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Xu hwéng hién nay tap trung vao viéc két hop cac phwong phap diéu khién théng minh,
bao gédm mang noron nhan tao, hoc tdng cwéong va cac thuat toan diéu khién thich nghi,
nham nang cao tinh chinh xac va hiéu qua van hanh cla canh tay robot 6 bac tw do.
DPdng thoi, viéc ing dung céng nghé loT va hé théng SCADA trong giam sat tir xa giup
tdi wu hoa quy trinh diéu khién va bao tri hé théng, m& ra nhiéu tiém nang ¢ng dung
trong céng nghiép 4.0. Bai bao nay tap trung vao xay dwng hé théng didu khién va giam
sat canh tay robot 06 bac tw do rng dung céng nghé loT truyén théng cong nghiép. Hé
théng co thé giam sat theo thoi gian thwe bang két ndi khong day hién thi trang thai 1&én
man hinh giam sat va diéu khién cac tac vu cla robot chinh xac. Chwong trinh diéu khién
duoc thiét ké trén nén tang bd diéu khién lap trinh kha di logic PLC va truyén théng qua
module loT 2040 dap &ng ngay tirc thi véi d6 chinh xac diéu khién 1én t&i 0,5 mm khi
thao tac trén vat kich thwée 100 x 100 x 30 mm c6 trong lwong 300 gram.

Cénh tay robot 06 bac tw do, cdng nghé loT, diéu khién giam sat.

The current trend focuses on integrating intelligent control methods, including artificial
neural networks, reinforcement learning, and adaptive control algorithms, to enhance the
accuracy and operational efficiency of the 6-degree-of-freedom (6-DOF) robotic arm. At
the same time, the application of loT technology and SCADA systems for remote
monitoring optimizes control processes and system maintenance, unlocking significant
potential for Industry 4.0 applications. This paper focuses on developing a 6-DOF robotic
arm control and monitoring system utilizing industrial loT communication technology. The
system enables real-time monitoring via wireless connectivity, displaying the robot's
status on a monitoring screen while ensuring precise task execution. The control program
is designed on a Programmable Logic Controller (PLC) platform and communicates
through an loT 2040 module, providing immediate responsiveness with a control accuracy
of up to 0.5 mm when handling objects of 100mm x 100mm x 30mm in size and 300
grams in weight.

(6-DOF) Robotic Arm, IoT Technology, Control and Monitoring.

1. DAT VAN DBE chuyén dong linh hoat ciia cinh tay con
Canh tay robot 6 bac tu do (6-DOF robotic  nguoi, loai robot ndy m¢ ra tiém ning Gmg
arm) la mdt trong nhiing nén tang tw dong héa  dung vuot trdi trong nhitng nhiém vu doi hoi
then chdt, gitt vai tro khong thé thiéu trong  dd chinh xac va su khéo 1éo cao. Nghién ciru
nhiéu linh vue. V6i kha ning méd phong  vé diéu khién va giam sat canh tay robot 6 bac
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tu do hién dang la mot hudng di trong tdm cta
nganh ky thuat diéu khién va tu dong hoa.
Muc tiéu 1a khong chi nang cao hiéu suat lam
viéc ma con ting cudng dd chinh xé4c, do 6n
dinh va kha nang thich tng linh hoat cua
robot trong moi trudng van hanh thyc té ngay
cang phuc tap. Trén thé gidi, diéu khién va
giam sat canh tay robot 6 bac ty do da dugc
nghién ctru sdu rong véi nhiéu phuong phap
tién tién. Siciliano va cong sy [9] di trinh bay
tong quan vé diéu khién dong hoc va dong luc
hoc cua canh tay robot, trong do nhan manh
phuong phap diéu khién t6i vu dua trén dong
lgc hoc nguoc. Mot nghién ctru khac cua
Wang et al. [10] d3 ap dung tri tué nhan tao dé
diéu khién canh tay robot trong méi trudng
khong xéac dinh, gitip hé théng thich nghi linh
hoat véi céc diéu kién lam viéc khac nhau.
Ngoai ra, hé théng giam sat dua trén thi giac
may tinh két hop v6i Deep Learning da dugc
dé xuit boi Honggian Deng va cac cong su
[11] gip nang cao kha nang nhan dién va
kiém soat cac thao tic cia robot trong moi
truong san xuat cong nghiép.

Tai Viét Nam, nghién cuu vé diéu khién canh
tay robot 6 bac tu do da cé nhiéu tién bo dang
ké. Huynh Thé Hién va cong su [1] dd nghién
ctru thuat toan diéu khién phan hoi bam quy
dao su dung bd diéu khién PID két hop voi
mang noron nhan tao nham nang cao do chinh
xac khi canh tay robot thyc hién céac tdc vu
phuc tap. Trong khi d6, Vii Thi Yén va cong
su [2] da trién khai phwong phap diéu khién
truot thich nghi dé nang cao do on dinh va
giam sai s6 vi tri trong moi truong cé nhidu.
Mot s nghién ctru khac ciing da tap trung vao
xdy dung hé théng giam sat dua trén cong
nghé IoT va SCADA dé theo ddi hoat dong
cua canh tay robot theo thoi gian thuc cua
nhom tac gia S Tri Nhyt [3]. Tong hop cac
nghién ctru trong va ngoai nude cho thy, viée

diéu khién va giam sat canh tay robot 6 bac tu
do khong chi 1a mdgt bai toan ky thuat ma con
lién quan dén nhiéu linh vuc nhu tri tué nhan
tao, tw dong hoa va hé thong didu khién tién
tién. Bai bao tap trung xay dung hé théng diéu
khién giam sat IoT cong nghiép dé tich hop
canh tay robot vao ddy truyén dép umg cong
ngh¢ 4.0.

2. BAI TOAN PONG HOC
2.1. BDéng hoc thuan

Heé thong tir mo hinh robot 6 bac tu do, gan hé
toa do 1én tung khau cua robot theo phuong
phap D-H.
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3. THIET KE HE THONG
3.1. Nguyén ly hoat dong
Péu vao ) o o Diura

i Thiét ké hé thong diéu khién .

- natbam PLC + HMI - Ding co
- cAm bién L Van phin
- cong tic l phot43
hanh trinh
- Estop Thiét k& giao dién giam sét didu

khién truc tuyén trén web

l

Lap trinh giao dién

NodeRed + Websever

l

Truyén théng gidm sat

NodeRed - PLC
Wedsever - NodeRed

Hinh 2. So’ 4 mé ta hé théng diéu khién - giam sat
tich hop 10T
Hé thong trong so do khdi trén 1a mot hé
thong diéu khién va giam sat tir xa dua trén
IoT (Internet of Things), st dung PLC, HMI,
Node-RED va Webserver dé quan 1y va van
hanh thiét bi. Hé thong bao gém 4 khbi chinh:
PLC (Programmable Logic Controller) 1a bd
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diéu khién chinh, chiu trach nhiém xir 1y tin
hiéu va diéu khién hoat dong cua hé théng;
HMI (Human Machine Interface) cung cip
giao dién tryc quan dé ngudi van hanh giam
sat va diéu khién hé thdng; cac tin hiéu tir cam
bién va thiét bi ddu cudi s& duoc giri vé PLC
dé xir 1y, sau d6 hién thi trén HMI cho ngudi
dung.

Giao dién giam sat diéu khién truc tuyén trén
Web dé co thé giam sat va diéu khién tir xa, hé
thng s& thiét ké mot giao dién web cho phép
ngudi dung theo ddi va thao tac trén hé thong,
Dir lidu tir PLC s& duoc thu thap va hién thi
theo thoi gian thuc thong qua cong nghé IoT.

Lap trinh giao di¢n Node-RED la mét cong cu
lap trinh truc quan gitup két ndi dir lidu tir cac
thiét bi cong nghiép véi hé thdng giam sat.
Webserver dong vai tro trung gian, giup nguoi
dung c6 thé truy cap hé thong tir bat ky dau
thong qua internet. Node-RED dugc st dung
dé thiét lap ludng dir liéu giita PLC,
webserver va giao di¢n giam sat.

Truyén thong gidm sat (Node-RED - PLC,
Webserver - Node-RED) thong qua giao thuc
truyén thong Modbus TCP. Dit liéu nay s&
duge xtr Iy va gii dén Webserver. Webserver
dong vai tro luu trir va hién thi dit liéu tur
Node-RED 1én giao dién web. Nguodi dung co
thé giri 1énh didu khién tir Webserver dén
Node-RED, sau d6 chuyén tiép dén PLC dé
thuc hién céc thao tac.

3.2. Thiét ké hé théng didu khién PLC-HMI

Thiét 1ap vi tri gbc cho robot, sau d6 chon ché
dd cua chuong trinh (chuong trinh con hodc
chuong trinh auto).

Day hoc cho robot: bam chon dong co can day
hoc (dc 1-2-3-4-5-6), Tin hiéu tir phim diéu
khién giri qua PLC xubng dong co chay khdi
1énh MoveJog dé diéu khién cac dong co vira

chon dén vi tri mong muon. Khi c6 1énh luu
cac vi tri tor bg di€u khién, cac gia tri hién tai
goc quay cua dong co s€ luu vao bo nh¢d theo

cac mang data.
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Hinh 3. So d6 thuat toan lap trinh diéu khién

T

Khi ¢6 1énh diéu khién chay chuong trinh
auto, tin hiéu diéu khién tir ban phim HMI
hodc giao dién diéu khién giri xuéng PLC bat
khdi MC_Power, PLC goi bo nhé cac méang
data d3 luu ra. Mdi gia tri mang data 1a mot vi
tri ng voi1 goéc quay cua 06 dong co va khau
thao tac cudi. Khéi MC_MoveAbsolute diéu
khién dong co quay ding gia tri dugc gan voi
toc do duoc lap trinh. Chuong trinh sé& thuc
hién chay lap di 1ap lai cir dong robot dugc
day cho dén khi dimng chuong trinh auto robot
moi1 dung hoat dong. Trong chuong tinh auto
¢6 hai hodc nhiéu chwong trinh con dé robot
¢6 thé 1am viéc nhiéu chuong trinh khac nhau
khi dugc goi thao tac.

3.3. Thiét ké giao dién giam sat

‘= Goo dién G kién cénh tay ROBOT

Hinh 4. Giao dién ngwoi dung trén Node-Red
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Ngudi ding diéu khién tir xa théng qua giao
dién Web. Webserver nhan 1€nh va gui dén
Node-RED. Node-RED chuyén tiép 1énh dén
PLC d¢ diéu khién thiét bi. PLC thuc hién
diéu khién va cép nhat trang thai hoat dong.
Dir liéu phan hoi dugc gui vé Webserver
thong qua Node-RED. Nguoi dung theo doi
giam sat trang thai hé théng trén giao dién
Web.

= Gino dién 6w wién cann tay ROBOT
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Hinh 5. Giao dién diéu khién cac dong co’

Web Server 1a may chu luu trit va phan phdi
dir liéu web dén ngudi dung thong qua giao
thee HTTP/HTTPS. Khi nguoi dung truy cép
hé théng tir xa, trinh duyét gui yéu cau
(request) dén Web Server. Web Server xir 1y
yéu cAu, truy van dit liéu tir Node-RED hoic
co sé dit liéu, sau d6 phan hoi két qua vé trinh
duyét dé hién thi giao dién giam sat. Néu
nguoi dung gui 1énh diéu khién, Web Server
tiép nhan, chuyén 1énh dén Node-RED, sau d6
Node-RED giri tin hiéu dén PLC dé thuc thi
thao tac.
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Hinh 6. Giao dién Web server

Heé théng tich hop danh gia hiéu suit tong thé
OEE (Overall Equipment Effectiveness) véi
thoi gian, chét lwong va toc d6 van hanh qua

d6 danh gia va dua ra giai phap dé cai tién

hi¢u qua.

Hinh 7. Giao dién giam sat OEE

Tong ther gian sin cd (ngay duong lich)
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Hinh 8. Phwong thirc tinh toan OEE

4. KET QUA VA THAO LUAN

X4y dung giao dién diéu khién gidm sat bang
Node-RED Dashboard cho phép nguoi dung
lap trinh va thiét ké nén giao dién diéu khién
giam sat riéng cho hé thong thiét bi ciia minh.
Giao dién truc quan va dé sir dung, gitip nguoi
dung dé dang trong viéc st dung cac chirc
ning ma khong can phai viét cac mi lénh
phuc tap, gitp tao ra giao di¢n nhanh chong
va dé& dang. St dung cac node chuan cé sin
trong Node- RED hodc cac node riéng dugc
thém tr cac thu vién dugc Node- RED hd tro
cho phép nguoi dung thue hién cac cong viée
nhu doc dir liéu tir cam bién, thu thap dir licu
diéu khién tir cac bo diéu khién 1ap trinh logic
(PLC) duoc st dung trong hé théng thiét bi
cua minh. Cac node dugc st dung dang kéo
tha va lién két v6i nhau dé hinh thanh nén
giao dién riéng cho nguoi lap trinh. Dua trén
bd diéu khién tryc tiép tir man hinh HMI trién
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khai giao dién diéu khién tryc tuyén diéu
khién hé théng thiét bj mot cach truc quan.
DPong thoi giam sat qua trinh van hanh cua
thiét bi. Di liéu dugc truyén thong giira cac
thiét bi thong qua giao thirc profinet sir dung
Ethernet/IP.

Sau 30 lan tién hanh thuc nghiém cho robot
chay tu dong gép vat tir vi tri A tha sang vi tri
B theo quy dao dugc day va vi tri dugc day.
Két qua thuc nghiém cho thay robot hoat dong
on dinh sai sd vj tri tha phoi 1éch so voi truc x
tir 1 dén 2mm va 1éch goc nghiéng véi truc ox
2°. Tuy nhién mot s6 1an chay cé su tré giira
tin hiéu diéu khién dugc truyén tor giao dién
diéu khién t6i hé thong thiét bi va nguoc lai
tin hiéu phan hoi tir thiét bi t6i giao dién giam
sat khoang 01+02 s. Ly do c6 sy tré dén tir
mot s yéu to:

= Po tré mang (Network Latency): Piéu nay
¢6 thé do cac yéu té nhu két ndi mang khong
on dinh, tai luu luong mang cao, hodc do tré
trén mang.

* Thoi gian xtr 1y (Processing Time): PLC
can thoi gian dé xtr 1y va thuc thi cac tin hiéu
diéu khién méi nhan dugc. Do chuong trinh
PLC phtic tap hodc tai lugng cong viéc lon,
thoi gian nay c6 thé ting 1én, gy ra sy delay
trong viéc phan hoi t6i tin hiéu diéu khién
moi.

= P tré cua giao thirc (Protocol Overhead):
Giao thirc Ethernet/IP ¢6 thé c6 mot df tré
nhét dinh khi trao d6i dir liéu giita Node-RED
va PLC. Diéu nay c6 thé dugc anh hudng boi
viéc ma hoa va giai ma dir li¢u, cling nhu cac
thao tac xac thuc va xur 1y 15i.

* Tai luu luong mang (Network Traffic
Load): Néu c6 nhiéu thiét bi khic sir dung
cung mot mang Ethernet/IP va tao ra luu
luong mang cao, diéu nay c6 thé 1am tang do
tré trong viéc truyén tai tin hiéu diéu khién

gitta Node-RED va PLC.
Céch khic phuc:

= Kiém tra két ndi mang: Pam bao rang két
nbi mang giita Node-RED va PLC 1a 6n dinh
va du bang thong. Kiém tra day cap, cong két
ndi, va thiét 1ap mang trén ca hai thiét bj dé
dam bao khong c6 van dé két ndi nao xay ra.

= T4i vu héa giao thirc va ciu hinh mang:
Kiém tra va cdu hinh lai cac thiét 1ap giao
thitc va mang trén ca Node-RED va PLC dé
t61 wu hoa hiéu suit truyén dan. Thiét lap dia
chi IP ¢6 dinh cho ca hai thiét bi dé tranh van
dé khi cap phat dja chi IP dong.

* Gidm xung dién va nhidu: Sir dung cac
thiét bi giam nhiu hodc cac bd loc nhidu dé
giam thiéu anh huéng ciia xung dién va nhidu
tir mdi trudng xung quanh 1én tin hiéu truyén
di.

= Kiém tra va cdp nhat firmware: Dam bao
rang ca Node-RED va PLC déu sir dung phién
ban firmware méi nhat va cap nhat.

= Panh gia va t6i wu héa quy trinh tich hop:
Panh gia va t6i uvu hoa lai quy trinh tich hop
giita Node-RED va PLC dé t6i da hoa hiéu
suat va giam thiéu do tré.

Bﬁ“mg cach thuc hién nhiing bién phép trén, co6
thé giam thiéu su delay va dam bao rang tin
hiéu diéu khién dugc truyén di va xu Iy mot
cach nhanh chong va dang tin cdy gitra giao
dién nguoi dung cua Node-RED va PLC sur
dung Ethernet/IP. Két qua thyc nghiém dugc
cai thién dang ké, thoi gian delay giam xudng
cham nhét chi con 1s.

5. KET LUAN

Bai bdo tip trung nghién ctru thiét ké xay
dung hé thong diéu khién giam sét tich hop
[oT lén canh tay robot 06 bac tu do. H¢ théng
diéu khién xay dung trén co so giai phuong
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trinh dong hoc cua canh tay robot, bd diéu
khién PLC diéu khién 06 dong co va khau
thao tac cudi hoat dong doc 1ap theo tung vi
tri. Tin hiéu diéu khién duoc giri tir man hinh
HMI hodc gui tr giao dién diéu khién
webserver toi PLC, PLC gri xudng céc dong
co va co ciu chép hanh. Toan b6 tin hiéu duogc
truyén thong qua module IoT 2040 1én
websever. Web server vira co thé giam sat
vira ¢6 thé diéu khién truyc tiép robot thong

qua truyén thong khong day. Ngoai truyén
thong giam sat diéu khién robot con cé thé
tinh OEE dé danh gid hiéu suit, tdi wu cho
muc tiéu st dung. Robot dugc diéu khién 1am
viéc chinh xic khi diéu khién vi tri véi sai
léch 0,5 mm va do tré truyén thong 16n nhét
khi ¢ su ¢ 1a 1 s. Cac nhuge diém duge dé
cap O thao luan va cé hudng khéc phuc, do la
co s& cho huéng nghién ctu tiép theo cia
nhom téc gia.
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