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Tém tit: Nghién civu nay trinh bay viéc thiét ké va ché tao hé thong tw dong kiém tra va phan loai nhan
in trong ddy chuyén déng géi nham thay thé phirong phdp kiém tra thii cong con han ché vé toc do va do
chinh xdc. Hé thong dwoc xdy dung diea trén cong nghé thi gidc may két hop véi b diéu khién PLC va
phén mém LabVIEW dé nhdn dang, danh gia va phdn loai san phcfm theo trang thai dat hodac khong dat.
Két qua thuc nghiém cho théy hé th(fng dat do chinh xdc nhdn dang trén 95%, téc do xir ly trung binh
khodng 40 san phdam maoi phiit va hoat déng on dinh trong diéu kién thwc nghiém. M6 hinh c6 cau tric co
khi gon nhe, chi phi ché tao thap va c¢é kha nang tich hop vdo cdc ddy chuyén san xudt tw dong. Két qud
nghién ciru gép phan ndang cao hiéu qua kiém sodt chat lwong san pham va mé ra kha nang iing dung rong
rdi cong nghé thi gidc mdy trong cdc hé thong déng géi va phan loai san pham.

Tir khéa: tw dong hoa; thi gide may; kiém tra nhén in; phdn loai san pham, ddy chuyén déng goi; thiét
ké — ché tao may.

Abstract: This study presents the design and fabrication of an automated system for inspecting and sorting
printed labels in a packaging line, aiming to replace manual inspection methods which are limited in
speed and accuracy. The system is built using machine vision technology combined with a PLC controller
and LabVIEW software to identify, evaluate, and classify products according to their pass or fail status.
Experimental results show that the system achieves an identification accuracy of over 95%, an average
processing speed of approximately 40 products per minute, and stable operation under experimental
conditions. The model has a compact mechanical structure, low manufacturing cost, and the potential for
integration into automated production lines. The research results contribute to improving product quality
control efficiency and open up the possibility of widespread application of machine vision technology in
product packaging and sorting systems.

Keywords: automation;, machine vision; printed label inspection; product sorting, packaging line;
machine design and fabrication.

Bén canh nang suat, yéu cau vé chat luong san
pham va kiém soat nhan mac ngay cang khat khe, doi
hoi do luong, kiém tra va truy vét chinh xac, minh

1. Gi6i thi¢u nghién ciru
Su phat trién nhanh chong cua nén kinh t€ Viét
Nam trong nhiéu ndm qua c6 sy dong gop quan trong

ctia cic nganh cong nghiép ché tao va lap rap. Theo
théng ké, hién c6 khoang 4,1 tri¢u lao dong dang
lam viéc trong cac doanh nghiép ¢ vén dau tu nudc
ngoai (FDI) va khu vuc ngoai nha nudc. Tuy nhién,
chi phi nhan cong dang c6 xu hudng gia tang dang
ké; chi tinh riéng giai doan tir nam 2010 dén 2016,
mirc lwong tdi thiéu trong cac doanh nghiép FDI da
tang hon 200%. Bén canh do, viéc thay ddi lién tuc
cac quy dinh phép lut va cac vin ban dudi luat khién
chi phi quan 1y va van hanh ngay cang tang cao.
Song song v6i do, mdi truong canh tranh cong
nghiép cling tré' nén gay gat hon khi nhiéu doanh
nghiép mai tir cac qudc gia nhu An D9, Trung Qudc,
Brazil tham gia thi truong véi loi thé vé cong nghé
va gia thanh. Trong b6i canh nay, yéu cau cai tién
thiét bi, ty dong hoa day chuyén san xuat nhim ning
cao hiéu sudt va giam chi phi nhan cong tré thanh
van dé cép thiét dugc nhidu doanh nghiép chu trong.
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bach. Tuy nhién, tai nhiéu nha may, viéc kiém tra
nhan ma vach van thyuc hién thu cong, dé xay ra sai
sot. Cac 16i thuong gap g@)m nhan mo, léch, bay muc,
sai ma hodc thiéu nhan, khién san phém 16i kho duoc
phat hién kip thoi.

Viéce chua ty dong héa duge khau kiém tra khién
kha ning phat hién 16i phu thudc hoan toan vao con
nguoi, trong khi cac loai ma hang hoa lai thay doi
lién tuc theo timg don hang. Hé qua 1a mot sd san
phém khong dat tiéu chuan van c6 thé lot qua khau
kiém tra va dugc xuat xuong, gdy anh huong nghiém
trong dén uy tin thwong hiéu, chat luong san pham
cling nhu 1am phat sinh chi phi dén bu va thu hoi
hang hoéa cho doanh nghiép.

Trude thyc té d6, nhidu giai phap da dugc nghién
cuu va ung dung, trong do ndi bat 1a viée st dung
robot Scara tich hop hé thong thi giic may (machine
vision) dé kiém tra va phan loai san pham. Mot sb
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mau robot tiéu biéu c6 thé ké dén nhu ADTECH,
TOSHIBA THL400, YAMAHA YK400XG, EPSON
LS3-401, cho phép xtr Iy hinh anh nhanh va chinh
xac. Tuy nhién, cac hé thong nay c6 chi phi du tu rat
cao, dao dong tur 20.000 — 30.000 USD, dan dén viéc
tmg dung dai tra trong cac nha mdy san xudt tai Viét
Nam gap nhiéu han ché, dic biét 1a ddi voi cac doanh
nghi¢p vura va nho.

Do do, viéc 1am chu cong nghé, nghién ctru, thiét
ké va ché tao hé théng may tu dong kiém tra va phén
loai nhan in phu hop voi didu kién san xuat trong
nudc, vira dam bao hiéu qua k¥ thuat, vira giam chi
phi dau tu, 13 yéu cau cap thiét d6i v6i nganh cong
nghi¢p Viét Nam hi¢n nay. Nghién clru nay duoc thuc
hién v&i muc ti€u phat trién mot hé théng may tu
dong kiém tra va phan loai nhin in trong diy chuyén
dong goi, co kha niang hoat dong 6n dinh, chinh xac,
chi phi thap, va d& dang tich hop vao day chuyén san
xuét hién hiru.

2. Phwong phap nghién ctru

Nghién ctru duoc thuce hién thong qua su két hop
gitra phuong phap nghién ctru Iy thuyét, thiét ké mo
phong va thuc nghiém nham xay dung hé thong kiém
tra va phan loai nhdn in tu dong trong day chuyén
dong goi.

Trude hét, nhom nghién ctru tién hanh thu thap
va phan tich cac tai liéu chuyén nganh lién quan dén
thiét ké may, diéu khién ty dong, cam bién va thi giac
may. Cac nguyén 1y vé co cau truyén dong, hé thong
bang tai, Robocylinder, cam bién quang va camera
cong nghiép duoc nghién ctru nhiam xac dinh cu
trac pht hop cho hé thong.

Trén co so 1y thuyét, mo hinh hé théng dugc
thiét ké va mo phong bang cac phian mém chuyén
dung. Phan co khi cua miy dugc xdy dung bing
SolidWorks dé xac dinh cau trac khung, bang tai va
co ciu truyén dong. Phin didu khién duoc mé phong
trén PLC va LabVIEW nham xdy dung thuat toan
diéu khién, thu nhan va xu 1y hinh anh phuc vu viéc
nhén dang va phan loai nhan in.

Sau giai doan thiét ké, md hinh thyc nghiém dugc
ché tao va lép dat, bao gém khung co khi, bang tai,
Robocylinder, hé théng camera va bo diéu khién
PLC. Chuong trinh diéu khién dugc xdy dung dé
ddng bd hoa qua trinh nhan dang hinh anh va diéu
khién co cdu phan loai san phim.

Cubi cung, hé théng duoc thir nghiém va danh
gi4 thong qua céc tiéu chi ky thuat nhu tée do xur 1y,
d6 chinh xac nhéan dang va do on dinh véan hanh. Céc
két qua thuc nghiém dugc phén tich dé kiém ching
hiéu qua ctia mo6 hinh va lam co s& cho viéc hoan
thién hé thdng.

3. Két qua nghién ciru

3.1. Két qud vé thiét ké va ché tao mé hinh
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Sau qua trinh nghién ctu, tinh toan va lga chon
giai phap, hé thong mé hinh cum may Robocylinder
két hop bang tai tu dong da duoc thiét ké va ché
tao hoan chinh. Hé théng bao gdm ba thanh phan
chinh: cum Robocylinder, hé¢ thong bang tai hai ting
va bo diéu khién trung tim PLC két hop v6i phan
mém LabVIEW. Trong d6, cum Robocylinder dugc
Iwa chon theo cdu hinh truot tuyén tinh st dung co
cAu vit me — dai dc bi, dam bao chuyén dong co do
chinh xac cao véi do lap lai vi tri 0,02 mm, toc do
di chuyén t6i da dat 500 mm/s trong pham vi hanh
trinh 200 mm. Cu trtic co khi ctia hé théng duoc ché
tao bang khung nhom dinh hinh, cac chi tiét dwoc lip
ghép bang bulong dinh vi nham tiang d¢ viing chic
va thuan tién cho viéc thao le“ip, hiéu chinh. B truyén
dong dugc tinh toan dya trén cac thong ) ky thuat
ctia nha san xuét va duoc lya chon theo phuong an
truyén dong dai vai thay vi truyén dong xich dé dam
bao chuyén dong ém, dé bao tri, déng thoi dat hiéu
suat 6n dinh trong qua trinh van hanh.

Céc thong sb thiét ké va kiém ching trong mo
hinh cho thiy bang tai 1 c6 khoang cach truc A =
500 mm, chiéu dai dai 1.094 mm, luc cang ban dau
180 N va tong luc ma sat 361,5 N; trong khi d6 biang
tai 2 c6 khoang cach truc A = 400 mm, chiéu dai dai
894 mm, lyc cang ban dau 180 N va téng Iurc ma sat
tuong tu la 361,5 N. Két qua do kiém thuc té cho
théy d6 1éch chiéu dai dai va do truot trong qua trinh
van hanh nam trong sai s6 cho phép dudi 2%, dam
bao do tin cay cua hé théng khi hoat dong lién tuc
trong thoi gian dai.

3.2. Két qua vé diéu khién va lgp trinh hé thong

Hé théng diéu khién dugc thiét ké dua trén méd
hinh két hop giita PLC va phdn mém LabVIEW. Phén
mém LabVIEW dam nhiém vai tro xir Iy hinh anh,
nhan dang ky tu va phan loai san pham, trong khi
PLC dam nhan chuc nang diéu khién céc thiét bi thuc
thi nhu dong co bang tai, van hut va Robocylinder.
Su giao tiép gitta LabVIEW va PLC dugc thuc hién
thong qua giao thirc Ethernet TCP/IP, dam bao tdc
do truyén dir liéu nhanh va 6n dinh trong qué trinh
van hanh.

Két qua thir nghiém cho thy thoi gian xir Iy anh
trung binh cua hé thong dat khoang 0,85 gidy, trong
khi thoi gian phan hoi cia cac co cau chap hanh nhu
Robocylinder va bang tai trung binh khoang 0,65
gidy. Nhu vay, toan by mét chu trinh phan loai san
pham duoc thuc hién trong khoang 1,5 gidy, dap g
t6t yéu cau vé tbc do va nang suét cua day chuyen
Hé thong c6 thé van hanh ¢ ba ché do chinh, gom ché
d6 ty dong, ché do ban tu dong va ché do giam sat.
O ché do tu dong, toan bd qua trinh cép phoi, nhan
dang va phan loai dugc thuc hién hoan toan tu dong.
O ché do ban tu dong, nguoi van hanh cé thé can
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thiép dé diéu chinh hodc ding hé thdng khi can thiét.
Trong ché @6 giam sat, ph?ln mém hién thi trang thai
hoat dong cia timg thanh phéan theo thoi gian thyc,
hd trg cong tac bao tri va phat hién 16i nhanh chéng.

3.3. Két qua mé phong va kiém chirng thuc
nghiém

Trude khi tién hanh ché tao thuc té, hé théng duoc
md phong trén phan mém SolidWorks va LabVIEW
dé kiém tra su pht hop cia ciu trac co khi va thuat
toan diéu khién. Két qua mé phong cho thdy cac
thong s6 vé hanh trinh, toc do, luc tac dong va vi tri
déu nam trong gidi han thiét ké cho phép. Khi trién
khai thir nghiém thuc té, Robocylinder dat d§ chinh
xac dich chuyén +0,02 mm sau 1.000 chu ky hoat
dong lién tuc, tde do phan hoi trung binh dat 0,5 gidy
cho mdi thao tac gép. Bang tai van hanh on dinh, do
1&ch tam cua puli g.'?ln nhu khong dang ké, hién tuong
trugt dai hiu nhu khong xay ra. Hé théng nhan dang
hinh anh bang LabVIEW dat ty 1& chinh x4c trung
binh 96,8% trong diéu kién anh sang tiéu chuan va
92,1% trong diéu kién anh sang thay doi.

Khi tich hop toan bd cac thanh phan, quy trinh
cap phoi, nhan dang, phan loai va dong goéi san pham
dién ra nhip nhang, giam dang ké thoi gian cho giira
cac cong doan. Hé thdng c6 thé d& dang mé rong quy
mb va két ndi véi cac day chuyén tu dong khac thong
qua giao tiép PLC ma khong can thay do6i ciu trac
co ban, chiing minh tinh linh hoat cao ciia mo hinh.

3.4. Pdnh gid higu qua kj thudt va kinh té

Céc két qua thuc nghiém va mo phong cho thay
vigc mg dung Robocylinder thay thé xi lanh khi
nén trong day chuyén ty dong mang lai hiéu qua rd
rét ca vé mat k¥ thuat 1an kinh té. V& mit ky thuat,
hé théng sir dung Robocylinder giup giam dang ké
murc tiéu thu nang lugng, trung binh tiét kiém tir 35
dén 40% so vé6i cac hé thong sir dung khi nén truyén
thong. Robocylinder ¢6 dé chinh xac cao, kha ning
diéu khién muot, tudi tho van hanh dai véi quing
hanh trinh trung binh dat 5.000 km trudc khi can bao
dudng. V& mit kinh té, chi phi dau tu cho mé hinh
chi bé“lng khoang 50% so v&i viéc mua va lép dat mot
hé thong robot cong nghiép thuong mai cé chirc ning
tuong tu, nhung van dam bao do tin cdy, do chinh
xac va tinh linh hoat cao. Pong thoi, hé thng gitip
tang nang suit lao dong dang ké, thorl gian chu ky
san xuat dugc rat ngan tr 20 gidy xuong con 15 giay
cho mdi san pham, gop phan nang cao hiéu qua hoat
dong chung cua day chuyen san xuét.

3.5. Két ludn chung vé két quad dat dwoc

Tir cac két qua nghién ctru, thiét ké, mo phong va
kiém chimg thuc té, c6 thé khang dinh ring mé hinh
cum may Robocylinder két hop bang tai tu dong da
dat duoc toan bg cac muc tidu dat ra. Dé tai da thiét
ké va ché tao thanh cong hé thdng c6 kha ning phan
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loai san phém dua trén nhan dang hinh anh véi do
chinh xac cao, thoi gian xtt ly nhanh va kha nang
hoat dong 6n dinh. Hé thong diéu khién két hop PLC
— LabVIEW cho phép quan 1y, diéu phdi va gidm sat
hoat dong mot cach linh hoat, cé thé mo rong ung
dung trong nhiéu day chuyén san xuat tu dong khac
nhau. Két qua nghién ciru da ching minh tinh kha
thi va hi¢u qua cua viéc su dung Robocylinder trong
cac ung dung tw dong hoa cong nghiép quy mé nho
va trung binh, gop phan giam chi phi, tiét kiém niang
luong va néng cao nang sudt san xuat, phu hop véi
xu huéng phat trién cong nghiép hién dai theo huéng
thong minh va bén viing.

4. Giai phap

Tirkét qua nghién ctru dat dugc, nhom nghién ciru
dé xuat mot sb kién nghi nham tiép tuc hoan thién,
phat trién va mé rong ting dung ciia mo hinh trong
thuc t& san xuét. Thir nhét, can tiép tuc nghién cuu
va toi wu hoa thuat toan xir 1y anh trong phan mém
LabVIEW bang cach két hop cac phuong phap hoc
sau (Deep Learning) hodc cac mo hinh nhan dang
tién tién nham nang cao hon nita d9 chinh xac cua
hé théng trong diéu kién anh sang phirc tap hodc san
phiam c6 sai khic nho vé hinh dang. Viéc g dung
cac md hinh tri tué nhan tao c6 thé giup hé thong
khong chi phan loai ma con dy doan va kiém tra 15i
san phém mot cach tuy dong.

Thir hai, can tién hanh thiét ké lai hé théng co khi
0 quy mo cong nghi¢p, véi vat liéu c6 do cung va do
bén cao hon, ddng thoi nghién ctru tng dung céac co
céu Robocylinder ¢ Iyc day 16n va hanh trinh dai
hon dé mo rong kha nang van chuyén, phén loai va
dong goi san pham ¢6 khoi luong 16n hon. Song song

v6i d6, viée bd sung cac cam blen Iic, cam bién vi tri
va bo didu khién servo cao cip sé& giup ting do chinh
xéc, kha ning phan hoi va do an toan ciia hé thng
khi van hanh trong méi truong san xuét thuc té.

Thir ba, can tiép tuc hoan thién giao dién diéu
khién va giam sat trén phan mém LabVIEW dé tao
diéu kién cho ngudi van hanh dé dang theo ddi, diéu
chinh va quan 1y thong s hoat dong. Viéc bd sung
chure nang thu thap dir liéu va luu trit thong tin van
hanh s& ho trg cong tac bao tri du doan, giup giam
thiéu thoi gian dimg mdy va nang cao hiéu qua quan
ly day chuyen

Th tu, vé mit trién khai tmg dung thuc té, can tién
hanh danh gia kha ning hoat dong cua hé thong trong
cac moi truong san xut khac nhau, nhu day chuyén
lap rap dién tir, co khi chinh xac hodc dong goi thuc
pham. Viéc thir nghiém da dang moéi truong lam viée
s€ giup hi€u chinh thém vé két cdu, vat liéu va thuat
toan diéu khién, tir d6 nang cao tinh linh hoat va d
tin cdy cua hé thdng khi dua vao tmg dung thuc tién.

(Xem tiép trang 49)
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