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Tom tat

Bai bdo nay ban vé mot phuong phap tinh toan két
céu cua loai robot song song dang treo ¢6 kich thudc
16n truyén dong bing diy cap. Tham sd cua robot
dugc tinh toan nhd giai quyét mot bai toan thiét ké tdi
uru hai myc tiéu. Tiéu chuin danh gia dau tién st dung
tong stc cang trong cac day cap cua robot, cho wéc
lugng vé stc tiéu tén ning lugng van hanh. Tiéu
chuin danh gia thi hai 1a chan trén chuan héa cia
bién do lic ciia phan cong tac, cho wéc luong vé do
clg viing ciia robot. Mot quy trinh ¢6 tinh hé théng
duoc dé xuit dé tim kiém céc tham sb thiét ké tdi uu
cta robot, 6 tinh toan dén do thoa hiép gitra hai tiéu
chuén danh gia khac nhau mot cach hiéu qua va duoc
minh hoa qua mét vi du ing dung loai robot nay trong
san xudt nong nghiép.

Tir khéa: Robot song song truyén dong bang ddy cdp,
Téi wu da muc tiéu

Abstract: This paper discusses a method to
compute the design parameters of a large-dimension
suspended cable-driven parallel robot (CDPR). The
deciding parameters are calculated by solving a multi-
objective optimal design problem with two
performance indices. The first criterion is the sum of
the cable tensions which is directly related to the
power consumption of the CDPR. The second
criterion is the normalized upper bound on the
infinitesimal displacement of the mobile platform
which represents the stiffness of the CDPR. A
systematic procedure is proposed to find optimal
design parameters of the CDPR while dealing
efficiently with the tradeoff between these two
criteria, and is illustrated by an example of using
CDPR in agriculture.

Keywords: Cable-Driven Parallel Robot, Multi-
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1. Phan mé dau
1.1 Giéi thiéu chung vé loai robot song song truyén
dong bang day cap
Robot song song truyén dong bing déy cap hién dang
la mét linh vye nghién ctru gay cha y trong vong hai
thap ky tr¢ lai ddy. Ching c6 nhiéu lgi thé nhu nhe
nhang, thiét ké don gian, d& dang lip dat va co ti 18
khéi luong tai trong dam nhiém dugc trén khéi lwong
robot cao. So v6i nhitng robot song song truyén thong
str dung cac thanh lién két ran, CDPR sir ' dung cac day
cap dé dinh vi phan cong tac nho truc tlep thay doi do
dai ciia mdi day cap, va nho vay c6 thé hoat dong trén
nhiing khong gian 1am viéc lon. Mac du vay, viéc st
dung day cap cling c6 mot s6 han ché. Trudc tién, cac
day cép chi co thé truyén dan lyc cing giy ra tac dong
kéo 1én phan cong tac. Boi vy, cac day cap ndi voi
phén cong tac phai luon ludn & trong trang thai bi kéo
dan, nghia 1a luc céng trong moi ddy cép phai nam
trong mot khoang dwong nhat dinh. Mt khac dic tinh
phi tuyén cua day cap (46 dan hoi, khdi lugng day)
lam tang tinh phirc tap ctia nhitng bai todn mé hinh
hoa robot. Hon nita, do st dung day cap lam khau
truyén dong, do cung ving cua robot tai phan cong
tac c6 thé nho hon nhleu lan so v&i nhitng robot song
song c6 céc lién két ran.
Hau hét nhitng nghién ctru trong qua khir tap trung
vao loai CDPR c¢6 cac vi tri cta cac diém nat ra coa
day cap duoc gilr ¢ dinh trong hé toa do toan cuc.
Trong d6 mot vai nghién ctru vé loai CDPR c6 kich
thudc 16n co thé ké dén nhu [1]-[14]. Mot sb mau
robot tiéu biéu c¢6 thé dam nhiém tai trong 16n nhu
NIST RoboCrane [1], loai robot song song co kich
thuéc 16n thuéc du an FAST [10]-[12], robot
Marionet Crane [14] va CoGiRo [13], [14].
Mot vai nghién ctru gin day [15]-[18] ban t&i loai
CDPR c6 kha nang tu két cau lai nho thay ddi vi tri
clia cac diém nut ra ciia day cap hodc thay doi trat tur
nbi day cap v6i phan cong tac. Cach thiét ké véi cdu
tric nhu vdy gitp tang cuong kha nang cua robot,
nhung ddng thoi cling lam ting d6 phuc tap cua hé
thong. Bai toan tim kiém cac bd tham sb thiét ké dé
dat dugc mot cAu hinh tdi wu cho nhitng loai robot
nay dwoc xem nhu mot bai toan téi wu co cac didu
kién bién phi tuyén. Xiaobo Zhou trong [18] dé xuét
mot quy trmh thiét ké c6 tinh hé théng tim kiém b6
tiéu chuan nhat dinh (ti sO giita gia tri nho nhat va 16n
nhét ciia lyc cing trong cac day cap khi phan cong tac
di chuyén theo mot quy dao nhat dinh). Tuy nhién,
Phuong phap nay chi méi dugc ap dung trén loai
robot ¢6 cau hinh phing (trong khong gian hai chiéu).
Nhitng van dé quan trong khac nhu tinh lién tuc cta
ham muc tiéu va cac diéu kién bién phi tuyén chua
dugc xét dén cu thé.
Nghién ciru [16] de xuét mot phwong phap giai bai
toan tim cdu hinh t&i wu cho loai CDPR c6 6 bac tu do
c6 tinh dén cac diu kién lién tuc, roi rac cua ham
muc tiéu cling nhu cac didu kién bién phi tuyén cia
bai toan. B tham s thiét ké két céu i uu duge tim
kiém nho cuc tiéu hoa nang lugng tiéu thu cta robot.
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H.1  Su dung robot song song truyé:n’ dgng bang 8 ddy

cap co kich thudc lon trong san xuat nong nghiép
Tuy nhién giai phap nay van con c6 nhitng han ché
nhat dinh. Nghién ctru [17] chi ra mét s6 mat han ché
khi chi xem xét bai toan thiét ké (hodc cdu hinh lai)
robot song song truyén dong bang diy cap nhu mot
bai toan t6i vu mot ham muc tiéu. Mot ung dung cla
loai CDPR c¢6 kich thudc 16n dang treo (c6 kha néng
céu hinh lai) dugc dé xut dé thay thé phuong phap
truyén théng trong viéc bao dudng may bay tai cac
phan xuong. Trong d6, cdu hinh t6i wu cua robot duoc
tim kiém nho giai quyét mot bai toan tdi vu da muc
tiéu co cac diéu kién bién phi tuyén. Hai tiéu chi danh
gia da duogc str dung. Mot 1a cuc tiéu hoa nang lugng
tiéu hao nho tim gia tri nho nhét cua tong cac siic
cang cua cac day cap. Hai 1a tim gié tri cuc dai cua do
cling vitng cua robot tai phdn cong tac. Phuong phap
nay cho thiy su anh huéng qua lai giita hai tiéu chi
danh gia khac nhau va dua ra dugc nhirng giai phap
6 d¢ tin cdy cao hon so v6i [16], phu hop voi timg
yéu cau cy thé cia nguoi sir dung.

1.2 Bai toan trng dung CDPR trong sin xuit nong
nghiép

Céu tric cuia loai robot dugc nghién ctru trong bai bao
nay (Hinh 1) c¢6 dang treo giéng véi cau truc cia
CoGiRo [13] va Reel Ax8 [24]. Uu diém cua ciu trac
dang treo (tét ca cac dau ra cua day cap hay cac rong
roc ¢6 vi tri ndm bén trén cua phan cong tac) la co thé
dam nhiém tai trong 16n ddng thoi co thé tich ving
hoat dong (WFW [25]) rong. Viéc sir dung 8 day cap
dé di chuyén bo phan cong tac, cho phép phan cong
tac hoat dong véi 6 bac tu do va tang thé tich cua
khong gian hoat dong so véi cac loai robot truyén
dong véi so lugng day cap it hon [23].

Vi tri ctia cac diém nut ra cia day cap A; co thé dugc
thay ddi doc theo bdn cot tru chinh. Theo céu tric nay
nay thi robot s& ¢ t6i da 8 tham s thiét ké 1a vi tri
dau ra cia 8 day cap (hay vi tri cia 8 rong roc dan
hudng).

Yéu cau ciia bai todn: Tim kiém bo tham s tdi uu
quyét dinh cAu hinh cta robot (vi tri cia cac diém nut
ra A}) sao cho t&i wu hoa mot sd tiéu chi danh gia chat
luong hoat dong cua robot. Phan cong tac can dam
bao di chuyén dén dwoc tit ca cac vi tri trong mot
khong gian cho trude (ving danh ddu mau xanh 1a
cdy). Ving hoat déng nay cta robot c6 dién tich mit



béng twong duong voi khodng dét can canh tac. Phan
cdng tac co thé duoc lap dat thém dung cu canh tac
(vi du ludi cay, may gat, may phun thudc trir sdu...).

1.3 Pong gop cia bai bao

Pong gop cua bai bdo nay tip trung vao viéc dua ra
giai phap thiét ké cho mot loai CDPR dang treo c6
kich thudc 16n, dugc minh hoa véi mét vi du Gng
dung loai robot nay trong san xuat nong nghiép.

Bai toan tim kiém bo tham sé thiét ké cho robot dugc
xem nhu mdt bai toan t6i wu hai muyc tiéu véi cac didu
kién bién phi tuyén (cic diéu kién han ché vé sic
cing trong ddy cap, cac diéu kién vé& va cham cua
robot trong khong gian cong tac va cac han ché vé vi
tri va dinh huéng ciia phan cong tac). Hai tiéu chi sir
dung dé¢ danh gia chét luong ctia robot twong ty nhu
trong nghién ctru [17]. Tiéu chuan danh gia dau tién
sir dung tong sic cing trong cac ddy cap cua robot,
cho udc lugng vé mirc d6 tiéu tbn nang luong van
hanh. Tiéu chuan danh gia thi hai 1a chin trén chuan
hoa ciia bién d6 lic cua phan cong tac, cho uée lugng
vé d6 cimg vitng cua robot. Hai phuong phap chuan
hoa céc tiéu chi (qui d6i vé mot ham muc tiéu) giup
dua ra nhimng giai phap thiét ké phu hop véi nhing
yéu cau khac nhau dit ra cho robot.

Bai bao duoc t6 chirc nhu sau. Phan 2 nhic lai mot sd
cdng cu co ban phuc vu cho viéc phan tich va mo6 hinh
hoa cic robot song song truyén dong bang day cap.
Phan 3 ban dén quy trinh giai quyét bai toan toi wu hai
muc tiéu. Vi du minh hoa cho giai phap thiét ké cua
loai robot dugc gidi thi€u trong bai bao nay duogc
trinh bay trong Phan 4.

2. Cac cong cu phan tich co ban

2.1 Mb hinh héa robot

H. 2 md ta mot robot song song truyén dong bang m
day cap. A vaf B; (i = 1,..,m) 1a cac diém nat ra va cac
diém nbi cua day cap i. Fy(f,, foiy» Toi) va i 12 Tuc
va stc cang trong ddy cap i tai diém ndi
B, (X, Yoi» Z;) - TAt ca cac gid tri déu dwoc biéu dién
trong h¢ toan do toan cuc cua robot.

Bai toan md hinh héa mot CDPR thong thuong dua
trén mot mé hinh todan hoc ciia ddy cdp va mot hé cdc
phirong trinh cdn bang cia phin cong tac.

Trong tai liéu [26], Irvine dua ra md hinh toadn giai
tich cua day cap co tinh dén d6 dan hdi va khéi lugng
cta day. Trong [27], mot md hinh toan day du cua day
cap trong khong gian ba chiéu dugc dé xuat dudi dang
sau:

Xj = fli Low fbix' fbiy’ fbiz
Yoi = o Lois o fbiy’ foiz 1)

Zy = 5 Lois fois Foiys oz
trong do Lo la d6 dai tu nhién cua day céap thir i va fj
1a cac ham phi tuyén [27].
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{ ddy Khong co
khén luong

ddy cap co
khot lugomg

H.2  Cdu triic chung ciia mét robot song song truyén
dong bang m ddy cdp

Trong truong hop bai toan dong hoc nguwgc cia robot,
cho trudc vi tri va dinh huéng cua phan cong tac, tir
hé phuong trinh (1) cac toa do cua diém ndi B; duoc
xéc dinh. Ta can xéc dinh cac 4n sb (1a @6 dai ty nhién
clia cac ddy cap va cac thanh phan cua luc cang tai
diém ndi B;).
Bén canh (1), ta can st dung hé _phuong trinh cén
bang clia phan cong tac dé giai cac an sd:

Wr, +f, =0 2)
thoa mén cac diéu kién:

Toin ST £ Ty 1=1,..,M 3)
trong do:
W = U u, Un
Rb, xu, Rb,xu, Rb,, xu,
T
Tw= T Tn Tom
f,=[f f, f, m m m]

O day, W 1a ma tran co luc va mé men, f, 12 vector
lyc va moé men gay ra bdi cac soi day cap tac dong 1én
phﬁn cong tac, b 1a vecto vi tri clia diém ndi B; dugc
biéu dién trong hé toa do gin voi phin cong tic véi
gbc toa do 1a Op va u; 1a vecto don vi chi huéng cua
Iuc Fgi. Tmin Va Tmax 12 gi61 han dudi va trén cua suc
cang trong mdi day cap. R 1a ma tran quay thuan nhit,
qui chiéu hé toa do toan cuc dén hé toa dd gan voi
phén cong tac < 0, >.
Trong trudng hop bai todn dong luc hoc cia robot,
chi ¢6 dong luc cua phﬁn cong tac duoc tinh dén, bo
gua dac tinh dong luc cua day cap ciling nhu cia hé
thong cudn day cap. Trong tim clia phan cong tac la
C(X.,V.,2.) dugc biéu dién trong hé toa do < 0, >.
Gia thiét phan cong tac di chuyén véi mot gia toc ap,
vén toc goc @ va gia toc goc a.
Hé phuong trinh chuyén dong ctia phan cong tac dwoc
biéu din nhu sau:

m G

- P Wr, = 4
M, |ldxma| W=t @

trong do, m, la tong khéi lwong ciia phin cong tac.
G=0 0 g véig=98wms’ va d=R-O,C I
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qui chiéu cua vecto OpC trong hé toa d¢ toan cuc. F
va M; 1a lyc va m6 men quan tinh tic dong lén phan
cong tac:
F=ma, texd+ox mxd] (5)
M, =mdxa,+let+tox I o (6)

trong d6 I, 1a ma trdn quan tinh xung quanh O, cua
phan cong tac, dugc biéu dién trong hé toa dd toan
cuc:

I, =RIR" +m [ d'd -1, ,—dd"| (7

I. 12 ma tran quén tinh khéi dbi voi trong tam C cla
phan cong tac, 1, ,1a ma tran don vi.

2.2 Bai toan ddng hoc nguoce va phan bd lyc cing
Céc phuong trinh (2) va (4) duoc st dung dé giai bai
toan dong hoc nguoc va bai toan phan bd luc cing
trong day cap. Ddi véi loai CDPR c6 kich thugc 1on
dam nhiém tai trong ning (c6 thé 1én dén trén 1 tén),
cac day cap bang thép dugc str dung dé dam bao hé sd
an toan cao. Cac mo hinh toan cho day cap tinh dén
d6 dan hoi va khéi luong day phai duoc sir dung. Ta
¢6 thé sir dung mo hinh toan gian luoc cta day cap
[9], [14] dé giai bai todn phan bd lyc cing clia robot
nho mot s phuong phap hiéu qua nhu phwong phap
trong [23].

Sau khi lyc cing trong mdi day cap di duoc xac dinh,
do dai ty nhién cta day cap co thé dugc tinh toan nho
sir dung phuong phap duoc dé xuat trong [14].

2.3Ma trin d¢ cing virng

Gia sir moi mot day cap cua CDPR trong H. 2 c6 d
dai tg nhién Lg;, vecto vi tri va dinh hudng cua phan
congtacla X=x y z 6, 0, 0, vectovitr

Op = X Yy 2z cuahétoadd gén voi phﬁn cong tac,
vecto dinh huéng 0= 0, 6, ¢, (cac goc Euler),
do,= dx dy dz
d®=S-d0 la vector gia s dinh huéng véi
do= dg, do, dg, va dX= dO,, d®

s0 vi tri va dinh huéng cua phan cong tac. Ky hi¢u

la vecto gia sO vi tri,

la gia

U chi ma tran nhan c6 hudng cua vecto u. Ma trén

quay R va ma tran chuyén ddi S (chuyén dao ham bac
mot cua vecto cac goc Euler theo trat ty ZYX sang
vecto van toc goc cua phan cong tic) dugce tinh nhu
sau:

C,C, C;5,5-S.C, C,S,C,+S,5,
R=[C,S, §,5,5,+CC, S,5,C,-C.S,
=S, C,S, c,C,

c,C, -S, 0
s=|c,s, C, 0
s, 0 1

y

véi C, =cos 6, ,S,=sin 6 ,C =cos 0, ,...
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Ta c6 lyc va md men gay ra boi cac day cap 1én phan
cong tac:

m

fc={i—FBi, > - Rb; xFy } (8)

i=1
Gia str c6 mét gia so vi phan lyc va mo men tac dong
1én phan cong tac. O trang thai can bang tinh ta co:

> dF,
df,=d —f, =| " ©)
Zd Rb; x Fy;
i=1

Khai trién (9), ta c6 duoc:
df, = K-dX —K_ -dL, (10)

trong do :
K K
K:|: 11 12:| (11)
Ka Ky
voi
m
KllzzKBi
i1
m
Ky :ZKsu' Rbi »
i=1
m
K21:Z Rbi « K
i=1
n T T
Ky :Z Fe « Rbi
i-1
m
- Rb, -Kg- Rb,
i=1
va
KLl KLm
K = 12
L { Rle-KL1 ... Rb, X-KLm (12)
voi
K, =Kg -Fy {i-‘rij i=1..,m (13)
E'% Tai

Trong do, Fy = [ oo foy  For — Wy ]T la lyc gay
ra boi day cap i tai diém nit ra A; (luc ndy hudng vé
phia B;). Kg 13 ma trdn d§ cimg viing cta day cap i
tai diém ndi B; [27], 7, 14 luc cang tai diém nit A;.
Néu trong qua trinh tic dong cua ngoai lyc va mod
men df, 1én phan cong tac, d6 dai ty nhién cua cac day
cap dugc gia thiét 1a khong doi (dLo = 0), chung ta s&
¢6 dugc K 1a ma tran d§ cung virng cua robot.

2.4 Phat hién va cham

Dbi véi robot song song truyén dong bang day cép,
cac va cham c6 thé xay ra trong mot vai truong hop :
e Vacham giita day cap vai day cap

e Vacham giira day cap véi phan cong tac

e Va cham giira phin cong tac v6i cac vt xung
quanh trong khong gian 1am viéc

Va cham giita day cap voi cac vat xung quanh



Bai toan phat hién va cham déng vai trd quan trong
trong viéc tinh toan khong gian cong tac an toan cia
robot (dam bao khong c6 bat ky va cham nao tac dong
lén robot, va gitta cac by phan cua CDPR véi nhau
trong khéng gian lam viéc).

Mot s6 thuat toan phat hién va cham hiéu qua c6 thé
tim thdy & mot so tai liéu nhu [28]-[30].

3. Giai quyet bai toan thiet ke toi uu
3.1 Céc chi tiéu danh gia
3.1.1 Téng sikc cing cia cdc ddy cap
Xét robot song song truyén dong véi m day cap (H. 2)
trong mot két cau dugc dinh nghia boi vecto tham s6
thiét k& r. Tai mot vi tri can bang ciia phin cong tac,
nhd giai quyét bai toan phan bd Iyc cing, ta nhan
duoc cac strc cang tuong ung trong mdi diy cap t,
(i =1,..,m). Chung ta c6 thé tinh toan tong sirc cing
cua cac day cap :

fr=>zr (14
i=1

Pé danh gia tiéu chudn nay ddi voi mot khong gian
lam viéc cho trudc, chung ta co thé chia nho phan
khong gian nay thanh N diém roi rac. Nhin chung, ¢
thé chon nhimg diém ¢ ria khong gian va mot s6 diém
rdi rac nam bén trong 1a du. Khi d6, gia tri trung binh
clia téng sic cang trong cac day cap cho mot khong
gian lam viéc ¢6 thé dugc tinh nhu sau

for =—ZZr,k r (15)

k=1 i=1
trong do, 7, 1a luc cang cta day cap i (tai diém ndi B;)
tai diém can bang roi rac thi k [15], [17].
3.1.2 Chan trén chudn héa ciia bién do ldc cia phdn
cong tac
Chi tiéu nay duoc gidi thiéu trong [17]
md rong tr nghién ciru [5].
Gia sir rang tai mot diém can bang, c6 mot ngoai luc
dF, tac dong 1én phan cong tac tai mot diém M (xem
H. 3). Ngoai luc nay tao ra mot gia sb vi phan lyc va

md men tai O, df, = dF,, ryxdF, r,=0M |,
lam cho phéan céng tac dich chuyén mot lugng dX.
Tur quan hé (9) (voi dLg = 0), ta c6 thé khai trién :

K, -dX, =df,, (16)

, 1a mot két qua

trong do :
w=Su K-S
dX, =S, -dX
dF 1 0
dfeH :|: e :|’ SH :|: 3x3 3x3 :|
uy x dF, 055 "rM ||'13x3
rM

va u,, 1a vecto don vi ——.
Il

Trong phuong trinh (16), dai lwong dX,, va df,,la
thuan nhat (cac don V1 la met va Newtons, tuong
ung). Ma tran S,, chuyén doi ma trdn do climg ving
K sang dang thuan nhdt K,,. Do dai riéng duoc sir
dung trong chuyén ddi nay 1a L, = ||r,VI || .
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llam | <|ap, | + |, ||

H.3  Gia s6 vi tri ciia 0p va dlem M trén phan céng tic
Lua chon cua L, dong vai tro quan trong trong viéc
dua ra mot danh gia cé y nghia cho ma tran do cung
vitng thuan nhat Ky (ma tran K ¢6 thé coi 1a mot ma
tran thuan nhat véi do dai riéng L= 1m). Ta co6 thé
dién giai y nghia ctia vecto gia s6 vi tri va dinh huéng

thuan nhat dX,, = dP,, d®, (dai lugng dP,=
do,, dd,

Bién ddi tir toa do cua diém tac dong M trong hé toa
d0 toan cuc :

M :Op+ M —Op :OerrNI

= dM|=[do, +d®xr,|

= [[dM] <[ dO, | +||d ][ |
= [[dR, | +[d

Bién d6 cua gia sb chuyén vi tai O, la ||dM||, trong

17)

khi d6 bién d¢ gia ) chuyén vi tai M (trong h¢ toa do
gin v6i phan cong tic) bi giéi han boi ||dCIDH || Tu
phuong trinh (16), ta co thé tinh toan hai dai lugng
nay :
dX, =K' -df,,
dR, =C, -df 18
- H p Ulen (18)
do, =C, -df,

voi Kl [C,E, CTJ .
Tur (18),taco:
dR. |

i, | <Ie1= 0P

dd,

|I|df ""_” CD"_UcDmax (19)
M _ ., = e+
"dfeH”_ M P max D max

trong d6, Op VA O 12 CAC chudn Euclide 16n
nhét (hay 1a cAc gia tri suy bién 16n nhét) ctia ma tran
C, va C, tuong ung.
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bai luong o, 1 chan trén chudn héa ciia bién dg lic
ciia phan céng tic va dugc sir dung dé danh gia do
clmg vitng ctia mot CDPR tai phan cong tac.

Trong bai bao nay, quan niém ‘dé cing vimg’ cia
robot diwgc hiéu nhw sau : bg tham sé thiét ké ndo cho
gia s6 dM véi bién do lic cang nhé (hodc o, cang
nhé) dudi tac déng ciia bat cir mét ngoai lwc nao thi
dé cimg viing tai phdn céng tdc ciia robot cang lom.
Dé dua ra danh gia cta tiéu chuan nay cho mot khong
gian lam viéc cho trudc (dd dugc chia nhdé thanh N
diém r0i rac), ta c6 thé tinh gia tri trung binh ciia cac
giatri oy, k=1.,N

oy I =

1 N
NZGW r (20)
k=1

trong d6, o, 1a chin trén chuan héa cua bién do lac
clia phan cong tac tai diém roi rac k trong khong gian
1épl viéc. ) .
Bang cach giai bai toan t6i vu tim gia tri nho nhat cua
oy I tasétim dugc gidi phap thiét ké trong do bién
d6 gia s6 chuyén vi cua phin cong tac tai diém duogc
quan tdm M la nhé nhat.

3.2 Chuén héa ham muc tiéu
Gia sir rang, f; & gi4 tri t6i wu tim duoc nho cuc tiéu
hoa ham muyc tiéu f, r trong (14) va o, 1a gi tri
tdi uwu dat dwoc nhd cuc tiéu héa ham muc tiéu
oy, r trong (20) (chu ¥, hai bai toan t&i wu tim
f; va oy, l1a doc 1ap véi nhau).
3.2.1 Sir dung phuwong phdp tiéu chudn todn cuc
Khi hai tiéu chuin dinh gia cé cung mirc dj wu
tién, ta c6 thé su dung phuong phdp tiéu chuan toan
cuc [22] @€ chuan hoa ham muc ti€u. Bai toan toi uu
ban dau c6 thé dugc biéu dien lai dudi dang bai toan
toi ru mét muc ti€u truy€n thong nhu sau :
S
minimize f r :[ 1-6, °+ 1-6,, T 1)

thoa man cac diéu kién :

rmln S r < rmax
reC,
trong do :
fgr oy r
Sy=—, Sy=—% (22)
fy O

Va 1, Va r,,
s thiét ké, C, 1a tap hop cua cac bd tham sb thiét ké
thoa ma tat ca cac diéu kién bién phi tuyén bao gdm
ca cac diéu kién hinh hoc va cac didu kién vé co lyc.
Tham s6 s 14 mot hé s6 chuan hoa (thong thudng ta co
thé chon s = 2).

Trong phuong phap nay, do thdéa hi¢p gilia cac ticu
chuén danh gia dugc quan ly mot cach ty dong.

3.2.2 Svr dung phwong phap gioi han ham muc tiéu
Khi hai tiéu chuin dinh gid ¢6 mirc d wu tién
khac nhau, ta c6 thé sir dung phuong phép gidi han
ham muc tiéu [22] dé chuin hoa céac tiéu chi danh gia.

la chan dudi va chan trén cua cac tham
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Trong do, mot ti€u chuén duoc léy lam ham muc tiéu
ctia bai toan t6i wu, tiéu chuan con lai duge chuyén
d6i thanh mot didu kién bién phi tuyén. Thong thuong
nhiing tiéu chuin ¢6 mirc wu tién cao hon s& duoc
chuyén thanh diéu kién bién cua bai toan.

Lay vi du, gia sir rang c6 mot diéu kién chat d6i vai
muc dg tiéu hao nang lugng cua robot. Khi do, ta cé
thé chuyén d6i f, r thanh mot diéu kién bién va gitr

o, I lam ham muc tiéu. Bai toan thiét ké trong
truong hop nay trd thanh :

minimize o,, r (23)
thoa man cac diéu kién :

Min ST < Ty

reC,

O r <6

véi & 1a mdt gia tri cho trude.
Theo cach nay, do thda hiép gilra cac tiéu chuan danh
gia dugc quan ly nho dai luong J .

3.3 Quy trinh gii quyét bai toan thiét ké ti wu
Quy trinh tim kiém bd tham sb thiét ké t6i vu duoge
trinh bay theo nhitng budc sau day :

Buwéce 1: Xac dinh cac yéu clu hoat dong can dam
bao cia robot bao gdm khong gian lam viéc trong hé
toa do Pé-Cac va trong hé toa do goc quay cua phan
cong tac, va gidi han cua stic cing trong mdi day cap
(dinh nghia diéu kién bién phi tuyén reC,). Xac
dinh gi¢i han cua cac tham sb két cau cia robot (diéu
kién bién tuyén tinh).

Bugre 2 1 Xac dinh cac tham sO thiét ké. Lya chon Ve
sO luong cac tham sé thiét ké phu thudc vao yéu cau
va didc diém riéng cua ting bai toan timg dung.

Bude 3 : Xac dinh do dai riéng L (dé chuyén d6i ma
tran d6 ctng viing sang dang thuin nhat cta nd) nham
tinh toan tiéu chudn oy, trong (20).

Budrc 4a : Tim gia tri toi yu f; nho gidi bai toan toi
uu mot ham muc tiéu:

o l N m
minimize f, r ==>>"7, r (24)
N k=1 i=1
thoa méan cac diéu kién :
r. <r<r

min — max

reC,
Buée 4b : Tim gia tri t6i wu o, nho giai bai toan i
uu mot ham muc tiéu :

S 1
minimize o, ¥ ==> 0y, (25)
N i
thoa man cic diéu kién :
Mo ST,

min — max

reC,
Budc 5a : Néu hai tiéu chi ¢6 cting mirc wu tién, giai
bai toan t6i wu (21) dé tim bo tham s téi wu cho robot
(Pareto optimal solution [19]).
Bude 5b : Néu hai tiéu chi ¢6 muc vu tién khac nhau,
giai bai toan tdi uu (23) dé tim bo tham s6 i wu cho



robot. Diéu kién bién phi tuyén dugc chuyén ddi tir
mot tiéu chi danh gia (vi du, S, r <J) nén duoc
biéu dién dudi dang ty 1¢ twong ddi nhu trong (22).
Trong truong hop f, r duoc st dung lam ham muc
tiéu, budc 4a co thé duge bo qua. Trong trudng hop
oy I dugce chon lam ham muyc tiéu, budc 4b co6 thé
duoc bd qua.
Chu y rang, cic diéu kién phi tuyén reC, co thé
dugc biéu dién dudi dang thong thudng nhu sau:
gr =05-10*h r <0 (26)
trong do
{1, khireC,
hr= . (27)
0, khireC,
O day, h(r) la ham kiém chig tit ca cac diéu kién
bién phi tuyén.

4. Bai toan wng dung

Trong tng dung st dung CDPR ¢6 kich thuge 16n vao
san xudt nong nghiép, ta co thé st dung mot robot
song song truyén dong voi 8 day cap. Qui dao cua
phan cong tac co the di chuyén dén tat ca cac vi tri
thudc khoang dat can canh tac. Pdi v6i mdi tac vu
(lam dat, gieo trong, tudi tiéu,...) phan cong tac co thé
dugc lap thém dung cu tuong tmg.
Trong khudn kho ciia bai bao, phan cong tac dugc gia
thiét c6 hinh hop lap phwong kich thude canh 1 (m),
c6 tai trong twong déi 16n (m,co gia tri 16n, va 16n
hon nhiéu lan so voi khéi luong cua dung cu lap
kém). Diéu ndy dam bdo trong tdm cua phan cong tac
chi bi thay d6i mot luong rat nho, khong dang ké khi
mang tai (vi tri cia O, = C va duoc coi la khong thay
dbi) ddng thoi 1am ting do cung vimg cua phan cong
t&c dudi tac dong cua trong luc.
Day cap st dung co thong sb nhu sau:

E =100e+09 Pa

A, =1.5975¢-05 m’
w=12224 N/m
4.1 Bwéc 1 : Thiét dit cac yéu ciu caa robot

Trong khuén kho bai bdo nay, cac yéu cau lam viéc
cua robot duogc cho trudc nhu sau:

m, =300 kg

-20<x<20 m (a, =40m)
-10<y<10 m (b, =20m)
05<z<25 m (h=2m)

0,=0,=0,=0 deg
100<7,; <1.1182e+04 N ,i=1.,8

Khoéng gian lam viéc trong hé toa dd Pé Cac duoc
chia lam N = 90 diém roi rac phan bo déu trén bé mat
ngoai.

VCCA-2011

H.4  Tham sé thiét ke ciia robot song song truyén dong
bang 8 day cap.

4.2 Buére 2 : Xac dinh cac tham sb thiét ké
Doi voi loai CDPR c¢6 két cau nhu da gidi thiéu, cé toi
da 8 tham so0 thiét ke rng véi vi tri cua 8 diém nut ra
A cua cac day cap. Trong vi du nay ta chi xét dén
trudng hop bai toan c6 2 tham s6 thiétké r=r, r,
véi r, 12 khoang canh tir diém chinh giita ctia hai diém
nat ra trén mot coc tru bat ky toi mat dat, va r,la
khoang cach giita hai diém nut ra trén cing mot coc
tru bat ky (xem H. 4).
Luu y rang, sau moi mdt vong tinh toan, gia tri cua
cac tham so thiét ké can duoc chuan hoa:

I’i:rnin maX ri'rimin ’rimax i:1'2 (28)
Trong do, cac gia tri gidi han chan dudi va chan trén
cua cac tham so thiét ké duoc cho trude:

Bmin = L, =10 m

r-Zmin = 02'

rlmax

=3 m

rZ max

4.3 Bwdc 3 : Xac dinh d dai tw nhién L

Do dai riéng L. trong truong hgp nay dugc chon la

khoang cach tir trong tdm cda phan cong tac toi cac
3 ' 3

diém noi B;, L :% m .

Véi Iya chon nay, robot v&i bd tham sé thiét ké cho

gia tri nho nhat ciia tiéu chuan o,, r sé& co bién do

lic tai cac diém ndi B; cua phﬁn cong tac dugc cuc

tiéu hoa toi da dudi tdic dong cia mot ngoai lyc bat

ky.

4.4Buéce 4 va 5 : Gidi bai toan thiét ké t6i wu

Thuét toan tim kiém theo m?lu (pattern search
MATLAB (global optlmlzatlon toolbox [21]) duoc str
dung dé giai cac bai toan tdi wu dugc trinh bay trong
cac budc 4a, 4b, 5a va 5b (muc 3.3). Phuong phap
nay co thé giai quyet dugc céc bai toan t6i wu co cac
diéu kién bién tuyén tinh, phi tuyén va khong yéu cu
céc ham s6 phai co tinh lién tyc.

Trong budc 5b, o, r duoc chon lam ham muc tiéu

v6i diéu kién bién phi tuyén bo sung &, <5 =1.3.
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Béang 1 Két qua nhan dugc tir viée gidi cac bai toan toi wu khac nhau

Céc budce nr (m fy (N) oy (M/N) f S Sy

Budc 4a 10.00 0.3393 8.7254e+03 17.000e-04 6.7338 1.0000 7.7338
Budc 4b 5.25 0.8044 1.9365e+04 2.1773e-04 1.2194 2.2194 1.0000
Budc 5a 6.2728 0.20 1.4980e+04 2.9537e-04 0.8006 1.7168 1.3566
Budc 5b 7.8459 0.20 1.1333e+04 6.6364e-04 2.0697 1.2989 3.0480

Diéu nay c6 nghia ring mirc do tiéu hao ning luong
cua robot duogc gidi han khong vuot qua 130% gia tri
r <13f,).

Trong budc 4a, vecto tham s6 r duoc khdi tao véi gia
tri trung binh:

t6i wu ( f,

r

init

— rlmin + rlmax r2min + erax * 1—0.02*rand()
2 2

trong d6 rand() 1a ham khoi tao gid tri ngau nhién

trong khoang [0 1]. Trong cac budc tiép theo, gia tri

khéi tao 1, dugc chon 1a gia tri ciia bo tham s6 tim

dugc sau khi giai bai toan toi wu trong budc 4a.

H. 5 cho thiy két qua cua bon budc. Bé ¥ dén mot
diém thd vi trong két qua nay. Do 14, trong dap an cua
bai toan cuc tiéu hoa tiéu chuin tong stc cing cua cac
day cap, cac diém nut ra A; ¢6 xu hudng dich chuyen
dén vi tri 1am cho day cép i 6 d6 nghiéng 16n nhét so
v6i mat dat. Trong khi d6 néu ta cuc tiéu hoa tiéu
chudn chin trén chuén hoa cua bién do lic cua phan
cong tac, ta nhan dugc bd tham s6 t6i wvu ma tai do
cac diém nat A; c6 xu huéng dich chuyén dén vi tri
ma cac sgi day c6 do nghiéng nhd lai so vdi mat dat.
Thuc té nay nhin manh 1y do tai sao lai coi bai toan
thiét k& CDPR nhu mét bai toan t6i wu da myc tiéu.
Chung ta co thé thiy duoc do thoa hiép giita hai tiéu
chi danh gi4 trong bon truong hop qua gia tri cua
chung va gia tri cua céc ty 18 twong ddi twong ung
(trong (22)). Cac két qua duogc thé hién trong Bang 1

minimize| [ (r)|

0 Buire 4a

minimize |/ (r)]

i s
Bure Sa

(6 day, f 1a ham muc tiéu dugc dinh nghia trong (21)).
Trong budc Sa, cac gia tri cia 5; va &, kha gin véi 1
boi vi chiing ta xét mirc d§ wu tién cua hai tiéu chi 1a
nhu nhau. Trong khi d6, & budc 5b, mac du ta nhan
duoc gia tri tuong ddi 16n cua Oy » gia tri nay van nho
hon rat nhiéu so v&i gia tri nhan dugc trong budc 4a.

5. Két luin
Mot phuong phéap tim kiém tham sb thiét ké két cau
t6i uu cho mot loai robot song song dang treo, truyén
dong bang day cap di duogc trinh bay trong bai bao
nay.
Céc tham s6 thiét ké t8i uu cua robot duoc tinh toan
nho giai mot bai toan téi uwu da muc tiéu véi cac diéu
kién bién phi tuyén. Hai tiéu chuin danh gia chét
lugng hoat dong cta robot dwoc st dung. Mirc do tiéu
hao néng lugng cta robot dugc udc luong badi tiéu
chudn tong cac stc cing trong diy cap cta robot,
trong khi tiéu chuan chan trén chuan héa cua bién do
lic ctia phan cong tac dugc sir dung dé danh gia do
cuing cua robot.
Mot quy trinh ¢6 tinh hé thong da duoc dé xuat dé xac
dinh tham s6 thiét ké cua robot va dugc minh hoa qua
mdt vi du ung dung CDPR trong san xuét néng
nghiép. Phuong phap nay dem dén mot tap hop cac
giai phap tiém ning ma trong d6 d¢ thoa hiép giira cac
tiéu chudn danh gia chat luong hoat dong cuia robot
duoc can nhic mot cach hiéu qua.

L

minimize o, (r)) ro

o \
minimize |7, (r)]
d. <13

o Bure 5h

H.5  Két qua gidi cdc bdi todn t6i wu trong cdc bude khdic nhau

VCCA-2015
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Giai phap dugc trinh bay trong bai bao nay co thé
dugc ap dung dé giai quyét nhiing bai toan thiét ké
(hodc cau hinh lai) cua cac loai robot song song
truyén dong bang day cap khac.
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(cong hoa Phap), 1a mot thanh vién trong dy an
CableBOT (cablebot.eu), nghién ctru sau vé loai robot
song song truyén dong bang day cap. Hién anh dang
la nghién clru vién ctia B mon Robot Pic Biét & Co
bién Tu, Khoa Hang Khong Vi Tru (FAS), PH K§
Thuat Lé Qui Pon. Huéng nghién ctru chinh 1a thiét
ké va thyuc hién cac hé théng robot, diéu khién va céc
hé nhing.
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