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TOM TAT

Bai bdo trinh bay phicong phdp thiét ké va xdy dwng mé
hinh “Scara parallel robot phan logi san pham dwa trén
cong nghé xir Iy anh”, muc tiéu tao ra mot hé théng tw
dong phadn logi san phcfm diea trén mau sdc va hinh dang
mgt cach chinh xac va hiéu qua. Scara parallel robot, voi
cau tric dédc biét gom hai canh tay song song giup no thuc
hién cdc chuyén dong phirc tap trén mdt phang ngang voi
do linh hoat va chinh xac cao. Cac thudt toan xu ly anh
dwoc s dung dé xac dinh chinh xdac toa do tam san phcfm
va cac thong 6 lién quan tir dé xudt tin hiéu diéu khién
Robot dé tr dong di chuyen va gdp san pham, dat ching
vao vi tri thich hop. Két qua thir nghiém cho thdy mé hinh
hoat dong voi do chinh xac 96%, mang lgi su cdi thién

dang ké vé hiéu sudt va hiéu quad trong qud trinh san xuat.

1. PAT VAN DE

Trong thoi dai cia Cach mang Cong
nghiép 4.0, vige st dung tw dong hoa va Robot
dé tang nang sudt san xuat da tré thanh mot xu
hudng tat yéu. O nhitng nude phat trién, cac
cong ty da 4p dung hé thong day chuyen san
xudt tu dong st dung Robot dé thay thé con
nguoi trong viéc thuc hién cac cong viée tu
don gian dén phuc tap, dam bao tdc do va do
chinh xéc tdi wu, tir d6 tao ra san phém chét
luong cao. Pic biét trong cic diy chuyén
phan loai va ldp rédp san pham viéc 4p dung
céc loai Robot v&i ciu hinh gon nhe va linh
hoat gitip giam gia thanh va ting ning suat.

Theo Frank L. Lewis (2004) Scara parallel
robot 1a mdt loai robot song song dac biét,
duoc thiét ké véi hai canh tay hoat dong song
song thay vi xoay theo nhau nhu robot Scara

truyén théng. Mic du ¢6 ciu trac dong hoc
phirc tap, kho thiét ké va diéu khién, nhung nd
cung cép tdc dd va do chinh xac cao, dic biét
la trong qua trinh 1dp lai cong viéc. Robot
Scara ciing c¢6 kha nang mang tai trong lén va
linh hoat cho phép tich hop vao nhiéu moéi
truong cong nghlep khéac nhau. Véi cac uu
diém ndi bat nay, dé tai tap trung nghién ctru
“Thiét ké va ché tao Scara parallel robot phan
loai san pham dya trén xar 1y anh” muyc tiéu 1a
thay thé stc lao dong con ngudi, giam chi phi
san xuét va ting ning suat.

Mo hinh Scara parallel robot cta sinh vién
Dao (2021) ché tao c6 kha ning chiu tai cao va
dé dang ung dung dugc trong nhiéu linh vuc
khac nhau. Tuy nhién ving lam viéc thyc té
ctia Robot con nho, thiét ké don gian, chua 6n
dinh, chua thyc nghiém trén mo hinh thyc té.
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Mo hinh Scara parallel robot cua Thinh
(2020) da thanh cong trong viéc thiét ké mo
hinh nhé gon va chic chin, tuy nhién chwa co
khau chdp hanh cudi dé gip vat. Nhin chung
mdi md hinh chi di sdu vao mdt tinh ning nhat
dinh va chua tng dung dugc vao thuc té. Vi
vay bai bao nay tap trung ché tao mo hinh
Scara parallel robot c6 chuc nang phan loai
san phém dua trén tin hiéu xr 1y anh tr bo
diéu khién thong qua dir liéu hinh anh san
pham thu nhan tir camera, tat ca qua trinh diéu
khién dugc gidm sat va van hanh thong qua
giao dién nguoi dung trén may tinh.

2. PHUONG PHAP NGHIEN CcUU

2.1. Phan tich dong hoc Robot
2.1.1. Phuong trinh dong hoc thudn

Bai toan dong hoc thudn duogc xay dung
theo S.Yanli va cong sy (2018) nham dua ra vi
tri ciia diém C khi da biét cac thong sé khop
cua Q1 va Q2 (Hinh 1).

bat tdm hé toa do OXY trung vai Q1, ta cod
2 khau L1 1a 2 khau trong cua robot. Trong do:

Goc q 1 vaq 2 1agoéchop boi truc Y, 1éch
khoi truc Y tirc khau L1 dang 1éch khéi vi tri
can bang.

Goc a la goc 1éch gitra vi tri A va B, goc
1a goc hgp boi khau 2A va canh AB trong tam
giac ABC.

V6i L_0 1a khoang cach gitra 2 truc dong
co, L 1 1{1 chiéu dai 2 khau trong robot, va
L 2 la chicu dai 2 khau ngoai robot.
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Hinh 1. Dyng hoc thuin
Nguon: Céng bé ciia tac gid, (2023).
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L 0=160 (mm)
L 1=150 (mm)
L 2=250 (mm)

Tim toa d6 cta diém A:
Xy= —Ly = sing (1)
Yy= L, * cosqy (2)
Tim toa do cua diém B:
Xg = Ly* sing,+ Ly (3)
Yg = Ly * cosgs (4)
Chiéu dai cua doan AB:
AB= J(Ys =Y )*+ Xz —=X)? (5)
Goc a:
a= atan2((Yg— Y4), (X5 — X4)) (6)
Goc

AB
cosfp = 57 L (7)
sinp= 12 -(cosp)? (8)
‘J l: - {7’35;‘ ):
B = atan2( T (9)
2 ¥ L:

Vi tri toa d6 diém C can tim, do dé mo
rong pham vi hoat dong ctia robot nén co hai
truong hop xay ra dé tinh toa do diém C:

Khi vung hoat dong khi ¥. la duong thi
cong thuc la:

X.= X3+ L, * cosla +B) (10)
Y.= Yy+ L, = sin(a+B) (11)

Va truong hgp khi ¥Y.1a am thi cong
thirc la:

X=X+ Lo (12)

Y, =Yg+ Ly« (13)

2.1.2. Phuong trinh dong hoc nghich

Nguoc lai véi bai toan dong hoc thuan,
bai toan dong hoc nghich’lé bai toan mo ta
vi tri cac bién cua thong so khé’p khi biét toa
do vat. Cac ki hiéu va thong so dat cia bai
toan dong hoc nghich tuwong tu bai toan dong
hoc thuan.

cos{o— B)

sin(a — B)
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)
Q1 Q %
Hinh 2. Péng hoc nghich
Nguon: Cong bé ciia tac gid, (2023).
_ Goi duong chéo tir diem C dén Q1 va Q2
lan luot 1a K1 va K2. Hai duong cheo tao
thanh 2 canh huyén cua 2 tam gidac CxQ1C va
CxQ2C bicu thi moi lién h¢é mat thi€t gitia
diém C dén Q1 va Q2.
Chiéu dai duong chéo.

Co+C,°

Ky, = 14
1= (14)
Goc ay:

& = 90 — (atan2(C, ,cx)) (15)
Ap dung dinh 1y Cosin trong tam giac
QICB

(L2 + K2 — (L22) |
cosB, = j( : (L) (16)

(2# Lo * Ky)

[ al+ k-2,
e @

B, = atan2(sin B, , cosfB,)
Goc 1éch cua Q1
Néu Cy 16n hon 0 thi cong thuc la:
Q= B—oy

Siﬂﬁl =

(18)

(19)

Khi Cy nhoé hon 0 thi cong thic la:
Ka= [ C?+(Cy)? (20)

Goc -

a, = atan2((L, - C, ), C,) (21)
Ap dung dinh 1y Cosin trong tam giac
QICB:

(L2 + K2 = (L.2))
cosf, = \|| @ L K

(22)

|| A :(L1: + K::—(L::)) .
\ ==t (2L, * K5) -
Néu Cy 16n hon 0 thi cong thtrc la:

q,= B—az (24)
Khi Cy nho hon 0 thi cong thuc la:
q,=360-(B;—a)  (25)

sinfg; = (23)

B, = atan2(sin g, ,COS B,) (26)

2.2. Thiét ké va ché tao mé hinh

M0 hinh Scara parallel robot dua trén cong
ngh¢ x1r 1y anh dugc xay dung nhu hinh 3 va 4
v6i cac thanh phan chinh bao gébm: 1 Scara
parallel robot, 1 ti dién diéu khién, 1 may tinh
xur 1y dit li€u, 1 camera, 1 bang tai.

Hinh 3. M6 hinh Scara parallel robot
phan loai san pham

Nguon: Céng bé ciia tac gid, (2023).
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Hinh 4. Cum tay may va bang tai
Nguon: Céng bé cia tac gid, (2023).

Hé théng dién diéu khién Robot dugc ngoai nhu nudc, bui,... ciing nhu ting tinh
thiét ké va lap dat trong ti dién d€ bao vé an toan va tham m¥ cho hé thong nhu trén
cac linh kién dién tir khoi cac tac nhan bén  Hinh 5.

Hinh 5. Ti dién va so @6 mach dién

Nguon: Céng bé ciia tac gid, (2023).

Nguyén ly hoat djng: tinh sau d6 tién hanh diéu khién cac dong co
va céc relay dé robot hoat dong theo yéu cau.
Dé khau chap hanh cubi co thé gip duoc vat
thi dé tai st dung 1 xylanh va giac hut chan
khong dugc dau ndi nhu Hinh 6.

Kho6i nguodn ¢6 chire ndng cung cap ngudn
dién cho hoat dong cua toan bd hé thong, vi
dieu khién c6 nhiém vu nhan dir liéu tr may
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RELANEH

Hinh 6. So' @6 khi nén dau hiit chan khong

Hé thong khi nén gém céc linh kién chinh
1a: van diéu ap, van dién tr khi nén 2/2, van
dién tor khi nén 5/2, van hat chan khong,
xilanh khi nén va giac hut.

Nguyén 1y hoat dong tong quan cua hé
théng: Camera thu nhan dir liéu hinh anh cua
vat di chuyén trén bang tai, sau dé truyén
thong tin dén phan mém trén may tinh dé phan
tich hinh dang, mau sdc cua vat va xac dinh
toa d§ cia no. Sau cung, dit licu vé sb luong
duogc cap nhat 1én Google Sheet, va thong tin
toa do cua vat duogc chuyén xuéng khéi diéu
khién dé diéu chinh canh tay robot, dat vat vao
vi tri mong muén.

Hé thé'ng ¢6 3 ché dé hoat dong chinh:

- Ché do tu dong co kiéu phan loai: phan
loai mau sac va phan loai hinh dang. Nguoi
dung s€ tuy chon chuong trinh robot s€ tu

Hinh 7. Robot, tii dién va tii khi nén sau khi lip rap hoan chinh

Nguon: Céng bé ciia tac gid, (2023).

dong thuc hién cac 1€nh theo chuong trinh da
dugc thiét 1ap san.

- Ché d6 thu cong: Ngudi ding c6 thé diéu
khién tryc tiép cac co cau chip hanh bang cac
phim trén giao dién diéu khién. Khi nguoi ding
diéu khién chon ché d6 Manual hé théng s€ uu
tién ché d6 Manual va tam dung ché d6 Auto.

- Ché dd ban tu dong: Trong ché do nay,
ngudi ding nhap thong tin vé toa do gip va
tha vat truc tiép vao cac vi tri twong tng trén
giao dién. Sau do, robot ty dong thuc hién qua
trinh gép va tha vat theo cac toa do da duoc
dat trude.

3. KET QUA VA THAO LUAN
3.1 Két qua

Hinh 7 trinh bay robot, tu dién va ti khi
nén sau khi lap rap hoan chinh.

Nguon: Céng bé cia tac gid, (2023).
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Phén loai theo mau sic mau cua vat thé, tir d6 goi dir liéu cho mach
didu khién canh tay Robot. Tién hanh chay
thuc nghiém dé phan loai san pham theo mau
sac dé lay cac thong tin vé mau sic, toa do cua
vat dé hién thi thong tin 1én giao dién ciing
nhu cap nhat sé lwong goi 1én google sheet.
Két qua nhan dang loai san pham theo mau
sac duoc trinh bay & Hinh 8.

bé hé théng phén loai dugc mau sdc, hinh
anh thu nhan tir camera s& duoc chuyén doi tir
anh RGB vé khong gian mau HSV, sau do
nhom tac gia tao cac mask dua trén khoang
mau dé tach vat thé theo mau sic duoc xac
dinh ngudng trong khong gian mau HSV, gidi
thudt don gian nay gitp xac dinh chinh xac

i v i o s =

o s bt i 4 = X - e et

o ol e e

Hinh 8. Két qua nhin dién mau sac trén giao dién dieu khién

Nguon: Céng bé ciia tac gid, (2023).

Sau 90 lan thir nghiém cho cip phoi ngiu hoat dong 6 6n dinh, robot nhan dang dang mau
nhién trén bang tai, robot phan loai theo mau  sdc va tha san pham vao dung vi tri quy dinh.
sic cho ra két qua twong ddi cao, hé thong Két qua thuc nghiém duoc trinh trong Bang 1.

Bang 1. Két qua thue nghiém robot phan loai sin phim theo mau sic

San phim Mau dé Mau xanh dwong Mau vang
Két qua 29/30 29/30 27/30
D¢ chinh xac 97% 97% 90%

Nguon: Céng bé ciia tac gid, (2023).

Phan loai theo hinh dang: hinh dang dya vao sd luong dinh cua duong
P& nhan dang dugc hinh déng san phim Vile.r; (iclam fac: 3, hinh vudng: 4, hinh tron:
nhom tac gia s dung giai thut tim dudng n 1eu’ on 4). i
vien vat thé trong thu vién openCV, sau khi Keét qua phan loai san pham theo hinh dang
phat hién duong vién thi ti€én hanh xac dinh  duoc trinh bay nhu ¢ Hinh 9.

Wiy, o 5 o g g i g % & b T Sy S e == g i o 4 Frul < Dby i (3 P 5

Hinh 9. Két qua nhén dién hinh ding trén giao dién diéu khién
Nguon: Céng bé ciia tac gid, (2023).
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Tién hanh chay thir nghiém moé hinh, véi
90 lan cdp phoéi ngiu nhién, mo hinh hoat
dong cho két qua twong ddi tét, kha 6n dinh.
Tuy nhién, vin con nhiéu lan bi 16i bo qua

san pham hay robot khong nhian dang dugc
dung loai san pham do nhiéu 4nh sang. Két
qua sau 90 lan thuc nghiém dugc trinh bay
trong Bang 2.

Bang 2. Két qua thuc nghiém robot phan loai sin phim theo hinh dang

San pham Hinh tron Hinh vudng Hinh tam giac
Két qua 29/30 28/30 28/30
D¢ chinh xéc 97 % 93 % 93 %

3.2. Théo luén

M6 hinh duoc ché tao hoan chinh va
thuc nghiém véi ti 1€ chinh xac trung binh
dat 96% ddi v6i nhan dang va phan loai theo
mau sic. Thuc nghiém va&i phan loai hinh
dang trung binh dat 94%. Két qua dat yéu
ciu d@é ra, tuy nhién con 15i robot bo qua san
pham 1a do anh huong cia anh sang moi
trudong va toc do cap phoi bang tay chua phu
hop. Van dé nay nhom tac gia s& ap dung
cdc phuong phap xir 1y anh tot hon dé cai
thién d¢ chinh xac nhan dang & nhiing
nghién ciru tiép theo. Bén canh d6 giao dién
giam sat va diéu khién dugc nhom lap trinh
gitp nguoi st dung dé dang diéu khién va
tra ctru lich st van hanh.

4. KET LUAN

Nghién ctru thiét ké ché tao Scara parallel
robot phén loai san phim dua trén xir 1y anh da
xdy dung ddy du bao gdbm Scara parallel robot
¢6 khau chap hanh cudi dé gap san pham, két
hop thém bang tai van chuyén san pham cho
thdy hé thong hoan thién va cai tién ndi bat hon
mo hinh Scara parallel robot ctiia Thinh (2020)

Nguon: Tdc gia dé xudt, (2023).

va cac nghién ctru tuong ty trude do. Hé thong
dam bao d6 6n dinh tuong ddi cao trong viéc
nhan dang hinh dang va mau sic. Thiét ké linh
hoat va qua trinh lap dat don gian voi may tinh
dé xur Iy anh va thyc hién nhiém vu phan loai
san pham. Bén canh d6 hé thong c6 tinh ning
Manual va ban tg dong gitp cho nguodi dung
linh hoat khi can thuc hién cac tac vu roi rac
khong theo lap trinh san, hodc khi can test
kiém hoat dong cua hé théng. Nghién ctru nay
khong chi 14 sy két hop chit ché giira dong hoc
robot, thiét ké co khi, 1ap trinh nhing, xir ly
anh va thiét ké giao dién diéu khién trén may
tinh, ma con mang lai nhimg két qua thiét thyuc
va y nghia d6i véi linh vuc hoc tap va nghién
ctru khoa hoc. Két qua nghién ctu dd duoc
chuyén giao tmg dung cho cic co s& san xuat
vira va nho gitip ting ning suit san xuét, giam
chi phi nhan cong.
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DESIGN AND CONSTRUCTION OF A SCARA PARALLEL ROBOT FOR
PRODUCT CLASSIFICATION BASED ON IMAGE PROCESSING TECHNOLOGY

ABSTRACT

This paper presents a method for designing and constructing a model of a "Scara parallel robot for
product classification based on image processing technology", aiming to create an automated system for
product sorting based on color and shape accurately and efficiently. The Scara parallel robot, with its
unique structure conmsisting of two parallel arms, enables it to perform complex movements on a
horizontal plane with high flexibility and accuracy. Image processing algorithms are employed to
accurately determine the coordinates of the product center and relevant parameters, thereby generating
control signals for the Robot to move and grasp the products, placing them in the appropriate positions.
Experimental results show that the model operates with 96% accuracy, bringing significant
improvements in efficiency and effectiveness to the production process.

Keywords: Five bar, Scara parallel robot, image processing.
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