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MO DUN RO BOT CONG NGHIEP
Ma mo dun: MD35

Vi tri, tinh chat, ¥ nghia va vai tro cla mé dun:

M6 dun Robot Cong Nghiép 12 mOt mang ki€n thUc va kY ning khong
th€ thi€u dugc véi mOt cong nhan kY thudt chuyén nganh Pién TG Cong
nghiép. Céc ki€n thlc va k¥ ning tUr md dun nay gidp hoc sinh, sinh vién nam
bat céc kién thlc va ky nang thuc hanh ro bot trong cong nghiép. De c6 thé
thuc hién tOt cac ndi dung clla md dun niy ngudi hoc can pha1 ndm mot s
ki€n thUc cO ban vé kY ning trong md dun k¥ thudt cAm bi€n, md dun di€u
khi€n dién khi nén,..

Muc tiéu cla mo dun:
Sau khi hoc xong md dun nay ngU0i hoc cé ki€n thUc va kY niing:
Trinh bay dugc cdu triic cla r6 bOt cdng nghiép
Mo td dugc qud trinh hoat ddng cUa cdc rd bOt dung trong cong
nghiép
Lap trinh va md phOng dugc cic chuyén dOng cla rd bot

SU dung, bdo tri dugc cdc ro bOt cong nghi€p ding qui trinh kY
thuat

Stra ch(ra dugc mOt s6 hu hdng thdng thudng trén cic rd6 bOt cong
nghié€p

Rén luyén tinh ty mi, chinh x4c, an toan va vé sinh cong nghiép

NOi dung clia mé dun:

Tén cac Thoi gian
SO TT bs?liAtrong Tén Ly Thuc | Ki€m
mo dun g sO | thuy€t | hanh tra’
1 | Gi6i thiéu chung v€ Robot cong 5 5 0 0
nghiép
2 | C4c phép bién dGi thuan nhat 30 19 10 1
3 | Phuong trinh dOng hoc cUa 40 18 21 1
Robot
4 | Ngdn nglr 1ap trinh Robot 20 5 14 1




Truyén dOng va di€u khién 20 5 15

Robot
Mo phOng Robot trén mdy tinh 65 5 58
Téng 180 | 57 118




BAI 1
GIOI THIEU CHUNG VE RO BOT CONG NGHIEP
M3 bai: MP35 - 1

Gi6i thiGu:

Trudc khi bat ddu tim hi€u va hoc tap robot cdng nghiép, thi ngudi hoc
can nam rd nhiing khai ni€m vé& robot cdng nghiép, cdu tric co ban, phan
loai va Ung dung cUa robot cong nghi€p

Muc tiéu:

Trinh bay dugc qué trinh phat trién, cac khdi niém va dinh nghia vé
6 bOt cong nghiép

Trinh bay dugc Ung dung va xu hudng phit tri€n cla RobOt cong
nghiép trong tuong lai.

Rén luyén tinh tu duy, tdc phong cong nghiép
NOi dung chinh:

SO lugc qua trinh phat tri€n cla robot cong nghi€p (IR: Industrial
Robot):

Muc tiéu: gi0i thiéu cho ngU0i hoc cdc ki€n thlrc vé€ qud trinh phdt trién
cUa robot cong nghiép.

Thuat ng(r “Robot” xudt phat tU ti€ng Sec (Czech) “Robota” c¢6 nghia 1a
cong viéc tap dich trong v& kich Rossum’s Universal Robots cUa Karel Capek,
vao nim 1921. Trong v& kich nay, Rossum va con trai cUa dng ta d4 ch€ tao ra
nhiing chi€c mdy gan gidng v&i con ngudi d€ phuc vU con ngudi. C6 1€ d6 1a
mOt ggi y ban dau cho cdc nha sdng ché kY thudt vé nhitng cO cdu, mdy méc
bat chudc cic hoat ddng co bap cla con ngUdi.

Pau thap ky 60, cong ty cla MYy AMF (American Machine Foundary
Company) quang cdo mOt loai mdy tU dOng van ning g0i 1a “Ngu0i may cong
nghi€p” (Industrial Robot).

Vé mat ky thudt, nhiing robot cdng nghi€p ngay nay c6 ngudn gdc tU hai
linh vuc ky thudt ra dOi s6m hon d6 1a cic cO cdu di€u khién tU xa
(Teleoperators) va cdc mdy cong cuU di€u khién sO (NC — Numerically
Controlled machine tool).

Cic cO cdu di€u khién tU xa dd dugc phét tri€n manh trong chi€n tranh
th€ gidi 1an th( hai nham nghién cfu cic vat li€u phéng xa. Céc cO cau nay
thay thé€ cho cénh tay cUa ngU0i thao tic gdbm c6 mOt b0 kep bén trong va hai



tay cam bén ngoai. Ca tay cam va b kep dudc ndi vdi co cau 6 bac tu do
dé€ tao ra hudng va vi tri tuy y.

Robot cong nghi€p dau tién dugc ché tao Ia robot Versatran cla cong ty
AMF. Ciing trong khodn th0i gian nay & My xudt hién loai robot Unimate-
1990 dugc dung dau tién trong kY nghé 6 to.

Ti€p theo MYV, thi cic nudc khic bat dau san xudt robot cong nghiép
nhU: Anh — 1967, Thuy Di€n va Nhat — 1968 theo bdn quyén clia My, COng
Hoa Lién Bang DUc — 1971, Phdp — 1972, Italia — 1973,...

Tinh niing lam viéc cUa robot ngiy cang nang cao, nhat 1a kha niing nhan
biét va x( Iy. Nam 1967, truOng dai hoc Stanford (MY) da ché tao ra mau
robot hoat ddng theo md hinh “mat — tay”, c6 khd ning nhan bi€t va dinh
hudng ban kep theo vi tri vat kep nhd cic cdm bi€n. Nim 1974 cong ty
Cincinnati (My) dua ra loai robot dugc di€u khi€n bang mdy vi tinh g0i 1a
robot T3 (The Tomoorrow Tool), robot nay c6 khd ning ning vat c6 khoi
lugng 1én dén 40kg.

C6 thé€ néi, robot 1a su tGng hgp khd ning hoat dOng linh hoat clia cdc cO
cau diéu khién tU xa vGi mUc d0 tri thUc ngiy cing phong phii cUa hé thdng
di€u khié€n theo chuong trinh sO ciing nhu kY thudt ch€ tao cac bd cdm bién,
cong nghé 1ap trinh va cic phét tri€n cUa tri tu€ nhan tao, hé chuyén gia,...
Ngay nay, vi€c ning cao tinh niing cUa robot ngay cang dugc phat tri€n, nhi€u
robot thong minh hon nhi€u, ddc biét 1a Nhat Ban da ch€ tao nhi€u robot
gidng ngudi nhU Asimo, robot c6 cAm gidc,... MOt vai sO li€u vé€ cong
nghi€p sdn xudt robot nhU sau:

Nudc sx Nim 1990 Nim 1994 Niam 1998
Nhat 60.118 29.765 67.000
My 4.327 7.634 11.100
buc 5.845 5.125 8.600
Italia 2.500 2.408 4.000
Phap 1.488 1.197 2.000
Anh 510 1.086 1.500

Han Quéc 1.000 1.200

Ung dung cUa robot cong nghiép trong san xuat:

Muc tiéu: gi0i thiéu cho ngudi hoc hi€u ré tdm quan trong va Ung dung
cUa robot cong nghiép trong san xudt.

TU khi m&i vUra ra dGi robot cong nghi€p dugc Ung dung trong nhiu linh
vUc dudi géc dO thay thé slc ngu0i. NhG vay, cic day chuyén sdn xudt dugc
t0 chlfc 1ai, ning sudt va hi€u qud san xudt ting 1én 1o rét.

Miic tiéu cUa viéc Ung dung robot cong nghiép nham gép phan ning cao
ning sudt diy chuyén cong nghé, gidm gi thanh, nang cao chat lugng va kha
ning canh tranh cla sdn pham, dOng thdi cdi thién di€u kién lao dOng. LOi



thé cUa robot 13 1am viéc khong bi€t mét mdi, c6 khd ning 1am trong mod
truOng phéng xa ddc hai, nhiét db cao,...

Ngay nay, da xuat hién nhi€u diy chuyén sdn xuat tu dOng gdm cic mdy
CNC vdi robot cdng nghi€p, cic diy chuyén dé dat mUc d0 tu dOng hod va
mUc do linh hoat cao,...

Ngoai c4c phan xuéng, nha mdy, kY thudt robot ciing dugc st dung trong
vi€c khai thac thém luc dia va dai duodng, trong y hoQc, trong qudc phong,
trong viéc chinh phuc vii try, trong cong nghi€p nguyén tU,...

Nhu vay, robot cong nghi€p dugc st dung trong nhi€u linh vuc bdi uu
di€m cla né, tuy nhién né chua linh hoat nhu con ngudi nén ciing can con
ngUOi gidm sat.

Céc khai niém va dinh nghia vé robot cong nghiép:

Muc tiéu: trinh bay cho ngudi hoc ndm ré cdc khdi nhiém va dinh nghia
vé robot cong nghiép.

3.1. Dinh nghia robot cong nghiép:

Hién nay c6 rat nhi€u dinh nghia vé robot, c6 th€ di€m qua mOt sO dinh
nghia nhU sau:

DPinh nghia theo tiéu chudn AFNOR (Phdp):

Robot cong nghiép 1a mdt co cdu chuyén ddng tu ddng c6 thé 1ap trinh,
13p 1ai cdc chuong trinh, tGng hop cdc chuong trinh dat ra trén cic trUc toa
d0; c6 khd ning dinh vi, dinh hudng, di chuyén cidc d6i tugng vat chat: chi
ti€t, dao cuy, g4 13p,... theo nhlng hanh trinh thay dGi di chuong trinh hod
nham thuc hién cic nhiém vu cong nghé khic nhau.

Dinh nghia theo TIA (Robot Institute of America):

Robot 12 mOt tay mdy van ning c6 th€ 1ap 1ai cic chuong trinh dugc
thi€t k€ d€ di chuyén vat liéu, chi ti€t, dung cu hodc cdc thi€t bi chuyén
dung thong qua cic chuong trinh chuy&n dOng c6 th€ thay dGi d€ hoan thanh
cdc nhiém vu khéc nhau.

Dinh nghia theo FOCT 25686 — 85 (Nga):

Robot cdng nghi€p 132 mOt mdy tu dOng, dugc dat cO dinh hodc di dOng
dudgc, lién két gilra mOt tay mdy va mOt hé thOng di€u khi€n theo chuong
trinh, c6 th€ 1ap trinh 1ai d€ hoan thanh cic chlic ning van dOng va di€u
khién trong qua trinh sdn xuat.



3.2. Bac tu do cla robot (DOF:Degreees of Freedom):

Béc tu do 12 sO khd ning chuy&n ddng cla mOt cO cdu (chuyén dOng
quay hodc tinh ti€n). D€ dich chuyén dugc mOt vat thé trong khong gian, cO
cdu chdp hanh cla robot phdi dat dugc mobt s6 bac tu do. Néi chung co hé
cUa robot 12 mOt cO cdu hd, do dé bac tu do clia né cé thé tinh theo cong
thic.

(1.1)
Trong do:
n: sO khau dOng
pi: sO khdp loaii (i =1,2,...,5: sO bac tu do bj han ché).

D0i vGi céc cO cdu c6 cac khau duge ndi vGi nhau bang khdp quay hodc
tinh ti€n (khdp dOng loai 5) thi sO bac tu do bang s6 khau dOng. Poi véi co
cau hd, thi sO bac ty do bang tong sO bac tu do cla cic khdp dbng.

PE dinh vi va dinh hudng khau chdp hanh culi mlt cich tuy y trong
khong gian 3 chi€u robot cn cé 6 béc tu do, trong d6 3 bac tu do d€ dinh vi
va 3 bac tu do d€ dinh hudng. MOt sO cong viéc don gidn nang ha, sap x€p,
...c6 th€ yéu cau sO bac tu do it hon. Céc robot han, sOn,...thuOng yéu cau 6
bac tu do. Trong mOt sO trudng hop can sy khéo 1éo, linh hoat hodc khi can
phdi t0i Uu hod quy dao,... ngu0i ta dung robot v&i sO bac tu do 16n hon 6.

3.3. Hé toa do (Coordinate frames):

MObi robot thudng bao gdm nhi€u khau (links) lién két vi nhau qua cic
khép (joints), tao thanh mét xich dOng hoc xudt phat t& mot ciu cO ban dlng
yén. Hé toa dd gan vGi khiu co ban dugc goi 1a hé toa dO co ban (hay toa
d0 chudn). Cic hé toa db trung gian khic gan vdi cac khau dOng goi 1a hé
toa dO suy rOng. Trong tUng thOi di€m hoat ddng, cic toa d0 suy rOng xic
dinh cdu hinh cUa robot bang céc chuy&n dich dai hodc cdc chuyén dich géc
cUa cdc khdp tinh ti€n hodc khép quay (hinh 1.1). Cic toa dO suy rOng con
dugc goi 1a cac bi€n khdp.
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Hinh 1.1 — Céc toa d@ suy rong cla robot
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Céc hé toa d6 gan trén cic khau cUa robot phdi tuan theo quy tac ban tay
phdi: diing tay phdi, nam hai ngén tay 1t va 4p Ut vao long ban tay, xoe 3 ngén
sao cho ngén cdi, ngén trd va ngén gilta theo 3 phuong vudng géc, n€u chon
ngén cdi 12 phuong va chiéu cla truc z, thi ngén trd chi phuong va chiéu cla
truc x va ngén gilra s€ biu thi phuong va chi€u cla truc y (hinh 1.2).

Hinh 1.2 - Qui tac ban tay phai

Trong robot ta thuOng ding chlr O va chi s6 n d€ chi hé toa db gan trén
khau th( n. Nhu vay, hé toa d0 co ban sé& dugc ky hiéu 1a Oy, hé toa dd gan
trén cic khau trung gian tuong Ung sé 1a Oy, O,,...,0,,, hé toa d0 gan trén
khau chap hanh cu6i ky hiéu 1a O,

3.4. Truong cong tic cUa robot (Workspace or range of motion):

TruOng cong tic (hay ving 1am viéc, khong gian cong tic) cUa robot 1a
toan bd thé tich dugc quét bdi khau chap hanh cudi khi robot thuc hién tat cd
cdc chuyén dOng c6 thé. TruGng cong tic nay bi rang bulc bdi cic thong sO
hinh hQc cUa robot ciing nhU cdc rang buc cO hoc cla cdc khp. Ngu0i ta
thuOng dung hai hinh chi€u d€ mé ta trudng cong tic cla mOt robot nhu hinh
1.3.

Hinh chi€u dimg Hinh chi&u bang

Hinh 1.3 - Bi€u di€n trudng cong tic cUa robot
Cau triic co ban clia robot céng nghiép:

Muc tiéu: trinh bay cho ngUdi hoc hi€u ré cdu triic ¢c0 ban cUa robot
cong nghiép.



Céc thanh phan chinh cGa robot cong nghiép:

MOt robot cong nghi€p thudng bao gbm céc thanh phan chinh nhu: cdnh
tay robot, ngudn dOng Iuc, dung cu gan Ién khau chdp hanh cudi, cdc cdm
bi€n, bO di€u khi€n, thi€t bi day hoc, mdy tinh,... cdc phan mém lap trinh
ciing nén dugc coi 12 mOt thanh phan cla hé thOng robot. MGOi quan hé gilra
cdc thanh phan trong robot dugc mo ta nhU trong hinh 1.4
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Hinh 1.4 - cic thanh phan chinh cGia hé thdng robot

Cénh tay robot 12 k€t cu c0 khi gOm cdc khau lién két vGi nhau bang céc
khGp dOng d€ c6 th€ tao nén nhitng chuyén dOng co ban cla robot.

Ngubn dbng luc 1a cdc dOng cO dién, cic hé thOng xy lanh khi nén, thuy
luc d€ tao ddng luc cho tay may hoat.

Dung cuU thao tac duQc gén trén khau cuGi cling cUa robot, dung cU robot
c6 th€ c6 nhiéu ki€u khic nhau nhu: dang ban tay d€ nam bat dbi tugng
hodc céc cong cU lam viéc nhu' m& han, d4 mai, dau phun son,...

Thiét bi day hoc dung d€ day cho robot cic thao tic can thi€t theo yéu
cau cUa qud trinh 1am vié€c, sau d6 robot tu 1ap lai ciac dOng tic di dugc day
d€ lam viéc.

Céc phan mém dé€ 1ap trinh va cdc chuong trinh di€u khi€n robot dugc
cai dat trén mdy tinh, dung d€ di€u khi€n robot théng qua b0 di€u khi€n. B
diéu khi€én con dugc goi 1a module di€u khi€n (hay Unit, Driver), chiing
thudng dugc két ndi v4i mdy tinh. MOt module di€u khi€n c6 thé con cé cdc
cOng Vao — Ra (I/0 port) d€ 1am viéc v&i nhi€u thi€t bj khic nhau nhu cic
cdm bi€n gidp robot nhan biét trang thdi cla bdn than, xéc dinh vi trf cla doi
tuong 1am vi€c hodc céc do tim khéc,. ..



Két cau cla tay may:

Céc k€t cdu cla nhiéu tay mdy dugc phdng theo cau tao va chlUc ning
cUa tay ngudi. Tuy nhién, ngy nay tay mdy dugc thi€t k€ rat da dang, nhi€u
canh tay robot ¢é hinh dang khéc xa canh tay ngu0i. Trong thi€t k€ va s& dung
tay mdy, ching ta can quan tim dén céc thong sO hinh — ddng hoc, 14 nhiing
thong sO lién quan dén khd ning 1am viéc cUa robot nhu: tam vdi, sO bac ty
do, d0 cUng ving, 1uc kep,...

Céc khau cUa robot thuOng thufc hién hai chuyén ddng cO ban sau:

- Chuyén d0ng tinh ti€n theo hudng x, y, x trong khong gian D&
Cac, thong thuOGng tao nén céc hinh khoi, cac chuyén ddng nay thuOng
ky hiéu 1a T (Translation) hodc P (Prismatic).

- Chuyén d0ng quay quanh céc truc x, y, x ky hi€u 1a R (Rotation).

Tuy thuOc vao s6 khau va sy t6 hgp cac chuyén ddng ma tay mdy c6 cac
két cdu khac nhau vGi viing 1am vi€c khac nhau. Cic két cau thulng gdp cla
robot 1a robot ki€u toa d0 P& Cic, toa db tru, toa dO cau, robot ki€u SCARA,
hé toa do gac,...

Robot kiéu toa dé PEé Cic: 13 tay mdy c6 3 chuyn ddng cO ban tinh
tién theo phuong cUa cic truc hé toa d6 gbc (cau hinh T.T.T). TruGng cong
tac c6 dang khoi ch(t nhat. Do két cdu don gidn, loai tay mdy nay c6 d0 cUng
ving cao, dd chinh xdc cO khi d& ddm bdo, vi vy né thudng ding d€ van
chuyén phéi liéu, 1ap rdp, han trong mat phéng,. ..

T.T.T

Hinh 1.5 — Robot ki€u toa dé Pé Cac

Robot kiéu toa dé tru: ving 1am viéc cla robot c6 dang hinh try réng.
Thong thudng khGp th(t nhat chuyén dOng quay. Vi du, robot c¢é 3 bac tu do,
cdu hinh R.T.T nhu hinh 1.6. C6 nhiéu robot ki€u toa dd tru nhu: robot
Versatran cUa hang AMF.



RUTATE

Hinh 1.6 - Robot ki€u toa do tru

Robot kiéu toa dé cu: ving lam viéc cla robot c6 dang hinh céu,
thudng d0 clng ving cla robot loai nay thdp hon so v&i hai loai trén. Hinh
1.7 cho ta thdy vi du vé& robot 3 bac tu do, cdu hinh R.R.R va R.R.T lam viéc
theo ki€u toa db cau.

Hinh 1.6 - Robot ki€u toa do cau

Robot kiéu toa dé gic (Hé toa dé phdng sinh): diy 1a kiéu robot dudc
ding nhi€u. Ba chuyén dOng dau tién 1a cic chuyén ddng quay, truc quay th(r
nhat vudng gdc vOi hai truc kia. Céc chuyén dOng dinh huGng khdc cting Ia
céc chuyen dOng quay. Vung lam vi€c cUa tay may nay gan gidng mOt phan
khoi cu. Tat ca céc khau déu nam trong mat phang thang dlng nén céc tinh
todn cO ban 1a bai todn phang. Uu di€m nbi bat cla céc loai robot hoat ddng
theo hé toa db géc 1a gon nhe, tUc 1a ¢6 ving lam viéc tuong dGi 16n so vGi
kich c@ cUa ban thin robot, dd linh hoat cao,...Cic robot hoat ddng theo toa
d0 géc nhu: robot PUMA cUa hing Unimation — Nokia (MY - Phan Lan), IRb-
6, IRb-60 (Thuy Pién), Toshia (Nhat),...Hinh 1.8 12 mOt vi du vé robot ki€u
toa d6 géc c6 cdu hinh RRR.RRR.
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Hinh 1.8 — Robot hoat dOng theo hé toa dd géc



Robot ki€u SCARA: robot SCARA ra ddi vao nim 1979 tai trudng dai
hoc Yamanashi (Nhat Ban) 12 mOt ki€u robot mGi nham ddp Ung sy da dang
cUa cic qud trinh sdn xudt. Tén goi SCARA 1a viét tat cUa “Selective
Compliant Articulated Robot Arm”: Tay may mé&m déo tuy y. Loai robot niy
thuOng dung trong cong nghiép 1ap rap nén SCARA d6i khi dudgc gidi thich 1a
tUr viét tat cla “Selective Compliant Assembly Robot Arm”. Ba khGp dau tién
cUa ki€u robot nay c6é cdu hinh R.R.T, cdc truc khdp déu theo phuong thang
dUng. SO d6 cla robot SCARA nhu hinh 1.9.
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Hinh 1.9 — Robot ki€u SCARA
Phan loai robot cong nghiép:

Muc tiéu: trinh bay cho ngUdi hoc hi€u ré cdc phUong phdp phén loai
robot, cdc loai robot khdc nhau.

5.. Phan loai theo két cau:

Theo két cdu cla tay mdy ngUdi ta phan thanh robot ki€u toa d0 P& Céc,
ki€u toa do truc, ki€u toa dd cau, ki€u toa dd géc, robot ki€u SCARA.

5.2. Phan loai theo hé thdng truyén ddng:

Dua vao hé thOng truyén dOng ngUQi ta phan loai robot cdng nghiép theo
cic dang nhu sau:

Hé truy€n dOng di€n: Thudng ding cdc dOng cO dién mOt chiéu
hodc cidc dOng co budc. Loai truyén dOng nay dé di€u khi€n, két cdu
gon.

Hé truyén dOng thuy luc: c6 thé dat dugc cong sudt cao, ddp
Ung nhiing di€u ki€n 1am viéc ndng. Tuy nhién, hé thOng thuy luc
thuOng c6 két cdu cOng kénh, tOn tai dd phi tuy€n 16n khé xU 1y khi
diéu khién.

Hé truyén dOng khi nén: c6 k€t cdu gon nhe hon do khdng can
dan ngugc nhung 1ai phdi gan lién v4i trung tAm tao ra khi nén. Hé
ndy lam viéc v3i cong sudt trung binh va nhd, kém chinh x4c, thuOng
chi thich hgp v&i céc robot hoat ddng theo chudng trinh dinh san vdi
céc thao tdc dOn gidn nhu “nhat 1én — dat xudng”.



5.3. Phan loai theo Ung dung:

Dua vao Ung dung cUa robot trong sdn xudt ngU0i ta phan chia robot
cong nghiép thanh nhing loai robot sau: robot sOn, robot han, robot lap rap,...

YEU CAU VE PANH GIA KET QUA HOC TAP BAI 1:
<+  NOi dung:

V@ ki€n thic: Trinh bay dugc lich st phdt trién, cdc khdi niém,
dinh nghia, Ung dung, c8u triic va phdn loai ré bOt trong cong
nghiép.

V@& ky ndng: phdn biét dugc cdc loai ro b0t trong cong nghiép.
V@ thdi d0: Dam bao an toan va vé sinh cong nghiép.
< Phuong phap:

- V@& kién thUc: Pugc ddnh gid bang hinh thUc ki€m tra viét, tréc
nghiém, van ddp.



BAI 2
CAC PHEP BIEN POI THUAN NHAT
M3 bai: MD35 — 2

Gioi thiéu:
- DE c6 thé tinh todn robot thi ngUdi hoc can nam rd nhiing ki€n thirc vé
vecto va ma tran, va cic phép bi€n dGi.
Muc tiéu:
- Gidi dugc cdc phép tinh v€ vecto va ma tran
- Lam dugc cic phép bién dbi
- Bién d6i hé toa d0
NOi dung chinh:

Hé toa dd thuan nhat:
Muc tiéu: trinh bay cdc ki€n thc co ban vé hé toa d0 thudn nhét.

D€ bi€u dién mot di€m trong khong gian 3 chi€u, ngudi ta diing vecto
di€m. Vecto di€m thudng dugc ky hi€u bang cic ch{r vi€t thuGng nhu u, v,
X1,... dE md ta vi tri clla diém U, V, X,,...

Tuy thubc vao hé qui chi€u dugc chon, trong khong gian 3 chi€u, mot
di€m V c6 thé dugc bi€u di€n bang nhi€u vecto di€m khac nhau.

Hinh 2.1 - Bi€u dién 1 di€m trong khong gian

v va v 12 hai vecto khic nhau, mdc dii cd hai vecto cling mo td di€m V.
Néu i, j, k 1a c4c vecto don vi cla mOt hé toa d0 nao d6, chang hang E, ta coé:

V@i a, b, c 12 toa dO vi tri cUa di€m V trong hé dé.

Néu quan tim dOng thdi van dé€ dinh vi va dinh hudng, ta phai bi€u dién
vecto v trong khong gian bOn chiéu v&i suat vecto 1a mOt ma tran cOt.



Trong do:

- X/Iw =a
- y/w =b
- zlw =c¢

Vi w 1a mOt hang s6 thuc nio dé.

w con dudgc goi 1a hé s0 ti 1€, bi€u thi cho chi€u th( tu ngdm dinh. Néu
w=1 thi ta c6:

Trong truOng hop ndy, thi toa dO bi€u dién bang vbi toa dd vat 1y cla
di€m trong khong gian 3 chi€u, hé toa d6 s dung w = 1 dugc g0oi 12 hé toa
d0 thuan nhat.

V&iw =0 thi ta cé:

Gidi han « th€ hién hudng cla cic truc toa do.

Néu w 13 mOt hang sO nao d6 khac 0 va 1 thi viéc bi€u di€én di€m trong
gian tUOng Ung vOi hé s6 ti 1é w:

Vidu:
Véiw=1thiv=[345]".
Vi w = -10 thi bi€u dién tuong Ung 1a: v = [-30 -40 -50 -10]".
Theo céch bi€u dién trén, ta qui udc:
[000]71a vecto khdong xdc dinh
[000n]" vGin = 0 1a vecto khdng, tring vGi gbc toa do
[x y x 0]" 1a vector chi huGng
[x y x 11" 12 vecto di€m trong hé toa d0 thudn nhat
Nhac lai cac phép tinh vé vecto va ma trén:
Muc tiéu: nhdc lai cdc kién thlc vé phép tinh vecto va ma trén.
Phép nhan vector:

Cho 2 vecto:

Ta c6 tich vo hudng cla 2 vecto la: a.b = ab, + a,b, + a,b,



Va tich vector la:

Cac phép tinh vé ma tran:
Phép cOng, trtf ma tran:

COng (trlr) cdc ma tran A va B cling bac s€ ¢6 ma tran C cung bac, véi
cac phan tU ¢; bang tOng (hi€u) cUa cic phan tf a; va by (v3i moi i, j).
A+B=C v0i ¢; = a; + b
A-B=C vGi ¢ = a; - b;
Phép cOng, trU ma tran c6 cac tinh chat giOng phép cOng, trU sO thufc.
Tich hai ma tran:

Tich cla ma tran A (kich thUc m x n) v&i ma tran B (kich thUc n x p) 1a
ma tran C ¢6 kich thudc m x p.

Vi du: cho hai ma tran

Va
Ta co:
[.1+2.3+35 |.2+2.4+3.6 22 28
C=AB= 4.1+5.3+6.5 4.2+5.4+6.6 = 49 64
T.1+8.3+49.5 7.2+8.4+9.6 76 100

Phép nhan hai ma trdn khdng c6 tinh chat giao hodn, nghia la: A.B = B.A.
Ma tran don vi I giao hodn dugc v&i bat ky ma trdn nao: LA = AL
Phép nhan ma trén tudn theo cdc qui tac sau:

(k.A).B=k.(A.B) = A.(k.B)

A.(B.C)=(A.B).C

(A+B).C=A.C+B.C

C.A+B)=C.A+CB

Ma tran nghich ddo clla ma trén thuan nhat:

MOt ma tran thudn nhat 12 ma tran 4 x 4 c6 dang:

n, O a p,
T= |n 0O a p

n, O, a P

() () 0 |



Ma tran nghich ddo cla T ky hiéu 1a T™":

_ n, on, n, -p.n

T- = Dx ¥ D‘ —P.D (2.1)
a, &, a, -p.a
0 0 0 1

Trong d6 p.n la tich v hudng cla vecto p va n, nghia la:
p.n = py.nx + py.0y + p,.0,
p.O = p«.Ox + py.0y + p..0,
p.a = px.ax + Py-ay + P2,

Phuong phép tinh tich ma tran nghich ddo nay nhanh hon nhi€u so v&i
phuong phdp chung. Tuy nhién, né khdng d4p dung dugc cho ma tran 4x4 bat
kY ma két qua chi ding v&i ma tran thuan nhat.

Vét clia ma tr@n:

V&t clla ma trén vung bac n 12 tng cUa cic phan tU trén dudng chéo:

MOt s tinh chat quan trong cUa vE€t ma tran:
Tr(A) = Tr(A")
Tr(A + B) = Tr(A) + Tr(B)
Tr(A.B) = Tr(B.A)
TH(ABC") = Tr(CB"A")
Pao ham va tich phin ma tran:

Né&u cdc phan t cla ma tran A 13 ham nhi€u bién, thi c4c phan t0 cla
ma tran dao ham bang dao ham riéng cUa céc phan tU ma tran A theo bién
tuong Ung.

Vi du:
Cho:
r?I' Ig.I: ﬂ'.! Ig-:-I |
4 =. Il'F'I':I ﬁ':: "'T:S ﬁ‘:-l
II"?"I GEZ 33 ﬁ:-ul

Thi:
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Tuong tu, phép tich phan cla ma tran A 1a mOt ma tran c6:

| A(n)de = {] a, (¢)dt}

3. Céc phép bién doi:
Muc tiéu: trinh bay cho ngU0i hoc ndm ré cdc kién thltc vé cdc phép
bién dbi Ung dung trong robot cong nghiép.
3.1. Phép bi€n doi tinh ti€n:

Cho u 1a vecto diém bi€u dién diém can bién d6i, h 1a vecto dan dugc
bi€u dién bang mOt ma tran H g0i 13 ma trdn chuy&n d6i. Ta cé:

v =H.u.
v 12 vecto bi€u dién sau khi da bi€n doi.
Gia st can tinh tién mOt diém hodc mOt vat thé theo vecto dan .
Tru@c hét ta c6 dinh nghia cla ma trdn chuyén doi H:

1 0 0 a
H = Transia,b.c) = 0 1 0 b (2.2)
0 0 1 «c
o 0 0 1
GOi u 1a vecto biéu dién diém can tinh tién: u=[xyxw|

Thi v 12 vecto biéu dién diém di bién d6i tinh ti€n duoc xdc dinh bai:

1 0 0 a X X+aw X/w+a

v=Hu=|0 1 0 b y = y+bw = y/w+b
0o 0 1 c z Z+CW z/w+c
0o o0 0 1 w w 1

Nhu vay, ban chat cUa phép bi€n dGi tinh ti€n 12 phép cOng vecto gilta
vecto bi€u dién di€m can chuyén d6i va vecto dan.

Vidu:



Cho: i o= 21 +3j + 2k
h = 41 -3; =7k
Thi:
1 0 0 4 2 2+4
v= Hu = 0 1 0 -3 3 |= 3-3 = ]
o o 1 7 2 2+7
0 o0 0 1 1 | 1
Va viét la: v = Trans(a,b,c)u
&
Z
{9
u‘z'_... d
h_-1
7 = <
3 > 3 1.____
E - S
4
6

X

Hinh 2.2 — Phép bi€n d6i tinh ti€n trong khong gian
3.2. Phép quay quanh céc truc toa do:

Gia sU ta can quay mOt di€m hodc mOt vat thé xung quanh truc toa dd
nao d6 v&i géc quay °, talan IUQc c6 cac ma tran chuyén dbi sau:

l )] 0 )]
Rotix, 8% = 0 cosb -5Inf 0
LMy L, 2.3
0 sind cosh 0 ( )
{ )] 0 |

cost 0 5inf 0

Rot(y, 8%) = 0 1 0 0
-5inf 0 cosd 0

0 ] 0 1

(2.4)



