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Abstract
The paper presents a s d to generate the reference traj P
: el b . . jectory for an
timizat ed O .4 o ke & excavat t

;g&d ::c:oi(;lr:*"’:":‘ “'l_ * ﬂ ”i:?il::b l:“‘:“‘q‘ue. Firstly, some via-points :{ 8::1 d\:: K;‘:i guarantees the time
e S nstraint about velocity, acceleration, and | - ired trajectory is given
roblem. From this solution, the trajectory will be interpolat on, and jeck will be used to solve the opti |
polated using B-spline m : ¢ the optimal
ethod, Finally, the algorithm i
; . gorithm is

executed via Optimization and Simulink toolboxs, The simulati
. ulation results show that i
the trajectory desi
gned by

this method satisfy the requirements about the smoothness as well as time and jeck optimi
ptimization,
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Tom it khé ¢6 thé cho két qua ;
Bai béo trinh b‘ay mét phuong phap thiét ké quy dao thiéu anh sang va nh?éu l:y:‘%gnx% g‘]m%a? 3: ::m%\
miu t6i wu thoi gian va do gidt cho h¢ canh tay may tai clia canh tay méy xdc duge phén’héi vé cho hé
xic dya trén k¥ thuat B-spline. Dhu tién, mot sO diém théng diéu Khién tir 46 hé théng s dy béo ra quy dao
di qua ctia quy dao mong mubn duge cho trude, Tu mAu cho cac chu ky sau, Trong cong bb trude day cia
cdc diém ndy, cing chic rang bude co kh vé van tbe, ~ nhom nghién ctru & [4), cc thc gia da a& xudt mit
gia tbc, va do giat cua cac khop ta s& di giai bdi todn ~ MANg O ron dé xéc dinh dgc tinh cia vat ligu, to dac
i wu @& xac dinh thoi gian va do gidt hop 1y, Cudi tinh xéc dinh duge két hop véi phan lye tic dong lén
cling, quy dao mong muon dugc ndi suy theo phuong gau xiic ¢ dua ra quy dgo b1 wu. Trong [5), (6] céc
phép B-spline tr cAc Két qua thu duge cua vige gidi thc gia da xBy dyng mo hinh ddng ho V& sy twong te
Toan b6 thudt toan dugc thuc hign va  8itfa tay mhy v moi truong dé lam cén cl xéc dinh

bai todn toi wu. .
kiém nghiém trén (mg dyng Optimization V& Gimulink  quy dao 4. Vi phuong phép ny, quy dgo duge xiy
dyng dya vao van tbe va gia toe cia gau, ddy 1 mot

ctia Matlab. Céc két qua thu duge hoan toan thoa mén g Crs e R ok, O b o
; ey ai lugng kho xdc dinh. Cing a VAo V va gia
chic yéu cu djt ra cua bai todn t 6éc il gﬁ‘éaob e tééc gi:ﬁcb;xacand?ét: ‘25‘;13 -
vé lyc tac ng cua co cau ¢ p hanh dé xac inh quy
1. Phin m& dau . dao mAu dya trén thut toan B-spline dé thiét ké quy
Méy xtic 1a mot trong C4c méy cong ou pho bidn trONE o 5 u th glan vA momen o hé méy i
che nginh Khai thac, xAy dwng. Ngdy ney: V}éc 2 Trong bai bao ndy, mot thut toén xc dinh quy
dong hoa cac md méc néi chung va may xic noi a0 mAu dya Vo kg thudt B-spline duge trinh bay &
riéng 12 mot xu th tht ybu. Viée ty dong hoa che MAY e dinh quy 4o " u thoa man & i i
x(ic lam viéc trong moi truong pAm mo c6 y nghia 1at oian v do gidt cho cénh tay
J6n trong vige giam thiéu tai nan riii ro cho pgudi VAN Jay dung thong qua mot §0 diém cho t‘ruéc. Tu cg’xc
tt?rrrlxh' Chinh vi viy, vAn dé ndy ahn duge sW QUAN  gigm nay, CUNg i che rang;. l:;?;:p vséég;zlc hgi\:ﬂ:@r‘;tc:é
Tl‘ém cu;;éc nha kl;oa h%cé U thbng by s gia toc, vaédé gtgt cﬁad‘rxn En':g hép o 8 dao. Q18 d%‘;
thi P;%I:lgxayl :l:,’rin i 96250 maﬁg cho dé may V& canh tron% 56 akmg :‘:an b I
g qu thu dugc
tay méay 1a khong tli% thiéu, n6 gitp cho hé théng 1am & ma con dam bio ¢ yéu clu g
o 4 } ' '+ bé nhit thy thude o
viée chinh xac va dat higu qua ca0 hon, O [1], [21 8¢ hyc hin negin nhét hay 40 t%l 0 vl e
the gia da xdy dyng quy dao miiu cho méy X0¢ ¥ yigo lya chon trong § anh hv Sh it tofn AUge iém
dzng dyra vao mdy quét laser, camera v ¢ cam bién i dang dan va phu h tﬁ “h A
06 xiy dyng lén quy dao 3D Vi chch ladm nﬁz- q‘z nghiém thong 4u céic két qu mOP
4o hogt dong dugc xéc dinh chinh xéc dya vao ¢ i
nh
hinh 4nh hién truong. Tuy nhiéo, phuong Ph 2. Noi (%ung ch
R 2.1 Xty dyne o g ) o i o it Bl i
E ra. ng may XU di chuy
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- 03/052018; Ngay chdp phan: 12105/2018; P14 gom
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toan bé hé théng trén mat phing %0Ogy, phan canh
tay may xic ding dé di chuyén theo mit phang 20000
va zyOyx,. Trong pham vi bai bdo nay, muc tiéu la xay

H. 1 Cdu tricc ciia hé théng may xic

Trong khéng gian bién khé6p, phan canh tay may
Xuc ¢é mé hinh dang Euler-Lagrangian nhu sau [8]:

D(6)4+C(0, )6+ G(6) + B(6) = [r-F,
(1)
Tong d6- ETH) SpSNGN S Vi neeh) khép
trong khong gian bién khép, D(9) 14 thanh phan quén
tinh, C(6,6) 1a thanh phin Coriolis v huéng tam,
G(0) 1a thanh phan trong truong, B(6) 1a thanh phén
ma sat, I" 1a ma trén dau vao, 7 = T

tidc dung 1én cac truc cua 3 khép, F;
phan Iy, 1

Céc dap ting ciia hé (1) phai thoa man céc yéu cau
cing vé mat co khi nhu, vén tée, gia tde, do gidt cua
cac khép. Cu thé nhu sau:

l6]<vc, =123
ld]swe, i=1,23

7] 1a luc
1a thanh phin

l6]<Jc, i=123

trong d6 VC,, WC,, JC, 1a gi6i han vén téc, gia téc, va
do gidt cia mdi khép.
Ngoai cic diéu kién cting trén, qué trinh 1am vigc
cuia hé con phai théa man céc yéu cau vé mét cong
nghé nhur t6i wu vé thoi gian lam viéc cia mdi chy
trinh, t6i wu héa nang lugng sir dung,... Trong khuon
kho bai béo nay, nhém tic gia tap trung vao viée dam
bdo yéu cau vé t6i uu thoi gian va dd giat cho cénh
tay mdy thong qua viée thiét ké quy dao mau phi hgp.
Tt 12 quy dao tao ra cho cénh tay mdy phai théa man
didu kién sau: I

' e B SRS b

¥ 4 p:."}'}iﬁ
2 i

Chuyén san Do lieing, Diéu khién va Tue dong hoa, quyen 21, s 1, iy i

¥ dao cho gau xUc trong qua trinh x i
Sﬁgf gg );néy va phan xoay quanh truc Oz, duge coj
1 khong dbi.

yz
Ly
5

cung v6i cac rang budc (2), trong d6 kr, k;> 0, N1a s§
khop, # 14 thoi gian thuc hién mét chu trinh cngg%q‘
dao. . 4

§ e'a
2.2 X4c dinh quy dao miu tir viée giai bai todn ﬁ;ﬁ
b ‘

Mot trong cac phuong phap dé xay dung quy daoﬁ Elb
14 dya vao ky thut B-spline. Véi ky thuat nay,
dudng cong bat ky s& duoc bidu didn duéi dang r
da thic bc p, d6 1a su két hop tuyén tinh gitta m
hé'm o SO V(‘i, Cac trong sb [9] (con duoc goi la & i
diem diéu khién): _ -w’ - 4

Bp(t)=iQi.M’p(z‘) o

trong d6 # 1a s6 diém didu khién, O, 1a ce didm did
khién, Nip(?) 1a ham co sg duoc cho duéi dang h
quy:

lieslis
Ni.p 0= : i,p-1 )
ti-l-p =4
R m
1 ’

) @ i e S
ti+p+l _ti-H T
N 2 i oy stcip it

i 210, oliSiaed e

. Trén tinh thin cua phuong phap nay, quy
t0c, gia toc, va do giat cia moj khép c6 dang

1=600=30 N, (1



trong s6 trong céc phuong trinh (5) — 5
én hé vdi cac nut nhu sau: e

p

In+p+1 In41

L

Trong cong thirc (12), cac Ky hi€u Vi, in, Gmins Jmfins
i, G fins Jm fin> 18 CAC gid tri ban dau va két thic cta
téc, gia toc, va do giat twong tmg v6i khop tha m.
/PR,,; 14 céc diém di qua cta khép thit 7.

'Sau khi d3 x4c dinh duoc cac hé s6 0, O, Qur V@
9, bai toan t6i wru (3) dugc viét lai thanh:

vp N ' (n=2 ¢
T=k > 1,4k, I (Z QD micNpsk (t)j dt

i=l m=1 o \ k=1

(13)
g d6 vp 1a s6 diém di qua.
Gii bai toan t6i uu (13) thu duge két qué 1a tho
n di chuyén giita céc diém di qua. Tl ket qua nay,
vao (4) s€ xac dinh dugc cac duong cong cho quy
120, ‘égn the, gia the, va do giat theo cac phuong trinh
) — ).
- Tém lai, quy trinh dé xdy dung quy dao mau cho
anh tay méy xiic dugc thyc hién theo cic budc sau:
® Budc 1: Cho trude cée diém di qua, cac rang budc
 vé oo khi, cc gid trj ban dAu va két thic vé vén
 tbe, gia tbc, do git cia mdi khap.
2: Gidi hé phuong trinh (12) dé xéc dinh céc

' i@m va ij

Chuyeé ) jé
ven san Do luong, Didy khién v Tu déng hoa quyén 21
» quyen 2],

m,i2 (i=15”

T, Qp,m,n .1 U

<p* s ol
" Budc 3: Sir dyng (9), (10), va (11) aéanhmﬁm
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Thé biéu thire (9
: ) vao (1
thay vao (11) s& dugc ké( ) sau 46 duge két qus lai

3 5 \ t qua la ;
E - . e qua la cac h
A L1, . —qu»] (QN” Q”"' )’ i=l...n Ié U((;ng trmp (5) = (8) chi con chira Op,te 312(6: :éuca Céc
9 . . ’pi duge xéc dinh dya vao cac didy Kien b, wor
$ i s €u Kién bién. Cy thé
-1 * Bitu thitc (5) phai th foim &
- L v, —Uv (Q\-vm o ), R | P ) phéi thoa mén cac didm di qua cho
C i+l & « R 7
5 ° Czic bl'eu t'hku'c (ﬁ), (7), va (8) twong (mg phai thoa
- (10) mén cac diéu ki¢n ve van tbc, gia tbc, va d6 giat ¢
= £ 0 oa r—»"“Q“), G th‘mdlembﬁtdﬁuvékétthﬁc. , aiy
T ; 3 Tur caf: laP ludn trén ta tinh todn ra duge hé
’ . | an phuong trinh rang buéc cho khép thir m nhur sau:
do ch, : t trén cac duong cong
dao, Y.an.n . Cac nlt nay duge x4c
firthoi gian tuwong tm; ac diém di qua.
S p
U _ 3 U Qp,m,l il U i Qp,m,2 & vm,in
9p+2 Lol qp+2 )]

kl prm,l = k2 Qp,m,Z g k3 Qp,m,3 = am,in
gl Qp,m,l == g2 Qp,m,Z i g3 Qp,m,3 eh g4 Qp,m,4 & jm,in

vp
\ kZNp,k (Ti) Qp,m,k =VPR
=

“Vp) (12)

gn—2 Qp,m,n—Z i gn—l p,m,n—1 -+ gn Qp,m,n 5 gn+1 Qp,m,n+1 i jm,ﬁn
kn—l p,m,n—1 Cx kn Qp,m,n + kn+1 Qp,m,n+1 = am,ﬁn

p
Qp,m,n+1 & vm,ﬁn

Dn+p+l In+1

e Budc 4: Giai (13) dé xac dinh cic khoang thoi
gian toi uu #;.
Budc 5: Tinh céc N;, tir (4).

e Budc 6: Xay dung cac duong cong can thiét tir (5)

- (®).

3. Két qua md phong

Thuét todn trinh bay & trén dugc tién hanh mo phong
trén cong cu Matlab/Simulink. Céc dir liéu ban dau
clia bai toan dugc cho trong cic bang dudi day. Cu
thé, bang 3 chira cac diém di qua cua quy dao mong
mubn, bang 4 chira céc gid tri gi6i han dong hoc cla
céac khop. : : g

Lua chon céac gia tri ban dau va ket thac cho vén
tbe, gia toe, va do giat bang 0. Giai hé phuofxg trinh
(12) ta thu dugc cac gié tri cia Op nhu.trong bang 3}

Tu cac dir liéu trén, ham muc tiéu J dugc xay
dyng va dua vao cong cu Optimi;a_tio‘n_ Tolol trong
Matlab dé tinh toan. K&t qua viéc. glél l?al toan tim uu
1a thoi gian di chuyén %iﬁ'a cac dlel‘l‘l dl_ qua. Ket qué
nay phy thuge vao hé s6 kg va k; xuat hién Erong‘bngu
thirc cia ham muyc tiéu. Béang 4 va 5 }a két qua cua
viée giai bai toan 8 wu tuong (mg voi 2 trudmg hop
g qpd g




uyen eu khleﬂ va ju dg” noa, u} en 2} SO =
y sa i v e
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* Truong hop 1: kr=1,k;=0 a
o Truong hop 2: kr=1,k;= 10
B.1 Cc diém di qua cho trude —_—
Diém di qua (rad) = > 3 —
LUK — 2 2 06985 07857
 -2.0385 SDl0%e

13349 1.0403

B.2 Cdc rang buéc vé dpng hoc cho cé
Céc rang budc vé dong hoc

NSRRI e

o s (rad/s) _ Gia toc (rad/s’) D pidt (rad/s’)
| 1 1.7453 1.0472 1.0472
E 2 1.7453 1.0472 1.0472
3 1.7453 1.0472 1.0472
|

B.3 Gid tri O, ciia céc khop

Khép

é 1 0.6895 0.5872 0.4238 0.3233 0.6399 _ 0.7857

2 15033 16258 _1.9841  2.0443  -2.0490 _ -2.0260
* 3 0.8137 1.0386 1.5603 17211 14088  1.2403

B.4 Nghiém cia bai todn 101 1y véi kr=1k=0

tl i t3 t4 t5 t6 t7
0.07 1.79 0.48 0.61 0.80 1.42 0.05
B.5 Nghiém ciia béi todn t6i wu véi kp = 1, k=10
t1 t2 t3 t4 t5 t6 t7
0.07 3.06 0.88 0.93 1.69 245 0.05 b
3 g‘ian. T;ong_iruc‘mg hop nay, quy dao xdy dung duge
: tu 8.cz’hemkd1 qua cho trude kha tron. Thoi gian dé di
. e o Y tr diém dau dén diém cud; khoang 5.3s, do giat Ion
1 - nhat cua c4c khop 13 Irad/s?,
5. T . Hinh 3 1a két qua mo phong cho truong hop c6 xét
g dén i uu 49 gidt, cu the 13 ky = 1, £, = 10, Céo két
1 qua cho thay rang, trong truong hop nay quy dao vﬁg
i G ki Y gém b{l? di qua 8 diém cho trirge nhung thoi gian d
= : lICThl¢n dai hon so v6i truong hop trude (khodng
sk - . s . . d§)- Y nhién, Tic nay, do cé tinh dén yéu t6 t6i uu
Time(s) © Bldt nén 4% giat t6 dy cla céc khép chua dén
@) Quy dao ciia cde khép 0.3rad/s®,
1
0.8 ~] ‘
A~/ N _
ok \ £ : Wl :‘:3 'm . f’.ﬂ'ﬂ" 'R & iy o5 b neld
ot .
04 A8V 4V IET
0.6 \ 0 OE
“ e 34 ’l | ¥
NE/ siiin i
0 1 ¥ Tial
b) g gidt ciia cde khop

H.2 Qup dao va d gidt cia cic khap g
Hinh 2 1a két qua m6 phong cho ¢
1, k;= 0, tirc 1a chi quan tim dén yéy
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2

'3.———-“Ln-;~- s "3 ;
Time(s)

a) Quy dao cua cac khop

f

ieckl
~

Time(s)
b) P§ gidt ciia cac khdp
g2
H.3 Quy dao va do gidit ciia cdc khop khi kT = 1, kJ = 10.
b
~ Hinh41a quy dao cua gau xuc trén khong gian 3
'éu duge xay dung tir cac quy dao trén khong glan
khop cua 3 khop.

1

T
i

|

i qui
i

e
jruyoy
L il

| |
fi ooy

|
|
!
5
|

ong cong tron, dam bao duge cac yeu cau v

Chuyen Y »
l N 22 s T
an DO u'ang. Dley khle. nva I dp"g hoa, qum 21 s(f
o l 2
) w&

|
05 . ks
i 1

: i
s ¢ 62 64 &8 T
H.4 x(dm) 3
H.4 Oup dao ciia gau miic trén hé toa do XYz
T cée két qua mo phong 12 nhan thdy rang
3 ;

ong pha A , da
gp apdaumhbayatrentaoraqfl 161w

P

o glan va d9 gigt. Vi
thy hign ?ﬁgﬁgdg e o
hud ua vige | y d
t;;ngia:"l‘}g ham t6i va chon cc trong s ':Vnch
Bl 80 th i giam . 6 thi
Nguoc lai k%-lin nh}m g 4o giat cﬁaugécenmﬁtch“
61 s0 vé&i hi ta d@ trong s6 cia thi wy khip 1gn,
0L S0 Y6t (6 o gian 0 g 40 gidt gt
Binied Vangkke nhung thoi gian th cua cic khop
s€ tang 1én. uc hién mot chy

¢c lua chon

# U th b
tién cua cﬁcyeummﬂtﬁi

bk 4. Két lua
Bal bdo da trinh bay mot ph:xlg: hap dé
quy dao mau cho hé canh taygn;i' = d'é .
gh}I ong phap B-spline. Quy dao duqzyx; ug d\m‘m
iém di qua mong mubn két hop véi kéty u;m tﬁ;‘ -
t01 uu ve cac yéu pﬁu cong nghé nén ?16 thd i
d‘uqc cc yéu cau veé d¢ tron mugt cling nhu tho?' pone
lz’lm viéc, o giat cua may. Toan bo thuét toég‘ dgl e
tl{llh toan va mo phong trén phan mém Matlab &
két qua thu dugc chimg to rang thudt toan da tnnh ba
phi hop cho viée thiét ké quy dao mau cho he cani
tay may xuc. ‘.
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