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Tém tit

Bai toan dong hoc ngugc tay may chudi ciing nhu
song song thuong duoc giai & cap do van tc dua trén
ma tran Jacobi. Uu diém cia phuong phap nay 1a chi
can giai h¢ phuong trinh dai s0 tuyén tinh dé tim véc
to van toc khép. Véc to toa do khdp sau d6 nhan duge
béng cach tich phan cac van téc khép véi mot didu
kién dau tuong thich. Loi giai theo phuong phéap nay
sé duoc quyét dinh boi diém xuAt phat cua cac toa do
khép. Hién tai, vi tri xudt phat dugc xac dinh tho theo
phuong phap phéc thao sau d6 dugc hiéu chinh dén
dd chinh xac nhit dinh bang phuong phap lip
Newton-Raphson. Bai bao nay trinh bay viéc tim xap
xi ban dau dudi dang bai toan t6i wu. Sau do6 sir dung
thuat giai di truyén dé xac dinh diém xuat phat. Mo
phong sb trong phan mém Matlab dugc tién hanh dé
xac minh nhitng hiéu qua ciia phuong phép dé xuit.
Tw khoa DBong hoc nguoc tay mdy, thuat giai di
truyén, md phong sd, tbi uu so.

Abstract:

Inverse kinematic problem of serial and parallel
manipulators is normally solved at a velocity level
based on Jacobi matrices. The advantage of this
approach is that it requires only solving a system of
linear algebraic equations to find the vector of joint
velocity. The vector coordinates joints, then, is
obtained by integrating the velocity joints with a
consistent initial conditions. According to this method
the solution of the inverse kinematic problem is
determined by the starting point of the coordinates
joint. Currently, the starting position is determined by
using a rough approximation and is then adjusted to a
certain precision by the iterative method Newton-
Raphson. This paper presents optimization problems
related to the initial position. A genetic algorithm is
then applied to determine the starting values of joint
variables. Numerical simulations in Matlab software
are conducted to verify the effectiveness of the
proposed method.

Keywords: serial and parallel manipulators, inverse
kinematics, genetic algorithm, numerical simulation.
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1. Phan mé dau

Bai toan dong hoc ngugc robot déng vai tro quan
trong trong viéc 1ap trinh qui dao va didu khién
chuyén dong ciia robot theo chuong trinh. Bai toan
nay doi hoi can phai giai véi do chinh xac va 6n dinh
cao nhit c6 thé. Bai toan dong hoc thuin tay may
chudi da duoc giai quyét mot cach hiéu qua bang mot
s6 phuwong phap nhu phép bién ddi toa d6 thuan nhat
Denavit-Hartenberg va cho két qua 1a cac biéu thirc
giai tich [4-8,17,18]. Trai lai, hién chua c6 mot
phuong phap tong quat dé giai quyét bai toan dong
hoc nguoc cho tay may cong nghiép. Phuong phap
giai tich chi c6 thé nhan dugc ddi voi mot sd trudong
hop don gian. Trong céc truong hop khac, cac phuong
phap sb 1a mot cong cu hitu ich. Thong thudng,
phuong phap ma trdn Jacobian thuong dugc su dung
Vi no cho cac m01 quan hé tuyén tinh gitra van toc clia
khéu tac dong cudi va véc to van toc suy rong [7-15].
C4c toa d6 suy rong cé thé thu duoc bang cach tich
phan cac van téc suy rong. Phuong phap ndy co uu
diém 1a don gian vi chi phai giai hé phuong trinh dai
sO tuyén tinh. Tuy nhién, nghiém cua bai toan dong
hoc nguoc lai dwoc quyét dinh bai diéu kién dau. Néu
diéu kién dau khong dugc chon hop 1y, nghiém cua
bai toan s& cho mot cdu hinh khong mong mudn.
Ngoai ra, trong qua trinh tich phén cac sai so tinh toan
¢6 thé dugc tich lity lam cho khau cudi di chuyén ra
khoi vi tri mong mudn cua nd. Dé giam sai sé tich
liily, mot s6 nha nghién ctru sir dung sai léch nay nhu
mdt phan hdi [6]. Tuy nhién, phuong phap phan hoi
sai léch yéu cau mot thong s6 hop 1y ma khong phai la
don gian dé lya chon.

Bai bao nay trinh bay viéc giai bai toan dong hoc
nguoc tay may chudi va robot song song di din dong
va du din dong dya trén ma tran Jacobi. Thuat giai di
truyén dugc ap dung dé xac dinh gia tri xdp xi ban
dau cho cac bién khop, sau d6 phuong phap lap
Newton-Raphson dugc dung dé tinh chinh cac blen
khép tng v6i vi tri ban dau cta khau thao tac cudi.
Phén con lai cua bai bao duge trinh bay nhu sau: phin
2 trinh bay so lwoc vé thuat giai di truyén; phan 3
trinh bay bai todn dong hoc nguoc dua trén ma tran
jacobi, trong d6 ma tran tya nghich dao duoc ap dung
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cho bai toan robot du dan dong; phan 4 1a cac két qua
mo phong so va cudi cung 1a phan ket luan.

2. Thuét giai di truyén

Thuat toan di truyén (GA-Genetic algorithm) da duoc
phat minh badi John Holland trong nhitng nam 1960 va
dugc 6ng cung véi cac hoc tro va dong nghiép tai Pai
hoc Michigan phat trién trong thap nién 1960 va 1970
dé giai quyét cac bai toan t01 vu. Thuat toan di truyén
thudc 16p cac thuat toan tién hoa, trong d6 cac nghiém
ctia bai toan toi uru dugc tim béng cach str dung cac ky
thuat 1ay cam hung tir sy tién héa ty nhién, chang han
nhu sinh san, di truyén, dot bién, va chon loc [1,2,3].
Phuong phép niy c6 kha ning giai quyét dugc mot
16p 16n cac bai toan t6i wu. Khi 4p dung thuat giai di
truyén vao xac dinh gia tri ti wu cia ham f(x) véi
bién X € X , cac budc sau duge thuc hién:

1) Tao ngdu nhién mot quan thé véi 4n ca thé
thuéc tdp X, x, € X, i=12,...,4n

2) Panh gia cac ca thé thong qua ham gia tri cia
no, f(x).

3) Thuyc hién qua trinh chon loc, chon ra mét nira
s6 ca thé tét nhat;

4) Thuc hién qua trinh sinh san, ta cho mdi cip
bd-me sinh ra hai con, trong qué trinh sinh san
nay thé hé con duoc ké thira tir cac gen tir bd
me, déng thoi sy dot bién sé xay ra ¢ day voi
mot xac suét cho trude.

5) Sau qua trinh sinh san ta nhian dugc mot quﬁn
thé méi véi4n.

6) Lap lai budc (2) dén khi nhan duogc gia tri tdi
uu chép nhan duogc.

Céc bude trén duge thé hién dudi dang so dd khéi
nhu trén hinh H. 1.
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H.1  Sodo khéi thudt gidi di truyén
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3. Bai toan dong hoc nguwoc robot

3.1 Pong hoc nguoc robot chudi

Xét tay mdy dang chudi véi n bac tu do (H. 2), goi
g€ R" 1a véc to chira cac bién khép. Vi tri ctia khau
tac dong cudi trong khong gian thao tac duoc ky higu
boi véc to xeR™ (m<6). Két qua cua bai toan
dong hoc thuan cho ta

f(x,q)=0, x,f eR",geR", 1)
trong d6 qeR" 1a vécto chira cic bién khop,
xeR™ 1a vécto chira vi tri mot diém thude ban kep
va hudng cia ban kep trong mdt hé toa do c¢o dinh:

X=[x X% ---Xm]Ta N q:[%, S} ---qn]T-
Tay may duogc goi la du dan dong, néu m = n, truong
hop m<n tay may duoc goi 14 du dan dong. Doi vaoi
tay may du dan dong, sb bac tu do cua tay may nhiéu
hon s6 béc tr do ctia khau tac dong cudi.

End-Effector

X

H.2  Sodé tay may chudi

Nhiém vu cua bai toan dong hoc ngugc 1a gidi phuong
trinh (1) dé tim chuyén dong cua khép dan dong q(t)
(phuong phap giai tich, phuong phap s6) dé khau tac
dong cubi thuc hién chuyén dong theo qui luat x(t) la
ham tron cho truéc.

Pao ham hai vé cua (1) theo thoi gian, ta nhan duogc

of of
—X+—0g=0 ha
OX 3qq y
(% q)x+J,(x,q)g=0 @
trong d6 cac ma tran jacobian nhu sau
% Ox,  OX,
of
Jx(x,q):az U
% O X,
o of ok
dq, oq, ~ aq,
of G 90, On
\]q(X,q):a—:
q
dq, dq,  0q,




Ma tran Jacobi J,(X,q) c¢& mxn va J,(X,q) c&
mxm. Gia st hang cta J,(X,q) la m. Theo cac tai
liéu [5,6,7,16] ta chon

Ja(xa)=33(3,35) ®)
Ma tran J{ (x,q) dugc goi la ma trdn twa nghich dao
cuia ma tran J,(X,q). T (2) ta xac dinh duoc véc to

van toc suy rong

4=—J; (X, a)J, (X qx (4)
Hodc néu chii y dén khong gian khong ciia J (X, q)
4=—Jg (X DI, (X DX +(E—I33,)Z, (®)

voi E€ R™ la ma tran don vi va z, € R" 1a véc to
s€ dugc chon.

Bang viéc chon véc to z,, wu diém coa tay may du
dan dong s& dugc khai thac (nhu tranh chuéng ngai
vat, trnh ky dj trong c4u hinh, tranh va cham véi cac
gidi han khop). Trong bai bdo ndy z, dugc chon

Zg - —a a¢(q) (7)

aq
v6i hing sb duong « va ham tong binh phuong cac
khoang cach dén vi tri giita ciia cac bién khép duoc

dinh nghia nhu sau

$(a)="= Z [q' q'] ®)

qIM qlm
trong d6 Qy, 0, Va G la cac gia tri 1on nhit, nho
nhét va gia tri gilra cda cac bién khép. Sy lua chon
nay cho phép tranh va cham véi cac gidi han khép.

Gia toc khép § duge xac dinh bang cach dao ham (5)
theo thoi gian:
§=-303,%X—J; I x—J3d% 5
+H1 343,12, — [J*J +J+J v ©
véi
‘J+_g1"];—’ ‘] =5Jx (7)
V& mit toan hoc, ta c¢6 thé thyc hién dao ham ma tran
tua nghich dao J; , nhung viéc nay doi hoi s6 lugng

16n cac phép tinh. Tir phwong trinh (3) ta nhan duoc

J;[JQJE] :J; . (8)
Pao ham hai vé phuong trinh trén ta nhan dugc
J;[Jq\];]—|—Jq+[JqJ;]+J;[JqJ;] = Jg .
Tur day ta giai dugc

qur = ‘]; _‘];r[‘jq‘]g] —J:[qu;] [‘]q‘]ET1

Tu cac phuong trinh (5) va (6), v&i gia tri da cho
X(t), X(t), X(t) va néu c6 duoc dai luong g tai thoi
diém t ta s& xac dinh duge véc to van tde va gia tde
suy rong ¢(t) va q(t).

So dd giai bai toan dong hoc nguoc robot chudi duge
the hién nhu trén hinh H. 3. Theo so d0 nay ta can
phai xac dinh gia tri q(0) tng véi vi tri ban dau cua
khau thao tac x(0). Trong phéan tiép theo trinh bay
viéc 4p dung thuat giai di truyén dé xac dinh gia tri
ban dau nay.

x=X(t), l"

q
o —> PT (5) » 1 .
X, X % s .
» q _
X, =X(0) » Tim g, g
Tinh§ ——

>

H.3 Sods giai bai toan dong hoc nguoc éccfp dé van téc

3.2 Vién dé sai s6 sau khi tich phian

Céc gia tri q tinh theo (5) chi thoa man (2), sau khi
tich phén theo thoi gian c6 thé c6 nhing §ai sO tinh
todn, tich lily nén gia tri q thu duogc c6 thé s€ khong
con thoa man (1). Dé khic phuc nhuge diém nay, ta
xét ham sai sO

e="7(x0Q),
truong hop ly tuéng e=0.
Nhu thé co

e=J,(xaQ)x+Jq(x,a)q 9)
Pua vao hé thiuc

é=—Ke, (10)
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voi K 1a ma tran xac dinh duong. ¢} day ta chon K
la ma tran duong chéo, k; =X\ >0. Nghiém cua
phuong trinh vi phan (10) c6 dang
& (t) =& (0)exp(=At).
Nhu thé néu ban dau € (0)=0=-¢ (t) =0, con néu
€,(0) = 0=-¢(t) — O khi thoi gian t du lon.
Két hop (9) va (10) ta dugc
e=J,(x,q)x+J,(x,9)q =—Ke (12)
Tur day ta giai dugc véc to van tbc suy rong
q=-J;(x,9) J,(x,q)x+Ke

(12)
=—Jq(x,0) J,(x, Q)% +Kf(x,0q)
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Néu cha y dén khong gian khong cua ma :[rzfin jaco‘t?i
J(q) , nghiém cta phuwong trinh (11) c6 thé dugc viét
lai nhu sau:

q=—J,(x,q) J,(x,q)x+ Ke

+HE—J5 (x,a) 34 (X, a)]2o

e R" 1a mét vecto tuy y va E€R™ la
ma trén don vi. Pé tinh véc to gia tc suy rong, ta chi
viéc dao ham bieu thirc (13) theo thoi gian. Theo cach
nay trong so do khéi H.2 ta s& thay PT (5) bang PT
(13).

(13)

trong d6 z,

3.3 Xac dinh q, bing thuit gidi di truyén

Dé nhan dugc q(t) khi tich phan ham ¢, ta can phai
¢6 gia tri ddu Gmg vai vi tri ban du cua khau tac dong
cudi, g, =q(t,) . Phuong phap lap Newton-Raphson
¢6 thé dugc st dung dé tim gia tri ban dau nay. Tuy
nhién, khi 4p dung phuong phap lap nay viéc chon gia
tri xap xi ban dau 1a rat quan trong. Néu lya chon
khong t6t nghiém s€ hoi tu veé mot gid tri khong mong
mudn va co thé nam ra ngoai gi6i han khép. Trong
bai bao nay, thuat giai di truyen duoc str dung dé giai
quyét vin dé nay. Bai toan toi uvu dwoc dit ra nhu sau:
Tim bién q, thoa man phuong trinh

f(qu Xo) =0 (14)
va ham binh phuong khoang cach sau day dat gia tri
nhd nhat

S(qo) = 22

i=1

2

[ G — G ] —min, (15)

Oiv — Qim

v6i ¢ >0 14 cac trong s6, Oy, Gy, 14 gi6i han trén va

dudi ciia cac bién khop; G =1 (G +0) 12 gid tri

gilta cua cac bién khop. i

bé giai bai toan trén bang thuat giai di truyén, ta dua

bai toan vé dang, tim gia tri cuc ti€u ciia ham sau
L(do) = 7" (90, %0 )F (Ao, Xo) + 725 (q) — min,

V6i cac trong s6 duong 7,7, .

Trudng hop néu nghiém tim duogc cua bai toan trén

chua dat do chinh xac can thi€t, ta c6 thé tiép tuc su

dung phuong phdp 1dp Newton-Raphson dé nhan

duogc nghiém chinh xac hon [19]. Qua trinh 1ap duoc

thuc hién nhu sau: ) )

Buodc 1. Giai h¢ phuong trinh dai so tuyen tinh

Jq(qO!XO)AqO ~ —f(do,Xo) (22)
chota

Aqo = _JZ(QmXo)f (Qnyo) . (23)
Budc 2. Lay

Go =0 +Ad, . (24)

Buée 3. Kiém tra diéu kién dimng

Néu || F(Go.%o) ||<e, v6i e 1a sai s& cho phép, thi
chuyén sang budc 4, trai lai ldy ¢, =0, va chuyén
vé budce 1.’

Bucc 4. Lay nghiém chinh xac hon q, =q, .
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Luu rang trong céc tinh toan trén, néu robot 1a khong
du dan dong, m=n, ta chi viéc thay ma tran tya nghich
dao J; béng ma tran nghich ddo J,* khi d6 s& nhan
dugc 16i giai cho bai toan dong hoc nguge robot chudi
khong du dan dong.

3.4 Dong hoc nguoc robot song song

Céch giai bai toan trinh bay trong phan trudc cé thé
dugc ap dung cho bai toan ddng hoc ngugc cuia tay
may song song, trong d6 mdi chan cua robot song
song s& dugc coi nhu 1a mot tay may dang chudi (H.
4). Vi vay, bai toan dong hoc nguoc tay robot song
song n, chan s€ twong duong vdi bai toan dong hoc

nguoc ctia n, robot dang chudi.

H.4  Cdu triic robot song song

Céc phuong trinh rang budc trong bai toan dong hoc
robot song song nhén dugc cé dang sau:
fi@i, ) =), (16)

I, f,eR™, g, €R"Y, e R"™, xeR™, véi x la
véc to chira vi tri va hudng cua khau tic dong cudi
(ban may dong), q; 1a véc to chtra cac bien khop chu
dong va s 1a véc to chira cac bién phu tro (cac bién
khép bi dong, khong c6 dan dong) cia chan tha i"
f. 1a s6 bac tu do ctia chan thiri va n; 1a s6 khop cha
dong, ( f; >m;).
Ap dung phuong phép da néu cho robot chudi, hé cac
phuong trinh (16) s€ dugc giai mot cach twong ty nhu
phuong trinh (1).

4. M6 phong s

Phan nay trinh bay két qua mo phong s bang Matlab
d6i v6i hai loai tay may chudi va song song. Phuong
phép xéac dinh x4p xi ban dau nho thuat giai di truyén
dugc thé hién qua hai vi du sau day.

4.1 Vi du 1: Robot phing dw din dong 5RRRRR

Khao sat mot tay may phing 5 khau dan chuyén dong
trong mat phing thing dung (H. 5). Chiéu dai cac
khau va giéi han cac khép duge dua ra nhu trong
bang 1.



H.5  Tay mdy phdng 5 bic tir do

Bing 1. Cac thong sb cua tay may 5 khau phing

Khau 1 2 3 4 5

I [m] 0.55 0.50 0.45 | 040 @ 0.20
gwm [rad] 0.8x 0.8x 0.8x 0.8r  0.8=n
gm[rad] -0.8n -0.8n -0.8xr  -0.87  -0.8x

Két qua cua bai toan dong hoc thuan cho ta phuong
trinh

(0, X) =x—¢(q) =0 a7

voi

(@) = Zlk Sin(ZQi)v Z:Ik COS(Zqi)v ZQi]

& day x=[x,y,¢]
huéng ¢ cua ban kep,

la véc to chua vi tri (X, y) va

q=[th 0, G Qs Gs]" 14 vécto
chira cac goc khop. i
Bai toan dat ra la can tim qui ludt chuyén dong cua
cac bién khdp tuong tng véi chuyén dong cho trudce
cua ban kep. Trong md phong nay, ban kep —khau 5 —
can phai chuyén dong véi van toc v = 0.3 m/s doc
theo qui dao tron, trong khi hudng cua ban kep duoc
giit khong d6i, ¢ = /2 rad. Qui dao tron ¢ tim tai
(X, Ye) = (0.9, 0.0) m va ban kinh R = 0.3 m. Qui
luat chuyén dong ciia ban kep duogc viét ¢ dang giai
tich nhu sau:

X = Xc + Rcos(vt / R)

Yy =Y. + Rsin(vt/R)

o=mul2
Dé tim cac bién khép tmg vé6i vi tri ban dau cia ban
kep, ta dua vao ham muc tiéu 1a ham binh phuong
khoang céach co trong s6 dén vi tri gilta cia cac khop
nhu sau:

18 —g |
S(qo) :—Z [ ' ] — min (18)
2 =1 Oiv — Cim
v6i céc trong s6 duge chonc=[54321]".

Ap dung thuat giai di truyén néu trong phan trén ta
nhan dugc diém xut phat nhu sau:

0 =
"0 88148 ef£=1(Qo, %) =% —¢(q0)

0.66653 =

0.54628 0.004535

~0.03986 -0.018671

~0.47626 -0.007370
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Trong qua trinh thyc hién thuat giai di truyén, gia tri
ham muc tiéu nhé nhat sau moi thé hé duoc dua ra
nhu trén d6 thi hinh H. 6.

cost
N

\

0 100 200 300 400
generations

H.6  Gid tri ham muc tiéu theo cdc thé hé

T xép xi ban ddu nhdn dwoc bang thuat giai di
truyén, ap dung phuong phép ldp Newton-Raphson
cho ta gia tri cua cac bién khdp tai thoi diém dau va
sai s6 ctia vi tri ban kep dugc dua ra nhu sau:

D oee e £=F (0o, Xo) = %o — $(dh)
0.66514 =
~0.04978 1.8931e-016
_0.48513 -4.4409e-016

Str dung so do tich phan ta nhén duoc qui ludt chuyén
dong cua cac bieén khop nhu trén cac hinh H. 7. Cau
hinh cua tay may dugc v€ ra nhu trén hinh H. 8

S

7
-

R

1 2=

o

=1
s
E | |
|
2—{—(11— ------ g, ===== Qg —— 0, qs{—
F F
0 5 10 15
t[s]
H.7 Do thi theo thoi gian cac bién khop
0.6 f F
0.4
E 0.2 —
>

L

L !

N
e

X [m]
H.8  Cdc cau hinh cia tay may

2

Nhan xét: cac bién khop nam trong gidi han ciia no.
Khau cudi chay theo duong tron, voi phuong khong
doi.

4.2 Vi du 2: Robot song song phing 3RRR

Trong phan nay, mot s6 mod phong véi mét tay may
song song phang 3-DOF trong d6 di chuyén trong mét
phang ngang dugc thuc hién. M6 hinh cta robot va
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cac thong s6 cua no dugc hién thi trong hinh H. 9 17
va Bang 2.

Ol ~

Q1

H.9 M0 hinh tay may song song 3RRR

Biang 2. Cic thong sb cia tay may song song 3RRR

i—1 i—2 i—3
Xor [M]

Gid: Ly = 0 1.20 | 0.6000

1.2[m] Yo [M] 0 000 | 1.0392

Chidu dai | i [M | 0582 0582 | 0582

chan l,[m] | 0623 0623 | 0623
«; [rad

Ban may [rad] 3T 0 s

don

ne a [m] 0.185

Gi6i han 20944 | 3.6652 0

trén am : :

Gi6i  han

e O -1.0472 | 05236 | -3.1416

Céc phuong trinh rang budc cho cac chan cua robot
duoc dua ra nhu sau:

Xor 1, €0sq; +1, cos(q, + p;) = X +bcos(e + o)

Yor +hsing +1;sin(q, + py) = Ye +bsin(p + )
X0z +k €050, +1,c0s(q, + p,) = X +bcos(y +a,)

Yoz +1Lsing, +1,sin(q, + p,) = Yc +bsin(p +a,)
Xog0 +1; €083 +1, €0S(Gs + ps) = Xc +bcos(y +ay)

Yoz +h sin qg +1;8In(d; + P3) = Ye +bsin(e + az)
hay ¢ dang ngan gon:

f(@,pX) =0

Doi véi md hinh nay, cac vecto sau day da duoc sur
dung trong phan 3:

q=[0,. 61" . P=[P1, P, Ps]" . X=[Xc, e, ¢l -
Trong Céq mo phong tim ctia ban may dong di chuyén
v6i van toc vV = 0,6 m / s doc theo mot quy dao tron,
trong khi huéng cta n6 1a hiang s6, ¢=0rad. Quy
dao tron c6 tim (e, Ye) =( Lo, L,) m va bén kinh
R = 0,2 m. Phuong trinh chuyén déng ciia ban may
dong dugc cho nhu sau:
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X=X +Rcos(vt/R)
y =Y. + Rsin(vt/ R)
¢=0

Nhu thé ctia ban may dong xuat phat tir vi tri:
X(0) =[x + R, yc,0I"

Ham muc tiéu dwa vao dé tim cuc tiéu la
L(g,) = 20f"f + S(q,) — min,

v6i S(q,) == Z[ G —G ] .

qIM qlm
Thyc hién md phong v6i sO ca thé trong quén thé 1a
60 va lap sau 500 thé hé ta nhan duoc cac ket qua bao
gom gi4 tri ham muc tiéu (H. 10), diém x4p xi ban
dau, gi tri ciia cac phuong trinh lién két nhu sau:
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H. 10 D6 thi ham muc tiéu theo cdc thé hé

do = ef=1(0y,X%,) =
1.282 0.022088
1.1184 -3.2161le-5
-2.316 -0.014601
-1.7213 -0.0057181
2.412 0.007269
2.0553 -0.0023074

Pé nhan dugc diém xuét phat chinh x4c hon, ta hiéu
chinh cac gia tri nhan duoc tir thuat giai di truyén nho
phuong phap 1ap Newton-Raphson va nhan duoc két
qua nhu sau:

ap = ef=1(q, %) =
1.3169 -4.1633e-017
1.0777 6.9389e-018
-2.3309 1.3878e-017
-1.7657 4.8572e-017
2.4242 -1.1756e-016
2.0642 -5.5511e-017

Str dung so d6 tich phan ta nhan dugc qui ludt chuyén
dong cia cac goc khdp chia dong va cac goc khdp phu
tro nhu trén cac hinh H. 11 va H. 12,
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H.12 Dé thi cic goc phu tro

Nhan xét: cac bién khop chi dong ndm trong gidi han
cia nd. Cac do thi trén tuan hoan tuong ung voi
chuyén dong tinh tién tron déu cia ban may dong.

5. Két luan

Bai b4o di 4p dung thanh cong thuat giai di truyén
trong viéc tim diéu kién dau cho bai toan dong hoc
ngugc tay may chudi cling nhu song song. Trude het
bai toan dong hoc nguoc duoc giai ¢ cap do van tdc,
trong d6 ma tran nghich ddo va tya nghich dao duogc
ap dung dé tim véc to van tdc khép. Sau d6 ching
dugc tich phan voi diéu kién dau twong thich dé nhan
dugce vee to bién khop. Hiéu qua cua phuong phap dé
Xuét dugc the hién bang cac thi nghiém so0 véi cac tay
may ndi tiép du din dong va tay may song song du
dan dong.
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