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Su t6n tai ké hoach chuyén déng bac cao

Tran Hus Minh v Nguyén Van Ninh

Pai hoc Su pham - Dai hoc Thai Nguyén

Tém tiat néi dung

Bai toan lap ké hogch chuyén déng cda mot hé co hoc 1d mot trong nhitng nghién cdu
quan trong trong lj thuyét robot. Déc biet vide ohi ra sy tén toi ciae mdt ké hoach (:fmyén
dong dan tdi khai niém 46 phidc tap #6p6 bac cao. Trong bai bao nay, clving t06i chi ra difu
kien cin va di cho s¢ tén tai mot ké hoach chuyén dong bac cao. Ti d6 dua ra mot s6 vf dy

rgneh hoa.

T khéa: Ké houch chuyén donyg, khing gien co it duoe, d6 phidc tap t6p6, nhat cdl, dong

{uér.

1 Sy toén tai nhat cit

Gia st X k¥ higu khong gian cic trang
thai ctia mot hé co hoc, Cac trang thil duge
bitu difn hé cic diém cia X, Mot chuyén
dong Hen e cta he duge bidu din bdi mot
duimg cong lign tuc v : [0,1] — X. Diém
x = (0) ia trang thai ban diu vh didm
y = (1) la trang thai cudi cing ¢ia hé théng.
Khong gian X 1i lién thong duong khi vi chi
khi it mot trang thai ban diu bt kv ta <6
thé di chuvén dén mot trang thai bis ki khae
bing mot chayvén dong hén tue.

Ngudi ta quan tAm tdi viée dua ra thudt
todn dé tim cac chuyén dong nhw vay. Cy thd
chi ra mot thudt toan cho tuong ving mbi cip
difm (x,%) ciia X, coi nhi eap trang thai 7
ban diu - két thic ”, véi mot chuyén dong
lién tge v o6 trang thii ban diu b © vh trang
thai két thie 14 4.

Bai toan vas 1§ trén duge phat bidu lai
theo ngdn ngd ftoan hoc nhu sau.

Cho X 1a mot khong gian t6ps. Dat
PX = {~v: [0;1] — X héntyc} I khong
gian cac dudng di Hén tue trong X vai t0pod
compact md. Xét anh xa

7: PX — X xX
v (@), v (1))

Dinh nghia 1. Mgt thuit toian ké hoach
chuyén dong 1 mat nhat ¢dt etia phan tha
ndy, nghia la tim anh xa Hén tge s : X x X —
PX thod min : ws =idx . x.

Nhwir vy chi ra mét thudt toan lap kb
hoach chuyén d6ng ¢6 nghia Ia ¢hi ra sy tdn
tai clta Mot nhat cat nhu vay.

Can héi ddu tien dat ra k2 " C6 t0n tad
mét nhat cit s nhy trén hay khong?". Caa
tra 181 duge M. Farber dua ra trong [1] nhy

san: * Cho X 1a khong gian topd. Nhat cit
s: X X — PX t6n tai khi v& chi khi X I3
ot duge !

Nzm 2010, YB .Rudvak tong guat héa bai
toan trén nhu sau (xem 2]

V@i mbi sd nguyen n = 2, dat J, =
[0;1] v [0;1] v ... v [0;1] 1a kit eftia n doan
thing don vi tai diém 0. K¥ hieu X7~ Ia tap
cae dnh xa lién tue v 1 S, — X™. Khi dé X7-
15 khong gian t0p0 val tOpG compact mdé. Xét
anh =a

en: X0 5 X7
Yoo (7(11)’7(12)7“"7(1?&))'

1; 1a diém 1 cfia doan [0;1] thw ¢ trong Jn.
Khi d6, e, 1o phan thd theo nghia Sere v thd
F ddng lnan vé (QX)™ L

Bai todn nay tuong ¥ng voi bad toan vat Iy
saw: Xét X 1a khong gian cac trang thai ¢
mat hé eo hoc thi cho mot didm (z1,...,2,) €
X7 ¢6 nghia 1 cho mot bo gdm n trang thai
cfia, hé. Bii todn lap k& hoach chuyén dong
bay git yéu cdu chuvén dong dong thoi he
théng tit digm 1 dén (n — 1) difm 22,..., 7,
con lad mot cich lien tuc. Hay ¢4 thé hiéa cach
khéc i ta phai o6 ké hoach d¢ (n — 1) robot
cimg xuit phat #11 didm 1 vh di chuyén dong
thai t6i (n— 1) diém zs, ..., 7,. Thie chit bai
toan ndy cling tuong duong vai bad toan 14p
ké hoach chuyén dong cia hé oo hoo i trang
thai = dén trang thai ¥y vh trdi gqua n— 2 trang
thai khac.
Dinh nghia 2. Mot thuat toin ké hoach
chuvén dong bic cac la mot nhit it clia
phén thd ey, nghia & tim anh xa lign tye
s: X" = X7+ thod man : s = idxn.

Can héi ciing duge dat ra a0 " V6 méi
n > 2, ¢b t6n tai mot ké hoach chuvén déng
nhu vay khong?"
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Cau tra 1ot duge chimg 61 chitng minh
trong dinh I sau

Dinh Iy 1. Voi méin = 2 bit kg, X 1o khong
gion topd. Khi d6, nhat cit s : X — X7~ ton
tar khie va ohd ke X 1a co rit duoc.

Vay k& hoach chuyén dong ciing chi ton
tai trong truong hop it don gian. Trude khi
chitng minh dinh I¥ niy tanhac lai dinh nghia
sa
Dinh nghia 3. Cho X 14 khong gian t0n6.
X duge goi 13 co rat duge ndéu anh xa dong
nhiit idx d0ng hudn v6i anh xa hiing. Nghia
Ia t0n tai ho anh xa Hén tuc Ay 0 X — X,
t e [0;1] sao cho vdi mol z € X, ho(z) = =
i ha(z) = zo {¢b dinh) .

Chidng minh. (eha dinh I3 1)
Diéu kién cin: Gid st ton tai nhat cit s ¢fia
phan thé (X7~ e,, X, F). Ki hicu s:(z, 1)
Ia han ¢hé cia s(z, v, ..., y) lon doan [0;1]
thi ¢ etta J.. i = 1,...,n. Cé dinh mot diém
xg € X. X6t ho anh =

hy: X - X ,wdimbize X, tc[0,1]

s1(x, 20) (1 — 2¢) néu t € [0; 3];
;1.

hi(z) = sn(z,z0)(2t — 1) néu t € [% ]

Ta ¢é ho(z) = z. ha(z) = zo. Viy X co it
dice v& zp bdi ho hsg.

Piéu kign da: Giad sd ving o6 ddng luan
ien tuc hy 1 X — X thod mén hy(z) = =,
hi(z) = 2o v6i moi # € X. V6i hai didm bét
ky r,y e X.

Ki higu v,y & dudng ndi x vh y duge xac
dinh nhw sau :

h?t (I) B
h?(l—t) (y),

néuy 0 < ¢

1,
DE 27
You(t) néu Ll <<l

=
<
Vi mbt bo (21,22,...,7,) € X™
ing nhu sau

s : X = X7 xac dinh bd
8(T1, T2, ..., Ta)|[0;1], = Vey,z- Fhi dé s laanh

Xét tuong

xa chn fim. L]

2 Vidu

Trong thye t&, tht ch cac khong gian cac
trang thai déu ed thé coi Ia tap con efa RF
{ v6i 56 1ty nhidn k nho d6). Xét R™ véi 0pd
117 nhién. Trong phin ndy ta 58 36t Mot s6 w1
dy khi X 13 tap con cha R®. trong cic vi dy
nay ta 8¢ =y dyng trye £iép ké hoach chuyén
dong s. Chii ¥ ving, viée xéy dyng s chinh
vide xiy dung cac duting ndi hai difm bit ki
trong X.
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2.1 Tap hinh sao

Vot z,y € RF, ta dinh nghia doan thing
[z;y] & tp hop cac digm

{a e R a = (1 — Az + Ay, A = [0;1]}

Prinh nghia 4. Cho X 14 tdp con khong rvfng
ciia R™.

it X duoe got 1A tap I ndu vé moi
z,y € X thi [z;y] ndm hoan todn trén X,
1)X duge goi 1 tép hinh sao 46t v6i zo néu
vdi moi © € X thi [20; ] ndm hoan todn trén
X. X duge goi 14 tap hinh sao néu X B tap
hinh sao 461 vai mot didm nao 46

Tit dinh nghia ta 6 Néu X 13 tap 161 thi
X 1 tap hinh sao véi moi diém z < X, Tap 165
A tAn hinh sao & cac tdp quan trong frong
vide nghién ¢t cac bét bifn olia m§t khong
gian topo. Ngohi ra, néu X I diém hinh sao
dfi voi difm zg thi ho snh xa by 1 X — X
xae dinh béi

he(z) = (1 — Hxg + 4z, Ve e X

théa man Dinh nghia 3. Nghia Ii: Néu X 13
tép hinh sao tht X co rat duge. T d6 suy ra
néu X i wap I6i tht X efing co iyt duge.

Bay g0 ta 56 x4y dung kd hoach tvén X
trong truong hop X 1h tap hinh sac d6i véi
diém zo. Anh xa s : X™ — X7+ duce xac
dinh nhw trong chitng minh oa Dinh 1§ 1,
trong d6 dudng di 11 ¢ dén y duge x4c dinh
nhu sau

2tzg + (1 — 28)x, < &
<1

2tzo + (2t — L)y,

néu 0 <t

) —
Yo (1) néu 2 <t

Cha ¥ réing sy t0n tai ké hoach s 13 khéng
duy nhiit. Didu niy thé hitn 16 trong trudng
hop X 1a tap 161, vi trong traong hop nay ta
c6 thé =6t duomg ndi z vh y lh y.,, €6 thé
duge =ac dinh nhit sau

Yoo (B) = (1~ Dz + ty, Vi [051].

2.2 Tap trén va dudi dd thi

Voi k> 1. Xét ham s6 lien tye f: R —
R. Ta ki higu cac tap con ciia RFT1 = R* xR
nhu sau

Up ={(z,y) e R* My > fla)};

Uyp = {(z,y) € R* My > fla));
Ly ={(z,v) e R* My > f@)};



Tran Hué Minh va Ptg

Tap chi KHOA HQC & CONG NGHE

172(12/1): 55 - 57

Ly = {(z,1) e R* My > f(x)}.

Ta & x@y dyng trye tidp cac nhat ¢it trén
cac tp niay, 11t d6 suy ra cac tAp nhat trén la
cAc tap 16i.

Vi mbi (x,y) € RFTL, %6t cac dudng di trong
R5+1 wse dinh bdéi

Tey(t) = (z, (1 — )y + tf(x))
Tay(®) = (z, (1 — Dy + ¢(f(z) +£))
oy = (z, (1 =y +t(f(z) — &)

D& thiy v6i moi t < [0;1] ta 6

- Néu (z,y) € Uy thi 7 ,(t) € Uyg.

- Néu (p,y) € Ly thi 7, (t) € Ls.

- Néu (z,y) € Uy thi 7, (¢) € Uy

- Néu (=, y) e Ly thi Tfy(t) e Ly.
Vi oz, < R¥, dat

€ 2 [0;1] — RFHL, wic dinh b

£omr (B) = (1 — )z + ', (1 — )z +tz')).
S
L, = (2, (1 — ty + t(F(x) + ).
Cor
Etnan (D) = (1—ztta’, F{(1— Oz 1 ta’)—e).
VGi hai didm (x, ), (27, ) thuoe U, hoac

L ta =6t dudmg di tit {(r,y) t6i (o', Ia
Fza) (2" ) nhuy sau

[0;1] — Upg, xae dinh bdi

1 [0;1] — Ly, xac dinh bdi

Ty (3MEu 0 < ¢ < 45
Yz oy (E) = § Epzr (Bt — 1)ndu
Tt 2 (St — 2)-&@;& %

2.
L<y< 2
<+<1

Va hai didm (x,y), (2, v )thude Uy ta =t
dudtng di ot (z,y) t6i (&, ¢) Ia 7(4; (o

24)
nhi san
T, (3)néu 0 < ¢ <
Ve B = S E5 (3t — Dnéu £ < ¢ < 2
s (3t —2)néu 3 << 1

V@ hai didm (x,y), (o), v )thude Ly ta =t
dudtng di ot (z,y) t6i (&, ¢) Ia Vw2

')
nhu sau
sy (B3néu 0 < ¢ < &
fy(;’y),(w,’y,) (t) = g (3t — Dnéu % <t < %
Tor (Bt — 2)néu 2 <2< 1.

Tit tinh Lién tge clia f ta suy 1a Ve ) (20,0
7?;;1‘)’@,;3;,),, Vi), (=t ' Lién tye. T d6, anh
xa s : X™® — X7+ duge xac dinh nhu trong
chiing minh c¢ia Dinh I¥ 1 lién tyc v [a nhat
eit chia ey. trong d6 X = Uy, oly. Ly hose
Ug.
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THE EXISTENCE OF HIGHER MOTION PLANNING
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Summary: The problem of planming the motion of a mechornical systern &s one of the most
important studies in robotic theory. In particulur, pointing out the ewistence of ¢ motion
planning leads to the notion of higher topological complexity. In this article, we point to the
necessary and sufficient conditions for the cxistence of higher motion planning and give some
illustrative examples.
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