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INTEGRATED MACHINE VISION ON ROBOT NACHI MC20-01
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TOM TAT

Hién nay tai Viét Nam, quy trinh san xudt gach Tuynel van chii yéu sir dung cong nghé cii va
chi tw dong héa mot s6 cong doan don gian. Mot s6 nha mdy da dp dung robot dé thay thé con nguoi
trong cong doan xép gach wét triede khi nung. Tuy nhién, sau giai doan nung, hau hét cdc céng viéc
van phdi thwe hién thii cong do trang théi ciia gach sau khi nung da thay doi va viéc sir dung robot
dé kep va di chuyén khoi gach tré nén khé khan, déc biét la khi ¢6 nhiéu vién gach bi mitt, vo. Tinh
trang nay gdy lang phi nhan lyc, thoi gian va tiém an nguy hiém cho céng nhan trong méi truong cé
nhiéu khéi bui doc hai, nhiét do cao. Viéc tw dong hoa cong doan nay la rat can thiét dé tiét kiém chi
phi san xudt va gidm thiéu cdc riii ro. Vi vdy, trong nghién civu nay, ching t6i dé xudt xdy dung mot
hé thong tay gap gach théng minh két hop vOi cong nghé thi giac may tich hop trén robot NACHI
MC20-01, nham s dong hoa qua trinh gdp gach Tuynel sau nung. Pé thue hién diéu nay, trude hét
nghién civu da tién hanh thiét ké hé thong tay kep sit dung cdc md don va md kep nham muc dich kep
chat khoi gach dong thoi phd vé lién két dinh giita cdc mat gach. Sau d6, nghién ciu da xdy du’ng
mét phirong phdp thi gidc mdy két hop cdc thudt todn phdt hién hinh vuéng va thuat todn mé-men dé
phan tich thugc tinh cua hinh anh cac vién gach, tir do nhan dién chinh xac cac Vvét nirt va khuyet tat
trén gach. Trén co s& d6, nghién ciru tién hanh xdy dung nguyén Iy hoat dong ciia hé thong va tich
hop vao robot NACHI MC20-01 dé thue hién mot quy trinh tw dong cho viéc phat hién va béc xé'p
gach. Két qua nghién ciru cho thdy hé thong dat dwoe do chinh xdc cao. Trong twong lai, dp dung
két qua nay vao nha may san xudt gach Tuynel quy mé om c¢é thé mang lai nhiéu loi ich, dong thoi
tao ra mot moi truwong lam viéc an toan va hiéu qua hon.

T khéa: Thi gidc mdy tinh; Khuyét tit gach; Robots; Gach Tuynel.
ABSTRACT

In Vietnam, the current state of the Tuynel brick production process primarily relies on
outdated technology, with only a few automated steps. Some factories have introduced robots to
replace human workers in the initial stage of stacking wet bricks before firing. However, the majority
of the process still requires manual labor after the firing stage due to changes in the brick’s condition.
The use of robotic arms to grip and handle the bricks becomes challenging, particularly when many
of them are cracked or damaged. This situation leads to the wastage of labor, time, and poses risks
to workers in environments with high temperatures and harmful dust particles. Automating this
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particular step is crucial to reduce production costs and minimize associated risks. Therefore, our
study proposes the development of an intelligent brick picking system that incorporates machine
vision technology and is integrated onto the NACHI MC20-01 robot. This system aims to automate
the process of picking Tuynel bricks after firing. To achieve this, our research initially focuses on
designing a clamping system that utilizes clamping jaws to securely hold the brick blocks while
simultaneously breaking the adhesive bonds between the brick surfaces. Subsequently, we develop
a machine vision method by combining square detection algorithms and moment algorithms to
analyze the characteristics of brick images, enabling accurate identification of cracks and defects.
Based on these foundations, we establish the operating principles of the system and integrate it
with the NACHI MC20-01 robot to facilitate a complete automated process for brick detection and
handling. The research findings demonstrate a high level of accuracy in the system's performance.
In the future, implementing these results in large-scale Tuynel brick factories can yield substantial

benefits, while also creating a safer and more efficient working environment.

Keywords: Computer vision, Brick defects; Robots; Tuynel bricks.

1. GIOI THIEU

Trong thoi dai Cong nghiép 4.0, robot
dang trd nén ngay cang phd bién [1-3]. Pic
biét, robot tay nhiéu bac tu do da duogc ap dung
rong rai trong nhiéu nganh cong nghiép, bao
gdm ca viéc san xuat gach Tuynel xdy dung
[4]. Trude day, cong viéc bdc xép gach 1a mot
cong viée thu coéng yéu cau do chinh xéac cao,
nhung hién nay robot tay da thay doi hoan toan
quy trinh nay. Robot ¢6 kha nang thyc hién cac
nhiém vy lap di lap lai voi do chinh xéc, tdc
d6 va tinh nhat quan cao, giam dang ké su phu
thudc vao lao dong cia con nguoi va nang cao
ning suit tong thé. Robot nhidu bac tu do co
kha ning di chuyén linh hoat, cho phép chiing
dat duoc cac vi tri va goc do khac nhau. Robot
cling duoc trang bi cac dung cu kep c6 thé giir
va xu ly cac vién gach mot cach chinh xac va
dang tin cay (Hinh 1). Tuy nhién, trong quy
trinh san xuat gach Tuynel hién nay, robot chi
dugc st dung dé boc xép gach udt trude khi
dua vao 16 nung, trong khi viéc bdc d& gach
sau khi nung van can phai dugc thuc hién boi
cong nhan. Str dung robot dé bdc d& gach sau
khi nung gip khé khin vi khong thé nhan biét

va loai bo gach bi 18i. Do d6, can thiét phai st
dung k¥ thuat phat hién 13i trén cac vién gach
dé robot co thé xir Iy gach mot cach tu dong.
Hién dang c6 nhiéu nghién ctru dugc tién hanh
dé phat trién phuong phap phat hién 15i cho
céc loai san phadm khac nhau. Abdel-Qader va
cong su [5] da dé xuat mot phuong phap phat
hién canh dé xac dinh vét nirt trén cau. Phuong
phdp mai nay da dugc so sanh véi céc thuat
toan khac nhu bién d6i Haar, bién d6i Fourier,
Sobel va bo phat hi¢n canh Canny. Ngoai ra,
phuong phap nay ciing st dung cac bo loc
khac nhau dé trich xuét canh tir hinh anh cua
dbi twong. Yu va cong su [6] di dé xuat mot
phuong phép ban ty dong dya trén tim kiém
duya trén d6 thi va st dung tinh nang phat hién
canh Sobel dé trich xuét cac thudc tinh cua vét
nut. Céac tac gia trong [7] da dé xuit mot thiét
bi thu nhan anh tir xa va mot phuong phap xu ly
anh tich hop dé phat hién vét niit trong cau trac
duéi cau. Phuong phép nay bao gom cac budc
chung dé trich xuat vét nit, str dung thuat toan
do khoang céach dién tu dé tinh toan do rong
ctia vét nit va ap dung thuat toan phan doan
hinh anh cai tién dya trén mé hinh C-V. Trong
mot nghién ctiru khac [8], cac vét nit trén bé
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mat két ciu bé tong duoc phat hién thong qua
b6 loc hinh anh sir dung gii thuét di truyén va
loai bé nhiéu du. Phwong phap nay c6 kha ning
phat hién chinh xdc cac vét nat trén hinh anh
bé mat trong cac diéu kién khac nhau va dinh
luong d6 rong ctia chung bang cach st dung
dao ham khong gian ctia cac mau do sang. Gan
day, nhiéu nghién ctru quan tdm dén viéc phat
hién khuyét tat san pham, dac biét 14 trong linh
vuc mang no-ron nhan tao [9, 10]. Cac thuat
toan hoc sau st dung viéc huén luyén mo hinh
trén dit liéu lich st da ting dang ké do hiéu qua
trong vi¢c xac dinh khuyét tat. Ravichand va
cong sy [11] da dé xuit mot phuong phap nhan
dang vét nit dya trén hinh anh ty dong cho cac
vién gach, két hop mang hoc sau CNN va SVM
dé xac dinh vét niit. Phuong phap nay trich xuét
céc dic diém tir anh RGB va thay thé bo phan
loai SoftMax dé cai thién kha ning phan loai.
Hé théng da duoc dao tao bé“lng cach st dung
cac thiét bi hd tro truc quan va may bay khong
nguoi lai.

Hinh 1. Ddy chuyén sdn xudt gach Tuynel tai Nha
mdy Chién Thang Hai Dwong: a — Qud trinh pha
trén dat; b — Qud trinh diic gach; ¢ — Qud trinh ct
gach; d — Robot trang bi tay gdp gach trirdc nung;
e — Gap gach lén pallet; f— Khu viee nung gach;
@ — Chong gach sau nung; h — Céng nhén béc xép
gach sau nung.

Dang va céc cong su [13] da phat trién
mod hinh phan doan vét nit dua trén cac ky
thuat hoc sau U-Net, DeepLabV3+ va FPN dé
trich xudt phép do chiéu dai vét nit theo thoi

gian thuc bang cach phat hién cac don vi gach.
Mic du cac k¥ thuat nay dat duoc két qua kha
chinh x4c tuy nhién phai can tap dir liéu du 16n
dé tao ra mo hinh du doan tin cay hon. Ngoai
ra, cac phuong phap ké trén déu thuc hién viée
gan nhan dir liéu mot cach thu cong va chi gidi
han theo mét sé loai vét niit, v nhat dinh do
han ché cua viéc xay dung mo hinh huén luyén.
Nhu vay, rat can thiét phai c6 phuong phap xéac
dinh dugc da dang cac khuyét tat cua doi tuong
va duogc thuc hién voi d6 chinh xac cao.

Trong nghién ctru nay, chung toi tién
hanh dé xuit mot thiét ké cai tién cho tay kep
gach dé thuc hién duoc viéc kep hang gach sau
nung. Nghién ctru cling dé xuit mot cach tiép
can moi béng viéc st dung phéi hop cac bg loc,
phan ngudng, thuat toan tim kiém hinh vuéng
két hop véi thuat todn mo-men dé xac dinh
khuyét tat ciia vién gach. Trén co s& d6, nghién
clru xay dung hé thong tich hop tay kep, giai
thuat thi gidc may va hé thong diéu khién cua
robot NACHI MC20-01 dé thyc hién viéc gip
sau nung.

2. XAY DUNG HE THONG TAY KEP
GACH SU DUNG THI GIAC MAY TiCH
HOQP TREN ROBOT NACHI MC20-01

2.1. Thiét ké hé thong tay kep gach

Hé thdng tay kep gach duoc thiét ké voi
cic ma kep dé dam nhan vai tro gitr chit hang
gach ¢ phia dudi. Cac ma kep co6 vai tro quan
trong trong viéc duy tri sy on dinh ciia hang
gach va chuan bi cho qua trinh nang. Diéu nay
dam bao réng gach khong bi x6 Iéch hodc mét
6n dinh khi tay kep bat dau thyc hién nhiém
vu. Bén canh d6, hé théng tay kep con duogc
trang bi cac ma don, ¢6 chirc nang kep chat 16p
gach can di chuyén. Cac ma don duoc thiét ké
dé pha v& lién két giita cac vién gach hang can
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kep va cac vién gach phia dudi do sy chdy dinh
sau qua trinh nung. Ngoai ra, nhi€ém vy ctia ma
don con 1a viée gitr chat 16p gach can gip trong
qué trinh di chuyén. Diéu nay d¢am béo rang 16p
gach dugc nang s€ dugc gitt virng va khong bi
chia tach trong qua trinh chuyén dong. Hinh 2
mo ta nguyén 1y thiét ké cta hé thong tay kep.

o2

O

Hinh 2. Nguyén 1y thiét ké ciia hé thong tay kep:
01 — Ma kep, 02 — Xy-lanh, 03 — Ma dinh vi,
04 — Gach mau

Quy trinh van hanh cua hé thong tay
kep nhu sau: (1) Hé thong tay kep nhan tin
hiéu diéu khién va tin hiéu dién théng qua bd
chuyén doi va hé thong diéu khién trung tam.
(2) Dua trén thong tin nhan dugc, hé théng thuc
hién 1énh kep. Cac ma kep duoc day vao dé gitr
chat khdi gach. (3) Tiép theo, hai méa don dugc
day vao dé ép chat 16p gach, chuén bi cho qua
trinh di chuyén tiép theo. Hai chiic ning nay
cho phép hé thong tay kep thuc hién nhiém vu
kep va di chuyén cac 16p gach mot cach hiéu
qué va an toan. Hé thong nay khong chi t6i wu
hoa qua trinh san xuit ma con dam bao tinh
toan ven cua san pham gach trong qua trinh xtr
ly.

2.2. X4y dung hé thong thi gidc may

Hé thdng thi gidc may dugc xay dung
trén co s& xtr Iy anh: chuyén ddi khong gian
mau, loc nhiéu, phan ngudng. Dé thuc hién diéu
d6, nghién ctru tién hanh chuyén d6i hé mau
RGB (bao gdm kénh mau d6 (R), mau xanh 14
cdy (G), mau xanh nudc bién (B)) sang hé mau
xam. Gia tri cac pixel trong h¢ mau xam dugc
cho boi cong thuec:

I(x,y)=0.299*R(x,y)+0.587*G(x,y)+0.
114*B(x,y) (1)

Trong cong thuc (1), R(x,y), G(x,y),
B(x,y) lan luot 1a cac toa do pixel trong h¢ mau
RGB. Dé nang cao mirc tuong phan, nghién
cuu thuc hién st dung bo loc Gaussian véi ma
tran ham nhan duogc cho bai:

xZ4y?

g =zo? (2)

Hx,y) =

2na®

Trén co s& do, anh dau ra sau khi loc
dugc thuc hién boi phép tich chap theo cong
thire sau:

U=1&H 3)

Pé don gian hoa qua trinh xac dinh
khuyét tat caa doi tuong, hinh anh sau d6 dugc
xac dinh ngudng nham chuyén d6i dai mau tir 0
dén 255 thanh anh nhi phan. Trong d6, ngudng
dat 1a 6 = 128. Néu U(x,y) < 0 thi gia tri pixel
dugc biéu thi bang 0 (den) hodc néu U(x,y) >0
thi pixel duoc biéu thi bang 255 (tring).

Trén co s¢ anh nhi phan sau qua trinh
phan ngudng, nghién ctu thuc hién phat hi¢n
duong vién ddi twong tir anh nhi phan boi thuat
toan phat hién hinh vudng. Ludi hinh anh déi
tuong dugc coi 1a mgt nhom céc pixel mau den
trén nén trang. Thuat toan bat dau & goc dudi
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bén trai cua ludi va quét tirng cot pixel tir dudi
1én trén, bat dau tir cot ngoai clung bén trai va
di chuyén vé phia bén phai. Thuat toan tiép tuc
quét cho dén khi gip mot pixel mau den. Dé
trich xuAt duong vién cua dbi tuong, thuat toan
thuc hién theo cac budc sau: bat ct khi nao
diém xét duge dinh vi trén mot pixel mau den,
budc tiép theo 1a 1& trai. Nguogc lai, bat ctr khi
nao diém xét dugc dinh vi trén pixel mau tring,
bude tiép theo 1a r& phai. Qua trinh nay tiép tuc
cho dén khi cac diém xét quay trd lai diém anh
ban dau.

Sau do, nghién cuu tién hanh tinh dién
tich duong vién va so sanh dé dua ra két luan.
Pé tim dién tich cua duong vién, thuat toan
md-men dugce st dung:

tz by
M, = Iai L,i xPydf(x,y)dxdy (4)

Trong cong thic (4), f(x,y) biéu thi
gia tri pixel tai toa do (x,y); p, q 1a cac gia tri
nguyén khong am (p, q=0, 1, 2,...).

2.3. Xay dung hé thong diéu khién

CAu trac phan ctimg duoc hién thi trong
hinh. O trung tdm cta hé thong diéu khién la
may tinh chi, tich hop cac giao dién diéu khién
va tat ca cac mo-dun phan mém dé diéu khién
toan bo hé théng. Hé théng thu nhan tin hiéu
cam bién va hé théng thu nhan hinh anh cau
thanh phan dau vao duoc sir dung dé thu thap
thong tin mai truong bén ngoai (Hinh 3).

Diéu khién
Bé don

chuyén
dobi

Bo diéu khién trung taim

Hinh 3. So dé diéu khién robot

Cau truc phan cimg cta hé thong duoc
hién thi trong hinh bao gdém céac thanh phan
sau: O trung tdm cua hé théng diéu khién 1a
may tinh chi, tich hop cac giao dién diéu khién
va tit ca cac mo-dun phan mém dé diéu khién
toan bo hé thong. Hé thdng ciing bao gdm mot
hé thong thu nhan tin hiéu cam bién va hé thong
thu nhan hinh anh, sir dung nhu 1a dau vao dé
thu thap thong tin v& méi trudong bén ngoai.
Qué trinh bat dau bang viéc may tinh thu thap
hinh anh tir camera va ap dung cac thuat toan
thi gidc may dé trich xuat thong tin can thiét tir
hinh anh. Théng tin nay sau d6 dugc chuyén
d6i va dinh dang thanh dir liéu sé dé chuan bi
cho viéc chuyén ddi giao dién. Module chuyén
ddi nhan di liéu s tir may tinh va thuc hién
viéc chuyén ddi giao dién dé tuwong thich véi
giao dién cua robot. Dir li¢u dugc chuén bj sin
sang dé chuyén tiép cho qua trinh diéu khién
robot. Robot, nhu 1a thiét bi van hanh, nhan
dir liéu tir module chuyén ddi va thuc hién cac
hanh dong can thiét nhu di dén vi tri gip, nang
va tiép tuc di dén vj tri tha, sir dung co cAu cudi
cung la tay kep dé thuc hién cac nhiém vu gép
tha gach. Khi nhiém vu hoan thanh, robot gtri
tin hiéu x4c nhan vé cho may tinh, bao cio vé
viéc hoan thanh nhiém wvu.
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3. KET QUA VA THAO LUAN

Trong nghién ctru nay, m¢t mo hinh thir
nghiém di duoc xay dung, bao gdbm mot camera
va céac vién gach mau duoc xép thanh hai hang,
mdi hang co ba vién gach, mot hé thong tay gap
gach, bo diéu trung tam. Tét ca cac thanh phan
nay duoc tich hop trén robot NACHI MC20-01
c6 6 bac tu do tai phong thi nghiém robot cong
nghi¢p, Truong Pai hoc Cong nghi¢p Ha Noi
(Hinh 4).

Hinh 4. Hé thong tay kep gach sir dung
thi giac may tich hop trén robot NACHI MC20-01

Sau khi 4p dung giai thuat thi gidc may
dugc dé xuét boi nghién ciru, két qua thu dugc
sau khi chuyén d6i khong gian mau sang anh
thang d6 xam va ap dung loc nhiéu, phan ngudng
va phat hién khuyét tat cho cac vién gach c6 thé
duoc quan sat trong Hinh 5. Ngoai ra, dé dam
bdo tai trong gidi han ciia robot NACHI MC20-
01, chung toi str dung dang gach gd dé thiét 1ap
quy trinh gip gach cho robot. Két qua phat hién
khuyét tat cho gach gb duoc thé hién trén Hinh
6.

Hinh 5. Két qua phat hién khuyét tdt trén gach:
a— Anh goc; b— Anh xam; ¢ — Anh sau loc; d — Anh

phén nguong; e — Két qua phat hién khuyét tdt

Dua trén quan sat tir Hinh 5 va Hinh 6,
6 mot s6 dau higu nhan biét dé nhan biét cac
vét nut trén bé mat gach. Nhitng du hiéu nay
bao gom: Vét nirt chia doi: Mot vét niit 16 rang
chay ngang qua vién gach, chia vién gach thanh
hai phan; Nut chéo: Cac vét nut theo dudng
chéo trén bé mit gach; Vét nit bén nho: Mot vét
nGt nhd nam gén canh cua vién gach; Vit chay
dinh: Xay ra sau qua trinh nung. Trong nghién
clru nay, dua theo ty 1€ dién tich, néu dién tich
vét niit vugt qua 50% dién tich hinh chir nhat
xung quanh vét nut thi duoc coi 1a ndm ngoai
pham vi uéc tinh. Trong nhitng truong hop nhu
vay, n6 khong dugc phan loai 1a vét niit ma 1a
vét mau xam chay do qua trinh nung. Nhimng
vién gach nay van dap ung duoc yéu ciu cia
ngudi st dung va khong bi coi 1a 16i san pham.
Céc thur nghiém cho théy do chinh xac nhan
dién khuyét tat khoang 99,2%. Ngoai ra, két
qua ctia nghién ctru ciing cho thay c6 thé nhan
dién duoc da dang loai khuyét tat cua gach.

Hinh 6. Phat hién gach vo trén gach mo hinh:
a— Anh goc; b — Anh nhi phan; ¢ — Két qua phat
hién khuyét tdt
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4. KET LUAN

Trong nghién ctru nay, ching t6i dé
xudt mot mo hinh hé thong gap gach sir dung
giai thuat thi gidc may, tay kep tich hop trén
robot NACHI MC20-01. Tay kep dugc thiét
ké linh hoat gém cac ma kep va ma ddn thuc
hién nguyén 1y tach cac 16p gach va di chuyén
16p gach trén cung. Cac giai thuat thi gidc
may dugc dé xuét tich hop bao gdm mot quy
trinh toan dién dé loai bo nhidu khoi anh gc,
chuyén d6i khong gian mau va ing dung bo loc
Gaussian. Nguong va thuat toan phat hién hinh
vudng duoc st dung dé xac dinh chinh x4c ranh
gid1 cua cac vién gach va xac dinh céac khu vuc
ranh giéi ctua khuyét tat. Dé danh gia mirc do
khuyét tat, pham vi udc tinh dugc dé xuét trong
nghién ctru, cho phép tinh toan dién tich khuyét
tat. Pham vi udc tinh nay gitp xac dinh xem
vién gach c6 vét nit can xur 1y hay cac dau hiéu
quan sat dugc chi don gian 1a vét chdy trong
qué trinh nung. Cac thir nghiém cho thiy do
chinh xac xac dinh khuyét tat khoang 99,2%.
Ngoai ra, uu diém dang chi y ctia nghién ctru
nam & kha niang xac dinh cac khuyét tat & nhiéu
dang khac nhau ma khong phu thudc vao dix
liéu huén luyén mo hinh, khong gidng nhu mot
s6 phuong phap cb dién nhat dinh. Tuy nhién,
do gidi han cta viéc sir dung robot thi van can
nhitng nghién ciru tiép theo dé t6i uu hoa quy
dao chuyén dong, cai thién giai thuat thi giac
méay dé nang cao do chinh xac ciing nhu tai
trong ctia cac vién gach can dugc xem xét trong
cac nghién ctru tiép theo.

Loi cam on:
Nghién ctru nay dugc tai trg kinh phi

boi Truong Pai hoe Cong nghiép Ha Noi (ma
sO dé tai: 05-2022-RD/HD-DHCN).

Ngay nhan bai: 15/4/2024
Ngay phan bi¢n: 08/5/2024
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