NGHIEN CUU - TRAO DOI

HOACH DINH QUY BDAO CHO ROBOT UP6 TRANH VAT CAN THEO
GIAI THUAT PROBABILISTIC ROADMAP CO XEM XET DO
UYEN CHUYEN CUA CAC GOC KHOP

PATH PLANNING FOR UP6 ROBOT TO AVOID OBSTACLES USING THE
PROBABILISTIC ROADMAP ALGORITHM WITH CONSIDERATION OF THE
JOINT FLEXIBILITY.
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TOM TAT

Hoach dinh quy dao cho canh tay robot tranh vdt can hoat dong trong moi truong 3D la
bai todn dang dwoc quan tam dé giai quyét cho robot ty hanh sé dwoc vmg dung rdt nhiéu trong doi
séng. Voi su phat trién ciia hé théng Camera Stereo thi viéc xdc dinh dwoc 6DOF cia doi twong da
dwoc gidi quyét kha tot, do dé néu canh tay robot tir hoach dinh dwoc quy dao dé di chuyén tranh
Vit can, tiép cdn doi twong, gdp va dwa doi twong vé vi tri xdc dinh trudce trong méi truong 3D
dang dwoc quan tam nghién ciru va phdt trién dé hoan thién quy trinh cho Robot tw hanh [1, 2].
Trong bai bdo nay, tdc gia dé xudt gidi phdp hoach dinh quy dao, tranh vt can cé dinh cho canh
tay robot UP6-6DOF dya trén gidi thudt Probabilistic Roadmap (PRM) [3, 4] ¢6 xem xét dén su
uyén chuyén cia cdc géc khép dé nang cao dé bén co ciing nhw giam sie rung lic diém lam viéc EE
(End-Effector) ciia canh tay Robot. Trong phwong phdp hoach dinh quy dao diea trén PRM, déu tién
ban do (Roadmap) duwéi dang lwdi hinh ldp phwong dwoc xdy dung trong hé truc toa dé (x, y, z) di
logi bo vdt can dwoc minh hoa trong hinh 1. Sau khi xdc dinh dwoc 6DOF cua doi twong twr hé th(fng
Camera goi la diém F (Finish) va voi vi tri hién tai cua diém EE goi la diem S (Start), dwa trén thuat
todn t6i wu quing dwong di chuyén ciia diém EE men theo cdc E (Edge) trong ban dé Roadmap dé
di chuyén tir diém S dén diém F, ta tim dwoc quy dao trong khéng gian 3D (x, y, z) dwoc minh hoa
trong hinh 4. Théng qua bai todn déng hoc nguwoc trong phan mém RoboDK, ta dé dang thu thip
dugc tap nghiém (q, q, 4, 4, 45 4,) theo thoi gian cua canh tay robot UP6 thoa man diém EE ciia
robot di chuyén doc theo quy dao vira xdy dung dwoc. Tuy nhién, quy dao xay dung trong Roadmap
sé c6 diém gay trong khéng gian 3D tai cac Niit N (Node), thong thuwong tai cac Niit thi trong khéng
glan tap nghiém goc khép ciing xdy ra diém gay [5]. Do dé, trong khong gian tdp nghiém thi bo diéu
khién déng luc cia cdc goc khop khong dwoc tron tru va uyén chuyen tai cac diém gay nay. Hé qua
gdy ra rung ldc diém EE va gidm tudi tho ciia cdc co cdu co khi. Pé cdi thién chat lwong diéu khién
Robot, mét doan chirong trinh dwoc phdt trién dé do ra cac diém gdy trong khéng gian nghiém géc
khép, sau dé gidi thudt Cubic Spline interpolation not-a-knot [6] dwoc dp dung tai cdc diém gay
nay véi dé tron tru ham bdc 3 dé cac b géc khép ciia UP6 dwege mém mai va uyén chuyén hon.
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Gidi thudt da dwoc trién khai mé phong cho tay mdy Robot UP6 trén phan mém Matlab két hop véi
phan mém RoboDK di cho két qud quy dao cia diém EE dwoc uyén chuyén va mém mai hon trong
méi trwong 3D ciing nhuw trong moi truong tdp nghiém ciia cdc bg géc khdp givip nang cao tuéi tho

cua cac ket cau co va giam thiéu sy rung lac cua diém EE.

Tir khéa: Ban do (Roadmap) trong hoach dinh quy dao,; Gidi thudt Probabilistic Roadmap
(PRM); Cubic spline; Interpolation; Not-a-knot.

ABSTRACT

In this paper, the author proposes a trajectory planning solution for avoiding fixed obstacles
for the UP6-6DOF robot arm based on the Probabilistic Roadmap (PRM) algorithm [3, 4]. The
algorithm considers the flexibility of joint angles to enhance mechanical durability and reduce
vibration at the robot arm's End-Effector (EE) working point. In the trajectory planning method
based on PRM, a grid-based roadmap is first constructed in the coordinate system (x, y, z),
eliminating the obstacles depicted in Figure 1. After determining the 6DOF of the object (referred
to as the Finish point) from the Stereo Camera system and considering the current position of
the EE (Start point), the algorithm optimally calculates the EE's path following the edges in the
roadmap to move from the Start point to the Finish point. This results in a trajectory in 3D space (x,
¥, z), as illustrated in Figure 4. Through inverse kinematics problems in the RoboDK software, time-
dependent motion data of the UP6 robot arm satisfying the EE point moving a along the constructed
trajectory can be easily obtained. However, the trajectories constructed in the roadmap may have
not smooth in 3D space at Nodes (N), typically resulting in joint angle discontinuities in its space
at these Nodes [5]. Consequently, the control system of joint angles is not smooth, which leads to
vibrations at the EE point and reduces the lifespan of mechanical structures. A program segment
is developed to identify discontinuity points in the joint angle space to improve the robot control
quality. Subsequently, the Cubic Spline interpolation not-a-knot algorithm [6] is applied at these
points with third-degree smoothness to make the UP6 joint angles smoother and more flexible. The
algorithm is implemented and simulated for the UP6 robot arm using Matlab in conjunction with
RoboDK software, producing trajectories with smoother and more flexible EE points in both 3D
environments and test spaces of joint angles. This approach enhances the lifespan of mechanical

structures and minimizes EE point vibrations.

Keywords: Roadmap; Probabilistic Roadmap (PRM); Cubic spline; Interpolation; Not-a-
knot. &
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1. TONG QUAN

Ngay nay, v6i su phat trién rat nhanh
clia cam bién camera, ciing nhu tbc do tinh
todn ciia may tinh, va giai thuat xa 1y hinh anh
da giup cho hé thong cam bién nay nhan dang
duoc 6DOF cua dbi tuong voi do chinh xac cao
va thoi gian xir 1y tot du dé ung dung vao didu
khién online trong linh vuc Robot théng minh
[1, 7]. Robot thong minh 1a robot c6 kha nang
tu van dong va thuc hién nhiém vy moét cach
doc 1ap thong qua cac cam bién va phan mém
tri tu¢ nhan tao. Vi du nhu robot thong minh
phan loai san pham trén bang chuyén. Dya vao
cam bién camera xir Iy anh & phia dau bing
chuyén, san phérn duoc phan loai va xac dinh
vi tri 6-DOF trén bing truyén. Két hop véi sy
tinh tién thang déu thi vi tri cho du gip Robot
tiép can ddi twong va gap ddi twong duge udc
luong. Nhu vy, vi tri dau S va vi tri cudi F
duoc xac dinh, do d6 can mot phﬁn mém thong
minh tu hoach dinh mét quy dao dwong di toi
vu giita diém dau S va diém cudi F, co thé co
thém cac diéu kién nhu tranh vat can,... thi lac
d6, chiing ta di kha hoan thién mot hé thong
Robot thong minh cho phéan loai san pham.
Ngoai ra, Robot thong minh con dugc ung
dung nhiéu trong linh virc quan su, y té, kinh té
bién, khai thac dau khi,... va mang lai nhiéu loi
ich cho doi sdng x4 hoi, va dan thay thé suc lao
dong cua con nguoi trong modi truong doc hai,
nguy hiém [4]. Cac giai thuat duoc trién khai
nhiéu cho méi trudng 3D trong cong nghiép
dugc ké dén nhu 13 giai thudt Probabilistic
Roadmap (PRM) [3], hay rapidly exploring
random tree [8], hodc artificial potential field
[9], non-uniform rational B-splines [10]. Trong
s6 d6, giai thuat Probabilistic Roadmap 1a giai
thuat don gian, hi¢u qua, va dugc Uing dung
nhiéu nhét. Trong hoach dinh quy dao, dbi voi
céc robot ¢ bac ty do thip nhu Mobile robot
thi viéc hoach dinh quy dao dugc thiét 1ap trén

mit phang 2D, d3 c6 nhiéu giai phap duoc dé
xuat cho loai Robot nay. Tuy nhién, véi robot
c6 bac tu do cao, vi du nhu canh tay UP6 co
6 bac tu do thi viéc hoach dinh quy dao duoc
thiét 1ap trong moi truong 3D van dang 1a thach
thirc va tiép tuc duoc nghién ctru, phét trién
[13, 14, 15]. Trong bai bdo nay, nhom tac gia
dé xuét ph'?m hoach dinh quy dao cho canh tay
Robot UP6 hoat dong trong moi truong co vat
can cd dinh va biét trude. Néu quy dao hoach
dinh trong mién khong gian cua h¢ truc toa do
X, y, z thi bo thong s6 vi tri cia diém EE di
chuyén trong khong gian 3D (x, y, z) theo thoi
gian xuat phat tir diém bat dau S dén diém két
thuc F ma khong va cham vao vat can. Con
néu xét trong khong gian bd nghiém cia cac
khop (Joint) thi quy dao hoach dinh chinh la b
nghiém cta cac goc khép theo thoi gian dé 1am
cho diém EE di chuyén trén quy dao tir diém S
t6i diém F trong mién khong gian 3D. Trong
bai bao nay, ing dung giai thuat Probabilistic
Roadmap (PRM) [3, 12] dé hoach dinh quy dao
cho cénh tay Robot trong moi truong 3D, dugc
mo ta nhu trong Hinh 4. Gidi thuat nay duoc
gidi thiéu lan dau tién boi Kavrali va cac cong
su [3]. Y tuong chinh cua giai thuat nay 1a xay
dung mot ban d6 gdm nhitng cau hinh tu do cia
robot, va két néi chiing lai véi nhau, tir 6 truy
vén va tim ra mot quy dao di tir diém dau S dén
diém cudi F vai trong s6 danh gia 1a quy dao di
chuyén giira diém S va F 1 ngén nhat.

2. HOACH PINH QUY PAO CHO CANH
TAY UP-6 BANG PHUONG PHAP
PROBABILISTIC ROADMAP (PRM)

Néu xem khong gian 1am viéc ciia canh
tay robot lam vi¢c trong moi truong 3D three-
dimentional space (R%), c6 mién khong gian
hoat dong 1a (W), trong khong gian hoat dong
nay chtra vét can ¢ dinh goi 1a (W,). Vay, mién
khong gian ty do 1a viung khong gian (W, =W-
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Wo). Trong hoach dinh quy dao cho canh tay
robot thi ching ta str dung mién khong gian tu
do W, , hodc su dung thém vung khong gian
bo nghiém gia tri cia cac goc khdp canh tay
robot hay con goi la vung kh(‘)ng gian C__, néu
tay may c6 n khép thi mot diém trong vung
khong gian C__, dugc xac dinh boi (q,, q,, K,
q,) hay néi cach khac la tdp hop cac bo nghieém
goc khop cua canh tay Robot trong vung khéng
gian C_ deu anh xa tuong thich v&i mot diém
thich hop ctia diém cudi EE cua canh tay Robot
trong vung W

free”

Hinh 1. Ving lam viéc kha di cua Robot va vdt can
co dinh dwoc xdy dung trong hé truc toa do (x, y, z).

1 Node

Mode {

‘ /
O i
.\.-
- L
y
.

Hinh 2. Xay dung Ban @6 Roadmap vé hiréng ciia
canh tay robot bao gom tdp it N va tdp canh E.

Hoach dinh quy dao theo giai thuat
Probabilistic Roadmap (PRM), thong thudong
budc dau ching ta can phai xac dinh duoc quy
dao t6t nhat va chon lam quy dao di chuyén
cho diém EE trong vung khéng giaq W, . trong
Hinh 4. Quy dao duogc chon bao gdém tap hop
cac diém nut N va tap canh E ndi vi tri dau S
va vi tri cudi F trong ,meg khéng gian W s€
dugc trinh bay chi tiét trong phan hoach dinh
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quy dao theo phuong phap gitra Probabilistic
Roadmap. Két hop véi bai toan dong hoc nguoc
trong qué trinh ta chuyen ddi quy dao trén tur
*mién khong gian W, Ve tap gia tri tap hop bd
bién goc khép trong m1en khong gian C__ chtra
toan bd nghiém goc khép dé van hanh tu dlem
q, t61 g, trong mién khong gian C,__

CI'.H:I.H-EI cle

Hinh 3. Mién khong gian C, ,Chita toan by nghiém
géc khép dé van hanh 1ir diém q,tdiq,

Vi canh tay Robot UP6 thi q  va q,
duoc biéu dién nhu sau:

(951’052’053’054’9 9s6)

559

(0F1’9F2’0F3’9F4’0F5’9F6)

Giai thuat hoach dinh quy dao cho canh
tay Robot UP6 c6 diém lam viéc EE di chuyén
tr diém S t6i diém F dé khong cham vao vat
can Ung dung giai thuat Probabilistic Roadmap
(PRM) duogc chia ra lam hai giai doan nhu sau:
Giai doan hoc tap (Learning Phase) va giai
doan truy van (Query Phase). Giai doan hoc
tap: Trong giai doan nay, ban d6 Roadmap cho
canh tay robot dugc xay dung. Roadmap la ban
d6 vo hudéng R = (N, E), trong d6 N 14 tap hop
cac nit (node) va E (edge) 1a cac canh két ndi
gitra hai nat, dugc minh hoa nhu trong Hinh 2,
va qua trinh thyc hién duoc dién ta trong luu
d6 giai thuat Hinh 4. Tap N 1a tap diém EE cua
robot dugc xay dung trong mang ludi phan phdi
déng nhét cta hé truc toa do (X, y, z) thoa man
hai diéu kién sau: Thir nhét 13 cac niit nay phai
phai tdn tai it nhit mot bo nghi¢m trong bai toan
dong hoc nguoc ciia robot khi gan diém EE, =
N.. Thtr hai la cac ntt N khong bi va cham voi

vat can (collision-free configurations).

(M



NGHIEN CUU - TRAO DOI

£ e

Mode
ﬂ%‘l

o
0

l'l ~

-‘x_
o wl

Hinh 4. Thém canh noi S, F véi Roadmap dé
hoach dinh quy dao theo Probabilistic Roadmap
(PRM).

Tap canh E (Edge): Bao gom céc canh
E duoc hinh thanh bang cach két nbi giira hai
nat 1an can kha di va ciing cn thoa man hai
diéu kién sau: Thir nhat 1a canh nay khong di
xuyén qua vat can, thr hai 1a toan bo toa do
theo vi tri (X, y, z) cua canh nay khi gén cho
diém EE cua canh tay phai ton tai it nhit mot
bo nghi¢m trong bai toan dong hoc nguoc, diéu
nay khang dinh day c6 thé 1a mot phan cua quy
dao tuong lai. Tiép theo phan md rong ban do
Roadmap c6 thé xem xét 14 khi cac nat gan véi
vat can, thi luéi phan phdi dong nhit cta hé
truc toa do (x, y, z) dugc phan chia nho hon
dé b6 sung thém cac diém nat tai vang lan cin
nay. Vi giai thuat nay thi robot di chuyén uyén
chuyén hon khi gan tiép xtic véi vat can. Giai
doan truy van va hoach dinh quy dao. Trong
giai doan nay, quy dao dugc hoach dinh dya
trén gidi thuat Probobilistic Roadmap, sau
khi xac dinh duge toa do diém dau S va toa
d6 diém két thuc F canh edge E, ,Vél canh E_ s¢
duoc xay dung theo gidi thuat noi S véi F vao
nat N ctia ban d6 Roadmap thong qua diéu kién
canh edge E_va canh E_ dugc chon la ngén nhat
dugc miéu ta trong Hinh 4. Bai toan hoach dinh
quy dao tir diém S dén F thong qua cac canh E
va nit N dua theo k¥ thuat smoothing va chi
tiéu danh gia ude luong quy dao nio co tong
chiéu dai 1a ngan nhat.

[ Bt diu )
_ ¥
+ Khdn tao thar vién b trg, khaa bao thong & cna robot,
+ Load tap diédm kha di D trong phiin ¢d xem xét dén
chu hinh Trrde-trén va Trrde dudi.
+ Mhiap thén tin v thoéng 56 cna vit can biét tnrde

s /

/7 Loai trir di¢m virdng vit can tir Tap D Bé xay /

/ dymg tip MNode ™ Vi
< 2
," et nnt Miovh xdy dumg tip eonh E (Edge) ’,".
£ + 7
i= i+l N

B xét cde didm MNode

r Y

Hudt ra tip Roadmap RN, £)
¥
( Kétthhie )

Hinh 5. Luu do gidi thudt xdy dung ban do
Roadmap

.

Hinh 6a. Ban do Roadmap dwoc mé phong cho
UP6.

([ Bétdiu )
' ¥
+ Nhap théng tinh didm S, F
+ Load ban d& Roadmap R(N.E)

. ¥
;:' Két ndi tao canh F va S vio Roadmap |
,,"] loach dinh quy dao ngdn nhit tir F— S sir /
/ dung cae b hoach dinh cue bg va ke /
/ thuit smoothing ’

/
F ¥ -
S Xy dung bé nghiém 61 (i=1-6) theo tip ;"
.;" thdn gian At /

Nudt dir hiéu bod nghiém 01 theo thi gian

vio Robot
¥
[ Kétthie )

Hinh 6b. Luu do xdy dung quy dao bang gidi thudt
Probabilistic Roadmap (PRM).
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Hinh 7. M6 phong quy dao duoc lyva chon Robot
UPo.

3. BAI TOAN PONG HQC THUAN VA
PONG HQC NGUQC CHO CANH TAY
ROBOT UP6

Dbi véi bai toan dong hoc thuan cho
canh tay 6-DOF, nguoi ta thuong dung nguyén
tac Denavit-Hartenberg (D-H) dé tinh toan tim
vi tri diém lam viéc EE khi ta biét by nghiém
goc khop 0. kha dé dang [17]. Tréi lai, bai toan
dong hoc nguoc 1a mot bai toan kho, vi day la
bai toan da nghiém va c¢6 nhiéu dé xuat phuong
phap gidi cho bai toan nay. Trong bai bdo nay,
nhom tac gia st dung phuong phap giai bai
toan dong hoc nguoc theo hai giai doan va cé
su dung thém céc chi thi vé vi tri d3 dugc G.
Lee & M. Ziegler dé xuét [18]. Vi giai phap
hai giai doan, thi & giai doan 1 bai toan gilp
ta tim ra dugc bdén bd nghiém kha di cho ba
khép dau. Trong giai doan 2, dya trén timg bo
nghiém d biét & giai doan 1 va két hop véi goc
huéng roll, pitch, yaw cta diém EE, ta tiép tuc
thu duoc cac bd nghiém cho ba khép cubi.

Do do, tir mdt yéu cau 6-DOF trong h¢
truc toa do (X, y, z) ban dau cho diém EE. Bai
toan dong hoc nguoc cho ta nhiéu nhat 1a 8 bd
nghiém, hay con goi la 8 kiéu cdu hinh canh tay
thoa mén yéu cau cua diém EE. Néu bai toan
v6 nghiém ttc 1 diém EE ndm ngoai ving hoat
dong cua canh tay. Bai toan dong hoc nguoc
theo vi tri: Xét hinh chiéu canh tay trén mat
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phiang Oxy nhu hinh Hinh 6, ta s& ¢6 2 nghiém
gbe khop q,, va q,, trong tng véi 1 vi tri diem
C trén mat phang Oxy. Theo [18] x4c dinh dugc
goc khop q, nhu sau:

D, o =>0, = Atan2(p,,p,)

tg(l)=— 2
( 1> 12 =>0,=Atan2(p,p )+ @)
¥ ¥
E E
L R — £ L E— !
5 i
A :
e, |
@ @
e € p {g r—

Hinh 8. Géc khdp 0, theo vi tri diém C trén mdt
phang xy

Xét trén mit phang (z, xy), voi mdi gia
tri goc khdp q, ta s€ c6 2 c@p nghiém q,, g, tao
thanh 4 cau hinh canh tay nhu Hinh 7 cac bg
nghi¢m theo vi tri trén va dudi.

I F

c) Sau — trén d) Sau — duoi
Hinh 9. Céc cdu hinh dong hoc
Truoe, sau — Trén, duoi
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Céu hinh 1 (Trudc-trén):

0, = Atan2(p ,p,)

0, = CAF + BAC 3)
0, = DBC — (7 — ABC)

CAu hinh 2 (Trudc-dudi):

0, = Atan2(p,,p,)

0,, — CAF — BAC @)
6,, = DBC + (7 — ABC)

CAu hinh 3 (Sau-trén):

0,=Atan2(p, ,p, )+
0., = — (CAF + BAC) (5)
0,, = DBC + (7 — ABC)
Céu hinh 4 (Sau-dudi):

0, =Atan2(p,,p,)+m
,, =7 —(CAF — BAC) (6)
0,, = DBC — (r — ABC)

C6 thé thiy ring bai toan dong hoc nguoc
theo 1 vi tri cua diém EE ta da xac dinh duoc 04
bd nghi¢m cuia tap hop 3 gockhdp q,, q,, q, tao ra.

Bai toan dong hoc nguoc theo goc
hudng: Pé xac dinh caic’ gboc khop qp s> e
ta sir dung goc hudng biét trude cua diém EE.
Trong trudng hop nay, ta c6 nhiéu phuong phap
miéu ta goc hudng cia canh tay theo tung khau,
trong d6 phuong phap xoay Euler va Roll-
Pitch-Yaw (RPY) duoc sir dung pho bién. Phan
nay st dung phuong phap xoay RPY dé biéu
dién cdc ma tran xoay cua cac khop va toa do
dau cudi cta canh tay [18].

Ma tran ham truyén cho canh tay R
duoc biéu dién nhu sau:

R =R'RR;RR!R. =R).R (7)

Trong do:
cd, 0 s6 cd, —s0, 0
R'=|s6, 0 —cO| R =|s0, «cO, 0
0 1 0 0 0
cty 0 s0; cd, 0 —s0,
R} =|[s6;, 0 —cb,| R =|s6, 0 «cb,
0 1 o0 0 -1 0
chy 0 56, ety —sbg 0
Ri=|sb; 0 —cb,| R =|s0, cb
0 1 o0 0 0 1

Ma trén xoay theo goc quay RPY biéu
dién theo 3DOF goc xoay cua diém cudi EE
duoc thé hién nhu sau:

R0 =R(®).R (0).R () (®)
Trong do:

cpcld  cpsOsih —soperp  cpsOerp + spsi

Ri,pm= spcl  spsOs+ copcp  spsOcp — copsip
—s0 clsy clcy)

¢, —s, 0 ¢ 0 s,

R@)=[s, ¢ O R@®=0 10
0 1 -s, 0 ¢

1 0 0
R@)=|0 cy —s¢

0 sv cv

Vi 3-DOF goc xoay cia diém EE da
biét, d& dang ta xac dinh dugc ma tran R, -

Mat khéc, ta co:

R =R

6 (0.0.0)

- R: = (R;))AR(@,@,L&) (9)

Trong d6, 1a ma tran dugc biéu dién
thong qua cac goc khop thong qua q,, g, g,
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cb,c0,c0, — 59,50, —c,cl,s0, —s0,c0, c,s0,
R =|s0,50,c0, + 0,560, —s0,c0.50, +cO,c0, 50,50, (10)
—s0,co, 56,56, c,

Nén ta c6 thé xac dinh duge céc gbc
khop con lai q,, q., q,.

Twr cac phuong trinh trén theo [18] tinh
duoc:

6, :Atanz[,h—Rg@,s)z,Rg(3,3)] (11)

Truong hop 1:sq, >0
6, = Atan2 [Rg (3,2),—R}(3, 1)]

0 = Awn2[I-RIG3 KRG  (12)

0, = Atan2[R7(2,3),—R(1,3)]

Truong hop 2:sq,<0
O = Atan 2[R (3,2), R} 3,1)]

05, :Atan2[,/17R2(3,3)2,R63(3,3)] (13)

0, = Atan 2[R} (2,3), R (1,3)]

Nhu vay, v6i canh tay UP6 c6 6-DOF
va diém EE biét trude trong ving khong gian
W, ., ta co thé xdy dung duoc tdp nghiém q

trong mién khong gian C,_.

Két hop v6i phan mém mo phong cho
canh tay Robot UP6 trén phan mém RoboDK,
va Matlab [19], ta dé dang thu duoc tap nghiém
nghiém q trong mi‘én kyh(mg gian C_ = duoc
trinh bay trong so d6 khoi ¢ Hinh 11.

Tt e met wisng Lo wide | | Phin m#im

theo cdu hinh cla tay mdny L=
! [ B 3 v A Fan cudi GHE thaadt
i Probahilisie

Ghi mhkn sor A8 Moackr g
BE e v e

: I MDD s - B ofi Ean
i khHEn
7 I Erncosiers = Robot
{ - ]
§ PAS rundong -:_'.MT = }.\l
i thas'c Ll — R

Hinh 10. Gidi phdp diéu khién robot tranh vit can
thong qua huan luyén robot trong moi truong ao
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Hinh 11. Gid tri tdp nghiém q trong mién khéng
gian C e khi di chuyén diém EE theo quy dao 3D.

Hinh 12. Quy dao diém EE ciia canh tay robot di

chuyén trong mién khéng gian w...
4. MEM HOA TAP NGHIEM “q”
TRONG MIEN KHONG GIAN C,  DUA
TREN GIAI THUAT CUBIC SPLINE
INTERPOLATION

Vi gia tri tap nghiém goc khop q trong
mién khong gian Cfiee & Hinh 11, dé dang ta
truy dugc diém gy cta timg tip nghiém q, voi
i = 1:6 theo doan chuong trinh duoc dién giai
trong Hinh 13. Sau khi biét dugc diém giy, ta
lira chon chiéu dai tai diém gdy vé hai phia cua
doan thiang va trién khai phuong phap ndi suy
spline da thuc bac 3 dugc trinh bay trong Hinh
15.

Bai toan ndi suy ham sé f tai diém gy
cua tdp nghiém q. dua trén ham spline bac 3
thudc 16p C? dugc xem xét nhu sau: Néu tai
diém giy cua q,, ta phin bd tap roi rac X, =
[)50,xl,, X ], vOi cac gia t‘ri trong tap x, duoc
sap x€p theo thur ty tdng dan va tuong ung véi
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tung gid tri cua x.: £ =y, = [y,,¥,»---,¥,] theo
[20] thi luon luon ton tai ham béac 3 S, (X) lién
tuc trong khoang x € [xJ X, ] voi dleu kién
(14, 15) dugc thoa man:

-2) (14)

Va kém thém diéu kién bién thoa diéu
kién not-a-knot:

{ Sy (x) =5 (%)
Si (x) =Sy ()

Nhu vay, tir diéu kién (15, 16), ta xay

dung dugc cac ham S (x) trén moi khoang [x,,
J ]

X, ], trong d6 j = 0,1,2 .,n 1a ham noi suy
sphne bac 3 ctia ham f. Két qua thu duoc sau khi
mem hoa gia tri tdp nghiém goc khép q trong
mién khong gian C,.. 0 Hinh 11 dugc thé hién
trong Hinh 15 va quy dao dlem EE cua canh tay
Robot di chuyen trong mién khong gian W, ..
sau khi mém hoa dugc trinh bay trong Hinh 16.

(15)

rael
indices-indicos(®: ond-1

- L3 Al
- TS T

Hinh 13. Diém gay q trong mién khéng gian

Cfiree

sult = spline{xm, :Iu-t.u.{lc}];
e = 11 spacel(l, 176, 17é); X diém |-. trgc =
ine{k} = ppv .:1( .’Il:l.ll‘.' result, x_spline); X Tin

.--|I|-.---_\|.-L:.
near', "% we

ta_spline{l}, w«s,theta spline(2}, =s,theta

a_spline{5}, xs,thet
s theta_spline{S});
ewise Linear®, Spline " );

ala ine{a x4
plati{x_sp e ‘thf! {-\.} * r'lm
legend( "Plie

Hinh 14. Mém héa tip q, trong mién khong gian C ree

100y

50t -

Goe khap (4g)
7
L1
v

sot : :
0 20 40 .;,'r_j 80 100 120 140 1680 180
100r=—==
= | T == =T
= ) e—— — L — —_— e
E- &
=
w0
8
S0l Théd gnn. (giay) . =
- L - . . . -
0 20 40 60 80 100 120 140 160 180

Hinh 15. Gia tri tap nghiém goc khop q trong mién

khong gian C e SAU khi dwgc mém héa.

350
20
50
E 200
Mo
100

-1 L}
Bo0

B0 i ~ | Do)
. ~ B0
A . - (=)
00 - -
i 200
¥ ) o @ * {mm}

Hinh 16. Quy dao diém EE di chuyén trong mién
khong gian W,.sau khi mém héa.

Ir

[
Hinh 17. Mé phong diém EE ciia UP6 di chuyén
trong mién khong gian W iee

sau khi mém héa.
5. KET LUAN

Trong bai bdo nay, tdc gia da trinh
bay két qua mo phong Hoach dinh quy dao
cho Robot UP6 tranh vat can theo giai thuat
probabilistic roadmap c6 xem xét do uyén
chuyén cua cac goc khép dwa trén phuong
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phép ndi suy spline da thirc bac 3. Giai thuat da
duogc trién khai mé phong cho tay may Robot
UP6 trén phan mém Matlab két hop véi phan
mém RoboDK Két qua cho thay sau khi trién
khai mem hoa gia tri tap nghiém q, véii=1:6
trong mlen khong glan C,.. ta cing thu dugc
su uyén chuyén va mém ma1 hon cua diém EE
trong mdi truong 3D duoc thé hién trong Hinh
17, va dic biét khong c6 diém gy trong mién
khong glan e SE glup cho cac goc khop nang
cao tudi tho va cac két cau khac cta canh tay
Robot co va giam thiéu sy rung lic cta diém
EE trong mién khong gian Wiree.

Loi cam on:

Tac gia xin cdm on Truong Pai hoc
Giao thong Van tai Thanh phd HO Chi Minh;
Trudng Cao diang Ky thuat Cong nghé Ba Rija
— Viing Tau; va Truong Pai hoc Bach Khoa,
DHQG — HCM d4 hd trg thoi gian, phuong tién
va co s6 vat chit cho nghién ciru nay. <%
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