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XACDINH BAO VUNG LAM VIEC CUA ROBOT

BANG PHUOGNG PHAP CAT LOP

TREN €O SO BAI TOAN NGUOC DONG HOC

DETERMINING ROBOT'S WORKING AREA USING LAYER CUTTING METHOD

ON THE BASIS OF INVERSE KINEMATIC PROBLEM
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TOM TAT

Nghién c(fu nay trinh bay mdt phuang phap so tim viing lam viéc cda robot cong nghiép
bang phuong phap s0. Robot cong nghiép cd céc tham s6 ky thudt co ban ddc trung nhu bac tu
do, viing lam viéc, dd chinh xac, siic ndng, tm vdi,. .. Trong do ving lam viéc véi cac thong tin
nhua hé s6 MTI (Motion Transmition Index) hinh dang va thé tich viing lam viéc, vi tri |6 trong, ..
la cac thong tin quan trong ma ky su diéu khién cdn ndm chac d&€ van hanh hiéu qua. (6 nhiéu
phuong phap d€ boc 16 thong tin viing lam viéc va khdng qua kha véi cac robot don gian c6 16
gidi dudi dang giai tich nhung lai rdt phuic tap véi cac robot chi ¢4 I6i giai s6. Phuang phap ma
chiing toi st dung & day la phuang phép cdt [6p viing lam viéc tim bao bang thudt toan General
Reduce Gradient (GRG). Phuong phép nay 6 uu diém la p dung dugc cho moi loai robot. N6
cling xac dinh dugc 16 trdng trong ving khao sat va hé trg dac luc cho viéc xac dinh hé s6 truyén
cong suat MTI vé sau.

Tirkhda: Viing lam viéc, robot, GRG, bai todn déng hoc, cdt Idp, phuang phdp .

ABSTRACT

This study presents a numerical method to find the working area of industrial robots using
numerical methods. Industrial robots have basic technical parameters such as degrees of
freedom, working area, accuracy, lifting capacity, reach, etc. The working area has important
information such as MTI coefficient (Motion Transmition Index), shape and volume of the
working area, hole position, etc. that control engineers need to hold steadily for effective
operation. There are several methods to reveal working area information and it is not too
difficult for simple robots with analytical solutions but very complicated for robots with only
numerical solutions. The method we use in this research is slicing the working area to find the
border using the GRG algorithm. This method can be applicable to all types of robots. In addition,
it also identifies the gaps in the survey area and effectively supports the determination of the
later MTI power transmission coefficient.

Keywords: Work area, robot, GRG, kinematics problem, section, digital method.
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1. GIGI THIEU

Vung lam viéc dugc dinh nghia cé hai loai la
vung vdi téi cda tay mdy hodc vung véi t6i va
dinh huéng dugc dung cu. Tuy nhién & giai doan
thiét ké cac tay mdy van nang, vi khéng gan vai
cac tac vu cu thé nén ngudi ta chi ldy yéu t6 vai
t&i thay vi cd dinh hudng cla tay may. Lién quan
dén vung lam viéc clia tay may né cau thanh bai
nhiéu thanh phan, cu thé 1a bao vung lam viéc
hay bién giGi phia ngoai cia viing, cac 16 trong la
nhing khéng gian ndm trong bao nhung robot
khéng véi téi va cac diém ky di la cac 16 tréng véi
kich thudc bang mét diém. Lién quan dén bai
toan nay con phai quan tam thém hé sé truyén
dan hay kha nang truyén cong suat (Motion
tranmition Index - MTI) tU khau dan dén cac diém
cu thé trong vung lam viéc. Khac véi bai toan tim
vung lam viéc don thuan la bai toan dong hoc,
khoéng thé xac dinh MTI, bai toén tim hé s6 MTI 1a
bai toan déng luc, nd cé thé xac dinh ca ving lam
viéc va phan vung hé s MTI dong thai.

Trong danh gia hiéu suat, tham s6 dugc su
dung nhiéu nhat la ma tran Jacobian, la ma tran
anh xa van téc ctia bé phan tac dong cudi vao
vecto téc d6 khép dugc kich hoat. St dung ma
tran, mot s chi s6 hiéu suat, chdng han nhu s6
diéu kién [3, 4, 9] clla ma tran Jacobian dugc goi
13 chi s6 diéu hoa cuc bd (LCl) va chi sé diéu hoa
toan cau (GCl) [7], da dugc phat trién rong rai va
ap dung dé danh gia hiéu suat cta cac bo diéu
khién song song. Tuy nhién, mét nghién ctu gan
day [7] nhan thay sy mau thuan nghiém trong khi
cac chi sé nay dugc ap dung trong thiét ké t&i uu
cUa cac tay may song song co bac tu do tinh tién
va quay (DOF) két hgp. Nghién ctu két luan rang
khong nén st dung cac chi s6 nay trong cac bd
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diéu khién song song vai cac loai DOF hén hgp (dich chuyén
va quay). Gan day nhat, Wang va céng su nhan thay rang LCI
cling bi 16i khi 4p dung cho bé diéu khién song song phing
chi c6 DOF tinh tién.

Nhu da biét, s6 diéu kién cia ma tran Jacobian lan dau
tién dugc gidi thiéu dé st dung trong linh vuc robot ndi tiép.
Ngay ti dau, khai niém nay da dugc ma rong truc ti€p sang
linh vuc tay may song song. LCl dugc dé xuat dé danh gia su
khéo léo va su gan gli ciia mot tu thé véi mot diém ky di [3,
4] ctia robot (hodc ngudi thao tac). Tuy nhién, khong thé dua
ra mot gia tri LCl xac dinh dé cho biét né cé y nghia bao xa
so vdi diém ky di. N6i chung, khéng thé xac dinh khoang
cach toan hoc dén diém ky di d6i véi mot tay may song song.
Ngoai ra, giéng nhu ma tran Jacobian, gia tri LCl phu thuéc
vao toa do khung; gia tri clia né sé thay déi tuong ung khi
khung thay déi. Biéu nay gay kho khan cho viéc phan tich va
thiét ké bé diéu khién.

Vé&i muc dich xac dinh bao vung lam viéc, trong bai bdo
nay trinh bay sau vé phuong phap cat I6p, thuat toan nay
cling cho thdy khd nang nhan dién 16 tréng va diém ky di [6],
tuy nhién n6 khong xac dinh dugc cac hé sé MTI, LCl hay GCI
nhu cac phuong phap da néi 3 trén. Tuy nhién thé manh cta
né 1a ¢ thé ap dung cho moi robot ké ca robot song song
hay cac robot chi c6 I6i gidi s6 cho bai toan déng hoc [1, 2].

2. PHUONG PHAP NGHIEN CUU

Trong phan nay, nhém tac gia sé lam rd cac khai niém
can ban lam xuat phat diém cho cac nghién cuu tiép theo.
Cac khai niém bao gom ky thuat cat I6p vung lam viéc, ky
thuat xac dinh diém thudc bao vung lam viéc khi tim kiém
theo hudng xac dinh, ky thuat giai sé bai toan déng hoc
ngugc bang phuong phap GRG, ky thuat tai tao dudng bao
trén mat cat va tai tao toan bo bao vung lam viéc trong
khong gian.

Phan chinh clia nghién ctu nay la dua vao két qua bai
toan ngugc dong hoc dé chira hinh dang va kich thudc viing
lam viéc cta robot bat ky cung véi cac di€ém hay cac vung ky
di phia trong ctia n6 néu co.

Viéc lam ré cac quan hé nay dugc minh hoa bang cach
ap dung cho mét robot chudi cé 6 bac tu do cung véi toan
b6 15i gidi s6 da chuyén sang dé hoa.

2.1. Khai niém lién quan

2.1.1. Viing lam viéc, 16p cdt va duéng bao ciia né

Vung lam viéc trong nghién ctu nay la vung ma TCP (tool
center point) c6 thé véi téi duac, hay noi cach khéc bai toan
déng hoc ngugc cla robot gidi tai diém d6 phai c6 nghiém.
Vung lam viéc la mét khdng gian ddc trung bdi hinh dang va
thé tich cda n6, c6 thé 1a mét mién duy nhat nhung cling c6
thé gém nhiéu mién trong hodc ngoai nhau. Vung lam viéc
la théng s6 ky thuat luén dugc thé hién trong catalog cla
thiét bi bi nha san xudt, tuy nhién di liéu nay chi la dang 2
chiéu (2D). Trong khi ngudi ky su khi van hanh can mot hinh
dung 3D dé ddm bdo rang robot khéng di chuyén ra ngoai
vung lam viéc hodc chon quy dao thao tac rai vao vung cé
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chi s6 MTI I6n nhat nham cuc dai hoa hiéu suat truyén déng
ca khi.

Hinh 1 cho thdy mét cach biéu dién vung lam viéc
thudng thay trong cac catalog do nha san xuat cung cap.
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Hinh 1a. Vung lam viéc dang 2D

Hinh 1b. Ving lam viéc dang 3D

VGi vung lam viéc nhu & hinh 1a, hinh chiéu ding ctia né
tring vdi tiét dién ding va tai dé dién tich cing nhu chu vi
bao cla hinh nay la cuc dai. C6 thé quan niém rang toan bo
vlng lam viéc bao gém céc lat cat nhu vay chong lén nhau,
néu cac lat cdt nay cé thé xac dinh bang cach tim ra dudng
bao clia ting lat va dinh vi tri ca ching chinh xac theo
huéng quan sét. Lic nay bai toan chuyén vé viéc tim cac
diém thudc bao vung lam viéc trén méi lat cat nay.

2.1.2. Thudt todn tim diém thuéc bao viing lam viéc

Ld . d, | —

pi+1 p; pi-1

Hinh 2. Céc budc tim kiém theo duting thang

Gia s tai lat cit thu j, tai hudng tim kiém & véi ba diém
khao sat lién ti€p la pi1, pi, pi1 Nhu trén hinh 2. Gia st chia
ludi toan boé mat phdng khéo st trong d6 mét ludi dang chi
nhat vGi pis1 va pis 1 hai diém lién tiép thudc cuing mét canh
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hinh vuéng. Néu pi.; thudc vung lam viéc thi bai toan déng
hoc ngugc tai dé phai cé nghiém, tuong tu néu pi,; khéng
con thudc vung lam viéc thi bai todn ddng hoc nguagc tai dé
Ia v& nghiém. C6 thé tinh gan dung rang do doan pi.ipiy du
nhé nén p;la trung diém ctia doan nay thudc bao clia ving
lam viéc & mat phdng dang khéo sat. Nhu vay van dé dat ra
Ia c&n c6 mot gidi thuat &4 manh dé gidi lap lai cac bai toan
ngugc cho toan bd vung khdo sat, ndi dung nay sé dugc
trinh bay d muc 2.2.

Toan bd chu vi dudng bao dugc hinh thanh bang cach
ndi cac diém p; lai v6i nhau thanh mot chu tuyén khép kin.
Toan bo bao khong gian clia vung lam viéc dugc hinh thanh
bang cach xép céc I6p cat theo dung dinh vi ctia ching.

2.2. Phuong phap giai bai toan déng hoc nguoc
2.2.1Su'thay déi ki€u bai todn déng hoc
Xét lugc d6 hinh 3 mé ta quan hé dinh vi diém TCP.
As As

:

As
As

Az

joint spaces E | work space

tool point

Hinh 3. Vong véc to hinh thanh trén robot va vong véc to do

C6 thé nhan thdy trén nguyén tdc mé hinh héa hai loai
robot néi trén, bai todn ddng hoc ctia ching cudi cing déu
¢6 chung dang véc to:

AA,...A,.T =X.ER (1)

Hay dang d6ng nhat duéi dang dai s6:

Sx = a1z
dx = a3
Px = a4
Py = az4
Pz = Azg
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Bai toan néi trén thé hién dudi hinh thic mét bai toan téi
uu:

L =1(q1,92,---9,) = min
gi € D; (3)
i=1-=+n

Day la bai toan t6i uu, nghiém cua (3) phaila nghiém cda
(2) vi vay ham muc tiéu dugc xac dinh theo (3) c6 dang (4):

L = (sx —a12)* + (ay — a13)* + (ay — az3)?

+(px — a14)* + (Py — 324)% + (P, — a34)° 4)

Bai toén (3) noi trén dugc xac dinh chay 6n dinh vdéi giai
thuat GRG cho @6 chinh xac réat cao [1], phu hgp céc bai toan
ky thuat quy mo Ién.

2.2.2. Phuong phdp GRG

Phuong phap GRG [1] dugc xac dinh 1a phu hgp dé giai
quyét cac bai toan dang (3), n6 cho phép xt ly cac bai toan
t6i uu c6 dac diém phi tuyén, siéu viét v6i quy méd dén 200
bién.

Xét bai toan 16i c6 rang budc tuyén tinh sau:

(LC) min f(x)
Sao cho Ax=b, (5)
x20

Céc gia thuyét:

+f la kha vi va lién tuc;

+ Mai tap con clia m c6t cla ma trdn A ¢ m X n la doc
lap tuyén tinh;

+ Méi diém cuc tri cOa tap kha thi cé it nhat m phan ti
duong (gia thuyét khong suy bién).

Hoan toan chiing minh dugc rang theo gia thuyét khéng
suy bién, mdi x € Fcé it nhat m phan tir duong.

Néu x € F, goi mot tadp gébm m codt B chia A la mot ca sé
néu x; > 0 thi cot i 1& mot cot cta B. Chia x thanh bién co
sG xgva cac bién khong co s& xy sao cho cac bién co s&
xg > 0 tuong ting véi cac cot clia B. Chi y rang xy khong bat
budc bang 0.

Dé& don gian cac ky hiéu, gia thiét rang c6 thé phan chia
ma tran A thanh A = [B, N] va phan chia x cho phu hgp, véi
xT = [xg, xn]T. Do d6 ta c6 thé viét lai Ax = b thanh:

Bxg + Nxy =D (6)

Do do xg = B™'b — B™INxy (7)

(B~ ton tai theo gia thuyét)

Véix € F, ching ta sé chon B la cac cdt tuong ung vdi
cac thanh phan 16n nhat m cda x.

Céc bién co s& xg bay gid co thé bi loai bd khoi bai toan
(5) dé c6 dugc bai toan cuc tiéu:

min fy (Xy)

Sao choB™'b — B~ INxy = 0, (8)

xy = 0,

Trong d6, fy(xy) = f(x) = f(B™b — B~ Nxy, xy) .

a) Sukhdi tao

Chon mét diém bat ddu x° > 0 sao cho Ax=b.Dék=0
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b) Buéc chinh

[1.1] Hinh thanh B tU nhiing c6t cla A tuong Ung véi cac
thanh phan I6n nhat m cda xX.

Xac dinh N 1a cac cét con lai ctia A, xac dinh xgla cdc phan
tr ctia xX tuong Ung véi B,va xéac dinh xy tuong tu.

[1.2] Tinh gradient giam r ti;

[1.3] Tinh sy tif (2.10) va sg. Hinh thanh s¥ tir sy va sg.

[1.4] Néu s = 0, DUNG LAI (xX 1a mot diém KKT)

¢) Line search

[2.11 Tinh Apaxi

[2.2] Thuc hién thuat toanline search

Ax = arg min f(xk + Ask). 9)

0=A<Amax
[2.3] Dat xK*1 = xK + A sk vathay k bang k + 1.
[2.4] Lap lai budc chinh.

3.KET QUA VA BAN LUAN

Xét md hinh dong hoc robot IRB 6400R/2.5-120 nhu
hinh 4.

1520 (2.8-X)
400 1725 (/3.0-X)
-

1070

2285 (/2.5-X)

Hinh 4. Thong 56 robot IRB 6400R

Tu hinh 4 ta c6 so d6 ddng nhu hinh 5 dang cdu tric hé
tuong duong.

- 1175 200
X
W O,

(o8 3 Zs 6 Z
= =Lz ) 4
— 04205 "I
> 22

+220—
y |

1050

Hinh 5. So d6 dong cla robot IRB 6400R
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Thong s6 ky thuat robot dang sa d6 cau tric trén hinh 5
dugc rut ra tir so dé két cau trén hinh 4 theo catalog cua
hang ABB va tién hanh lap dat hé truc toa do, xay dung bang
D-H dugc tém tat lai nhu trong bang 1.

Bang 1. Bang thong s6 D-H ctia robot

R, 0 T, d T, a Ru B
1 (07) 800 240 90°
2 (02) 0 1050 0°
3 (03) 0 225 90°
4 (as) 1175 0 -90°

Dua vao két qua ta c6 thé xac dinh dugc vung lam viéc
clia robot. Vi diém ban dau tai x = 2160, y = 0, z = 2000 di
ngugc chiéu kim déng ho, c& mat sang la 120mm.

[T

Hinh 7. Hinh chiéu diing céc I6p cat khi dinh vi ding thit tu va khoang cach

A-BBEEL I8~ - o I

o oomea & » 9B NS A Nfifining ~ @ cEBam ¥
Hinh 8. Hinh chiéu bang khi dinh vi céc I6p cat theo diing thi tu va khoang
cach
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Hinh 9. Vung lam viéc dang cat IGp sau khi hoan thién dinh vi dang truc do

Lién quan dén tinh hiéu qua cla giai thuat nay can biét
rang di liéu khdo sat vung lam viéc theo phuang phap dé
xuat c6 dang dam may diém. Dé tu déng hoa viéc loc dii liéu
la diéu kién quyét dinh thanh c6ng cta giai thuat. Tac gia da
tng dung VBA két hgp vdi Solver dé tu ddng hod toan bd
qua trinh nay cho két qua nhu trén hinh 9.

4, KET LUAN

Xudt phat tir nhu cau hiéu biét chinh xac vé dac diém ky
thuat clia robot bat ky phuc vu cho van hanh. Hinh dang va
thé tich clia vung lam viéc cling nhu 16 tréng (hay diém ky
di) la nhirng thuéc tinh can phai biét. Thong qua két hgp
phuong phéap cat I6p vung lam viéc va bai toan dong hoc
ngugc giai s6 véi GRG tac gia da tao ra dugc dir liéu chi tiét
clia vung lam viéc dang 3D, day cling la muc dich cuta bai
béo. V&i phuong phép nay cé thé xac dinh dugc viing lam
viéc clia bat ky robot nao mé hinh hoa dugc dong hoc clia
n6 mét cach chinh xac. Day la tién dé dé tiép tuc thiét ké quy
dao clia robot trong khéng gian céng tac véi hai muc dich
cd ban, tranh céc diém ky di va uu tién cac vung cé hé sé MTI
(hé s6 truyén luc) I16n. Day la bai toan phai thuc hién khi
mudn diéu khién mot robot trong khéng gian cong tac cda
nd, hau hét cac robot phic tap khéng cé 16i giai bai toan
dong hoc ngugc dudi dang giai tich nén phuong phap ma
bai bao nay gidi thiéu rat co ich trong trusng hop do.

Vi robot trong bai nay la mot robot chudi nén né khéng
6 cac ky di trong vung lam viéc ma chi cé cac diém ky di
bién dudi dang khong véi téi. N6 sé can cha trong nhiéu hon
G céc robot song song. Viéc gidi dugc bai toan dong hoc
ngugc véi dif liéu dang ddm may trong toan bd vung lam
viéc nhu & day la diéu kién quan trong dé tu dong hoa tinh
toan cac hé s6 truyén MTI déi véi cac robot song song.
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