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Dé xuat phuong phap sit dung thi gidc may trong dénh gia d9 chinh xac
cila cnh tay robot IRB 4600 tai Vién Ung dung Cong nghé
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Tém tit:

H¢é thiét bi gia cong vat liéu kim loai bang birc xa laser c¢6 canh tay robot 6 truc dwoc sir dung rong rii trong cong
nghiép khi gia cong cac san pham kim loai hinh dang 3D. Panh gia chi tiéu k§ thuit ciia mdt hé robot 6 truc cit vat
liéu kim loai bﬁng bire xa laser, cz‘m tién hanh phan tich, danh gia thong 50 tirng Kkhoi bo phan cua hé théng Poi voi
robot 6 truc, mét trong cac thong 50 quan trong nhat quyet dinh chit lwgng cia canh tay robot la d§ chinh xac quang
dwong dich chuyen trong qua trinh diéu khién chuyen dong canh tay robot. Trong bai bao nay, ching toi trmh bay
phwong phap danh gia do chinh xac dich chuyen canh tay robot dung thi giac may thong qua 02 thong $0: toa do
dich chuyen va quang dlr(mg dich chuyen Day la phwong phap danh gia cho do chinh xac cao, b6 tri thi nghlem kha
nhanh, phu hop véi dleu kién phong thi nghiém ¢ Viét Nam. Két qua do dugc trong thue té c6 so sanh ddi chlrng voi
50 liéu do hang cung cap cho thay gidi phap st dung thj glac may la hoan toan dap ing vé do chinh xac. Két qua nay
cho thay b0 14p trinh tw dong ghi nhéin toa do dich chuyen canh tay robot chinh xac, tirc thoi va cé doi chirng véi
thang/bang toa dd goc 1a phit hop yéu ciu bai toan.

Tir khéa: do chinh xac lap lai, do chinh xac theo dwong, d§ chinh xac vi tri, robot 6 truc, thi giac may.
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Abstract:

Metal material processing equipment systems with 6-axis robot arms using laser radiation are widely used in
industry for processing 3D-shaped metal products. To evaluate the technical specifications of a 6-axis robot system
for cutting metal materials using laser radiation, it is necessary to analyse and evaluate the parameters of each
component block of the system. For 6-axis robots, one of the most important parameters determining the quality
of the robot arm is the accuracy of the displacement path during the robot arm motion control. In this article, we
present a method for evaluating the displacement accuracy of robot arms through two parameters, when using
computer vision: displacement coordinates and displacement distance. This is an evaluation method with high
accuracy and a fast experimental setup, suitable for laboratory conditions in Vietnam. The actual measurement
results compared with the data provided by the manufacturer show that the computer vision solution fully meets the
accuracy requirements. This result exhibits that the automatic programmer records the robot arm's displacement
coordinates accurately, instantly and when compared with the original coordinate scale/table, it meets the problem
requirements.
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1. it van de

Canh tay robot IRB 4600 thudc dang canh tay robot 6 truc
(hay con goi la 6 bac tu do) thugc nhom ‘Canh tay robot khop
néi’ (articulated robotic arm) [1]. Mot canh tay robot 6 truc
dién hinh c6 khop ndi theo chiéu doc, bao gdm 7 lién két duoc
két ndi thanh chudi théng qua 6 khop ndi (truc). Mdi truc 1a
mot khép cho phép robot di chuyén theo cac cach khac nhau
(xoay, xo0dn...). Cac chuyén dong khac nhau nay dugc goi 1a
bac tu do. Robot 6 truc ¢6 tinh linh hoat, sicc manh va pham
vi tiép can can thiét dé hoan thanh hau hét cic ing dung bao
gdm ty dong hoa trong gia cong vat liéu (cit, han, xu ly vat
liéu, son...)

Pé diéu khién canh tay ctia robot, mdi truc duoc trang bi
mot bd phan giai la mot thiét bi tuong tu tra veé vi tri goc cla
truc robot. Thong tin vi tri dugc st dung dé tinh cac 161 vi tri
duge dua vao b diéu chinh PID ciia bg diéu khién servo. Néu
dAu gia cong cua robot dwoc 1ap trinh lap di lap lai & cung mot
vi trf, thi thuc t& dau gia cong ctia robot co thé khong dat dén
vi tri vat 1y giéng hét nhau
(mot cach tuyét dbi) ngay
ca khi tat ca cac trinh phan
giai déu tra vé gia tri phan
hoi chinh xac. Diéu nay
duoc giai thich bdi khong
c6 kha nang do luong do
léch c6 thé xay ra giira cac
bd phan giai mét cach tuyét
dbi va sai léch nhu vay ¢6
thé dugc tao ra do su gian
nd nhiét hodc tinh linh hoat
clia canh tay robot, hoat
dong cta hop sb (hinh 2).
Tuy nhién, viéc ché tao canh
tay robot ¢6 chat lugng cao
thi diéu kién hoat dong ciia
robot ¢6 d6 6n dinh cao cho
sai 1&ch 1 rat nho [2, 3]. Dé
danh gia do sai léch vi tri
dich chuyén cta mot canh
tay robot, nguoi ta thuong
str dung qua céc tiéu chi sau
day:

Axis 3 Axis 4

Axis 2

Axis 1

Hinh 1. C4u triic co khi cta robot.

(B) z
RP

1.1. B$ chinh xdc cia
vi tri va dp chinh xdc lap
lai vi tri

Trong hinh 3, d chinh

AP A)

X

xac vi tri (AP) va d9 chinh Y

xac lap lai vi tri (RP). Gia
s ta cO vi tri A la vi tri

dugc 1ap trinh, khi thuc xac I3p lai vi tri (RP).
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Hinh 3. D6 chinh xac vi tri (AP) va d6 chinh
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hién chuong trinh dich chuyén déau canh tay robot, vi tri thuc
s¢laB,B,, B,, ... By; Vitri B lavi tri trung binh B=(B,+B,+
... ¥Bn)/N. Khi d6 d6 chinh xéc vi tri AP (accuracy position)
- la khoang céach trung binh tur vi tri dugc 1ap trinh A dén
vi tri trung binh B. D§ chinh xac lap lai vi tri RP (repeated
positioning) - 1a dung sai ctia vi tri B khi lap lai vi tri nhiéu
lan [3].

1.2. D chinh xdc duwong tuyén tinh va d¢ chinh xdc lap
lai dwong tuyén tinh

Trong hinh 4 ta c¢6 E 1a duong di dugc lap trinh. Khi
thyc hién chuong trinh nhiéu ln, ta c6 két qua duong dich
chuyén thyc té 1a D,D,,D,, ... D; Duong D la duong trung
binh D=(D +D, + ... +Dn)/N. Khi d6, d6 chinh xac duong
tuyén tinh (linear path accuracy) hay AT - D¢ Iéch toi da tur
dudng dan duoc 1ap trinh E dén dudng trung binh khi thuc
hién chuong trinh D. P 1ap lai dwdng tuyén tinh (linear path
repeatability) - la dung sai ciia duong di khi thuc hién chuong
trinh 13p lai nhiéu lan [3].

Axis § : _
Axis 3 Axis 4 Axis &
Axis B Axis 6
Auxis 2
Axis 1
Hinh 2. D6 léch tiém ning giira cac truc trong cau tric
co khi cua robot.
Z

Hinh 4. D chinh xac dwong tuyén tinh (AT) va dé lap lai dwong
tuyén tinh (RT).
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2. Doi twgng va phuong phap nghién ciiu
2.1. Poi twong nghién ciru

Diém tdm cong cu lip trén dau canh tay robot (TCP viét
tat tir Tool Center Point) 1a gia tri xac dinh diém toa do hét
sttc quan trong [4], gitip xac dinh vi tri cia TCP trong hé
toa d§ cua robot, hién nay c6 mot ) phuong phap dugc st
dung [5].

2.2. Phwong phap nghién ciru
2.2.1. Phuwong phap thi cong

Phuong phap thu cong truyén thng da duoc sir dung tir
lau, phuong phap nay bao gém viée di chuyén TCP robot
dén cac diém tham chiéu xac dinh dbi twong cong viéc.
Bang cach su dung cac cong cu thudn nhon, cac canh dugc
dit & phia truée nhau, tir d6 c6 thé xac dinh duogce vi tri cia
vét thé. Phuong phap hiéu chuan thu cong khong hiéu qua
lam khi yéu cau cao vé d6 chinh x4c. Uu diém ctia phuong
phap nay la don gian, gia ca canh tranh. Nhuoc diém 1a mat
thoi gian va dg chinh xac khong cao.

2.2.2. Phuong phap Bull’s eye

Phuong phap Bull’s eye dugc xac dinh voi dlem gbc cua
hé toa do cong cu, tai diém gbc ciia hé toa do cb tay tir do
xac dinh TCP bang thiét bi hiéu chuan Bull’s eye. Thiét bi
hiéu chuan Bull’s eye dya trén nguyén Iy chiéu thing cia tia
laser, bang cach di chuyén cong cu cuia robot di qua chum
tia laser, c6 thé xac dinh duoc chiéu rong vat ly cia cac phﬁn
ddng tam ctia cong cu khi da biét hinh dang danh nghia cua
cong cy, khi do chiéu rong cac lat cit ma cong cu di qua, co
thé xac dinh duoc duong tam.

2.2.3. Phuong phap Force Control

Phuong phap Force Control - kiém soat luc dugc thiét ké
dé su dung nhu mét tién ich bd sung cho robot dugc trang
bi goi chtrc ning kiém soat lyc ABB dé giam st cac luc tac
dung 1én vat thé biang cam bién bén ngoai.

2.2.4. Phuong phap laser LAB

Laser LAB 1a mét cong ngh¢ hiéu chuan dua trén laser.
Phuong phap nay bao gobm mot thiét bi do co tén 1a “laser
LAB” va mjt qua cau do. Thiét bi do laser LAB bao gom
ndm cam bién laser riéng 1é. Cac cam bién laser duoc dat
dudi dang hinh ngii gidc trong thiét bi va dwoc can chinh
sao cho nam tia laser s& giao nhau tai mot diém chung. Bang
cach dinh vi qua cau trong thiét bi laser, cac vi tri trén bé
mat qua cau c6 thé duoc x4c dinh theo ba chiéu.

2.2.5. Phuong phdp dé chinh xac tuyét doi ciia ABB
(ABB Absolute accuracy)

Do chinh xé4c tuyét d6i 1a phuong phap do hing ABB
phat trién dwa trén ky thuat laser [6]. Béng cach st dung
thiét bi theo di laser, mot s vi tri toa do duge xac dinh
trong khu vuc lam viéc cua robot. Béng cach so sanh cac vi
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tri 1y thuyét trong b diéu khién robot va vi tri thuc té cua
mat bich lép ctia robot, c6 thé xac dinh duoc mot tap hop
hiéu chinh cac tham s6 chuyén ddi tir truc robot sang bo
diéu khién servo.

2.2.6. Phuong phap PosEye®

Hé théng PosEye® do vi tri va huéng ctia cam bién so
v6i hé thong tham chi€u bao gom cac mau da biét. Nguyén
1y do luong twong tu nhu hé thong dinh vi toan cau.

2.2.7. Phuong phap ABB Navigator

Hiéu chuan robot thuong dugc thuc hién béng cach dinh
vi cac diém hiéu chuan su dung robot l[am thiét bi do luong.
Diéu hudng 1a mot k¥ thuat tu dong, rat chinh xéac va doc lap
v6i nguoi dung, thay thé cac bude thu cong.

3. Két qua va ban luan

Céc phuong phép do va hiéu chuan do chinh xac dich
chuyen canh tay robot dwoc trinh bay ¢ trén co nhiéu wu
diém 1a do voi do chinh xac cao, mot sé phuong phap it
nhiéu ¢6 nhuoc diém & cac khia canh khac nhau (do dac
thu cua phuong phap). Diém chung cia cac phuong phép
do 1a c6 d6 chinh x4c cao nhung giai phap nay di kém thiét
bi thudng rat dit tién; yéu cau thiét bi bd sung dic thu, giai
doan thiét 1ap ton thoi gian va can ¢ k¥ nang dic biét. Vi
phuong phap hiéu chudn thii cong thi d chinh xac khong
cao, can nhiéu thoi gian va phu thudc rat nhidu vao nguoi
van hanh.

Trong bai bao nay, ching toi dé xuat mot phuong phap
mai de€ danh gid do chinh xac cia canh tay robot bang cach
su dung thi gidc may:

- Banh gia d6 chinh xac cua vi tri va d chinh xac 1dp lai
vi tri, st dung hai camera dé theo ddi vi tri cia TCP so véi
vi tri tham chiéu. Gia tri nhan duoc tir camera (x, z) va (y, z)
s& qua xur 1y ciia may tinh dé duoc két qua tirc thoi.

- Panh gia d6 chinh xac duong tuyén tinh va do chinh
xac lap lai duong tuyén tinh, st dung mot camera dé theo
ddi do 1éch vi tri cua TCP so v&i hinh tham chiéu. Gia tri
nhan dugc tir camera (dx, dy) sé qua xur 1y cua may tinh dé
duogc két qua tire thoi.

3.1. Thuc nghié¢m

Mot ban co khi kich thudce 620x620 mm, trén do lép 2
thiét bi camera d6 phan giai FullHD. B4 tri camera vudng
goc voi nhau, huéng vao mot tim bia (hinh 5). Khoang cach
tir ng kinh camera dén bia khoang 400 mm, két hop goc
mo, do phong dai cho két qua hinh anh kich thudc khoang
60x40 mm.

Dau ra tir camera dugc ndi vao may tinh, xir 1y, thu hinh
anh vao khu vuc can theo doi voi kich thudce 20x20 mm
(hinh 6).

61



Hinh 5. Ban lam viéc.

Hinh 7. Hé théng giam sat diém tham chiéu.

3.2. Ludn gidi dp chinh xdc két qua do

B6 tri camera theo doi nhu ¢ hinh 7. Két qua theo doi
dugc ghi lai boi camera ¢ phén giai chiéu ngang 1920 pixel
tuong duwong 60 mm (hinh 8). Camera thugc loai square
pixel, vi vay ta cd d6 phan gidi twong ung 32 pixels/mm.
Nhu vay ta c6 d6 sai s6 khi tinh theo pixel 14 1/32 mm =
0,033 mm.

3.3. Ngon ngir ldp trinh

Rapid 14 ngon ngir chwong trinh duoc sir dung dé diéu khién
robot ABB [3]. Chuong trinh cho phép diéu khién chuyén dong
cua truc robot, tinh toan toan hoc, tin hi¢u 1/0... C phap cua
chuong trinh twong ty nhu ngén nglt Basic. V&i Rapid, vi tri
duong di trong cac 1énh didu khién chuyén dong nhanh dugc bién
soan va chuyén dén bo noi suy va ké hoach duong di cua robot.

3.4. Yéu cau thir nghiém

Tiéu chuin ISO 9283:1998 [7]: Thao tac v4i robot cong
nghiép - Tiéu chi hiéu suat va cac phuong phap thir nghiém
lién quan, mo ta cac thir nghiém dé danh gia hiéu suat ciia
robot cong nghiép. Trong sé nhirng thtr khac, né cung cip
cac quy trinh dé do dtng d6 chinh xac cuia vi tri robot, do lap
lai va do chinh xac duong dan.

Theo ISO 9283:1998, tit ca céac thir nghiém nén dugc
thyc hién bén trong céi goi 1a khdi kiém tra ISO, 1a khéi 1ap
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Hinh 8. Viing theo doi ctia camera.

phuong 16n nhét c6 thé phu hop bén trong khong gian 1am
viéc cua robot; Ngoai ra, do chinh xéac cua vi tri va do lap
lai nén dugc do & nam cAu hinh khac nhau, mdi ciu hinh
tdi thiéu 30 lan. Véi khuyén cdo trén, thiét 1ap dbi voi IRB
4600 duoc lua chon la:

- Khéi 1ap phwong 1 M vdi tit ca sau truc trong chuyén
dong; Tbe d6 cuia canh tay robot 1a 100, 150 va 200 mm/gidy;

- Viéc xac dinh d6 chinh xac vi tri va do chinh xéc 1ap lai
can duoc thuc hién t6i thiéu voi cdu hinh MoveL, MoveC.

3.5. Tién hanh thir nghiégm dé chinh xdc lip lai

Thirnghiém d6 chinh xéc 1p lai duoc tién hanh voi cac diém:
aPAccHome, aPAccPreDest, aPAccRealDest, aCurveStart,
aCurveMidle. Thir nghiém véi 2 cau hinh nhu sau:

Chuyén dong thing MoveL (hinh 9): Lap trinh dé robot
di chuyén theo 16 trinh aPAccHome dén aPAccPreDest roi
dén aPAccRealDest bang 1énh MoveL. Dén aPAccRealDest
robot dimg dé do s6 liéu rdi quay vé aPAccHome.

Chuyén dong cong MoveC (hinh 10): Lap trinh dé
robot di chuyén theo 16 trinh aPAccHome dén aCurveStart,
tr d6 dén aPAccRealDest bang lénh MoveC qua diém
aCurveMidle. Dén aPAccRealDest robot ding dé do sé lidu
10i di qua aPAccPreDest quay vé aPAccHome.
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vHome
(115)_ _____ —
= - aPAccHome
vDest -aPAccPreDest
(fine) I aPAccRealDest
Hinh 9. Chuyén dong thang.
vHome
(215) aPAccHome
——— T T T T T D
o - re
=T e
vDest T aPAccPreDest P -
(ﬁnf_l,_..* aPAccRealDest P -~
- — —~ —— —& aCurveStart
aCurveMidle

Hinh 10. Chuyén déng cong.
3.6. Két qua thir nghiém

Trong qué trinh di chuyén, ap dung ving z15 & diém
trung gian va 1a FINE ¢ diém aPAccRealDest. Toc do
vHome=[250,100,40,40] khi di chuyén trung gian va vDest
khi dén dich aPAccRealDest. vDest dugc dit ¢ ba gia tri V=
100, 150 va 200 (mdi gi4 tri do 3 ngay va thu thap 200 sd
lidu). Két qua do tai phong thi nghiém ctia Trung tim Cong
nghé Laser - Vién Ung dung Cong nghé thé hién ¢ bang 1.

Bang 1. Két qua do tinh trung binh 200 s6 liéu.

Di chuyén MoveL Di chuyén MoveC

Toc df v100 vI50 v200 v100 V50 200
Sai lgch trung binh ~ 0,0409  0,0252  0,0278 0,0345 0,0359 0,0340
Sailgchlonnhdt 00577 00332 0,0350 0,0577 0,0667

4. Két luan

Trén co s& nhu cdu can do, kiém tra cac thong s6 dich
chuyén cua canh tay robot 6 bac tu do: d§ chinh xac va
do 1ap lai vi tri dich chuyén canh tay robot; do chinh xac
duong tuyén tinh va d6 chinh xéac 1ap lai duong tuyén tinh.
Chung t6i da dé xuat phuong phap sir dung thi giac may dé
danh gia d6 chinh x4c chuyén dong ciia canh tay robot IRB
4600 da dugc dau tu tai Phong Thi nghiém cta Vién Ung
dung Cong nghé. Trén co s¢ do, xay dung phuong phap do
do chinh xac dich chuyén cua céc loai canh tay robot cong
nghiép bang cac trang thiét bi phi hop véi didu kién san co
tai Vién ma van cho céc gia tri dang tin cay.

Két qua thu dugce co d6 chinh x4c nim trong ngudng
tham khao tir hang ABB [7]:
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Str dung phuong phap nay s€ dem lai cac loi ich sau:

- Yéu cau thiét bi bo sung 1a pht hop véi céac thiét bi,
may moc sin c6 trén thi truong hién nay. Didu nay ciing co
nghia 12 giai doan thiét 1ap va van hanh nhanh hon.

- D& dang van hanh, khong can phai c6 nang lyc dac biét.
Vi duy, viée hiéu chuén c6 thé duoc thuc hién bai nguoi van
hanh robot.

- Thoi gian khéi dong linh hoat va giam thiéu. Viéc hiéu
chinh lai cac d6i tugng cong viéc co thé dugc tién hanh theo
khoang thoi gian dé 1én lich. Bang cach hiéu chinh lai cac
ddi tugng lam viéc trong khoang thoi gian da dat, do chinh
xéc vi tri lién tuc ¢6 thé duge dam bao.

- Phan mém s& dugc xdy dung bang ngdn ngit 1ap trinh
robot nhanh chéng. Piéu niy c6 nghia la khong can cai dat
va thiét 1ap phirc tap cho céc thiét bi bd sung.

- La mot phuong an thich hop cho viée kiém tra d6 chinh
xac cuia robot (c6 tinh twong thich vé s6 liéu két qua do).

- C6 tinh kinh té canh tranh (gia thanh céc thiét bi phu
tro ré va san co).

LO1 CAM ON

Chung t6i xin tran trong cam on B§ Khoa hoc va Cong
nghé da cho phép chiing t6i thuc hién dé tai khoa hoc va
cong nghé cép Quéc gia: “Nghién ctru, thiét ké, ché tao, tich
hop thiét bi robot cét kim loai st dung burc xa fiber laser”,
tao diéu kién nghién ctru chuyén sau dé co két qua cho bai
bao nay.
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