ¢ thé mo 1a cdc cap bang hé théng cac tham s6, bién khdp va
ap dung mot dang phuong trinh tong quat cho bai todn dong hoc tay mdy.

Hinh 2. 13: M td thé ciia phan cong Hinh 2 14 Chudi phdng 2
tdac khau

2.4.1. Mo ta quy tiac Denavit-Hartenberg
Gia sir trong chudi dong hoc cla tay mdy ¢6 # khau, khau thir i néi
khép thi i véi khdp tha i+ /7 (hinh 2.15).
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Truc khdp i-1 Truc khdp i Truc khop ~+1

Hinl 2. [5: Biéu dién cdc thong sd’ dong hoc theo quy 1dc Denavit-
Hartenberg

Theo quy tac Denavit-Hartenberg thi hé toa do duogc gin lén cdc khau.
khép nhu sau™:

- bt truc toa do z, doc theo truc cua khdp sau (thia i+ 7).

- Dat goc toa do O, tai giao diem gifta =, va phdp tuvén chung nho nhat
cua truc z; va z,,. Giao diém cla phép tuyén chung véi truc -, 1a géc O,
ctahé O'-x" v 2.

" P6i voi quy tic Denavit-Hartenberg, 6 mot s trudmg hop dac biét, cho
phép don gian hod thi tuc tinh toan:

- 61 véi hé 1oa do goc chi cd phuong cua truc 2, 1a xdc dinh. Goe O, va truc
X, ¢6 thé chon tuy y.

- P6i véi hée thit n, chi ¢6 phuong cua truc v, 1a xdc dinh. Truc =, ¢6 thé chon
tuy y.

- Khi 2 khép lién nhau ¢é truc song song, vi tri cua phdp tuyén chung cé thé
iay bat k.

- Khi truc ctia 2 khép lién nhau ¢é truc cat nhau, phuong cla truce x; ¢ thé
chon bdt ky.

-~ Khi khép thir 7 1a khép trugt thi chi ¢é phuong cla truc z,, 12 xdc dinh.
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- Pat truc toa dé x, theo phuong phédp tuyén chung giita -, , va z,, hudng
tir khdp thit i dén khép thi i+/.

- Truc y, vudng gdc vdi x; va z, theo quy tac ban tay phai.

Sau khi duogc thi€t 1ap, vi tri cia hé O-xvz so véi hé O, ,-v v, ,7 .,
hoan toan xac dinh nhd céc thong s6 sau:

-a,= 0, 0" khoang cich gitta 2 khdp lién tiép theo phuong x,.

-d,= 0,,; O khoang tich gitta 2 khép lién tiép theo phuong -, .

- a;: goc quay quanh truc x, gitta £, va z,.

- &: goc quay quanh truc z;, gilta x, ; va x.

Trong 4 thong s6 trén thi ¢, va a; chi phu thude vao két cdu cua khau
thu /. Néu la khdp quay thi &, 1a bién, con d; = const. VGi khép trugt thi
la bién, con 9, = const.

Deén day, ¢4 thé mo ta phép chuyén toa do giita hé ; va h¢ -/, nhu sau:

- Tinh tién h¢ O, ,-x .,y .,z ,, doc theo truc z,, mot khoang d, sau dé
quay mot goc % dé nhan duge he O’-x’, v, 2. Ma tran chuyén déi thuan
nhat tuong g la:

Cy s 0 0
. s, ¢, 0 0
“lo 0 14

0 0 0 0

- Tinh tién hé O’-x" y’; =’, vira nhan dugc mot khoang «, doc truc x,, sau
dé quay né quanh truc x; mot géc a, dé nhian duogc hé O-xyz,. Ma tran
chuyén doi thuan nhat tuong img la

1 0 0 aq
A = ¢ ¢, -5, O
0 Sm Cm 0
0 0 0 ]
- Ma tran 16ng hop nhan dugc bang cdch nhan hai ma tran trén;
CSI - S.Slfcm SSr'Sm afc.%
s CoCo  —CuS, .S,
A[Jv] (q“ ) — A:.—I A: — & L] ) % (2 33)
Sm Cm (!F |
' |
0 0 0 1



Chii ¥ ring, ma tran chuyén vi tir hé / dén he /-/ la ham cua cic bién khdp
9. (néu khdp thit 7 1a khdp quay) hodc d, (n€u khép thi 7 [a khép truot).

Mot cdch téng qudt, quy tic Denavit-Hartenberg cho phép té hop céc
ma tran chuyén vi riéng ré thainh mét ma tran chuyén vi thudn nhat, biéu
dién vi tri vd hudng cta khau n so vdi khau co sa.

o 0

a{) pf)
RIS
=] L o e s A @)L AT ) (2.3)
n. S - -
o ¢ 0 1

Quy tac ndy ¢6 thé dp dung cho chudi ho bat ky trong kél cau tay mdy,
nhu biéu dién trong hinh 2.16.

Tz ()

Hinh 2. 16: So dé chivén vi ctia phan cong 1dc so vt co so

2.4.2. Mot so vi du ap dung quy tac Denavit-Hartenberg

Co cdu 3 khdu phing

Co cau ¢6 3 khép quay véi cac truc song song. Par truc x, doc theo
phuong cua cdc khau, con cdc tham s6 d, = (). Cac bién khdp la cdc goc
quay 4. So d6 dong hoc va bang tham s& Denavit-Harienberg nhu trén
hinh 2.17.
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Bang théng sé Denavit-
Hartenberg

Khiu | a o d

1 a | 0 0 | §

2 a, | 0| 0} S

Hinh 2. 17 Co cdu 3 khéu phdng

Vi cdc ciap khau - khép ¢6 két cau trong t nhau, nén tir (2.34) c6 the
viét cd 3 ma tran chuyén déi thudn nhat dudi dang nhu nhau:

¢, -5 0 ac
agy = o boas (voii=12 3
S I T S T

O 0 0 1

Ma trian chuyén vi (2.34) bay gi& tr6 thanh

Coy — Sy O @ tane; )y,
) 8 < 0 as +a,s,+a.s,
Tz”((!) _ A;)Ai/i{ _ | S 123 (81 a8, TS, (2.35;
' T 0 0 1 0
0 0 0 1

trong d6q =189, 8, 9,]".

Co cau toa do cau N

Co cau tay may cau va bang tham s6 cua né duge cho trong hinh 2.18.
Viz, va 2, cat nhau, nén d, = 0.

Tir (2.34), ¢6 thé viét cdc ma tran chuyén vi thanh phan nhu sau:

¢ 0 -5 0

) s 0 ¢ 0
A= 0 o
0 1



c, 0 s, O
| 55 0 ¢, O
A (3) =
T 0 1 0 d,
0 0 0 1
1 0 0 0
o]0 100
U0 001 4,
0 0 0 1
Bdng tham sé Denavit-
Hartenberg
Khép | g o, d, 9,
1 0 (m2] 0 S,
2 lo!lw2 | 4,8,
3 100 di

Hinh 2. 18: Tay may kiéu toa dé cdu

Ma trin chuyén vi tong hop
ce, =8 €8, ¢5,d,~sd,
5:¢, ¢ 85, S585,d,+cd

0 0 41 42 ™2 [ 1v2 P2y "2
Iy (q) = 4, 4,4, =
-5, 0 ¢ c,d,

0 0 0 1

(2. 36)

rongdéq=1[9, $, 9,]".

2.4.3. Vung hoat dong cua phan cong tac

Nhu did ndi & trén, vi tri cha phdn cong tac duge dai dién béi vi tri cla
goc toa do gan trén nd so vdi hé toa do chung, nghia 1a bai vector p.
Tuong ty, hudng cua phin coéng tdc duge mo ta thong qua bd cdc tham so
MRO va, mot céch hinh thic, ta biéu dién bing vector ¢. Téng hop lai,
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th¢ cua phin cong tic duge bicu dién bang vector (m x {). véi m < 56

V= Lﬂ (2.37)

Biéu thiic ndy dung mot s6 lugng (6 thiéu cdc théng s6 doc lap nhau
dé mo ta the cla phin cong téc. N6 clng biéu dién vang, trong dé tay
may ¢ thé hoat dong theo ddang chiic nang cha né, goi la viing hoat dong.

bien kheip (n):

Vector (n x /) bicu dién mién gid tri cla cdc bién khdp ¢, goi 1a khong
gian khap:
q,
g=1: (2. 38)
CIH
trong d6. ¢, = 3. cho khdp quay: ¢, = d; cho khap truot.

Bing cach nay ¢6 thé viét phuong trinh dong hqé cla tay may dudi
dang khdc:
X = Alg) (2. 39)
Vidu. véi co ciiu 3 khau phing (hinh 2.17). ¢6 the nhan thay vi tri clia
phan cong tic duge xdc dinh nhd 2 toa do p,. p,. con hudng cua phan
cong tac duge xdc dinh nhd gée ¢ gila né vai truc x,. Dot chiéu véi
(2.35), ¢6 thé bicu dién vi trf cha phén cong tac thong qua 2 phan i dau
cua cot thir tu, con hudng cuand qua géc g= 9, + $, + 9,
P, a,¢, +a,C,, + a,¢p5
x=|p |= kK(g)=| a8 +a,s;, +d,5
@ 8+ +8

D6 ciing chinh la trudng hop riéng cta (2.37), biéu dién viing hoat
dong cla tay mdy 3 khau phang.

Mot trong nhimg thong s6 dong hoc quan trong cua tay mdy la viing
lam viée (Workspace) cliia nd. D6 1a khong gian ma goc toa do cia phan
cong tac ¢o thé véi tdi duge, titc 13 khong tinh dén su dinh huéng cia
phian cong tdc, Doi khi ngudi ta phan biét ving lam viéc nédi trén (goi la
Reachable Workspace) véi vang 1am viéc ¢6 tinh dén su dinh hudng cla
phén cong tic (Dexterous Workspace).
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Thé tich va hinh dang cua viing lam viéc phu thudc vao két ciu cla tay
mdy va gidi han (mién gid tri) cua cdc bién khdp. Do6i véi tay may ¢o n
bac tu do, ving lam viéc 1a tap hop moi vi tri ¢ thé cla phéan cong tdc,
nhu mé ta trong phuong trinh dong hoc:

P=p(g); G S SGaei 1= 1 0

trong dé, g, (¢} 1a gid tri giéi han dudi (trén) ctta mdi bién khdp.
Ving lam viéc nay ¢6 cac tinh chat: €6 gidi han, khép kin va lién thing.

Biéu dién hinh hoc viing cong tdc clia tay may la diéu phic tap. Tuy
nhién, ching ta ¢6 thé hinh dung vé viing lam viéc cua tay may théng qua
mot vi du don gidn. D6 1a co cau 2 khau phang (hinh 2.19).

A
qZ
a qzﬂ b
qlm qlll ql -
d ,=0 < -
€ qu f

Hinlt 2. 19: Phuong phdp xdy dimng
vitng lam viée cia co cdu 2 khdu phdng

Cau hinh va thé cha cang tay duge thé hién bang hinh chir nhat kin
abcfeda. Doan ab tuong ting vai ¢, = ¢y, cON ¢, bién thién tir ¢,,, dén ¢ .
Ta vé& dugc cung AB tuong dng trong hinh bén phai. Cung BF tuong ing
doan bf : ¢, = q,, cOn ¢, giam tit ¢,, dén ¢,,. Tuong tu, ta v& duge céc
cung FE, EA. Ving céng tac con duge hinh thanh bdi cung CD ing véi ¢,
= (), cOn ¢, bién thién tir ¢, dén ¢ ,,,.

2.5. BAl TOAN NGUGC CUA BONG HOC TAY MAY

Bai todn thuan cua dong hoc tay may cho phép xdc dinh thé cta phan
cong tac, va ¢6 thé ca ving lam viéc cha né theo quan hé vdi cdc thong so
dong hoc cla cdc cap khau - khdp. Bai toin nguge nham xdc dinh bd
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théng sé dong hoc dé ddam bdo chuyén déng cho triée cria phdn eong tdc.
Theo biéu thic (2.34), néu ¢ bo cdc thong s6 xédc dinh thi cé thé xdc
dinh T,”(¢) mot cach don tri. D6i véi bai todn nguoc thi khéng han nhu
vay, vi:

- Cac phuong trinh ¢6 dang phi tuyén va siéu viét, thuong khong cho
161 giai ding.

- C6 thé ¢6 nhiéu lai giai.

- C6 thé giip nghiém vo dinh, vi céc lién két thira (giong nhu két cau
siéu tinh).

- C6 thé ¢6 nghiém tim dugc bang toan hoc lai khéng chap nhan duoc
vé mat vat ly, do cdc rang buoc vé két cau.

Tinh da nghtém cua bai todn nguoc khong chi phu thude vio s6 cic
bién khop (tiic 12 6 bac tu do) ma ca vao s6 lugng cdc tham s6 khdc
khong trong két cau. Néi chung, s6 luong nay cang 16n thi s6 16i giai
chap nhin duoc cang nhiéu. Vi du, tay may 6 bac tu do cé the ¢6 16i 16
nghiém. Diéu dé doi hoi phat ¢6 cdc diéu kién phu vé co cau dé giam so
nghiém nay.

Viée tim kiém mot nghiém phi hop doi1 héir 6 ngudi thiét ké mot truc
gidc vé todan hoc va vé két cau dé du doan nhitng diém hoic khu vuc kha
di giam dugc s6 nghiém cdn chon lua.

2.5.1. Co cdu 3 khau phang

Co cau 3 khau phing duoc hinh dung nhu trong hinh 2.17. So sdnh
phuong trinh déng hoe ctia né (2.35) véi phuong trinh dong hoc tong quat
(2.34) ta c6 thé xdc dinh toa do cha diém W (goc toa do clia khdp 2):

P, =p —ac,=ac, + azc,z} (2. 40)
P, =p,—a;s,=a;s,+a,s,

Miit khac, tir hinh hoc clia ¢o cu, ¢é gidi han vé géc nghiéng cia phian

cong tic vdi than:
=9+ 9+ 5 (2.41)

Binh phuong réi céng 2 v€ cta (2. 40) sé€ rit ra duge

2 2 2
p W, +p W _al _al

¢, =

2a,a,
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Tat nhién, ¢, phdi thoa man diéu kién -/ <¢, </,

T dd tacéds, = +4/1—¢5 .
Trong dd, dau cong tmg v4i thé ban tay hudng lén, con ddu trir tng véi
thé ban tay hudng xudng. Vay:
& = Atan2(s,, ¢,)
Thay &, vao (2. 40) roi giai hé phuong trinh dé, nhan dugce

(a, + s, )pu“ 5P,

S = 2 2
Prw. TP
(al T <, )pu'\ + az-s'zpw‘
“ = 7 ;
FRT Y

9, = Atan2(s,, c,).

Cuoi cing, tinh duge: 4, =¢- & - 9,

2.5.2. Co cdu cau

Co cau cau (hinh 2.18) va phuong trinh dong hoc ctia nd nhu (2.36).
Can xdc dinh gia tri ctia cdc bién khép 9, 4., d, tuong (ng vi tri xac dinh
ctia diém goc toa do W trén phdn cong tdc. D¢ thuan tién, vi tri cia W
duge xdc dinh theo hé 1. Vay, tir (2.36) ¢6 biéu thirc
c, 0 s, d,s,
s 0 -¢, -dyg,
0 1 0 d,

0 0 0 1

AT = 4147 =

Binh phuong 3 phan tir dau cha cot thit 4 cia ma tran trén 2 vé&, duge
biéu thitc chi phu thuoc &, va d.:

P, 6t P8 d,s,
plw= =P =| —d,c, (2.42)
-p. 5P, d,

Pé giai phuong trinh, dat
t =tan(9,/2)
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. -1 2t
décho ¢, =——= va s = =
P17 1+1°

Thay ching vao vé trdi cia (2.42), duge phuong trinh
(d,+p, )" +2p, t+d,—p, =0

Giai ra, ta duoc:

-p,. 1 \ﬁnzw\ + plwl “df
d] + pw'

[:

vat dicu kién biét thie phai duong. Hai nghiém tuong ting véi 2 thé
khéc nhau cda ban tay la

9, =2Atan2(-p, i\/pzw‘ +ple —didy+p,)

Tir hai phén t{r dau cua (2.42), nhan dugc

])\I'\ Cl + ])H" SI _ CI’]SZ
= P —dyc,
T do: F=Atan2(p,c, +p,s,.p, )

Cudi ciing, binh phuong va cong 2 phan tir dau cia (2.42), dugc:

d} = J( p\l" cj' + pwl, 'S‘.' )3 + l)-)“':

vdi dieu kién d, > 0.

2.6. BAI TOAN VAN TOC

Trong diéu khién robot, cdn phai quan tam dén quan hé gifta cac khau,
khdp va phan cong tac khong chi vé the ma ca vé van (6¢ va gia toc. Bai
toan vi tri da duge (ap trung trinh bay & cdc muc trén. Van dé gia toc lién
quan dén dong luc hoc s& duge xét trong chuong sau. Phan ndy s€ noi vé
quan hé giita van tdc chuyén dong tai cdc khdp (goi 1a véin toc khdp - Joint
Velocity) v3i van t6c cia phan cong tdc trong mot hé quy chi€u xac dinh.

2.6.1. Jacobian hinh hoc

Gia st mot tay may ¢ »n bac wr do. Phuong trinh dong hoc cua né cé
dang nhu (2.32), duogc viét gon lai nhu sau:

_(R(@) plg)
T(q)—{oy. ) }
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véig = [q, ... q,)" 1a vector cdc bién khdp.
Can xdc dinh quan hé ham s6 gilta van toc thang p va van téc géc @
ctia phidn cong tac véi van toc khép ¢
p=Jlqlg; w=J,q)q
trong d6, J, va J, 1a cdc ma tran (3 x n), tuong dng biéu dién anh

hudng clia céc van toc khdp ¢ dén van toe thing p va van téc géc .

C6 thé viét phuong trinh trén dudi dang gon hon:

p .
V= =J{¢)qg, (2.43)
®
jpi .]-;m
trong d6J =[ _”} = la ham s6 cha cac van t6c khop va
J . .
v .](}l j(}n

duge goi la Jacobian. Vi né duge xdc dinh bang phuong phdp hinh hoc
nén mang tén la Jacobian hinh hoc. !

Dé tién cho viéc tinh toan Jacobian cdn phan biét trudng hop khép
trugt (¢, = d)) va khép quay (¢, = 9).

Truong hop khép truot

- Cho vén téc thang, vi g, = d,, nén: G,Jp = d,z,_, Vivay j, =z,

- Cho van t6c goc, vig, = $,nén: ¢,j =0.Vivayj, =0

Truong hop khop quay

- D6i véi van tae thang, nhu trén hinh 2.20, ta cé:

Gl = Dy X Tigy = 19,’2,1.' x(p-piy)
Vi ¢= & nén cudi ciing ta CO: j, = 2y X (P - Pis) |
- Cho van téc goc, vig, = $,nén: ¢,j, =3 z,_,. Vivayj, =z,

Tong hap fai, c6 cong thic téng quét dé tinh Jacobian hinh hoc nhu sau:

[ZE' } cho khép truot

[Jf } _ ( ) (2. 44)
z x{p-p.
.I()r { i-1 P pl—] j‘ Ch() kh(j'p quay

Z

=1
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To

Hinh 2. 20 So do tinh todn dnh hong cia van 1oc khop quay dén vin
16¢ thing cia phdn £ong téic

2.6.2. Jacobian giai tich

Mot phuong phdp khic dé xdc dinh anh hudng cta cdc van toc khép
dén van toc cua phan cong tic 1a dua vao vi phan phuong trinh dong hoc,
vi du phuong trinh (2.37). Vi Jacobian loai nay tim dugc bang phuong
phap giai tich nén nd dugc goi la Jacobian giai tich.

Van téc chuyén dong tinh tién cua phén cong tac so véi hé co sé duge
tinh bang cédch ldy dao ham cua toa do p(g) theo thdi gian:

. op . .
=-qg=.
p 2 g =.J,(9)q

Tuong tu, van toc quay cta phdn cong tdc duge tinh bing dao ham clia ¢y ):

'y .
.y
¢ 504 (D)q
Téng hop lai, ta ¢é phuong trinh téng qudt dé biéu dién anh hudng ciia

cdc van 16¢ khdp dén van téc cta phan cong tac nhu sau:
. el Y@ .
x=|" = q=J,(9)q (2.45)
LJ L’,s(CI) 4
trong d6 Jacobian giai tich

k(q)
J N 24
4 (Q) aq

N6 khac véi Jacobian hinh hoc Vi @ # ¢. Dua vao cdc quan hé dong
hoc trinh bay & trén, c¢6 thé tim ra méi lién hé gita ching,

46



Chuogng 3
BONG LUC HOC TAY MAY

bong luc hoc tay mdy nghién ciru quan hé gita luc, momen, nang

lugng.... v6i cdc théng s6 chuyén dong ctia né. Nghién ciru dong luc
hoc tay may phuc vu cho cdc muc dich sau:

- M6 phong hoat dong cia tay mdy, dé khao sdt, thit nghiém qua trinh
1am viéc clia né ma khong phai diing tay mdy that.

- Phan tich, tinh toan két cau clua tay mdy.

- Phan tich, thiét k& hé théng diéu khién tay mdy.

3.1. PHUONG PHAP / AGRANGE

3.1.1. Co 50 chung

Phuong phip Lagrange dua trén méi quan hé giita téng nang luong cua
hé thdng v6i hic 1ong qudt, trong mot hé toa do 16ng qudr.

Gia sir da xéc dinh duge mot tap hop cdc bién A, i = /,...,n véi tur cach
13 hé toa do téng quat dé mo ta vi tri cdc khau clia mét tay mdy » bac tu
do. Lagrange clia co hé 12 ham s6 cla cic toa do tdng quat:

L=T-U (3. 1)
trong d6 7 va U tuong ng 1a dong nang va thé nang cua hé thong.

T do, cé cong thic Lagmnge nhu sau:

doL_oL _ 1 3.2
dl o4, afl St 4 (3.2)

trong d6, & 1a luc tong quat lién két vdi hé toa do tong quat 4,
D6i véi tay mdy c6 két cau chudi dong hd, chon hé toa do téng quat 1a

vector cdc bién khédp
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Luc téng qudt cé thé bao gom momen trén truc dong co chdp hanh
(luc phat dong), momen ma sat tai cic 6 truc, luc tuong tdc giita phin
cong tic v6i doi tuong,...”

Nhu vay, doi véi trudng hop tay mdy, cong thiic (3.2) thé hién quan hé
gitfa luc tong quat tic dong 1én hé thdng vai vi tri, van t6¢ va gia 16¢ cla
cdc khép. Tir d6 ¢6 thé xay dung mo hinh dong luc hoc cho tay may.

/

D¢ hiéu 16 vé cong thic Lagrange, ching ta xét vi du sau:

Hinh 3. 1: Mo hinh
dong hoc cia truc

dao ddng

Xét mot truc dao dong nhu hinh 3.1. Motor dién ¢é momen quan tinh

/... thong qua hop giam téc ¢6 ty s6 truyén bang k, > /. Nhd 9, truc dugc

m*

truyén mot momen chi dong T va ¢6 van téc & . Vit quay ¢é khoi luong
m, momen qudn tinh / va toa do trong tam dat cich truc mot khoang /.
Chon 4 1am toa do tong quat, khi d6 dong ndng cua hé thong:

T =1192 +11 kg’
2 2

Thé nang cua hé théng:
U=mgl(] - cosG)

Thay vao (3.1), duoc:

L= 3192 +%I k197 - mgl(l - cos )

i

% =19+1 k; 4oL _ 5. 1 k'3

dr 09

" "Luc" & day khéong theo ding khdi niém vat 1y, nén "momen” déng nghii
vai "luc”,
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oL
— =-—mpglsin @
o

Thay cdc két qua tinh trung gian vao (3.2) va chd y luc tong qudt &
gém momen phét dong 7 va momen ma sit F&, duge
(1+1,k )3 +mglsin§=E=1-F3

Cudi cung ta cé mo hinh dong luc hoc cha hé:
({+1 k)93 + F3+mglsing=r

3.1.2. Tinh dong nang

Dong nang T cha hé théng gdm déng nang chuyén déng cta méi khau
T, (goi tat l1a dong nang chuyén dong) va dong nang clia co cau phat dong
tai cdc khdp T, (goi tat la dong nang phat dong)

T = Z(T.‘f.' + nu (‘3 4)

i

Pong nang chuyén dong T, c¢é thé duoc tinh theo so dé trong hinh 3.2:
I LRk ;
To=5 [, 0 bl (3.5)
trong d6 p, 1a vector van téc dai, p 1 khoi lugng riéng cua phan to thé

tich dV, V,, 1a thé tich cua khau thit /:
['JJ =p|'f +a).‘ ><}‘,

Hinh 3. 2: So do tinh dong ndng Hinh 3. 3: So do tinh dong nang
chuyén dong phdt dong
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Sau khi tinh cdc thanh phan dudi dau tich phan cta (3.5), ta nhan thay
dong nang T, ¢6 3 thanh phin: tinh tién, qua lai va quay. Tong thanh phan
chu yéu la tinh tién va quay, sau khi tinh céc tich phan tuong ing, bang:

=i md SIS I RIR T
Ngoai cdc ky hiéu da dang tir trude, cdc ky hiéu trong phan nay duogc
quy udc nhu sau:
T - dong ning
U - thé nang
m - khoi lugng
J - Jacobian
I - Tensor quén tinh tuong dng véi khoi tam
Chi s6 / tuong tng vai khau (/ink); m véi dong co (motor).

Poéng nang cua motor ciing duge tinh tuong tu. Gia thi€t dong nang
cua stator duge tinh vio dong nang cia khau mang né. Phédn phai tinh 1a
dong nang cla cdc phdn chuyén dong, quy vé rotor. Mot gia thiét nita 1a
dong co diéu khién khdp thit / s& duoc géan trén khau thit -/

Vi so do trong hinh 3.3, dong nang cla motor duge tinh nhg cong
thuic sau:

1 . )
7:”:‘ :_mllllpf‘:”pﬂﬂ +la)l I a) (3' 7)

2 2 meeomi nt
trong d6 cdc thong 6 cua rotor: m,, 1a khoi luong, p,, 1a van toc dai, 7,
Ja tensor quan tinh cla rotor doi véi khoi tdm cua nd. ,, 1a van t6c géc.

Ta nhan duoc cong thirc tuong tu nhu (3.6):

T :—{HI qva’('nu'ﬂJ"()rm}q+§q.’J((;mﬂ R ['.-‘ R{' J;}mr/q ) (3 8)

mm 2 mi i mi

Cong dong nang cla tat ¢a cac khau tuong (mg véi cic biéu thitc (3.6)
va (3.8) dugc cong thuc tinh dong nang cua toan hé thong:

1 H " o 1 - -
r :‘2‘22”,,((!)(141, =§q’ Blg)q - (3.9)

i=l =1

* Tren thuc t&, cdc motor duge gin gan than d€ gidm nhe cdc bo phan chuyén
dong. Khi dé "motor” dugc hiéu 12 khau truyén dan cudi cung. Cung cé khi
motor dugc gan truc tiép lén truc quay.
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3.1.3. Tinh th¢ nang
Viéc tinh thé nang clia hé thong ciing xuat phdt tir tinh thé nang cua
timg khau va cua tirng motor:

= Z(L}H + Uuu ) (3 ]())

Gia thiét cdc khau ran tuyét doi va luc duy nhat gay nén thé nang la

trong luc, khi d6 thé nang cia cdc khau duge tinh boi cong thic
U, =~ g\p.pdV =-m,glp,

trong do, g, la vector gia tdc trong trudng trong hé co so. nghia la:

g, = [0, 0. g] néu truc Z dugc dat theo phuong thang dimg.

The nang cua motor:

Uy = =M, 85D,

Thay 2 thanh phan trén vao (3.10), dugc coéng thitc cudi cling cia thé

nang:
= —Z! (1,8 1y + 1,851, (3. 11)

Chd ¥ rang thé nang tinh thong qua p, va p,, chi phu thudc vao bién
khép ¢ ma khong phu thude cdc van téc khdp ¢ .

3.1.4. Phan tich y nghia co hoc cia mo hinh Lagrange

Thay (3.9) va (3.11) vao (3.1), ta tinh duge Lagrange cua hé thong:

Lig.q)=T(q.4)-Uflq)

= uzzb:;(q)q q/ + Z(mhg!)!)n(q) + r”uucg\f)pml(q)) (‘3 ]2)

‘-rl,'l

Dé xay dung mo hinh dong luc dang (3.2), ta phai tinh cdc dao ham:

d oL d oT. ¢ . db.(q)
i At WL el b + i .
= ,) dr(a )= ;I,,(q)q_, Z. 4
L2 0b (q)
—Zb,,(q)q +ZZ G4,
1= k=i

o 1Y ic?b,k(q
56] 2 T o

i

4.9,
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U Z N ap,,,,)
aq = [IE=2¥] twg() aq

t f i

:_z(m!;gfi I!](q)+mf;1;g(i ]}’f"”(q))—gf q)

Thay vao (3.2). nhan duge phuong trinh chuyén doéng;

Zh,,(q)q +Zzh,,k(q)qkq,+g(q) £ i=luwn  (3.13)

J=1 k=]

ob, 10b,

i

trong dé:  h, = gq———— G
k ~ '

Tir (3.13) ¢6 the rit ra cac nhan xét sau:

- Hé s6 b, bieu thi momen quén tinh tai truc cia khdp thit , dai dién
cho anh huong cua gia toc ctia khdp j dén khdp /.

- Thanh phén #;; biéu thi thanh phén ly tam d6i véi truc i cha van t6c
khop j. Viob,/ey, = O nén hy, = 0.

- Thanh phan h,, ¢4, biéu thi hiéu img Coriolis cla khép j va k déi
v&i khép i.

- Thanh phan g, biéu thi momen d6i vdi khdp / do gia téc trong trudng.

Pé cho day db hon, trong phuong trinh chuyén dong (3.13) can phai
¢d mar momen ma sdt va luce tuong tic clia phan cong tac dén doi tuong.

3.2. PHUONG PHAP NEWTON-EULER

3.2.1. M6 hinh dong Iuc hoc

Vai phuong phdp Lagrange. mo hinh dong luc hoc cua tay mdy xuat
phdt tr 1ong nang luong (Lagrange) cha hé thong. Phuong phdp Newron-
Enler xay dung moé hinh dua vao su can bang ctia hé lyc tic dung lén hé
thong. N6 hinh thanh hé phuong trinh, c6 thé giai bing thuat todn dé quy
(recursive).

Hinh 3.4 1a so do tinh dong tuc hoc theo phuong phdp Newton -Euler.

5?



Wt \i
Frue khop i { Truc khdp isd

Hinh 3.4 S0 dé dong hoc dan dén cong thite Newton-Euler

Gia sur khau thit / cta tay may cé kém motor dan déng khép thir 7 + /
vdi cac thong s két cau sau:

m- khoi lugng cua khau thit 7,

I- tensor qudn tinh cua khau thir /7,

I~ momen quin tinh cua rotor,

r..; - vector tir géc cla i-/ dén trong tam C,

r; .~ vector tir g6c cia i dén trong tam C,,

r,, - vector tir goc i-/ dén goc 1.

Céc van t6¢ va gia tdc duge dua vao tinh todn, gém ¢6é:

P - van toc dai cua trong tam C,,

P - van toc dai ciia goc toa doé ¢,

@~ van téc goc cua khau 7,

,,- van toc gbc cha rotor truc i,

P .- gia t6c dai cua trong tam C,,

P~ gia toc dai cua goc toa do 4,

W .~ gha toc goc cua trong tam C,,

@ ~ gia toc goc clia khau /7,

@, gia toc goéc cua rotor,

£,- gia tdc¢ trong trudng.



Cdc loai luc va momen tdc dung, gom:

1~ luc cua khau ¢ tac dung {én khau i/,

-f..,- luc cua khau i+ / tic dung lén khau 1,

- momen cua khau / tac dung lén khau {-/, tinh theo truc i-7,

-44;,,- momen cua khau /+/ tac dung 1én khau /, tinh theo truc /.

Chuyén dong tinh tién cta trong tam duge mo ta bang cong thiic Newron:

;= ., +mg, =mp, (3. 14)

Cong thic Fuler duge diing cho chuyén dong quay cla khau, trong dé
cac mornen duge tinh déi voi toa dé trong tam va trong luc m g, khong
gay nén mormen, vi no duoc dit ngay tai trong fam:

. d _
/u: +.ff er 1.C _;It+| “.f:ol x rt‘f'f = Z(].‘a)f +k.".HIqu]mHIZmHT) (3[5)

Pao ham cta thanh phan tha nhat & vé phai:
;iu,a),)ﬂ,q +a, (1), (3.16)
!
Pao ham coa thanh phan tha hai:

d . .
_-—((J.rullmulznnﬂ ) = thlnrwlzmwl +q 1 W Xz (3 17)

d’ (R3O TES et
Thay (3.16) va (3.17) vao (3.15), nhan dugc céng thac Euler:
/J‘, + f.' x r]—l_('l - #t+| - .f;-rl X rt,('! = Ija)f + a), x (II(U!)

mivl

+ kl‘,i+|£jl+][ + kr‘nlcjwljm.'-rla)r x Zl?H+] (3 ]8)

.'m+]zrm+|
Lite 1ong gudt ¢6 thé tim duge bang cdch chiéu luc f (d6i vadi khép
trugt) hoac momen g (doi véi khdp quay) 1én truc khdp, cong thém

momen quan tinh cua rotor:

LI TR Rl 11T

. .‘ (3. 19)
'z vk I ol z vor khap quay

. {f;r:,_, +k I &z var khap truot

3.2.2. Tinh gia toc cua khau

Cac cong thiae Newton (3.14) va Euler (3.18) déu chita thanh phén gia
toc dai va gia téc goc cua cac khau va cac khap.

Tuong ty nhu tinh van toc trong chuong 2, ta tinh riéng cho trudng hop
khép truot va khép quay.
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Tinh gia téc dai
- boi vai khap trugt, ky hi¢u p, ,, p; lan lugt la vector vi tri cua khép -/
va khdp i/, r,,, 12 khoang cach giira 2 truc cla ching, ¢, la khoing dich
chuyén theo khép i, ta cé:
]‘)l = (pﬁ.' + dlzh! + a)l X rr—.’,.' }
Dao ham van téc p, theo thoi gian, duoc:
pf = [Ijl'-f + d Z + dla)kf x Z,,, +d)l x rr--.'.:' +a)l X dfzi—n‘ + (U, = (a);—f X rf—.'..' )

1=t
Thay 7, , = dz_, +o,_, % r,_,, vao phuong trinh trén, duoc:
jjt = Jbﬁ—f + szrr.’ + Zallla)’ X z:—f + (i)r X rf—f‘l + (l)' X((U' x rr—l.ﬂ) (320)
- Dé1 vai khép quay:
pa = pl—! +CU, x r!-.f‘l
Pao ham van téc p ; theo thoi gian, duoc:
lijf :[-jf_l,+a}fX)"_/'!*FCI)JX(CO;XF‘,_!_‘) (3 21)
Téng hop lai, ta ¢ cong thic tinh gia t6¢ géc clia khau thit { nhu sau:
1-6" — )?f—l + Cfle—] + 2dfa)l x Zl—l +a)r x rf—l,] + a); x (a)f X r,'-]_,) (1)(322)
prml +CO’ xrl—|,f +wt X(a).' er—l,;) (2)
truong hop (1) dung cho khdp truot, trudng hop (2) cho khép quay.
Tinh gia toc goc
- D61 véi khop trugt, vi w, = @, nén:
@, =0, (3.23)
- P& véi khép quay, vi o, = ©,,+9 z,, nén:
o =, +9z_ +80,_ xz_ (3.24)

Téng hop lai, ta ¢6 cong thic tinh gia téc gdéc ctia khau thi / nhur sau:

w,_, vai khop tricot
o, =17 . T (3.25
., +%z +%w_,xz _, voi khap quay
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, ChUUanl
CO SO DIEU KHIEN ROBOT

Bong hoc va dong luc hoc tay may phuc vu viéc phan tich két cau cua
tay may. dong thoi cling dit nén méng cho thiét k&€ tay mdy. Mat khic,
moi quan he gitta cac bien khdp vdi thé cua phan cong tic trong vung
hoat dong cua no, gitta cac théng s6 dong hoc (thé, van t6¢, gia toc) cla
cdc khau, khédp véi cdc thong sd dong luc hoc cha ching (momen tai céc
khdp, dong niang va thé nang cla cac khau,...) ciing rat can thiét cho viéc
thiét k& bo phan phat dong. Vé co ban, cdc ndi dung trén méi dé cap tdi

phan ray mdy.

N6t mot cach don gian, RBCN [a mot tay may duge diéu khién tu
dong theo chuong trinh. N6 gom déi tuong diéu khién (phan tay may) va
hé théng diéu khién. Nhiém vu cta hé thong diéu khién 1a diéu khién tay
mdy thuc hién cdc nhiém vu dat ra, nghia l1a phan cong tac phai chuyén
dong theo quy dao dinh trudc va thuc hién cdac chiic nang cong tac.
Nghién citu vé diéu khién robot dong cham tdi cac van dé sau:

- Quan hé gita quy dao hoat dong ciia phan cong tac vdi cic thong s6
dong hoc, dong luc hoc cua tay mdy.

- Luat, phuong phép diéu khién v cdu triic cta hé diéu khién.

- Céc co cdu cta hé théng diéu khién nhu: co cau phat dong, cam bién,
bo diéu khién,... cing cdc co cau chuyén déi va truyén tin hiéu giita
chung.

- Lap trinh cho robot.

Céc van dé trén lién quan dén nhiéu nganh k¥ thuat khac nhau: co khi,
truyén dong dién, diéu khién tu dong, dién wr, cong nghé thong tin,... ma
ranh gidi gita ching ngay cang khé phan dinh. Trong chuong nay, chung
ta s€ giai quyét nhimg van dé thién vé co khi trong diéu khién robot.

4.1. THIET KE QUY DAO

Quy dao chuyén dong ctia phan cong tac'” 12 van dé chung trong diéu
khién robot, vi dé hoan thanh nhiém vu cu thé c¢la minh thi trudc hét phan

' Dé don gian, khi noi dén qu¥ dao, xin dugc bd cum tir "phén cong tac".
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cong tdc phai di chuyén theo ding qu§ dao xdc dinh. Néi cach khdc, quy
dao la yéu 16 co ban dé mo ta hoat dong cla robot. Viéc thiét ké quy dao
cung cap dit lieu diu vao cho hé diéu khién nén ciing 1a co s& truc 1iép
cho viéc diéu khién.

Trong tai liéu nay, xin tam phan biét 2 thuidt ngit sau:

- Pucmyg dich chuyén (Path), 1a quy tich cua cdc diém trong khong
gian. Vi vay, n6 chita dung cdc yé€u 16 hinh hoc thuan tuy.

- Quf dao chuyén dong, goi tat 1a quy dao (Trajectory) bao ham ca
yéu 68 hinh hoc clia duwdng dich chuyén 1an yéu 16 thai gian, nhu van téc,
gia toc.

Vi vay bai todn thiét k&' quy dao lién két cdc van dé dong hoc va dong
luc hoc. Céc yéu t6 ddu vde clha bai todn thiét k€ quy dao gém duomg
dich chuvén va cdc diéu kién rang budc vé dong hoc va dong luc hoc.
Pdu ra cha bii toan 14 quy dao cha phan cong tic. Néi chung, mo ta
chinh xdc dudng dich chuyén la rat khé khan. Ngudi ta giam bot cdc
tham s6 mo ta bang cach quy dinh céc diém bién cia vung hoat dong,
thém cdc diém trung gian ma dudng phai di qua, xap xi (ndi suy) bing
cac duong don gian. Tuong tuy nhu vay, yéu t& thdi gian cua quy dao
khong thé xédc dinh duge cho timg diém, ma thudng quy dinh cho ca doan
dudng. Ching ciing thudng dugc quy dinh bang céac gia tri gidi han nhu
van toc hay gia toc cho phép, hoac gan cdc gia tri mac dinh.

Bai toan thiét k& quy dao dugc dat ra ca trong khdng gian khép lan ving
hoat dong. Cde dicu kién rang budc clia quy dao, nhat 1a cla dudmg dich
chuyén, thuomg dugc mé ta trong ving hoat dong. Nguoc lai, luc chuyén
déng ctia hé thong xuat phat tir cdc khdp nén viéc xdc dinh quy luat theo
thoi gian cua cde bién khdp duge thuc hién trong khong gian khép.

4.1.1. Quy dao trong khong gian khop

Chuyén dong cla tay mdy thudong dugc mo ta trong ving lam viéc
bing cdc diém nit (gém diém ddu, diém cudi cha quy dao, c6 thé thém
mot s6 diém trung gian) va thoi gian chuyén dong. Vi vay, dé thiét k€ quy
dao trong khong gian khdp phai gidi bai todn dong hoc nguge dé xac dinh
gid tri cdc bién khdp tai cdc diém nit. Sau d6, thiét lap cac ham noi suy
g(1) d€ mo ta quy dao vira nhan dugc.
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Thuat todn thiét k& quy dao trong khéng gian khdp phai dat cdc diéu
kién sau:

- Khéng doi héi tinh todn qua nhiéu;

- Vi tri, van t6c va ¢6 thé ca gia toc clia cac khép phai duoc biéu dién
bang cdc ham lién tuc;

- Giam thiéu cac hiéu ung bat lgi, vi du qu¥ dao khong tron tru.

Dang don gian cta quy dao 1a chuyén dong diém-diém (Point-to-point
Motion). Néu thém cdc diém trung gian thi két qua nay cé thé dugc khdi
quét lén thanh chuyén dong theo duong (Path Motion). Khong lam giam
tinh téng quat, chiing ta xét bai todn véi maot bién khép ¢(1).

4.1.1.1. Chuyén dong diém-diém

Chuyén dong diém - diém tng dung cho moét s6 loai robot, nhur robot
han diém, tin dinh, x&p d& vat liéu,... Trong dang chuyén dong nay,
ngudi ta chi quan tam dén cdc toa dé diém diu, diém cuéi ctta duong dich
chuyén vi thoi gian chuyén dong gilfa chiing chir khong quan tam dén
dang hinh hoc cua dudng dich chuyén. Nhiém vu duge dat ra 12 xde dink
qu¥ dao chuyén dong thoa min cdc yéu ciu chung va cé thé thém ca viéc
cal thién mot so' théng sd ciia quy dao.,

Gia slr [ la momen quén tinh clia mot vat rin quanh truc quay cua né.
Cin xdc dinh quy luat thay déi cha goc g giita gia tri ddu ¢, va gia tri cudi
¢, trong khoang thot gian /. Luc phdt dong la momen 7 tir mot motor. Bai
todn rd rang 1a ¢6 nhiéu 11 gidi. Ta thém tiéu chudn t6i wu, vi du nang
lrong tiéu thy trén motor 1a nhd nhat. Tir d6, cé mot tap hgp gid tri ¢ = w
[a 1o gidi cla phuong trinh vi phan:

lo=r1
thoa man diéu kién:

jw([)dr =q, 4,
[

sa0 cho:

f

J'r"(l)drﬂmin (4.1)
f!

Loi giai téng quit s& ¢6 dang da thac bac hai:
ft) = at’ + bt + ¢



Vi vay, quy dao chuyén déng sé c6 dang da thiic bac ba:

gty =a,t +af +at+ a, (4.2)
vén toc thay déi theo quy luat bac hai:

G(1h=3a,r + 2at + a,
va gia t6¢ thay déi theo quy luat bac nhat

Ggiry=6a,t + 2a,

Pé xac dinh 4 h¢ s6, can cho trudc 4 diéu kién. Ching thuang la vi tri
dau va vi tri cuodl ¢,. ¢,, van toc dau va van toc cudi ¢,, ¢, Thudng chon
g, = ¢,= 0. Cudi cung, cdc hé s0 trong phuong trinh quy dao chuyén
dong (4.2) duoc xac dinh tir hé phuong trinh:

ay = 4,

a,=q,

afdi +ai’ +afd +a,=q,
Jad] + 2art, + a; = §;

Trén hinh 4.1 12 d6 thi quan hé gilta vi tri, van téc va gia téc véi thoi
gian chuyén dong (s) cho trudng hop: diém (géc xuat phdt) ¢, =0, diém
dich g, = 7, thoi gian chuyén dong 1, = /, van tdc tai diém xuat phat va tai
diém cudi ¢, = ¢, = 0.

Giai hé trén vdi cdc gia tri ban dau da cho, duoc:

a,=a; =0
a,=3r a,=2nx
Van toc ¢ quy tuat bac 2 vadi gid tri cuc dai:
Qe = 32 khit = 1/2
Con gia toc bién thién theo quy fuat bac nhat vai gia tri cuc dai:
o =07tait=0vat =1

Nhuge diém clia quy luat nay la gia toc tai diém ddu va diém cudi [6n,
sinh luc va dap do quan tinh.

Mot dang quy dao thudng dung trong céng nghiép la dang da thitc hén
hop (Blended Polynominal}. D1 véi quy dao dang nay, thuong chon quy
luat van toc hinh thang (hinh 4. 2).
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Hinh 4. 1: Do thivi i, van téc, gia  Hinh 4. 2: Quy dao vai quy Iudr
10c vor quy ludt da thire bec 3 van téc hinh thang

Quy dao ¢6 3 doan: khdi dong (ting 16c) véi gia toc khong déi; chuyén
dong tiép véi van tdc khong déi; dén dich (giam téc) véi gia 16¢ khong doi.
Qu¥ dao nhan dugc gém 2 doan parabol, néi nhau bang mot doan thang.

Gia thi€l ¢, = ¢, = 0 va thoi gian tang t6c va thdi gian gidm toc bang
nhau (§ co gia tri bang nhau & doan didu va doan cudi). Cic diéu kién
trén ddn dén quy dao doi xing véi diém gilta ¢,, = (¢, - ¢./2 tai 1, = t/2.

Dé dam bao quy dao la ham lién tuc, van téc tai cdc di€ém tié€p gidp
doan parabol va doan thing khong duoc nhay bac, nghia la:

Gt = %‘i - :’ (4.3)
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trong dé, ¢. 1a gid tri ma bién khdp ¢ dat tdi tai thoi diém két thdc doan
parabol 1, véi gia téc §,. Vi g (0) = 0, nén

I
q. =g, +5qcff (4. 4)

~ Két hgp (4.3) vdi (4.4), nhan duge phuong trinh:
Gtl =G +q, —q =0 (4.5)

Neu cho trudc § , 1, q,, 4, giai (4.5) trong khoang ¢, <'t/2, nhan dugc:

t G ~4(qg, —q)
3 =—’_i\/ 4 29, 74, (4.6)
2 2 q.
Dé (4.6) ¢6 nghia, phéi dam bao diéu kién:
"iq -4,
A __l_’r_’ (4.7)
Iy

Néu biéu thitc trén nhan dau bang thi khong cé doan ndm ngang cua
van téc, va do thi van tdc ¢6 dang tam gidc.

Nhu vay, véi cdc gid tri cho trudc cla ¢, g, va t, tir (4.7) tinh dugc gia
toc ¢, sau do tinh ¢, nhd (4.6). Cudi cung, quy dao duge xdc dinh tir 3

doan:
q, +iéjl_r2 O<t<t,
qlt)=1q, +£i1(,(t—[g /2) toSe<t, —t . (4.8)
q,—éc’jL.(ff—t)2 t, —1.<tst,

Chu ¥ rang. ap dung quy luat van téc hinh thang khong diam béo diéu
kién t6i wu vé nang luong (4.1) nhu dat duge véi quy dao bic 3. N6 tang
khoang 12,5% so v&i gid tri toi wu.

4.1.1.2. Chuyén dong theo duong

Trong nhié¢u hoat dong, vi du han hé quang, son, x€p d& vat liéu trong
khéng gian ¢é nhiéu vat chuéng ngai,... robot cin dugc diéu khién theo
dudmg. Khi dé, s6 diém cdn xac dinh trén mdi doan dudng 1dn hon 2. D6
khong chi la nhimg diém ma phén cong tac phai di qua, ma tai d6 ¢6 thé
phai khéng ché ca van téc va gia tdc chuyén dong dé ddp uing yéu cdu
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cong nghé. Cac diém nhu vay dugc goi 12 céc didm chot (path point). S6
diém nay nhié¢u hay it 12 tuy theo yéu cau cong nghé.

Bai todn dat ra 1a xdc dinh qu¥ dao qua N diém chot. Nhu vay, méi
bién khdp phai thoa man N diéu kién rang buoc. Dé thuc hién diéu dé, c6
thé nghi dén quy dao dang da thitc bac N-/. Tuy nhién, giai phdp nay c6
cac nhuge diém:

- Khong thé khong ché dugc van toc tai diem dau va diém cudi,

- Bac cua da thuc cang cao thi kha nang dao dong cang Ién, anh hudng
xdu dén trang thai cong tic cua robot,

- Do chinh xdc tinh todn cdc hé s6 cua da thitc giam khi bac cla da
thirc tang,

- He phuong trinh rang budc phiic tap v kho giai,

- C4c hé s6 cla da thiic phu thuoc tat ca cic diém. Vi vay, khi cin sap
x&p lai mot diém thi cling phai tinh todn lai hoan toan.

Cé thé khac phuc cac nhuge diém trén bing cich thay the quy dao
da thic bang mot quy dao "lai”, trong d6 mot s6 doan da thitc bac cao
duoc thay thé bang cdc doan da thic béc thap hon, Céc da thifc thay the
nay dugc goi la da thite nor suy.

Pé dam bdo tinh lién tuc cta van 1oc tai cdc diém chot, bac cua da
thic noi suy khong thé nho hon 3. Xét quy luat bién thién theo thai gian
cua mét bién khdp ¢(1). Budng cong bién thién cta ndé gom N-7 doan da
thirc noi suy bac ba fi(r), véi k = [,..., N-/. Ham ¢(1) nhan gia tri ¢, tai
thosi di€m 1 = 1, (k = {,....N). Tai diém ddu (1, = 0}, gid i ¢, = q,. Tai
dieém cudi (1y = 1,), gid tri g, = ¢, Cic gid tri ¢, chinh la dai di¢n cho céc
diém chét ctia quy dao (hinh 4.3).

Quy dao dugc thiét k€ can phai thoa man cdc di¢u kién rang budc nhit
dinh. C6 thé xem xét 3 truong hop sau:

- Gia tri van t6¢ ¢(f }tai cac diém chét x4c dinh,

- Gid tri ¢(r jtat cac diém chét duge tinh theo cdc chi tiéu nhat dinh,

- Dam bao tinh lién tuc cla gia té¢ §(t)tai cdc diém chot.

Sau day sé trinh bay chi tiét hon vé méi trudng hop.
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Hinh 4. 3: Quy dao véi cdc diém chot va cde da thire noi suy

o Pa thiic noi suy véi gid tri cho trudc cia véan toc tai cdc diem chot

Cé 2 diéu kién phai dugc dam bao:

- Céc da thirc noi suy phai di qua cédc diém chot;

- Van téc tai cac diém chot phai bang gia tri dinh trudc.

Néu trén quy dao c6 N diém chét thi s6 da thic bac ba, noi suy 74(1)
noi lan luot cac diém g, va q,,, 1a N-1. Mdi da thic phai thoa min cac
diéu kién sau:

1.t )=gq,
Hic(tk+l):qk+l (4, 9)
1.t ) =4,

fjrk (IIMI) = qkﬂ'
Mbi da thic néi suy (bac 3) ¢é 4 hé s6. Chiing duge xdc dinh bang
cach giai cdic hé phuong trinh dang (4. 9). Can giai N-/ hé phuong
trinh dé tim N-/ bo hé s6.

Thudng gid tri van toc tai diém ddu va tai diém cudi dugc 1ay bang 0
(q,=q¢, =0). Tinh lién tuc cda van toc tai cic diém chét duge dam

bao bai diéu kién:
It )=1T, (t,,) véik=1,.N-2
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Hinh 4.4a 1a biéu dé vi tri, van toc va gia (8¢ vai cdc s6 liéu sau: q, = 0, g,
=2n,q,=n2.q,=m,t,=0,,=2,,=3,t,=5,¢q,=0,¢g.=7. ¢4, =1,
g, =0 . Tathdy, chi ¢6 van toc 1a lién tuc, con gia toc khong lién tuc.

vi tri

vi tri vitn
]
] s )
[
4 ‘ 4 '
- ¥ T i L4
£ =3 = ] .
2 2 R -
.
k" 0w " x
) 2 4 & 0 2 4 & 1) 1 2 3 4 3
(s] fa] {2}
van téc van téc van toc
3
= -
=
-] Q
b =
s e
]
4] 2 4 ]
[s]
gla t8c oin toc gla 16c
wn
G 20
= =
< < mn
Ll [}] %
H g0
= e
-0
-0
=10
40
1] 2 4 & [*] i [ & 1] 1 2 ]l 4 5
(3] [3] [s)
(a) (b) (c)

Hinh 4. 4: Quy dao vdi da thirc duwoe xde dinh bdng 3 diéu kién khdc

nhau

o Da thirc néi suy voi gid tri vdn téc tinh todn tai cdc diém chot

Trong trudng hop nay, gid tri van téc tai cac diém chét duoc tinh tir
cdc diéu kién nhat dinh. Bing cdch néi cdc diém chot bang céc doan
thing, van t6¢ tai cdc diém chét duge tinh theo quy tic sau:

g, =0

0 khi sgn(v, ) #sgn(v,,,)
7= é(vk +v,,,) khisgn(v, )=sgn(v,, ) (4. 10)
gy =0
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trong 4o, v, =(q, - ¢,,)/(1, - 1, ,) bieu dién dé d&c cua doan thing trong
khoang thoi gian /i, - 7,.,/.

Hinh 4. 4b minh hoa truéng hgp néi trén véi cic s6 Licu sau: ¢, = 0,
¢=2m g, =m g, =mt,=0,6,=2.1,=3,1,=5.¢4,=0,q,=0.Ta
thay, van toc tién tdi gid tri 0 tai cdc dieém chot.

e Da thirc néi suy voi gia téc lién tuc tai cdc diém chot

Ca 2 truong hop trén déu khong dam bao duge tinh lién tue cta gia toéce
tai cac diém chot. Mudn dam bao tinh lién tuc clla ¢d dudng chuyén dong
lan van toc va gia toc thi da thic noi suy gita 2 dieém chot lién nhau phai
thoa man cdc diéu kién rang budc sau:

I, (1 J)=gq,

(4 )=1M(1)
IT, (1, )=111(t,)
HA»-I(Ik )= ﬁA(IA )

(4.11)

Muoén giai hé phuong trinh nay phai ding thuat gidi dic biét ma khuon
khé c¢6 han cha tai liéu nay khong cho phép trinh bay. Doc gia ¢6 the
tham khao trong tai liéu [5]. K&t qua, nhan duge quy dao tron véi dudng
chuyén dong. van toc va gia toc lién tuc.

Hinh 4. 4¢c minh hoa quy dao tinh bang phuong phdp néi trén vdi cic
sO liéusaw: ¢, =0, ¢q,=2m, ¢, =72, ¢, =x t,=0,1,=2,1,=3,1,=35,
g, =0, ¢, =0. Hai cip diém &o khac nhau duge chon dé so sanh la 1, =
051, =456 thinétlién) vas, = 1.5:1, = 3.5 (nét dint). Ta thay, dé thi
van toc 1a dudng bac 2, con gia tdc 1a dudng bac 1. Mat khac, cap diém
4o tht hai (tuong g véi nét dirt) dan dén gia t6c 16n hon vi cac diém
trung gian gan nhau hon.

o Noi suy duong bdc nhdt bang cdc doan parabol

Mot trong nhiing dang don gian nhat cia quy dao tay mdy géom cdc
doan thang, néi véi nhau bing cdc doan parabol tai cdc diém chot.

Gia st trén quy dao c6 N diém chét, Gng véi thai diém 1, tai do
bién khép dat gia tri ¢, voi &k = 71,...,N. Quy dao nguyén thuy gom cdc
doan thang néi véi nhau tai cdc diém chot. D¢ dam bdo tinh lién tuc cla
van toc, tai cidc diém chot (gay khic), dudng chuyén dong duge néi
bang cic doan parabol (hinh 4. 5a).
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q A vj tri
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van téc
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(a)
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Hinh 4. 5: Néi suy quy dao bdc nhdt «0
bdng cdc doan parabol -
=
< \ b !
30 7
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~20
—40
o 1 2 3 4 5
[+}
(b)

Ky hiéu At = t,,, - t, 1a khoang thoi gian gilta q, va q,,,; At la
khoang thdi gian tuong g véi doan thang gilta hai diém q, va q,,,,
4, +,,1a van to¢c khong ddi tuong img vdi khodng thai gian At,,..; ¢,la
gia toc tuong (mg v4i doan ndi parabol va khoang thai gian At . Gia su
gid tri cua cdc dai lugng q,, At, , 4f; duge cho trude. Van t6¢ va gia toe
tai cic diém chét duoc tinh nhu sau:
9e — iy

G, =
k-1k Arkil

:qk,.‘r-%-,‘_Q,(-_—_;"__I‘.; (4 ]’)}
M,

i
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Muén cho céc diém dadu va diém cudi cua quy dao dat gid tri mong
mudn, nghia la ¢, = ¢, va ¢y = ¢, thi phdi kéo dai thém thdi gian:
ty =1, +{At) + A’ )/ 2, déng thoi van tc tai cdc diem dau va diém cuéi
4u; =4y ne; =0. Chi ¥ rang quy dao nhan duge khong di qua cdc diem
chét ma chi di gan chung. Gia toc tai cdc cung cong (¢, ) cang nho thi
quy dao cang di sat cac diém chot hon. Hinh 4.5b minh hoa quy dao vaéi
=0 g, =2m 4, =12, q,=mt,=0,t,=2,1,=3,1,=5,¢,=0.,
g,=0. Hai gid ti cia A dugc dung la A, =0,2(nét lidn) va
A, =06 (nét dut). Ta cling thay trong trudng hop thit hai (gia téc 16n).
qu¥ dao di xa céc diém chét hon vi phai tra gid cho gia t6c 1on. |

4.1.2. Quy dao trong khong gian cong tiac

Quy dao trong khong gian khép mo ta dién tién theo thoi gian cla cdc
bién khép ¢(t), sao cho phdn cong tac di chuyén thang tir diém ban ddu
dén diém cuéi hoic di qua cdc diém trung gian. Thuc 1€, khi thiét ké quy
dao trong khong gian khép khé ¢6 thé dam bao chuyén dong chinh xdc
cta phan cong tdc, vi anh hudng phi tuyén khi chuyén déi ciac quan hé
dong hoc tur khong gian khop sang khong gian cong tic. Mudn cho
chuyén dong cla phan cong tac theo ding 16 trinh di dinh trong khong
gian cong tic, cdn thiét k€ quy dao truc tiép trong chinh khong gian nay.
Qu¥ dao c6 thé duoc xay dung bang cich noi suy dudng dich chuyén qua
cdc diém chét hodc xdc 1ap bang gidi tich ham chuyén dong.

Trong ca hai truong hgp, dién tién thoi gian cla cdc bién trong khong
gian cong tac duoc dung dé xdc dinh gi4 tri cia cdc bién khdp theo thdi
gian thuc, bang thuét todn nghich cha doéng hoc tay mdy. Vi cdc gid tri
nay 1a chuan diu vio cla hé diéu khién, nén ngudi ta thuong dung phép vi
noi suy diong thdng (linear microinterpolation). Bang cach dé cé thé
tang tdn s6 cap nhat chuin dau vao dé cai thién dac tinh déng luc hoc cha
hé thong.

Ky hiéu x 12 bién, ding dé miéu ta dudng dich chuyén clia phian cong
tdc trong khong gian cong tdc. Dién ti¢n thoi gian clia bién dé co thé
duoc chi dinh chinh xéc hon nhd N diém trung gian (diém chot), xé4c dinh
gid tri cua bién x tai cic thoi diém 1, véi & = [,...,N. Tuong tu nhu da
trinh bay & phan trén, quy dao cé thé dugce hinh thanh bing cdch noi suy
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ham vector giita cac diém chét. Ham d6 c¢6 thé dugc xdc dinh nho dp
dung mot trong nhitng phuong phap ndi suy da trinh bay ¢ muc 4.1.1.2.
4.1.2.1. Cdc nguyén t6 cia duong dich chuyén

Mot duding dich chuyén trong khong gian c6 thé duge mo ta dudi dang
tham s& bang tap hop ciac phan U t8i gian (cdc nguyén 16 - path
primitives). Gia st p 1a vector (3x1) va f{o) 12 mot ham vector lién tuc
trong khoing /o, ¢,/. Xét phuong trinh

p=fio) (4.13)

Khi o thay déi trong khoang /o, o,/ thi céc gid tri tuong (mg cua p
hinh thanh mot duong trong khong gian. Phuong trinh (4. 13) la biéu dién
theo tham s& cla dudng /7, trong dé dai lugng vo hudng o la tham so.
Khi o ting, diém p di chuyén trén dudong / theo mét huéng nhat dinh.
Dang cua [/~ va hudng tang cla né do ham f{ o) quyét dinh. Puong duge
goi la kin néu p( o) = p( ;). Néu p{o;) # p(o,) thi cé dudng ho.

Trén mot duting /" ¢6 hudng xdc dinh, cho mét di€ém p, c6 dinh 1am
goc. Ta dinh nghia toa do s cia mot diém bat ky trén 7712 d6 dai cung tir
p; dén p. Méi diém p trén [tuong tng v4i mot gid tri toa do s. Vi vay, s
¢6 thé duoc dung nhur 13 mot tham s6 dé biéu dién duomg dich chuyén I

p = fis) (+. 14)

X¢ét mot duong 7 duge biéu dién theo tham s6 s nhu (4.14). Tai mdi
diém p trén do ¢o thé xde dinh 3 vector don vi dic trung cho duding do.
Hudng cia cdc vector don vi phu thudc vao dic tinh cua dudng, con chiéu
cha chiing phu thudc vao chiéu bién thién cua (4.14). Cich xdc dinh cdc
vector nhu sau:

- Vector thir nhat, ky hiéu 1a 7, 1a vector tiép tuyén vdi [ tai p, hudng
theo chiéu tang cla s.

- Vector thit hai 1a vector phdp tuyén chinh, ky hiéu la #. N6 vuong
gbc V6i vector ¢ (ai p va nam trong mdt phdng mdt tiép véi I tai p (mat
phang O trén hinh 4. 6. D6 1a vi tri gidi han cia mat phang chia vector
tiép tuyén 7 va diém p’ e [T khi p’ tién doc theo [ dén p. Chicu cta
vector n duge xac dinh sao cho trong ving lan can coa p, dudmg /" nam

cung phia véi # so v6t mat phing chia 1 va n.
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Hinh4.6: Biéu
dién diromg dich

chuvén dudi dang

tham sé

T

- Vector thit ba, ky hiéu la b, hinh thanh véi f va n mét tam dién thuan,
nghia 1a chiéu cla (1, n, bj dugc xdc dinh theo quy tic ban tay phai.

Theo dinh nghia vé toa do s cla di€ém p trén dudng dich chuyén /7 ta
¢ cdc quan hé sau:

(=
ds
L dp (4. 15)
d’p ds
ds’
b=txn

Sau day la hai dang nguyén 16 dién hinh, thudng dung nhét khi xay
dung quy dao trong khong gian cong tic.

e Poan thdng trong khong gian cong tdc

Xét doan thing noi hai diém p; v p. N6 duge bicu dién dudi dang
tham 8 bai phuong trinh sau:

pis)=p 4 S
“p/ - P

(P, =P, (4. 16)

Chad ¥ rang p(0) = p, va p{”p, ~p, |)= p, . Vivay huéng cua /"di tir

p;idén p,.
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Vi phan (4.16) theo s dugc:

dp i

7:—( —_ ,)

@ o —nf 77

dp _
e (4. 17)

Trong truong hop nay khong thé xac dinh hé toa do (1, n, b) mot cich
don tri.

o Buong tron trong khong gian cong tdc

Gia st ¢6 dudng tron trong khong gian (hinh 4. 7), duge xac dinh boi:

- Vector don vi » nadm theo truc dudng tron,

- Vector vi tri d clia mot diém trén truc dudng tron,

- Vector vi tri p, cia mot diém nam trén dudng tron.

A

2 \
\
h
\
‘ .
H
d/ [é
. - W - T r
Hinh 4. 7 Biéit dien . . o
. \ .. i
duwong tron dicoi dang t ‘v
tham sé '
\ y
\ Ll
0 \

4

Ky hi¢u & = p, - d. Néu p, khong nim trén truc, nghia 12 dudng tron
khong suy bién thinh mot diém, thi phai ¢6 quan hé:

’6’ r‘ <|4]
Khi dé ¢6 the xdc dinh tam clia dudng tron thong qua vector sau:

c=d+(8ry (4. 18)
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Cin biéu dién duong tron dudi dang ham cia toa do s. BE cho ham nay
don gian, can chon mot hé toa 46 thich hgp O -x’y'x’, trong dé O’ tring
vdi tam duong tron; truc x” hudng theo chiéu vector p, - ¢; truc =" hudng
theo r, con v" duge xdc dinh tir x* va z’ bang quy tac ban tay phai. Toa do
diém p trong hé toa do nay duoc biéu dién qua vector

pcos(s! p)
p'(s)=| psin(si p) (4. 19)
0
trong dé6 p = Hp, - c” 1a ban kinh duong tron va diém p; 1a goc toa do.
Khi thay déi hé toa d¢ thi phuong trinh biéu dién dudng tron trd thanh
pis) = c + Rp'(s) | (4. 20)
trong d6é R la ma trdn quay cta hé toa do O-x'vz’ so véi hé O-xyz.
Trong chuong 2, ching ta d biéu dién ma tran nay dudi dang
R=[x"y ]

Vi phan (4.20) theo s ta nhan duoc cic vector van toc va gia t6¢ dudi

dang ham s& cia toa do s nhu sau:

—-sin{s/ p)
dp
—=R| cos(s!p)
ds
0
, ~cos(s! p)l p
d*p .
— = R| -sin{s/ p)/ p (4. 21)
ds” 0

4.1.2.2. Vi tri va huong trén gquy dao

Quy dao trong khong gian cong tic 12 t6 hop theo trinh ty nhét dinh
ctia cdc nguyén td da trinh bay ¢ trén. Thiét ke quy dao trong khong gian
cong tac cé nghia 1 xac dinh him x(1), biéu dién thé clia phan cong tdc v
theo thoi gian 1, trong do r bién thién trong khodng tir ¢, dén 7, The cta
mot vat trong khéng gian ¢6 2 yéu 16: vi tri va hudng. Khi vat chuyén
dong doc theo dudng dich chuyén, khéng chi vi tri ma ¢a hudng cla né
thay déi theo thoi gian. Vi vdy, "qu¥ dao" & day phai hicu theo nghia
rong, gdém ca thanh phan mo ta vi tri va thanh phian moé ta hudng. Trong
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chuong 2 ching ta di biéu dién thé cta phan cong tac qua vi tri va hudng

o

Bii toan duogc tich thanh 2 phan: biéu dién vi #i va lwng cha phan

ciia no nhu sau:

cong tac.

o Vitri cua phdn céng tdac

Cho p = f{s) 1a vector 3 x 1. biéu dién dudng dich chuyén 7 dudi dang
ham ca toa do 5. Géc loa dé ctia phéan céng tdc di chuyén tir diém p, dén
diém p, trong khoang thdi gian 1, D€ don gian, dat goc toa do tai diem p,.
hudng cua /-di tir p, dén p,. Toa do cua diém p bat ky rén 7 (chinh 1a do
dai cung s gilta goc p, dén p) la ham cua thoi gian ¢, nghia la: s = s(1). Vi
p = fis). ta c6 thé tinh van 16c di chuyén cua diém p trén dudng / bang
cach lay dao ham cuaa p theo r:

p=sP g
ds

trong do 1 1a vector tiép tuyén cua dudng cong tai p. Nhu vay. 5 biéu
dién do 16n cia vector van téc tai p. Gid tri cia p bién thién tir 0 (khi 7 =
1) bién thién thco quy luat parabol hodc hinh thang, tuy theo ching ta s
dung phép néi suy bic 3 hay bac nhat, va tré lai bang O khir =,

Néu dudng dich chuyén 7714 doan thang, duoc biéu dién bai (4.16) thi
van toc va gia toc cua diém p duge tinh nhu sau:

P (p —p=i
lpi -

p=——(p, —p, =5l (4. 22
| “p_, R4 “
Neéu duong cong /7 1a dudng tron, tir (4. 21) ta nhin duge van toc va
gia toc:
—§sin(s/ p)
p=R| scos(s! p)
0
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—§7 cos(si p) p—Ssin(s] p)
p=R|—$ sin(s! p)l p+icos(s!pl (+. 23)
f

Cha y rang vector van toc hudng doc theo vector 7, con gia toc ¢o
2 thanh phan: thanh phan fuemng tdm thco phuong n, thanh phan #iép
tivén theo phuong 1.

o Hudng cua phan cong tdc

Hudng cua phan cong tac, nhu di nghién citu trong chuong 2, duge mo
ta thong qua ma tran quay cia hé toa do gan trén né so vdi hé toa do co
s0. Trong bai todn quy dao chi phai quan 1am rang ma tran quay nay la
ham coa thdi gian. Ching ta ciing da biét, ma tran quay ¢é 3 cot, tuong
tng vé&i 3 vector don vi (1, 5, @) cha hé toa do hién thoi. Tuy nhién Gng
dung tryc ti€p ma tran quay dé mo ta huéng khong c6 loi, vi phai giai
quyét cdc lién két thira. C6 trudng hop, vi du khi noi suy duding thang, cic
vector dom vi i1, 5, @ khong thé dam bao tinh vuong gée cua chiing tai moi
thoi diém. D¢ khic phuc khé khin trén, ngudi ta dung phép mo (4 o1
thi€u clia hudng bing cic bo ba géc ¢ = (¢, 4, w) nhu gdc Euler ZYZ
hodc géc RPY.

Khi phan cong tdc chuyén dong doc theo dudng dich chuyén, hé toa
do ¢ thay doi tir gid tri ¢, dén ¢. Tuong tu nhu doi vdi vi tri, ¢6 thé
ding phép noi suy bac 3 hodc bac nhit d¢ mé té hudng clia quy dao. Khi
dé, nhu da chi ra trong mue 4.1.1.2, van t6¢ géc o (co quan hé bac nhat
vOi @) s€ I3 ham lién tuc doi vai thoi gian.

Vi vay, véi ¢ va ¢, cho trudce, ta cling xdc dinh duge hudng, vin t6c
goc va gia toc thay déi hudng cta phin cong tac nhu sau:

¢ = “% ”(¢, ¢ )
” (Y (4.24)
f
” . $ Py (Y
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Mot phuong phép nita dé xay dung quy dao vé hudng la van dung phép
quay quanh truc bat ky, da dugc trinh bay trong chuong 2. Néu cho trudc
2 hé toa do dé cdc co goc triing nhau thi ludn ludn ¢6 thé xac dinh vector
don vi r sao cho nhin duge hé thit hai bang cdch quay hé thd nhat mét
goc & quanh truc r.

Ky hiéu R, va R, 1a hai ma trdn quay clia hé & vi tri ban ddu O-x;y.z; va
O vi tri cudi Opxyz,. Ching ta dd ¢6 quan he R, = R,Rf. trong doé

i 1 _
R‘, =R'R, =|r,, r,, ry,

Fsi Ts

Néu ding ma tran R(t) dé mo ta phép quay tir R, dén R, thi phai c6

R(0) = Iva R{r) =R, Nhuviy c6 thé coi R, 12 phép quay quanh truc c6

dinh trong khong gian. Géc quay 9 va vector don vi 7 clia truc quay cd
thé tfnh theo cédc cong thifc sau:

g —('()S_"(r” Tty
7

2
; r;, rzj )
":ﬁ Fry =Ty voi sind, # 0 (4.25)
SR
/ For =702

Ma tran R{1) ¢6 theé duogc viét thanh R!(9(t)) va tinh nhd cong thiic
(2.16). Néu xéc dinh duge quy luat ), véi K0) = 0 va ‘9(If) = .9f va tinh
dugc cac thanh phan r,, r, r. cha vector don vi r cia truc ¢é dinh thi cé
thé xdc dinh ma tran quay' tai thoi diém 1 bat ky:

R(1)= R RI(9(1))

Ma trdn trén mo ta hudng cua phan cong tac so vdi hé co s& dudi dang
ham cua thai gian 1.

Sau khi dudmng dich chuyén duoc xdc dinh trong khéng gian cong tic
nh& cdc ham p(r) va @) hoac R(r) thi, bang thuat todn dong hoc ngugc,
c6 thé thiét lap quy dao tuong \ing trong khong gian kKhép ¢(7).

4.2. PIEU KHIEN CHUYEN DONG

Sau khi nhan dugce s6 liéu dau vao tuong tng véi quy dao cua phan
cong tac hay cta khdp, he théng diéu khién phai diéu khién robot chuyén
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dong theo ding qu¥ dao dat ra. Vin dé diéu khién robot néi chung rat
phiic tap, vi ngoai viéc dam bao thuc hién quy dao moét cach chinh xac,
con phai giai quyét van dé tuong tdc vai déi tuong cong tac. Tuy theo yéu
cau str dung robot, ¢é rit nhiéu k¥ thuat diéu khién khdc nhau duoe dng
dung, chang han:

- Diéu khién tr do va diéu khién c6 tuong tic véi doi tugng,

- Diéu khién trong khong gian khdép va diéu khién trong khong gian
larh viéc,

- Diéu khién phan tan va diéu khién tap trung,

- Diéu khién diém - diém va diéu khién theo dudng.

Ngoai ra, k¥ thuat diéu khién cdn phu thuoc két cau phdn co khi clia
robot, vi du slr dung hé toa d6 dé - cdc hay hé toa do khidc, sir dung dong
co chdp hianh kiéu nao, ¢6 dung truyén dong co khi phu hay khéng.
Truyén dong cd khi phu cho phép sir dung viing c6 loi nhat trén dic tuyén
cua dong co, mo rong duge ving tuyén tinh cla nd,... nhung lai chiu cac
tac dong phu, nhu bién dang, t1on hao nang lugng do ma sat, khe hd, céc
luc va momen phat sinh, nhu luc ly tam, dao dong, luc coriolis,...

Su lya chon giffa diéu khién trong khéong gian céng tic hay trong
khong gian khdp cling 13 van dé khé. Nhiém vu cla robot (tic 1a cua
phan cong tac) duge thiét 1ap trong khong gian cong tic, trong khi tdc
dong diéu khién lai dat vao cac khdp nén bién khdp la doi tuong diéu
khién truc tiép. Vi vay bai todn dong hoc nguge bao gios cling phai dugc
giai, nhung vi tri cta nd khic nhau gita truong hgp diéu khién trong
khong gian khdp va diéu khién trong khong gian cong tic. |

Khi diéu khién trong khéng gian khdp, bii todn déng hoc nguge duogc
gidi trudc dé chuyén cdc thong s6 tir khong gian cong tic sang khong
gian khdp (hinh 4. 8).

x

T, g,
4 d
DONG HOC o i
" * 1 & CHAP HANH TAY MAY F_T_‘:\)
_'___> NGUac DIEU KHIEN :> PHAY QNG

+

- q

BIEN BOI ¢

Hinh 4. 8: Sor do diéu khién trong khong gian khép
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Mach diéu khién nhan gia tri dat ciia cdc bién khop (co thé qua hé s6
chuyén déi nao dé) va diéu khién khdp theo sit dién tién thoi gian cia
bién khdp. Mach diéu khién kiéu ndy don gidn hon, nhung do chinh xic
bi han ché¢ do chinh doi tugng can gidm sat true Gép 1a phan cong tde lai
nim ngoai mach dié¢u Khicn.

He diéu khien trong khéng gian céng tde (hinh 4.9) nhan tryc tiép
thong s6 cua khong gian khdp lam s6 liéu dau vao, bai toan nguoc duge
gidl trong mach phan hoi, nén vé 1y thuyét thi ¢ vé chinh xdc hon. Tuy
nhi¢n, né ¢6 hai nhuge diém co ban. Tha nhdt, hé diéu khién phic tap
hon. Thit hai, h¢ thong do thudng gan 1én cdc khép. giam sdt truc iép céc
thong s& cua khop. Muon chuyén chiing sang khong gian cong tic thi
phai thuc hién cdc phép tinh dong hoc thuan va dé cling 1a ngudn phat

sinh sai s0.
.rd x
DIEU KHIEN :> PHAT DONG :> CHAP HANH i> TAY MAY ]:>
+

BEN DO K

Hink 4. 9: So dé hé diéu khién trong khong gian cong tdac

4.2.1. Piéu khién trong khong gian khop

Trong chuong 3 chdng ta dd xay dung duoc phuong trinh 16ng quat
bi¢u dién chuyén dong clia tay mdy trong khong gian khdp. Néu bo qua
luc tuong tac v&i méi trudmg (gia thiét tay mdy chuyén dong khong tai) va
luc ma st tinh (do khé mdé hinh hod) thi phuong trinh ¢d dang sau:

Biglg +Clg.qlg +F.g + glg) =1 (+.26)

Muon xay dung hé diéu khién chuyén dong cta tay mdy phai xdc dinh
n thanh phan cla lyc t6ng quat (néu 1a khdp trugt) hodc momen 16ng qudt
(néu 1a khép quay). sao cho quy dao thuc ¢ft) va quy dao mong mudn
¢,t) cang gan nhau cang t8t, nghia 1 ching ta mong mudn

(/(f) = q-:n'(f)
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Ky hi¢u ¢, 1a vector chuyén vi clia co cau phat dong, K, 13 ty s6 truyén
cua truyén dong co khi. Gia thiét bo qua bién dang va khe hd trong truyén
dong co khi, chiing ta ¢6 quan hé

4= Kq (4.27)

Tuong tu, ky hi¢u r, ld vector momen do co cdu phat dong sinh ra, ta

cing co
r,= K 't (4. 28)

Pé y rang ma tran qudn tinh B(g) c¢é thanh phan khong déi B biéu thi
quén tinh trung binh cia méi khdp va thanh phan phu thudc ciu hinh cua
khdp AB(q):

B(g)=B + AB(q) (4.29) —
Thay cdc biéu thitc (4. 27) dén (4. 29) vao (4. 26). ta dugc:

z, =K'BK'§, +F,4, +d (4. 30)
trong dé

F =K 'FK’ 4.31)

biéu thi ma tran cdc h¢ s6 ma sdt nhét quanh truc déng co va
d=K"'AB(q)K i, + K 'Clq.q)K "¢, + K 'g(q) (4.32)
biéu thi thanh phéin phu thudc cdu hinh cta cdc khdp.

Hinh 4.10 1a so d6 khoi minh hoa cho phuong trinh dong hoc diéu
khién tay mdy (4.30). N6 gom 2 bo phin: mot b phin nhan r, lam dai
luong viao, ¢, lam dai lugng ra. Gita ching ¢é quan hé ruvén tinh va don
(linear and decoupled), vi méi thanh phan cta z,, chi anh hudng dén mat
thanh phan cua g¢,,. Bo phan thi hai nhan dai lugng vao tag,, ¢, ¢, vad
lam dai lugng ra voi quan hé phi tuvén va kép (nonlinear and coupled).

Dua vao so dd trén ¢6 thé dé xudt mot s thuat toan diéu khién vai cic
mo hinh dong luc hoc khdc nhau.

Truong hop don gian nhat xay ra khi hé s¢ giam 16¢ I6n, véi su han
ch& vé van toc va gia téc. Khi dé, hé thoéng duoc xem la khdp diéu khién
don (single joint serveo), con dai luong d duge coi la nhiéu. Diéu d6 dan
dén két cau diéu khién phan tan, trong d6 cdc khdp duac coi 1a doc lap véi
nhau. Bo diéu khién phai dam bao kha ning chéng nhiéu cao va kha nang
"bam" quy dao 16t. Vé thuc chat, hé diéu khién nay 1am viéc theo sai 0 giita
gid tri ra va gid tri cin diéu khién.
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Hinh 4. 10: So do quan hé dong lc hoc ciia tay mdy

Truomg hop thit hai, khi doi hdi van téc cao, dung hé thong truyén
dong truc tiép (K, = I), thi cdc thanh phan phi tuyén d co anh huong
nhiéu, sai s6 quy dao s&€ 16n hon. Trong hé théng phai cé bé phan ba cho
cdc thanh phén phi tuyén bang cdch tao ra momen bii. D6 1a giai phép tich
cuc, vi né nhiam loai trir nguyén nhan sai s& chit khong phai han ché anh
hudng cla ching. Diéu d6 dan dén thuat todn diéu khién tap trung.

Nhu vay, tuy theo kiéu diéu khién ma bo phan phat dong cé vai tro
khéc nhau. Péi vdi hé diéu khién phan tdn, bo phdt déng (actiator) déng
vai 1rd mdy phdt duge diéu khién theo van téc (velocity-controlled
generator). Trong hé diéu khién tap trung, né dugc coi 12 may phat dugc
diéu khién theo momen (torque-controlled generaior).

Ca hai trudmg hop trén déu sir dung ky thuat diéu khién theo sai so giira
quy dao thuc va quy dao yéu ciu, khong phan biét dung lién hé ngiroc hay
fién hé thudn. DU vdi mo hinh dong luc hoc ndo di nifa thi cac hé thong
thyc cling phai duge don gian hod bing cich nao dé, vi du bd qua ma sét

tinh, khe hd, bién dang dan hdi, sai s6 ché tao,... trong hé thong.
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4.2.2. Piéu khién doc lap

Trudmg hop don gidn nhat trong diéu khién robot 1a méi khép duoc
diéu khién hoan toan doc lap vdi cac khop khac. va hé diéu khién chi cé
mot dai lugng vao va mot dai luong ra (single-input /single-output
system). Su anh hudng kép gilta cac khdp véi nhau trong qua trinh lam
viéc dugc xem la nhiéu. So d6 cha hé thong nay (hinh 4.11) twvong ing vdi
phan tuyén tinh va don cua hinh 4.10.

é;..

A4
[
W=

o [

Hinh 4. 11: So do diéu khién déc ldp clia méi khdp

Khéng lam mat tinh tong qudt, xét trudng hop thiét bi chdp hanh Ia
dong co dién mot chiéu. Nhu vay, 8 1a géc quay cia truc dong co, [ |a
momen qudn tinh trung binh clia phan chuyén dong quy d6i dén truc dong
co, R, 1a dién trd phan iing cGa dong co, &, va &, 1a hé s6 momen va hé s6
van toc cua dong co, G, 14 hé s6 dién dp ciia bo khuyéch dai cong suat.

Gia thiét hé s6 ma sat nhét trén truc cha dong co rit nhd (cé thé bod
qua) so véi hé s6 can dién nang, nghia la:

F, << ki

a

Ham truyén cha dong co ¢6 thé duge viét duéi dang:

k
M(s)=——m 4.33
(s) s(1+sT ) (4.33)

R, . e
trong do, &, = L vaT, = kc}c , tuong tng 1a hé s6 chuyén doi vin

v yoUf

t6c - dién ap va hing s6 thai gian cta dong co.
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4.2.2.1. Piéu khién co lién hé nguoc

Pé dam bio kha nang chong nhiéu. bo dicu khién phai thoa man cdc
diéu kién:

- He so khuyéch dai 16n dat phia trude diém tac dong cua nhiéu,

- C6 tac dong tich phan trong bo diéu khién dé han ché anh hudng cta
trong truong t6i dai lugng ra khi hé thong & trang thdi tinh (git cho €
khong déi).

Yeéu ciu trén gdi ra v tudng dung tic dong diéu khién PL {Proporiional
- Integral) trong mach chinh véi ham ruyén
I+ 5T,

5

C(s)=K, (4. 34)

N6 ¢6 thé cho sai s6 trong trang thdi xdc lap khi tdc dong ctia nhiéu
khong déi, tai s = -//T .. Dé cdi thién cédc dic tinh dong luc hoc, nén ding
cdc vong diéu khién ¢6 phan héi cuc bo dé khir tic dong ctia nhiéu.

Bén canh viée dong kin mach phan hoi vi tri, thuong diung ca mach
phan héi van t6c va gia toc. Dicu d6é din dén mach ¢6 so dé nhu trong
hinh 4. 12, trong dé C,{s), C,(s) vd C (s} tuong g biéu thi cic bo diéu
khién vi tri, van téc va gia (6¢; k. &, &, 12 cdc hang s6 cla cédc bo bién
ddi. Trong so dé nay, momen nhiéu D cling duge chuyén déi thanh dién
dp nho hé s6 chuyén déi R /k,.

Tl so dd co ban trén, ¢6 thé nay sinh mot sé phuong an diéu khién cé
phéan hoi riéng, nhu phan héi vi tri phan hoi vi tri va van toc, phan héi vi
tri, van toc va gia téc.

DR,

k, .
9, : WAL U L T T N I T
3 Crls) T Cyls) ¢ (s) Iy Ra 7 s 5

ky
L"'_‘I'_l
]ﬂ}
J_;ﬂr

Hinh 4. 12: So doé mach diéu khién khop doc lap
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o Biéu khién co phdn hoi vi tri
Trong trudng hop nay. tic dong diéu khien duge dac trung bdi cac
ham truyén:
. o+ aT, i N
Cois)=K, ——L: C (s)=C(s)=1; Kk, =k, =0
A
Tir s ¢6 khoi trong hinh 4.13, ta xdce dinh duge ham truyén cho mach
thuan (chua k& tac dong cua nhicu):
k, K, (1+sT,)

Pls)=— —
s I+ 57 )
va cho mach phan hoi: Hisi=k,,.
DR
DE,
£
@r - FE - k, / L@ & 7 &
—— V; P e e —— —»l - o - » - >
g r ~ + F I o 3
- - 2
&
O PO
g e

Hinh 4. 13: Mach diéu khién ¢ phan hoi vi i
Cudi cung, ham truyén ciia mach kin vao/ra bang

f
ots) _ K (4.35)
& (s} s+ sT,))
I+ ,
k, Kok, (14sT))
Tuong tu, ham truyén cta mach kin nhiéu/ra bang
SR,
Os) kK. k, (1+sT,.) 30,

Disj sT(1+sT,)
i+ 0
A’tuK."kH‘ (] + ‘847—‘1' )

6- KRB 81



Bing phuong phdp phan tich quy tich nghiém'”’ ¢é thé chi ra phuong
hudng thi¢t ké hé dig¢u khién ¢6 phan héi vi tri, nhu sau:

- Hé thong chi ¢6 thé on dinh khi hang s6 thoi gian cua bo diéu khién
(trong truong hop nay 1a khau tuyén tinh) I6n hon hing s6 thai gian cua
dong co,nghraia: 7', > T,

- B¢ giam thoi gian phan tng cua hé théng, cdn tang 7', Thudng ding
T, >>T,.

- B¢ chong nhiéu ¢6 hi¢u qua cdn tang hé s0 truyén K, Tich X, =
Kk, 0 duge goi la nhan to chong nhiéu (disturbance rejection factor).
ciing phu thudc vao K. Tuy nhién, néu ting K, quia mic ¢6 thé gayv nén
dao déng cua dai lugng ra.

o Diéu khién co phdn hoi vi tri va vdn téc

S do khdi clia hé théng dugc thé hién trong hinh 4.14. Tac dong diéu
khién duoc dac trung béi

I+ sT.
Cosi=K,: Cos)=K, 250 ¢ s)=1. &, ~0.
5

[Py
Ay

Col

Hinh +4. 14: So do diéu khién ¢6 phdn h6i vi i va vidn tée

Ham truyén ctia mach thuan vi ctia mach phan hoi:

k, K, K,(1+sT,. k,,
=" l) p(st, ); Hisy=k, (1 +5—"—-)
s (1+sT ) K.k,

m i

P(s)

' Root-locus analvsis 1A mdt cong cu dé khio sat cac chi tiéu chart lugng cla
hé théng. nhu tinh én dinh. dac tinh tinh va dac tinh cta qua trinh qua do.

82 6- KTRB 1



Ham truyén cua mach kin vao/ra:

/
B¢s) _ k,, \ 4. 37)
0,(s) I+ ik_“_ A
Kf’k."f’ kler’l’kfl'K-i'
Ham truyén cta mach kin nhiéu/ra:

SR,
ors) _ kK, k., K 1+ sl” ) 38
Dis) 1_;_73'/(“_. N 5"

K.k, &k, K.k, K.

Nhin t6 chéng nhicu: X, = Kk, K,

e Piéu khién cé phdn hoi vi tri, vdn toc va gia toc

He diéu khién nay tng vdi so dé trong hinh 4.15. Tac dong didu khicn
duge dac trung boi:

I+sT,

B

Cosj=K,: Co(s)=K.: C,(s)=K,

Hinh 4. 15: Sor do diéu khién ¢ phan hoi vi i, van i6e va gia toc

Peé cho bicéu thite duge don gian, phian gach chéo trong so dé duoe thay
thé twong duong bang mot khéi ¢6 ham truyén:

G(s)= aZ ;

ST;H(]_'_ ka.-lkl,T 7-:‘ ) |

I+k, K k. )1+ ) e
( mr AT ( (]+kf”K4[kfj-F)




Ham truvén cua mach thuan va cua mach phan hoi:

Pry)= KoK K (1+57))

sk,
, i s =k (1 + —1)
8" K.k,

Ham truvén cua mach Kin vao/ra:

s
L(‘,} = kff‘ (4 39
INEY. sk s (I+k K k)
I+ 0+ i N
Kok, k, K.k, K, K,
Him truyén caa mach kin nhiéu/ra:
SR,
Ocs) kKKK K, (1+5T,) (4. 40)

[)(5) - + Sk;‘l' + S:(]Ai-ka.lk}’}J }
Nk, k K.k, K K,

Nhan to chong nhiéu: X, = K.k, ,K K,

4.2.2.2. Piéu khién co bit

Cac so d6 dicu khién ¢d lién hé nguoe nhu trinh bay ¢ trén nhiam tao ra
kha nang chong nhicu tét. Nhung khi cin bdm sidt quy dao véi toc do va
via toc 16n thi ching khong ddp tng duge. Co ché dicu khien ¢d b cho
phép giam sai s6 quy dao. Tuong dng véi moi so do diéu khién ¢6 phan
hot, ching ta ¢6 thé thiét lap mot so do twong tng cho didu khién ¢o bi
(hinh 4.16) vi dai lugng vao tuong ing cua moi sa do sé duge thay (hé

theo cac quan heé sau:

' T+ a7
0 (s)=(h,, +— (1 +5T,) 0,05
kﬂuAf’(] + »\'7',, )
sk 2
0, (s)=(hy + ot r — 29 ()
: K It k”‘ ]\’P [\f
[+k K k
H (S)_(k """ L””*’i*’_ “)1 URRY
]\',, kln’hi /\! f\
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M(s)

krp

a: Dicwkhién ¢6 bit vai phan hai vi e

O¢ Tm
m
Ocf 1
kom
Oa i - Kpll+
o kpp KplitsTp)

lk“ﬁyf

¥ vy

e e

kil

o Bicw khién ¢6 bie var phan hot vi i, van t6e va gia toc

Hinh 4. 16: Cdc hé thong dicu khicn co phdn hoi




[oHolo]

(o]
M(s) 6
S
h: Ser do diéu khién ueong duong kién PID
bl Ten
km +
M
2N +
v
7 e DR
A7 e
i - B — 4 o
‘/ j{'@ M{s}) o]
7 507z Ralid ol L Bl o

¢ Sorde diéu khién teong dong kicu PIDD"

Hinht 4. 17: Cdc so dé niong dicong ctia hé diéu khién ¢ phdn hoi
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Cha y rang, luong bu van t6c va gia toc duge tinh dé dang bang giai
tich, dua vao thong s6 vi tri #1), ¢con M(s) la ham truyén cua dong co
chap hanh.

Cic so do trén cho phép bam sdt quy dao vio trong pham vi tuyén tinh
cua h¢ thong, Kha nang dé con phu thude mife do phit hop cta bo dicu
khién va cdc tham s6 bl vdi cdc théng so cud qua trinh. Tuy nhién, hé
cang ¢6 nhiéu vong phan hoi thi cang it phai quan tam dén chiing. Cac
khoi bdo hoa trong sg d6 13 cdc phan ur phi tuyén, duge ding d¢ han ché
vang bi¢n thién cia van tée va gia dc. Dicu dé gidp phong ngira anh huong
cua sy bién thién thai qud cia cic dai luong vao dén qua trinh qud do. nhung
cling ¢& the lam giam do chinh xdc bam quy dao.

Trén hinh 4.17 la cdc so do tuong duong chia cdc so dé irén hinh 4.16.
Chuing chi ding mach phan hoi vi tri, cong thém mot bo hiéu chinh (phan
gach chéo trong s do) véi cac tic dong diéu khién ticu chuin 1a Pl PID,
PIDD-....

4.2.3. Piéu khién tap trung

Trong muc 4.2.2 trinh bay cdc van dé co s& cla viée thiél k& cdc bd
diéu khien doc lap trong khong gian khdp. Chiing déu 1a cdc hé théng don
(single-tnput | single- output), vi dnh huong qua lai gita cidc khdp déu
duge coi 1a nhiéu. Diéu dé cd nghia la ching ta méi chi quan tam dén
mot phan (tuyen tinh va don) cua h¢ thong. Mo hinh todn hoc (4.26) va
s0 do khéi trén hinh 4.10 cho thay tay mdy la mot hé n-inputs (gom n
momen Khdp), n-outputs (gom n vi tri khép) va phi tuvén (phan 16n moi
quan h¢ gitta ching la phi tuyén). Vi vay, vé mat phuong phap luan thiét
ké he diéu khién robot, can xem xét tay mady 1a mot he thong da bich va
phi tuyén. Str dung luat diéu khién phi tuyén-tap trung la giai phip dam
bao cdc dac trung dong luc hoc cta robot. Phan nay s€ trinh bay co so
toan hoc hinh thanh luat diéu khién nay.

D¢ dé theo doi, ching ta hiy xem lai cic phuong trinh (4.26), (4.27)
va (4.28), bi¢u dién cdc quan hé dong luc cua tay mdy, clha hé truyén
dong co khi va cua dong co khop.
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Xuat phat tir phuong trinh (4.28) va so do trén hinh 4.11, hé ¢6 # nguon
dong luc ¢6 the duge mo ta dudi dang ma tran bang cac phuong trinh sau:

K'r=Ki, . (4.41)
v, =RIi +K ¢q,. (4. 42
v, =00 (4. 42)

trong do:
K, - ma tran dudng chéo cidc hiang s6 momen clia # dong co.
i, - vector cic dong dién phan ung cua » dong co,
v, - vector cae dien ap wen phan dng cua o dong co.
R, - ma trin dudng chéo cic dien 1rd trén phan dng cua n dong co,
K, - ma tran dudmg chéo cac hang so dién ap cua # dong ¢o,
G, - ma trin dudmg chéo cac hé s6 cua 1 bo khuyéch dai.
v, - vector cde di¢n dp dicu khien cua n dong co servo.
Tong hop cac bicu thic wén, nhin duge dang khitc cia mo hinh dong
luc hoc dimg trong diéu khién robot:
Blgly +Clyg, qlg+ Fqg+gly)=u (4. 44)
Trong dé F la ma trén dudng chéo cua toan bo luc can, ¢é 2 thanh
phin la co khi va dién, va u-la vector cdc dai lugng vao ctia hé thong:
F=F +KKR'KK, (4.45)
n=KKR Gy (4. 40}
So sdnh cic bicu thite (+44) v (4.26) va chd v dén cdc biéu thi tinh
I ¢ rén, ching ta rat ra mo hinh diéu khicn hé thong béng dién dp. So
do khoi ctia h¢ duoe the hién trén hinh 4.18.

n-KKR'KK =1 (4. 47)
I I
v O u ¥ A 9
— K. KtRa G TAY MAY ———q—’
+ -

K. K B K.K,

Hinh 4. 18 So do dicw khién robot béng dién dap
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Trong so dd trén, dai lugng vao o phu thuéc cdc tham s6 K, K. R, cuia
dong co. ma gid tri cla ching lai thay déi theo dicu kién lam vige. Dé
loai trlr cac anh hudng do, ¢6 thé diung he¢ didu khien bang momen hay
dony dign. Céc phuong trinh (4. 43), (4.45). viv (4.46) dugc thay the bang:

i,=Gy, (4. 48)
= (4. 49]
u=KKGv, (+. 50)

trong do ¢, 1a ma tran hang. thé hi¢n quan h¢ ty ¢ gitta dong dién phan
dng /, va dién dp diéu khién v.. Bay gi¢ hé thong duoc thé hién bang so
dd trén hinh 4.19.

_—.————"
9,

K. K, G, —» TAY MAY

Hindv 4. 19: Sordo diéu klién robot bdng momen

Xuat phat tir mo hinh dié¢u khi¢n co ban (4.44). ¢6 thé thue hi¢n cde
nhiém vu didu khién khic nhau bang cach chon dai lugng vao i thich
hop. Sau day ching ta xét 2 trudng hop dng dung mé hinh dic¢u khién tap
trung cho robot.

4.2.3.1. Piéu khién PD c6 bit trong luc

Pat bii todn: Tay mdy gom nhic¢u khau, khdp vi cde co cdu lien quan.
Méi bo phan déu ¢o trong tuong. Trong qud trinh lam viée, thé cla cde bo
phan luon thay do6i. nén trong luc dat 1én chang cing thay doi va khong
theo quy luat dinh trudc. Nhiém vu cha bo di¢u khién la on dinh trang thai
cla tay mdy di né dang lam viéc ¢ the nao. Bo didu khién phai thuong
Xuyeén gidm sdt trang thai coa hé thong dudi tac dung cua trong truong,
sinh ra tin hieu diéu khi¢n thich hop d¢ b lai. Phan nay néi vé cich chon
dang ctia ham diéu khién i d¢ thue hién chic nang b trong luc,

D¢ lam vice do. chiing ta str dung phuong phip Lyvapienov. NG dua trén
nguyen tac, 1a trong qud trinh hé théng tiém 1ién dén trang thdi cin bing
thi nang luong clia nd giam din v & trang thii can bang. nang huong cla

h¢ dat cuc ticu.

89



Ta bi¢u dién nang luong cia hé bang ham V(e), rong dé ¢ 1 sai léch
giira trang thai thuc va trang thai can bang cua hé. Néu cdc dieu ki¢n sau
duge dong that thoa man thi hé ¢ dat trang thdi cén bang 10an cuc.

Frelp=0 Ve#0; Fie)=1) e=10;
Fie)<0) ezl Vie)=o  Je]l>w

Trong trudmg hop dang xét. trang thai cia hé thong ia thé coa phan
cong tac va dugc bieu thi bang vector gom » phan

i~ Al
[‘f 4 ]

trong dé ¢ la sai léch gifra gid tri thuc ¢ va gid tri 0 trang thai can bang

¢, (g =¢, —q)cia bién kKhép thi i (i = 1,n).

Nang lugng cua hé 1a ham $6 cda sai léch § va van tée ¢
SO A A . o~
I"'((}.q):Eq’ B(q)q+3q’K,,q >0 Ya,G=0  (4.5])

trong d6, K, 1a ma tran doi xing (n x nj, biéu thi do cing cua hé
thong. Thanh phan thit nhat biéu thi dong nang, thanh phin thit hai bi¢u
thi thé¢ nang cia hé thong.

Lay dao ham bicu thic theo thdi gian va chi y ¢, la hang s6:
= Bk " Bk -0 K, 4.52)
Rt Big)g tir (4.44) va thay no vao (4.52), nhan duge
F= -gdf’ (Blg)-2C(q.)q—¢ Fg+q¢' (u-g(g)-K,.§) (4 53)

Thanh phin thi nhat cta biéu thic trén biang 0: thanh phan th hai xac
dinh am. Thanh phan thit ba chia yéu to trong luc g(¢) va mot tac dong
di¢u khicn ty 1¢ K¢ , chia sai lech trang thdi. Vi vay, néu chon tin hiéu
di¢u khicn:

u=glg)+K,q

thi cong da dat duoe dicu kién cua phuong phap Lyapunor. Tuy nhién.
¢o thé tang t6¢ do Xdc lap néu thém mot tic déng vi phan, dé nhan dugce
tic dong diéu khi¢n PD

u=glq)+K,G-K,q

trong do, K, [A ma tran hang s6, xdc dinh ty lé bl phi tuyén cua trong luc.
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Nguyen ly diéu khién tap trung ¢6 bu trong luc duge the hién trén hinh
hinh 4.20. trong dé ching ta nhan o tdc dong cua sai léch trang thai he
thong dén trang thdi thuc.

Ko fe——
9y - 4 « " TAY MAY -
—ri— K O o
al.)

Hinli 4. 20: Sor dé dién khién PD ¢6 bit trong liee
4.2.3.2. Piéu khién dang dong luc hoc nguoc
Van dé bam quy dao dd duge dé cap véi hé diu khieén doc lap. trong
d6 gia thiét hé 1a tuyén tinh va don. Phin ndy nham giai quyét cling bai
todn bam sdt quy dao nhung trong boi canh cua hé da bién va phi tuyén.
M6 hinh dong luc hoc (4.44) duge viét lai cho tay mdy ¢6 » khdp nhu sau
B(q)g+n{q.q)=u (4. 54)

trong dé
ng.qgl=Clg.qlg+ Fg+ glyg) (. 55
Vector diéu khién » [a ham trang thdi cua hé théng va cho phép thé
hién quan hé vao/ra dudi dang tuyén tinh. Tuy nhién, day & s tuyén rinh
hod toan cuce nhd phan héi phi tuyén tir thong s6 trang thai.
Ding v = § vdi gid tri hoan toan xac dinh lam dai lugng vao, ta co thé
viét 1 dudi dang khdc cua ham diéu khién
w=Blg)y+n{q.q)} (+. 56)
Ham nay dua trén bai toin nguge cia dong luc hoc robot v dugce the
hién trén so do trong hinh 4.21. Vaéi dai luong vao v, hé trg thanh nivén
tinh va doc Idp. N6i cdch khdc, phan 1 v, chi anh hudng dén bién khap ¢,
mot cach doc lap véi cac khdp khac.
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Hinle 4. 21 Sordo wven tinh hod toan cuce drng thudt todan dong lie hoc

ngioT

Nhi¢m vu bay gid [a xdc dinh cu the hiim dicu khién v. Dé vira dam
bao tinh nang bim quy dao, vira on dinh, him v cdn ¢é dang sau
yv=-K,qy-K, g+r=4g (4.57)

bicu dé dan dén he phuong trinh vi phan cap 2
G+KN,g+K,.qg=r
Néu K, va K, la cde ma trin xdc dinh duong thi hé sé on dinh tiém tién.
Moi khi cho trude quy dao ¢ (1) thi viée bam sat n6 duge thue hién bdi
dai luong viao gom 3 thanh phan:
r=¢,+K,q, +K,q, (4. 5&)

Thay r trong (4.58) vao (4.57). ta co:
Y =14, +A;=(‘/;1_‘f)l+]\f:{‘f(f_‘[) (4. 59)
=4, + K,-ff + K!ﬁ

Hinh 4.22 14 so do diéu khién theo thuat todn dong luc hoc nguoc,
trong d6 vong kin trong thé hién mo hinh dong luc hoc (4.54) hoac
(4.56). ving ngoi thue hién chic ning bam quy duao va 6n dinh hé thong,
lam viece theo sai I¢eh cua trang thai (4.59).

Sor dé dicu khién nity ¢6 vu diem 1a cho phép thay the he pfi tuvén, kép
bang n hé uevén tinh, don. Tuy nhién, né doi hoi phai tinh ma trin qudn
tinh Bfy) va cac vector luc Coriolis, ly tdm, trong trudng. can,... ngay
trong thai gian fam viée cua robot (online va real rimej. Mat khac, thuat

todn con doi hoi phai biét chinh xdce cac thong s6 clia hé thong.
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Hinfr 4. 22: Ser do diéw khien theo thudr todn dang fie hoe ngoc

Trén thue (¢, khong thé biét v moé hinh hod chinh xédc duvc cdc thong
s6 két cau co khi va ciing khong thé dam bao gidi mot cich chinh xdc bai
todn nguge cua dong luc hoc tay mdy. Tinh trang trén duge khac phuc bing
cach k¢t hop cac k¥ thudt diéu khién da néu véi ky thuat diéu khicn hén
vimg (Robust Control) hoac dicu khien thich nghi (Adaptive Control).

4.2:4. Diéu khién trong khong gian cong tac

Trong cdc myc trude ching ta noi vé diéu khién robot theo tu wang
bai todn thuan cua dong hoc va dong luc hoc tay may. Muc tiéu dicu
khién la dam bio vi tri, van t6c va gia t6c cua cdc khdp, nén bai todn diéu
khi¢n duge thuc hién trong khong gian khdp.

Thong thuong, quy duo vén can cua phan cong tac duge xéac dinh trong
khong gian cong tae, sau do cac thong s6 chuyén dong tuong ing cla cdc
khép duge tinh nhd giai bai todan nguge cua dong hoce va dong luc hoc tay
may. Trong khi robot [am viéc, gid tri ra (cdc bién khép) duge do, tong
hop thanh gid tri tuong ung cla thong sé quy dao thie nho giar bal todn
thuan, dua trd lai ddu vao theo mach phan hoi.

Vé nguveén (ic, bai todn nguge duge giai khong chi dé xdc dinh vi tr
ma ¢d van toc va gia (6c cla cdc khdp. Tuy nhién, dé don gidn hod két
cau diéu khién, bai todn nguge chi duoc dung khi xdc dinh vi tri cla cdc
khdp. con van t6c va gia toc cta chiing duge xac dinh bing phuong phdp
vi phan s6. Néi chung, phuong phap diéu khién tap trung doi hoi khai
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lugng tinh todn lon. Vi vay. né duoge st dung khi ngoai yéu cdu vé chuyén
dong con phai tinh dén luc tuong tdc cia phan cong tac vai doi tuang,
4.2.4.1. Cdc dang so dé chung

Dicu khién trong khong gian cong tdc dua vao su so sanh gitta quy duo
veu can cla phan cong tac trong khong gian cong tac véi guv dauo thiee, duge
xac dinh tir gid ui thue (do duge) clia cac bién khdp. Nhu vay trong mach
thuan clia so do diéu khién cdn c6 cic khau dé chuyén déi sai 6 quy dao
trong khdng gian cong tde thanh gid tri cac bién trong Midng gian khap.

Mot phuong dn thuc hién phép chuyén déi néi trén la dung ma trin
Jacobian nghich dde (hinh 4.23). Trong so do, Ax la sai 1éch gitta vi tri
véu cau va vi thi thue cua phan cong tdc trong khong gian cong tdc.
Thong qua khau bién doi, dung ma tran Jucobian nghich dao, Av dugce
bién doi thanh cdc sai léch Ay cba cdc bién Khdp dé diéu khién cdc khop.

Khoit GAIN MATRIX ¢6 tic dung nhu 10 xo, sinh ra luce dan hoi theo
chiéu khir cdc sai léch dqg (va do do khir Av).

£ Ax - 49 GAIN ) g
4 (1) TR TAY MAY

1 ]

+

k()

Hinh 4. 23: So do diéu khién dimg ma trin Jacobian nghich ddo

Phuong 4n chuyén doi thu hai dung ma trin Jacobian chuyén vi (hinh
4.24).

x, Ax GAIN r
~—%  MATRIX AL

Y

»= TAY MAY

Y

Hinh 4. 24: So d6 diéu khién ding ma trén Jacobian chuyén vi

G4



Trong truong hop nay khoi GAIN MATRIX dugc dua lén trude, sinh
ra luc diéu khién cac khdp theo chiéu hudng khir sai s6 Ax. Luc tong quat
do sé duge phan phéi cho céc khdp nhd khéi Jacobian chuyén vi,

Chuang ta ciing thay, ca hai phuong dn déu sir dung bai toan thuan cua
dong luc hoc trong mach phan hoi.

Tuong t¢ nhu phuong phap diéu khién tap trung trong khong gian
khap. trong khong gian cong tac cling ton tai 2 dang: diéu khién 6 bi
trong fite va diéu khién dung dong hoc ngive.

4.2.4.2. Pié¢u khién PD co ba trong luc

Ky hiéu vi tri can dat clia phan cong tac trong khong gian cong tic 1a
X, vi tri thuc 1a x. Ching ta mong muoén sai léch vi tri

X=x,-x (4.6())

¢ xu hudng tiem tién tén 0.

Ning lugng cua hé 1a ham s6 cua sai léch X va van t6c ¢ :

~ N RSP L~
V(q,x)=éq’B(q)q+3x1K,,x>0 Yg,x =0 (4.61)

trong d6, K, 12 ma tran doi xing (# x 1), biéu thi do cing clia hé thong.

Lay dao ham biéu thuic theo thdi gian, nhin duoc

V’=¢’B(q)q+éq"3(q)q—§' K, % (4.62)
Vi x, =0 vachd yring x=J,(¢)g,tacd

X=-J,(g)q
Do dé: V=q¢' Blg)j+ éq'TB(q)(} —¢'J @)K, Z (4.63)

Dé y mo hinh dong luc hoc (4.44), riit ra:
V=—q"Fg+¢' (u-glqg)-J(@K,%).  (4.64)
Bi¢u thirc trén goi v chon luat diéu khién
u=g(q)+J (@)K .X~J (K, J (q)g  (4.65)
trong d6, K, 1 ma tran hiang s6. Vi vay, phuong trinh (4.64) trg thanh
V=—q'Fg-4" T (K ,J (4)q (4. 66)
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Hé diéu khi¢n nhu trén hinh 4.25 ¢6 dang tuong tu sg do hinh 4.20.

K-D o x J‘(q) ad
d#;
Ty 2 T | &, + J‘r(q) ___,,60._L,. TAY MAY q
+ & ++I -
g{-)
al k() ja

Hinh 4. 25: Ser dé diéu khien PD ¢6 bit trong lire

Luat diéu khién (4.65) hinh thanh mot tac dong bl phi tuyén cho trong
luc trong khong gian khop (tuong ung véi thanh phan gg)) va mot tac
dong diéu khién PD trong khong gian cong téc.

Bicu thic (4.66) cho thiy vdi moi quy dao cho trude. khi ¢ # 0 thi
ham Lyapunov giam, h¢ thong s tién t6i trang thai can bang. Trang thai
dé duoce xdc dinh boi

JG)K, . ¥ =0 (4.67)
4.2.4.3. Diéu khién ding dong lic hoc nguoc

Viét lai mo hinh dong luc hoc (4.44) cho tay may ¢d i khép nhur sau

Blglg+n(g,q)=u (4. 68)
trong do

ntq.q)=Clq.q)q+ Fqg+g(q) (4.69)
Chon luat diéu khién dudi dang tuyén tinh hod

u=>Blgly+n{qg.q) (4. 70}
s¢ din dén ham tich phan

q=y (+.71)
bPai luong vao y duge xdc dinh theo tinh ning bam quy dao cho trude

1 7). Dé nhan dugc quan hé
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thi ¢6 thé chon

v=JlgE, + K, X+ K,5-J (4.4)1g)  (4.72)
vOi Kp va K, la cac ma tran chéo xdc dinh duong.

Thay (4.72) vao (4.71), nhan duge phuong trinh mo ta sai léch dong
luc hoc trong khong gian cong tac:
X=K,X+K,¥=0 (4. 73)
trong do. K,, va K, xdc dinh toc do hoi tu cta sai léch té 0. So do dicu
khién duoc thé hién trén hinh 4.26.
Bén canh x va %, can phai do ca ¢ va ¢. Néu x va x dudce do gidn tiép

Ty

thi bo di¢u khién can phai tinh todn truc tuyén cdc ham Afg) va J (q).

z
;..@_.. K.D
+ 4 . .
- * - v " LA
L) Bg) MANIPULATOR
+ L Ly
x, E._ X _ % P |
T CP o [
[
) niq.q} |
% (9,4)
= 4(9)
= k()

Hinh 4. 26: So do diéu khién theo thudt todan dong lice hoc ngiee

Nhu tinh todn da chi ra, diéu khién trong khéng gian cong tac luon

luon doi héi tinh Jacobian, vi vay né thuong phitc tap hon so véi dicu
khién trong khéng gian khép. Bu lai, chdng ta nhan dugce cdc thuan loi tir
viéc mo ta truc Uep quy dao trong khong gian cong tdc.
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