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Trong thé gidi ngay nay, ngusi may (robot) da thay thé rat nhiéu cong viéc
ning nhoc va nguy hiém cho con ngusi. Rat nhiéu qudc gia dau tu cho sy phat
trien ctia Robotics, viec phat trién Robotics 1d mot thach thiic cho mdi qubc
gia thé hien mic do cong nghé tién tién ctia quéc gia do.

Robotics 14 mot thuat ngit tiéng Anh chuyén nganh dé chi nganh k¥ thuat
va khoa hoc k¥ thuat co khi lién nganh, nganh k§j thuat co khi, dién ti, cong
nghé — thong tin,. ..

Robotics tich hgp cac linh vyc ky thuat co khi , ki thuat dién, k¥ thuat
thong tin , co dién tit , dién t1t , ky thuat sinh hoc , k¥ thuat may tinh, kj thuat
diéu khién, k¥ thuat phan mém , toan hoc,. ..

Robotics 1a san pham ciia nganh co khi dién t1t vi cong nghé Al vé6i hé thong
may tinh diéu khién nhan thic, kiem soat, xi 1§ va phan hoi thong tin.

Robotics da tré thanh mot nganh khoa hoc 16n dude xa hoi rat quan tam va
coi trong. Nganh Robotics c¢6 nhiém vu nghién ctiu, thiét ké va ché tao cac loai
robot phuc vu cho cuoc soéng hién dai ctia con ngudi.

Hién nay, nghién ctitu Robotics khong chi dap itng cho nhu cau san xuat, dan
sinh, ma con c6 moéi lien hé chit ché véi linh viyc an ninh — qubc phong.

Su ra doi ctia nganh Robotics da tao ra nhiéu loai robot c6 kha ning tng
dung cao trong cuoc song con ngudi. Dac biét 14 kha nang co dong thay thé
dugce nhiéu hoat dong clia con ngudi vé ca stic lyc, ngoai hinh va giong néi.

Khoéng dit muc tieu ¢ tam vi mé nhu thé, luan van di tim hiéu mot van deé
vi mé hon vé tng dung ctia cong cu hinh hoc dai s6 d6 14 mo6 ta chuyén dong

clia canh tay ngusi may trén mit phing.



Trén co s6 d6 ching toi chon dé tai “Ung dung Hinh hoc dai s mo ta
chuyén dong canh tay ngudi may” dé trinh bay lai céc kién thic va két qua

vé bai toan dong hoc chuyén tiép trong tai lieu tham khao chinh [1].

Luan van dugce thuyce hién tai Truong Dai hoc Vinh véi sy huéng dan ctia T'S.
Thiéu Dinh Phong. Tac gid xin tran trong cAm on sy huéng dan tan tinh, chu
dao ctia TS. Thicu Dinh Phong. Tac gia cling xin chan thanh cadm on tat ci cac
Thay gido, Co gido khac trong Chuyén nganh Dai s6 - Ly thuyét s6 ctia Khoa
Toan - Truong Su pham thudc Truong Dai hoc Vinh da nhiét tinh giang day
va gitip do tac gid trong sudt thoi gian hoc tap va lam luan vian. Mic du da co
nhiéu cb gang song luan van c6 thé con cé mot s6 sai sot, tac gia rat mong nhan
duge céc ¥ kién gop ¥, bo sung va chinh chita ctia quy Thay, Co va cac ban hoc
vien.

Nghé An, thang 07 nam 2022

Tac gia



CHUONG 1

KIEN THUC CHUAN BI

1.1 Toan t& tuyén tinh

1.1.1 Dinh nghia. Cho V' la mét khong gian vecto trén truong K. Mot todn
ti tuyén tinh, hay tu dong cau ctia V' 1a anh xa tuyén tinh tit V vao chinh né.

Toan tl tuyén tinh 13 truong hop riéng ctia anh xa tuyén tinh nhung c6 cau
triac phong phi, c6 nhiéu ting dung, dic biet trong 1y thuyét ma tran. Ngucc
lai, viec nghién citu mot anh xa tuyén tinh tuy ¥ c6 thé dua vé viéc nghién ctu

toan tit tuyén tinh. Tap cac toan tlt tuyén tinh ctia V' dugce ki higu 1a End(V).

1.1.2 Pinh nghia. Cho ¢ € End(V). Phan tit vo huéng A € K duge goi la

gid tri Tiéng clia  néu ton tai vecto v # 0 sao cho

o(v) = Av.

Khi d6 ngudi ta goi v 1a vecto riéng (ting véi gia tri rieng \) clia ¢.
Tuong tu, ta goi A € K 1a gid tri riéng clia ma tran vuong A cap n, néu ton
tai vecto 0 # v € K" sao cho
Awv = .

1.1.3 Vi du. Anh xa ¢ : R? = R? xéc dinh bdi ¢(z,y) — (z + 3y,z — y) 1a

mot toan tit tuyén tinh. That vay, ta kiém tra 2 tinh chéat:



Vu = (xlayl) € RZ’U - (:C27y2) € R27Vk €R

p(u+v)=¢ @ +a2,y1 +1y2) = (w1 +22) + 3(y1 + v2), (21 + 22) — (11 +112))
= ((z1+ 3y1) + (22 + 3y2), (71 — Y1) + (¥2 — ¥2))
= (21 + 3y1, 21 — Y1) + (22 + 3y2, 22 — 42) = @ (21, 41) + ¢ (¥2,92)
p(u)+ o).
¢ (kx1, ky1) = (kxy + 3kyr, kxy — kyy) = (k(x1 + 3y1), k(x1 — y1))
k(x14+ 3y, z1 — 1) = ko (u).

o (ku)

Vay day 14 mot toan ti tuyén tinh.

13
= (1)
3

Phuong trinh dic trung [A—\| = 0 < ‘ 1I>\ 1o\ ' =0 XN —-4=0

Xét ma tran

A c6 2 gia tririéng la : Ay = 2, Ay = —

Vay cac gia tri riéeng clia @ la : \y = 2, Ay =

. 1A . x+3 —O xr=3
le)\:QtacohepthOngtrmh{x+ 35_0 é{yeRy

Vay vecto riéng cia ¢ ting v6i A\ = 2 1a: v1 = (3y,y) = a(3,1) v6i 0 # a € R.

V6i A = —2 ta c¢6 hé phuong trinh { ix_:—ygg g 0 = { Z g@y
Vay vecto riéng clia ¢ ung véi Ao = —2 la: vy = (—y,y) = b(—1,1) véi

0#beR.

1.1.4 Ménh dé. Cho ¢ la mot todan ti tuyén tinh cia khong gian vecto V.

(i) Néu a la gia tri riéng cia @ thi tap cdc vectd riéng ciia @ wng vdi o lap
thanh mot khong gian con. Dé chinh la Ker(p — aid). Khong gian con nay con
dugc goi la khong gian con riéng (ing vdi ).

Néu gid thiét thém dimV = n va ¢ c6 ma tran biéu dién A theo co 56 la S,
thi



(19) « la gia tri riéng cia @ khi va chi khi o la nghiém cia da thie ddc trung
fo(t) == fa(t) = |A —tI| cia .
(131) Ki hiéu vg la vecto tog do cia v theo S. Khi dé a la gid tri riéng cia

@ khi va chi khi hé phuwong trinh tuyén tinh thuan nhat:
Avg = avg

c6 nghiém khong tam thuong. Hon nida tdp cdac nghiém khong tam thuong cia
hé nay la toa do ciia tat cd cdc vecto riéng clia ¢ wng vdi .
(iv) Méi todn ti tuyén tinh cia khong gian vecto n chiéu cé toi da n gid tri

riéng khac nhau.

1.1.5 Dinh nghia. Mot phép bién hinh ¢ 1 tuyén tinh néu né thod man hai
tinh chat sau day:

(1) Cong tinh: ¢ (4 + ) = ¢ () + ¢ (V) , Vi, U,

(2) TS 1e: o (kid) = ko (@) , Vil Vh € K.

T tinh cong tinh ta thay ¢ (O) — (0 hay mot diéu kién can dé ¢ tuyén tinh
14 ¢ phai gitt nguyén goc toa do O.

1.1.6 Nhan xét. Nhu vay cac phép bién hinh trong mat phang Oxy, khong
gian Ozyz nhu phép quay, phép déi xiing qua mot duong thing, mat phang di
qua goc toa do, phép chiéu, phép vi tu (phép bién hinh gitt nguyén goc tog do

O) chinh 1a cac todn tii tuyén tinh.

Hinh 4nh minh hoa mot sé phép bién hinh 1a toan ti tuyén tinh:
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Hinh 1.1: Phép déi xing qua 1 dudng thing
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Hinh 1.2: Phép déi xtng qua 1 mat phing
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Hinh 1.3: Phép quay tam O



Hinh 1.4: Phép quay quanh truc

Hinh 1.5: Phép vi tu trong mat phéng va trong khong gian

1.2 Phép quay tam O gbéc quay 6 trong Oxy

Ta da biét phép quay lam thay doi huéng ctia déi tuong. Dé xac dinh phép
quay, ta can biét tam quay va goéc quay. Trong mit phang Ozy phép quay diém
M (z,y) quanh gbc toa do O mot goc quay 6 tao thanh diem M'(x',y) c6 cong



M'(',y)

0 M(z,y)

Hinh 1.6: Phép quay tam O géc 0

thiic toa do nhu sau:

y' = x.sinf + y.cos 6

'\ [ cosf —sind x
y ) — \ sinf cost y )

Xét @ 1a phép quay tam O goc quay 6 ta tim anh qua hai vecto co sé ey, és.

{ x' =x.cosf —y.sinb

hay

Ta co

Q (€1) = (cos b, sinh),

Q (€3) = (—sind, cosh).
V6i mbi vecto @ bat ki déu co bicéu dién 1a @ = xé; + yé, véi x,y la cac toa
do ctia 4 nén ta c6: Q (1) = Q (ze] + yer) = Q (xé1) + Q (yés) hay ta c6 cong
thitc toa do diém anh

2’ = xcosf —ysinb

(2", y) = Q(z,y) = (rcos@—ysinf, xsin f+y cos 0) < { y' = xsinf + ycos

'\ [ cosf —sind x
y' ] — \ sinf cost y )

Ta c6 duge phép quay tam O goéc quay 6 1a toan ti tuyén tinh duge dinh

hay

nghia nhu sau ¢ : R? — R? véi

o(z,y) = (rcosh — ysin b, xsinf + y cosb).
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Ngoai cach nhan xét nhu trén ta hoan toan cé thé ching minh mot cach
don gidn ¢ la toan ti tuyén tinh bing cach xét v6i moi u = (z1,y1) € R?

v = (22,y2) € R* Vk € R ta c6

o (u+v) = ((x1 + z2)cosd — (y1 + y2) sin 0, (x1 + x2) sin b + (y; + yo) cos b)
= (21 cos — yysinb, x1 sin 6 + y; cos )

+ (29 cos 6 — yasin b, xosin 6 + yo cos )

= (z1,91) + @ (22,92) = ¢ (u) + ¢ (v).
o (ku) = @ (kxy, kyy) = (kxy cos @ — kyy sin 0, kxq sin 6 + ky; cos )
=k (x1cos0 — yysinf, xysin + yy cos ) = kp (u) .

Vay phép quay tam O géc quay bat ky 14 mot toan tit tuyén tinh.
1.3 Tap dai s6, Pa tap affine

1.3.1 Dinh nghia. Cho mot hé S cac da thitc n bién trong vanh da thic n
bién K[x] = K[x1,x2,...,2,]. Tap dai s6 xac dinh bdi S 1a tap nghiém ctia he
phuong trinh tat ca cac da thic thuoce S, ky hieu V(S). Tic 1a

V(S)={ae K"|f(a) =0 v6i moi f € S}.
1.3.2 Vi du. 1. Tap rong @) 1a mot tap dai s6, vi § = V(1).
2. K™ 1a mot tap dai s6, vi K" = V/(0).

3. Moi diém a = (ay,...,a,) € K" la mot tap dai s6, vi a 14 nghiem duy

nhat ctia hé phuong trinh da thic ; —a; =0,71=1,...,n.
4. Dudng thing trong khong gian R2.

5. Tap nghiém ciia mot hé phuong trinh tuyén tinh trén K 13 mot tap dai so,

con duge goi 1a mot da tap tuyén tinh.



11

6. Trong R?, dudong tron gbc tai tam toa do va ban kinh don vi la tap dai s6
V(z?+y* —1).
7. Hai tap dai s6 V(zy + 2) va V(2® — 2 + y* + y2) 14 hai hyperboloid trong
R3.
1.3.3 Chu y. Dinh nghia ctia tap dai s6 khong phu thudc vao viéc chon hé toa
do cua k™.
1.3.4 Bé dé. Tap nghiém cia tap con cic da thic chia tap nghiém cia tap
me. Tic la vdi hai hé da thic S; C So, ta ¢6 V(S9) C V(Sy).
1.3.5 Bo dé. Hop cta ho hitu han cdc tap dai so la mot tap dai so.

Chiing minh. Bang quy nap, ta chi can ching minh cho truong hop ctia ho 2
tap dai s6. Gid su V; = V(S1), Vo = V/(Ss) 1a hai tap dai s6, trong d6 Sy, S5 1a
hai hé da thic trong K[x]. Dat S = {fg|f € S1,9 € S2}. Khi d6

ViU Vs = V(89).

That vay, véi moi a € V; thi f(a) =0 v6i Vf € S1. Suy ra fg(a) = f(a)g(a) =
0 v6i Vfg € S. Do d6 a € V. Tuong tu véi moi a € V5 suy ra a € V. Vay
ViuV, CV.

Ngugc lai, véia € V. Ta c6 fg(a) =0 v6i Vf € S1,g € So. Néu a ¢ V) thi
ton tai mot da thic f € S) sao cho f(a) # 0. T fg(a) = 0 v6i moi g € Sy,
suy ra g(a) = 0,Vg € Sy. Do d6 a € V5. Diéu nay chimg t6 V. C ViUV, [

1.3.6 Cha y. Hop ciia ho tiy ¥ cac tap dai sé c6 thé khong la tap dai sb.
1.3.7 B6 dé. Giao ciia ho tuy o cac tap dai so la mot tap dai so.

Chiing minh. Gia st {V; : ¢ € I} 1a mot ho tuy y cac tap dai s6 V;, trong do6
V., = V(SZ), S; C ]{[X] Khi do

Avi=vJs).

el iel
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Diéu nay suy ra tit tinh chat la: mot diem a € K™ la nghiém cia moi hé da
thic S; khi va chi khi n6 1a nghiém ctia hé da thic U;¢7.5;. H
1.3.8 Dinh nghia. Tap dai s6 trong khong gian affine K™ con dudc goi 1a da
tap affine.

1.3.9 Vi du. Xét hai da tap affine xac dinh trén Kz, y, 2] 1a V(z) va V(y, z).
Khi d6 ta co
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CHUONG 2

MO TA CHUYEN DONG CANH TAY NGUGI MAY

2.1 M56 ta hinh hoc ctia mot sé chi tiét trong "canh
tay'" nguoi may

Mot khép xoay cho phép hai doan duge noéi bdi khép xoay quanh khép dé.
Gia dinh ring ca hai doan néi véi khép déu nim trén mot mit phang, khép
xoay gitp nodi hai doan vd moi chuyén dong ctia khép xoay sé rdi khéi miit
phing chita hai doan thang dé (Viéc nay khang dinh truc quay vuong goc véi

mat phang chia hai doan thang do).

Hinh 2.1: Khép quay

Mot khép lang tru cho phép 1 doan ciia "canh tay" robot di chuyén bang cach
trugt hodic tinh tién doc theo mot truc. Hinh minh hoa dudi day cho thay so do

ctia mot khép lang tru gitta hai doan ctia robot nim trong mot mat phang. Mot
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kh6p nhu vay cho phép mot doan chuyén dong tinh tién doc theo mot duong

trong mat phang.

« modra
« thu lai

Hinh 2.2: Khép lang tru khi thu lai va khi mdé ra

Vé phan "ban tay" robot ¢6 thé hinh dung qua hinh minh hoa sau. Trén mét
phang c6 dinh mot hé toa do Descartes, biéu dién vi tri ctia "ban tay" bing
diém (a, b) thuoc co s6 u C R2. Tuong tu, c6 thé biu dién huéng ciia ban tay
bang cach dua ra mot vects don vi dude can chinh véi mot s6 dac diém cu the
ctia ban tay. Do d6, huéng clia ban tay dugc tham sé hoéa béi cac vecto u trong

V=S5

(a,b) —
/

Hinh 2.3: Hinh minh hoa ban tay. V6i diém (a,b) chi vi tri tay, vecto u chi huéng tay
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2.2 Bai toan mé ta chuyén doéng canh tay ngudi may

Bai toan dong hoc chuyén tiép (The Forward Kinematic Problem) & day 1a
lay tit chuyen dong ctia "canh tay" nguoi may ducc c6 dinh 1 dau xét trén 1
mit phang. Véi doan dau tién ctia "canh tay" duge c6 dinh tai 1 vi trf, ta si
dung mot hé toa do véi goc toa do dat tai khép 1 ctia doan. Hée nay ta goi la

hé toa do toan cuc.

khdp 1

«— doan 1

neo

Hinh 2.4: Hé toa do toan cuc (z1,y1)

Ngoai hé toa do toan cuc (z1,¥1), tai moéi khép quay c6 mot he toa do cuc
bo dé mo ta vi tri tuong doi ctia cac doan ndi véi nhau tai khép d6. Tat nhieén,
cac hé toa do nay sé thay doi khi vi tri ctia "canh tay" thay doi.

Tai mot khép quay 4, dat mot he toa do (z;11,y;+1) nhu sau. Goc duge dit
tai khop i. Ta lay truc ;41 duong ndm doc theo huéng ctia doan 7 + 1 (& vi tri
hién tai ctia robot). Sau do6, xac dinh truc y; 11 duong dé tao thanh mot hé toa

do. Luu y rang ddi véi moi i > 2, toa do (z;,y;) ctua khdp i 1a (1;,0), trong d6
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[; 1& do dai cua doan 1.

Tiép theo di nghién cttu vi tri v& hoat dong ctia doan thit ¢ + 1 sau khi doan
thit 2 hoat dong.

Goi (z,9;) 1a he toa do clia doan thit i. Doan thit i + 1 duge ndi v6i doan
thit 2 qua 1 khép, khép nay la khép ¢. Vi tri ctia doan ¢ + 1 duge xac dinh sau
phép quay tai khép ¢ v6i chieu duong duge quy uéc nguge chiéu kim dong ho.
Véi mdi vi tri ctia doan i + 1 ta xac dinh duge (711, y:4+1) 1a hé toa do cuc bo
ctia doan 7 + 1 (hé toa do dia phuong ctia doan thit ¢ + 1).

Ta ¢6 hinh sau:

Hinh 2.5: Hé toa do cuc bo

Mo ta hé toa do cuc bo cua doan tha ¢ + 1.

Muc tieu dau tién 1a lien hé toa do ctia mot diém tit hé toa do (x;i 1, ¥ii1)
sang hé toa do (z;,y;) clia diem dé. Véi 6; 1a goc nguge chidu kim dong ho tu
truc z; dén truc z;4;. Tit so do trén, ta thiy rang néu mot diém ¢ thuoc he
(@it1,Yiv1) cO toa do

Q(aiJrh bi+1)
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khi d6 toa do clia ¢ trong hé toa do (x;,y;) 1a

Q(ai7 bl)

Thuec hién xoay theo goc 6;; (dé can chinh truc z; va z;,1), sau d6 tinh tién
theo vecto (I;,0) (dé lam cho gdc clia cac hé toa do triing khdp). Trong cac bai

tap, phép quay 0;; ducc thuc hien bang cach nhan v6i ma tran quay
cosf; —sinb;
sinf; coso;
Viéc tinh tién duge thye hien bang cach them vécto (I;,0). Khi d6 mdi quan he

gitta toa do (x;,y;) va (Ti11, Y1) cla g la:

a; \ _ [ cosf; —sinb; s l;
b; o sinf;  cosb; ) bi—i—i +

. COSH@OJZ'JFZ' — Sin@ibi+i lz

o sin@iaiﬂ- + Coseibi+i + 0

_ ( cost;a;y; — sinf;b; ; + [; )

SinﬁiaiH + COS@@ bpri

Phép bién doi toa do nay ciing thusng dudce viét 6 dang viét tit bing cach
st dung ma tran 3 X 3 va vecto 3 thanh phan:

a; cosb;a;; — sind;b;; + ; cosl; —sinb; I; ;i1
b | = sinf;a;.; + cost;b;.; = | sinf; cosb; 0 |.| bis1
1 1 0 0 1 1

cos; —sinb; [
A; = | sin6; cosf; 0 |.
0 0 1

a; COS 92 —sin 91 lz aiiq aiq
(1) bz = sin (9Z COS 91 0 . bi—H = Az bi+1 .
1 0 0 1 1 1

Diéu nay cho phép ching ta két hop phép quay 6;, v6i phép tinh tién theo
doan i thanh ma tran 3 x 3 A; duy nhat.
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2.3 Chuyén dong ctia cianh tay ngudi may véi 3 khép
quay

2.3.1 Vi du. V6i cach lam trén, hiay xem xét tiép mot “canh tay" robot trén

mit phing tong quat cé ba khép xoay:

chiéu dai /,

chiéu dai /

Hinh 2.6: Canh tay nguci may 3 khép xoay

Coi ban tay nhu doan 4, dudc gan thong qua khép xoay 3 véi doan 3, [; sé
biéu thi do dai ctia doan i. Ta ¢6
cosf; —sinf; 0O
Ay = | sinf; cos6; O
0 0 1

vi gbc ctia hé toa do (x2,ys) cing duge dat ¢ khép ndi 1. Ta ¢6 ma tran As va

cosfy —sinfy Iy cosf; —sinfs I
As lan luot 1a: Ay = | sinfy cosfy 0 |, A3 = sinfl3 cosf3 0 |.
0 0 1 0 0 1

a; Q41
bi | =A;. | bina
1 1

Tir (1)
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cac toa do chung ctia bat ky diém nao c6 thé thu duge bing cach tit hé toa do
(x4, y4) dua lan lugt vé he truc toa do (xq,yp). Tic la lan lugt nhan vecto toa
d@ dlém ($4,y4> VOl A3, AQ, A1:

I X4
Y1 = Al.AQ.A3. Y4 .
1 1

St dung cac cong thic luong gidc, phuong trinh nay c6 thé duge viét dudi
dang

T COS (91 + 92 + 93) —sin (91 + 02 + (93) l3 COS (01 + 02) + l2 COS 01 Ty

yi | = sin(0y+602+65) cos(0y+02+05) I3sin(fy + 02) + lysinby ys | -

1 0 0 1 1
Toa do (z4,y4) clia ban tay 1a (0,0) (vi ban tay duge gan tryc tiép vao khdép

3), nén thu duge toa do (x1,y1) clia ban tay bang cach thay x4 = y4 = 0 vao

ma tran tich trén. Két qua thu duoge la
1 I3 cos (6, + 65) + 15 cos b,
(2) yll = [ I3sin(6y +60y) + losinf; | .
1

Huéng tay ducc xac dinh néu ta biét goc gitta truc x4 va huéng ctia bat ky
tinh nang cu thé nao ma ching ta quan tam. Vi du, ta c6 thé chi don gidn mudn
stt dung huéng ctia truc x4 dé chi dinh huéng nay. Tl cac tinh toan géc gitta
truc z1 va truc x4 don gian 1a 01 + 05 + 05. Biét 6; cho phép chiing ta ciing tinh
dugc goc nay.

La mot ham ctia cac goc khép 6;, cau hinh ctia ban tay dude dua ra béi

I3 cos (6, + 63) + 15 cos b,
(3) f (91 + 92 + 83) = l3 sin (91 + (92) + lQ sin (91
0, + 69 + 05

2.3.2 Vi du. Xét mat phang R? ¢6 hé toa do truc giao (1, y1). Bay gio dua vao
hé toa do thi hai (x1,y;) bang cach xoay hé toa do thit nhat nguge chicu kim
dong ho theo mot goc 6. Gia st mot diém ¢ c6 toa do (ar, by) trong (a1, y;)va

c6 toa do (as, bs) trong (z2,1s). Ta khang dinh ring
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a; \ [ cosf —sinf as
by ] — \ sinf cosé "\ by /)
Dé ching minh diéu nay, trudce tién ta biéu dién toa do clia ¢ & dang cuc trong

(22, y2) nhu sau:

q = (az,bs) = (rcosa,rsina)

Khi d6 trong (x1,y1) toa do clia q duge cho béi
q=(a1,b1) = (rcos(a+0),rsin(a+0))

Chiing minh. Ta co:
a; \ [ cosf —sinf as \ [ ascosf — bysinf
by )~ \ sinf cos6 "\ by | T\ agsin® + bycosb

(%) a; = agcosl — bysinf
by = assinf + bycos

Suy ra:

Thay ay = rcosa, by = rsin « vao ta dugc:

a1 = ascos — bysinf a; =rcosacost) —rsinasinf
by = assin @ + by cos O by = rcosasinf + rsin a cos 6
o { a; =713 (cos(a+0)+cos(oz—0))+7“% (cos (o +0) — cos (a — 6))
by =73 (sin (o +6) +sin (6 — ) + 75 (sin (a + 6) + sin (a — 6))
ay = 5 (cos (a4 0) + cos (a — 6) + cos (o + 0) — cos (o — 0))

= by = 5 (sin (o + 0) — sin (o — 0) + sin (o + ) + sin (a — 0))
ol u= rcos (o + )
by = rsin (a + 60)
Nhu vay
a; \ [ cosf —sinf as
by | — \ sinf cos@ “\ by
1 chinh xac. [l

2.3.3 Vi du. Trong cac vi du trén, ta da st dung ma tran vuong A cap 3 dé

dai dién cho mbi thay ddi ctia toa do tit mot hé théng cuc bo sang mot hé théng
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khéc. Nhitng thay doi vé toa do nay la cac phép quay, sau dé la cac phép dich
chuyén. Day 1 nhitng loai bién doi afin. Khi d6 ta cé cac khang dinh sau:
a. Bat ky phép bién doi afin nao trong mat phang

¥ =ar+by+e
Yy =cr+dy+f

c6 thé duge bieu dién theo cach tuong tu:

(1) -(544) (1)

b. C6 cac bieu dién tuong tu cho cac phép bién ddi afin ctia R? sit dung ma
tran 4 x 4.
Ching minh.

¥ =ar+by+e
Yy =cr+dy+f

Phép bién doi toa do nay con c6 thé dude viét & dang viét tat bang cach si

dung ma tran 4 x 4 va vecto 4 thanh phan:

x a b e 0 T
y | cd[fO Y
1 — 10001 1
1 00 01 1

Ta c¢6 phép bién doi:

¥ =ar+by+cz+k
y=drv+ey+ fz+1
Z=gr+hy+iz+m

Phép bién doi toa do nay con c6 thé dude viét & dang viét tit bang cach st

dung ma tran 4 x 4 va vecto 4 thanh phan:

/

ISERSERS
|

O =0

—RNe 8

k
l
m
1

I
oL Q.
o0 o

—_
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2.4 Chuyén déng ctia canh tay ngudi may véi khép lang
tru

2.4.1 Vi du. Cac khép lang tru cling c6 thé duge xit I trong khuon kho nay.
Vi du, hay xem xét mot robdt phang c6 ba doan va khép dau tién gidong nhu
clia robot trong Vi du [2.3.1], nhung ¢6 them mot khép hinh ling tru gita doan

4 va ban tay. Nhu vay, doan 4 sé c¢6 chiéu dai thay doi va doan 5 sé 1a ban tay.

chiéu dai /,

chieu dai 7, chieu dai /,

chiéu dai /

Hinh 2.7: Canh tay nguci may 3 khép xoay va khép lang tru

Truc dich chuyén ctia khép lang tru ndm doc theo huéng ctia doan 4. Ta ¢6
thé mo ta robot nhu sau. Ba khép néi hai chiéu cho phép ta tu do dit khép
3 gibng nhu trong robot dugc nghién citu trong Vi du . Tuy nhién, khép
lang tru cho phép ching ta thay ddi do dai ctia doan 4 thanh bat ky gia tri nao
tu Iy, = my (khi duge rat lai) va Iy = mo (khi duge mé ra hoan toan). Theo ly
luan duge dua ra trong Vi du [2.3.1] néu da biét thiét lap I, ctia khép lang tru,
khi d6 vi tri clia ban tay sé dugc dua ra bang cadch nhan ma tran tich A;AsA;s
v6i (14, y4) vecto toa do ctia ban tay, cu thé 1a (I4,0). T d6, cau hinh ctia ban

tay dugc dua ra bang
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l4cos (01 + O + 03) + I3 cos (01 + O5) + I3 cos by
(4) g ((91, (92, 93, l4) = l4 sin (91 + 82 + 93) + lg sin (81 + 92) + l2 sin 91
01 4+ 05 + 03

Nhu Vi du [2.3.1} I va I3 khong déi, nhung Iy € [my, ms] bay gio 1a mot bién
khac. Huéng tay van 1 01 + 65 + 05 vi viéc thiét 1ap khép ling tru sé khong anh

huéng dén hudng clia ban tay.

Tiép theo chiing ta sé thao luan vé cac cong thitc nhu va c6 thé dugc
chuyén déi thanh dai dién ctia f va g dudi dang da thic hodc anh xa hitu ty
trong cac bién phu hop. Cac bién khép cho cac khép ndi hai chiéu va cho céc
khép lang tru duge xit Iy khac nhau. Mac du cos 6 va sin 6 1a cac ham siéu viét,
nhung ching cho phép thong s6 hoa

T = cos b
y = sinf

da thic dai s6 V (22 + y*> — 1) trong mat phang. Do d6, ching ta c6 thé viét
cic thanh phan ctia phia bén phai clia hoac, tuong duong, cac muc nhap
cua ma tran A;As Az trong nhu cac ham cua

c; = cos b,

s; = sin 6,
tuy thuoc vao nhitng rang buoc
(5) 452 —-1=0

dé6i véi i = 1,2, 3. Luu y rang bién dugce xac dinh béi ba phuong trinh nay trong
RS 13 mot hien thuc cu thé ctia khong gian khép J cho loai 16 bét nay. Vé miit
hinh hoc, bién nay chi 1d mot tich Descartes ctia ba ban sao ctia quy dao. Ro
rang, ta nhan dugc tu mot biéu thic cho vi trf ban tay nhu mot ham cia
cac bién ci, s1, 2, 89, c3, 53. St dung cac cong thic cong lugng giac, ta cé the
viét:

cos (01 + 02) = cos By cos by — sin by sin by = c1co — $189.
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Tuong tu nhu vay
sin (6 + 65) = sin 0y cos Oy + sin Oy cos O = s1¢9 + Soc1.

Do d6, toa do (z1,¥1) cua vi tri ban tay la:

(6) ( I3 (crcy — 5159) + lacy > |

l3 (8162 + 8201) + lgSl

Ta xac dinh mot anh xa da thic tu da tap affine
S=V(zi+yi —1a3+y; — Lag+y;—1)

dén R?. Luu ¥ rang vi trf dat ban tay khong phu thuoc vao 65. Goc dé chi dugc
tinh dén khi xac dinh huéng tay. Vi dinh huéng bing tay phu thuoc triyc tiép
vao chinh cac géc 6;, nén khong thé biéu hién dinh huéng dudi dang da thic
trong ¢; = cos 0; va s; = sin 8;. Tuy nhién, ta c6 thé xit Iy dinh huéng theo cach
tuong tu. Tuong ty, tir &nh xa g trong Vi du , ta thu duge dang da thic

(7 ( 54 (¢1 (cacg — $983) — s1 (€283 + €382)) + I3 (c100 — $182) + oy )
4 (51 (cac3 — $983) 4 €1 (Cas3 + €352)) + I3 (s1¢9 + S2¢1) + las
cho toa do (x1,y1) cla vi tri tay. 0 day J la tap hop con V' X [mq, ms] hay
V xR, trongds V =V (22 +y? — 1,23+ y3 — 1,23 + y3 — 1). Do dai l; duge
coi 1a mot bién thong thuong khac trong , vi vay cac ham thanh phan & day
14 da thic trong ly, ¢; va s;. Mot cach tht hai dé viét cac cong thic va
13 duya trén cac thong s6 hop 1y
_1-¢

T =1
(8) Y — by

T 1442

clia quy dao. Vé thong sb lugng giac, t = tan (#/2). Diéu nay cho phép ching
ta biéu dién (3) dusi dang ba bién ¢; = tan (6;/2). Khi d6, bién J cho robot
trong Vi du tuong duong véi R3. Ta c6 thé xay dung mot thong sé6 hop
Iy p: R® = J sit dung ba ban sao ciia thong sé hoéa, . Do do, ta thu dugc

anh xa hitu ty tit R dén R?, biéu dién toa do ban tay clia canh tay ro bot dudi
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dang cac ham t1, to,t3 bang cach lay thanh phan p véi anh xa toa do ban tay
duéi dang @

C4 hai dang nay déu c6 nhitng uu va nhuge diém nhat dinh dé st dung trong
thuc té. D6i véi robot duge dé cap t6i trong Vi du , mot 16i thé c6 thé nhin
thay ngay lap tic ctia 4nh xa hitu ty thu dugc tir 14 n6 chi lien quan dén ba
bién chtt khong phai 1a sau bién s;, ¢;,7 = 1,2, 3, can thiét dé mo ta anh xa day
du f. Ngoai ra, khong can thém ba phuong trinh rang budc . Tuy nhién, cac
gia tri tuong ng véi cac vi tri khép véi 6;; gan véi m kha 16n va khong c6 gia
tri ¢; tuong tng véi 0; = 7. Moi vi tri tay c6 thé vé mat 1y thuyét trong hinh
anh clia 4nh xa f khi n6 dugc thé hien dusi dang nay. Tat nhién, diéu nay co
thé khong thuc su 1a mot van dé néu robét duge 1ip dung sao cho doan 7 + 1
khong tu do dé gap lai vao doan 4 (nghia la thiét lap khép 6; = 7 1a khong
thé). Dang da thiic @ khong chic chan hon, nhung vi dang nay dén tir thong
s6 lugng giac (don vi toc do) clia quy dao, nén né khong bi anh hudng bdi cac
két qua ngan tiém nang clia dang hitu ty. Dang nay sé 1a mot phan nao dé phu

hop hon cho céc khép ndi hai chiéu c6 thé tu do xoay tron qua qui dao.
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KET LUAN

Nhu vay, mot bai toan hinh hoc véi gia thiét hoat dong clia canh tay ngudi
may da cé thé dugc biéu dién nhu phuong trinh da thic lien quan dén toa do
Descartes ciia cac diém trong mit phing Euclide, cac ménh dé hinh hoc suy ra
tlt cac gia thuyét sé bao gom tat ca cac ménh dé déu cé thé duge bieu dién dudi
dang da thrc.

Viéc sit dung cac da thic giap giadi cac bai toan hinh hoc phic tap tré nén
don gidn va thuan tién hon. Day ciing chinh 1a mau chét trong viéc lap trinh
cac hoat dong ctia robot. Véi téc do tinh toan clia mot may tinh binh thuong
hién nay lén t6i vai ti phép tinh moi giay thi viéc xit 1y cac phép tinh duge thuc
hien nhanh chéng, gép phan tao ra nhiéu robot c6 do chinh xac cao dé phuc vu
cic nhu cau trong cuoc song tir ché tao, 1ap rap cac thiét bi cho dén cac dich
vi v té nhu phau thuat cac truong hop can do chinh xéc cao.

Diéu nay cho thiy ting dung ctia Toan hoc néi chung va Hinh hoc dai s6
no6i rieng trong cudc song 1a rat to 16n. D6 cling 1a thach thic cho cdc nha toan
hoc cang ngay cang phai phat trién hon nita.

Luan van buée dau da tim hiéu va trinh bay lai mot s6 tng dung ctia Hinh
hoc dai s6 dé mo ta cac chuyen dong clia canh tay robot trong thuc tién cudc
song, minh hoa dugc vai tro to 16n ctia Hinh hoc dai s6 trong k¥ thuat néi rieng

va ctia Toan hoc trong thuc tién noéi chung.
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