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SCARA Robot using pick and place
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Tém tit: Bai bao nham muc tiéu gidi thi€u mo hinh thyc nghiém diéu khién robot SCARA
(Selective Compliance Assembly Robot Arm) dua trén dong hoc voi gia ré phuc vu cho
nghién ctru va giang day. Robot SCARA nam trong sb robot duoc sir dung rong rai nhat
trong cong nghiép do c6 d6 ctng vimg va do chinh xac cao. Mé hinh robot dugc thiét ké
va ché tao dua trén cong nghé in 3D, bén canh d6 robot duoc diéu khién thuc hién cong
viéc gap va dat, nham déng gbi san pham dang chay lién tuc trén bang tai véi toa do san
phim dugc dong goi xac dinh bang thudt toan xir 1y anh. Két qua dat dugc 1a xay dung
thanh c6ng mo hinh robot SCARA gia ré, hoat dong 6n dinh voi d6 chinh xac 94.9% trong
viée gip va dit san phdm dua trén xir Iy anh, thoi gian trung binh cho mét chu ki gép va
dat vat 1a 3.9 gidy, mo hinh c6 thé ap dung trong nghién ciru va giang day.

T khoa: Gdp va dat; in 3D; robot céng nghiép; robot SCARA; xir Iy anh

Abstract: This paper is aimed to introduces an experimental controlled model of a low-
cost SCARA (Selective Compliance Assembly Robot Arm) robot based on kinematics for
research and education. SCARA robots are among the most widely used robots in industry
due to their inherent rigidity and high accuracy. The robot model is designed and
manufactured based on 3D printing technology; besides, the robot is controlled to carry out
the work of picking and placing, in order to pack products that are running continuously on
a conveyor belt with the coordinates of the packed product determined by an image
processing algorithm. The result was successfully built a low-cost, stable SCARA robot
model with 94.9% accuracy in picking and placing products based on image processing,
average time for a pick and place cycle is 3.9 seconds, the model can be applied in research
and education.
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1. Giéi thi¢u

Ngay nay, voi su phat trién vo cung nhanh
chong cua khoa hoc va cong nghé, con
ngudi da dat dugc nhiéu thanh cong trong
hau hét cac linh vuc nhu san xuét, y hoc,
cong nghé thong tin, k¥ thuat quan su.
Robot ra doi va tr¢ thanh céng cu hitu
hiéu gitp con nguoi thyuc hién nhidu cong
viée tir don gian dén phuc tap nham giam
thiéu st lao dong thii cong ciing nhu giai
quyét nhitng cong viéc ma kha ning con
nguoi khong lam dugc [1]. Robot cong
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nghiép v&i nhiéu hinh déng va ching loai
khac nhau di tré thanh mot phan quan
trong trong nganh cong nghi¢p do pham
vi ing dung rong rii cua chung. Trong s6
do, robot SCARA (Selective Compliance
Assembly Robot Arm) dugc ap dung phd
bién trong cac day chuyén dong gbi va lap
rap do c6 cac uu diém ndi troi nhu tée do
xur ly cao, chu ky hoat dong ngén, hé
thng diéu khién chinh xac va hoat dong
linh hoat [2], [3]. Robot SCARA lan dau
tién dugc gidi thiéu boi Tién si Hiroshi
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Makino cua truong Pai hoc Yamanashi
[4] va dugc Ung dung rong rdi cho dén
nay.

Cé mot s6 nghién ctru vé canh tay
robot trong nhimg nim gan day. Vi du
nhu nghién ctru ciia Shen-Ta Su va Kuo-
Lan Su d3 thiét ké mot canh tay robot bay
béc ty do, sir dung may tinh dé diéu khién,
khau chap hanh dau cudi cua robot nay
dugc gin but chi dé thuc hién v& lai hinh
anh trén giao dién nguoi dung ve ra [5].
Nghién ctru cua Jian-Fu Weng va Kuo-
Lan Su d xay dyng va diéu khién robot
SCARA sir dung PLC két hop véi xu ly
anh dé thyc hién bai toan phan loai d6i
tugng theo mau sic va hinh dang [6].
Nguyén Hoang Diing va cong su da thiét
ké co khi cua robot hai bac tu do dang
SCARA va duoc diéu khién bang giai
thuat PID m& dé hd trg bénh nhén sau dot
quy tap vat ly tri liu [7].

Trong bai bao nay, nhom tac gid mo ta
thiét ké phan cung ciing nhu diéu khién
robot SCARA két hop véi xir Iy anh nham
thuc hién bai toan dong goi san pham
dang chay lién tuc trén bang tai.

2. Phwong phap nghién ciru
2.1. Dong nghich hoc robot
M6 hinh robot SCARA véi hai khop xoay
va mét khop tinh tién, thuc hién cong vigc
gip va dat, hoat dong trén mat phing
OXY, hai khép xoay dugc dan dong bang
hai dong co budc va khép tinh tién dugc
thuc hi€n dua trén xi lanh khi nén, do do
vi€c gidi bai toan dong hoc nghich tap
trung vao hai khdp dau tién.
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Hinh 1. Hai khép xoay ctia robot
Khao sat hai khép dau tién cia robot
SCARA dya trén hinh 1. Goi diém P(x.,
) 14 toa d6 cuia khau chap hanh dau cudi,
I; va > 1a chiéu dai lan lugt cac khau cua
robot. Khi do, gia tri cia cac khép xoay 6;
va 0> dugc tinh theo cong thirc (1) va (2).
g=atan2(x,y.)

- atan2(l, + [,cosq,,/,sinq,) 1

q,= atanz(iwll- (cosqz)z,cosqz)
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2.2. Xay dwng m6 hinh robot

Mo hinh robot SCARA duoc xay dung
3D dua trén phfin mém Autodesk Inventor
gom ba thanh phan chinh: Dé robot, khép
xoay thtr nhét va khop xoay thir hai. Robot
duogc thiét ké dam bao yéu cau 1a co thé
gia cong bang phuong phap in 3D voéi vat
liéu 1a nhua PLA va lién két v6i nhau
bang bu-long. Cac thanh phan cta robot
duogc trinh bay nhu hinh 2, trong d6 dé
robot va co cau dan dong duogc thé hién
qua hinh 2a va 2b, khau tht nhét ctia robot
duogc thé hién qua hinh 2c, khau thi hai va
co ciu dan dong duoc thé hién qua hinh
2d va 2e.
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(c)

(d) (e)
Hinh 2. Cac thanh phan robot
Sau khi ¢ céc chi tiét cua robot, tién hanh
lap rap dé co dugc robot hoan chinh nhu
hinh 3, véi co cdu chap hanh du cudi 1a
dau hat chan khong duoc gin truc tiép véi
thanh ty ctia xi lanh khi nén.

Hinh 3. Mo hinh robot SCARA

Mo hinh robot duoc xay dung voi chiéu
dai khau mot 1a 150mm va gidi han cua
khép tht nhat tir -96° dén 96°; chiéu dai
khau hai 1a 150mm va gigi han cua khop
thtr hai tir -115° dén 115°. Gidi han goc
quay cua cac khop duoc thyc hién bing
cong tac hanh trinh. Khi d6, khong gian
lam viéc cua robot dugc xac dinh nhu
Hinh 4. Khi x4y dung mo hinh dong goi
san pham can luu ¥ rang vat can dong goi
phai dugc dat trong khong gian lam viéc
cua robot.

Gidi han bén
ngoai viing

lam viéc X
o 0.15 0.3

Hinh 4. Khong gian lam viéc cua robot

Pé robot c6 thé thuc hién cong viéc gap
va dat, nham dong goi san pham. M6 hinh
can xdy dung thém cac thanh phan bd tro
khac nhu bang tai dung dé van chuyén vat
can dong goi va camera cong nghiép dung
dé xéac dinh toa do cua vat trén bang tai, tir
d6 c6 thé giri tin hiéu dén robot dé tién
hanh diéu khién robot. Hinh 5 trinh bay
thiét ké 3D ctia mé hinh dong gbi tong thé;
trong d6, hé théng bao gdm 3 thanh phan
chinh bao gdm mot robot SCARA va dau
huat chan khong (3), robot nay duoc diéu
khién boi mot hé théng dién diéu khién
duoc thiét ké gon gang, an toan, ti¢n loi
cho viéc van hanh (¢ vi tri (6) va (7) trong
Hinh 5), ké d6 1a hé thong camera cong
nghiép (4) dugc két nbi vé may tinh (5) dé
thu thap va xur Iy anh san pham xéc dinh
cac thudc tinh va chinh xac vi tri san pham
can gap va giri cac thong tin nay sang cho
Board diéu khién chinh ctia Robot, cudi
cung 1a mot hé théng phu tro bao gé)m
bang tai (1) va khay dung san pham (2).
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Bing tai - diéu khién boi DC Motor 24VDC
Khay dung san phim déng goi

Vi tri ¢iu cudi ciia Robot SCARA - gdp san pham
Camera Basler cong nghiép - xir ly anh mau
Laptop/PC - 4p dung giai thuat xir ly anh

Tua d4u ndi thiét bi dién didu khién

Thiét bj dén bao hién thi trang thai, nit 4n van hanh va dimg khén

10000000

Hudng di chuyén cta san phim véo hé théng

Hinh 5. M6 hinh dong géi tong thé

Ngubn cung cip Camera
(220VAC - 24VDC) cong nghiép

b B

5 g

, NGt §n Bong co dien

va cong tac hanh m@F chie."f -
winh dén chiéu
Digiral

Input

Digital

Mainboard ovipet | Solenoid valves
(Arduing + CNC  feie] REIAY UUNE il pis; khidn
shield V3) SVEC) gian N bt chan khéng

bong co budc

Hinh 6. So d6 khdi tong quat hé thong dién diéu khién cia Robot
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2.3.Thiét ké so d0 dién — khi nén
So d6 mach dién cua toan bd mé hinh
duoc trinh bay nhu ¢ Hinh 6.

Cu thé trong Hinh 6 trén, so dd hé
thdng dién va diéu khién cho robot va xir
1y anh, bao gém cac thanh phan chinh
nhu: Board mach diéu khién Arduino
Mega 2560 1a bd diéu khién chinh, dam
nhiém vai tro truyén va nhan tin hi¢u gitta
robot va may tinh. Ké dén, mot mach
Ramps 1.4 13 mach md rong cim trén
mach diéu khién chinh, dung dé dap tmg
nhanh chong va chinh xéc trong viéc diéu

khién hai dong co budc dé dan dong cho
hai khdp xoay cua robot. Bén canh do,
mot camera cong nghiép Basler c6 nhiém
vu thu nhan anh cho qué trinh xtr Iy anh;
ngoai ra con c6 cac thanh phan bo tro khac
nhu ngudn, dong co, dén cip sang cho
camera, dén bao, cong tdc hanh trinh,. ..
Déng thoi, mot so d6 mach khi nén cua
mo hinh duge m6 ta cu thé nhu & Hinh 7.
So db bén dudi bao gdbm mdt van diéu ap
c6 dong hd hién thi ap suit, hai van dién
tir v mot co cAu tao ap sut am dé cung
cap cho dau hut chan khong 1am viéc.

9 38 ]
§

1]

Hinh 7. So dd mach khi nén

2.4. Qua trinh xir ly 4nh

Déi tugng can dong gbi trong mo hinh nay
1a 1o keo tan nhiét nhu hinh 8, ¢6 chiéu
cao l1a 35mm, duong kinh 1a 30mm va
khéi luong 1a 20g.

Hinh 8. Keo tan nhiét
Nhiém vu cta bai toan xur ly anh la xac
dinh toa d¢ cua lg keo tan nhiét trén bang
tai, & day bang tai chay lién tuc va lo keo
duoc dit ngiu nhién trén bang tai. Qua

trinh xtr Iy anh cua mo hinh déng goéi san
pham dugc trinh bay nhu hinh 9.

Thu nhan anh
T
Chuyén anh
HSV
)

Téch dbi tuong

T
Nhi phéan hoa
v
Xac dinh toa d6

Hinh 9. Qua trinh xu 1y anh
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Anh tir camera chup duoc sé tién hanh
chuyén sang khong gian mau HSV dé
thuc hién bai toan tach dbi tugng duya trén
gia tri mau. Sau do, s€ thuc hi¢n bai toan
phan ngudng dé c6 thé thu dugc anh dbi
tuong tdt nhat. Cudi cung, s€ xac dinh dbi
tuong va toa df cua ddi tuong.

3. Kétqua
3.1. Két qua phan cirng

M6 hinh déng g6i san phdm dua trén
robot SCARA da dugc xay dung va dugc
trinh bay nhu hinh 10.

Hinh 10. M6 hinh déng go6i san pham thuc té

Két qua hinh 10 cho thdy mé hinh c6 tinh
tham mi cao, kiéu ddng cong nghiép, thao
tac don gian. Hoan toan c6 thé ap dung
trong giang day va nghién ctru.

3.2. Két qua déng goi — gap va dit

Sau qué trinh xu 1y anh thi két qua cudi
cung la xac dinh duogc toa do tam cua lo
keo tan nhiét, két qua xac dinh toa do
dugc trinh bay nhu hinh 11. Tur gia tri toa
d6 nay, robot s& tién hanh hut va tha vat
vao dung vi tri da dugc 1ap trinh trudc (co
sau vi tri dong goi, cac vi tri ndy ¢b dinh).

Hinh 11. Két qua xac dinh toa do
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Mot chu trinh hoat dong ctia md hinh
duoc thé hién qua hinh 12. Sau khi c6 toa
do cua dbi tugong robot bat dau di chuyén
(tir vi tri home) dén toa do da duoc xac
dinh va hit d6i twong (nhu hinh 12a), tiép
d6 robot s& di chuyén dén vi tri da lap
trinh trudc va tha dbi tuong (nhu hinh 12b
va 12¢), cudi cung cac lg keo tan nhiét
duoc gfip va dat dang vi tri nhu hinh 12d.
Bang 1. Két qua dong goi san pham

. Sé sin Hoan Thoi
Lan 2 thanh gian
PRAM ) |
1 6/6 100 24.4
2 5/6 83 242
3 5/6 83 244
4 6/6 100 23.6
5 6/6 100 23.5
6 6/6 100 23.8
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7 5/6 83 23.6 10 6/6 100 24.1
8 6/6 100 23.8 Trung binh 94.9 23.9
9 6/6 100 234

(d)

Hinh 12. Qua trinh gap va dat

Sau 10 lan thir nghiém déng goi san pham
v6i cac lo keo tan nhiét duge dit ngiu
nhién trén bang tai, két qua thong ké dugc
trinh bay trong bang 1. Két qua cho thiy
mo hinh hoat dong 6n dinh, v&i d6 chinh
xéac twong ddi cao (khoang 94.9%), thoi
gian trung binh dé gap va dat sau lo keo
tan nhi¢t vao dung vi tri 1a 23.9 giay.
Nguyén nhan cua ti 1¢ 16i 1a do sy thay d6i
ctia 4nh sang dan téi viée x4c dinh toa do
khong chinh xac.

4. Kétluan

Bai bao nay trinh bay vé qua trinh thiét ké,
ché tao va diéu khién robot SCARA déng
g6i san pham dwa trén xir Iy anh, robot
dugc thiét ké tham mi, kiéu dang cong
nghiép va ché tao dua trén cong nghé in
3D. M6 hinh hoan toan co thé ap dung
trong giang day va nghién ctu.

Ngoai ra, cac két qua dat dugc trong bai
bao con 1a co so dé trién khai cac bai toan
thuc té lién quan dén robot hodc co thé két
hop véi thi gidc may dé thuc hién giai
quyét cac van dé lién quan dua trén tri tué
nhén tao.
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