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Trong boi canh thé giGi ngay cang chuyén doi sang mé hinh
s6 héa, viéc thu thdp, xir Iy va qudn 1y dir lidu tré nén quan trong
hon bao gio hét. Nghién civu ndy sé tdp trung vao viéc nghién ciru
va phat trién mét thiét bi loT Gateway c6 khd nang thu thip dir
liéu tir nhiéu PLC Ién Internet bang cdc giao thirc truyén thong
trong céng nghiép nhir OPC UA, S7 Protocol... va dwa trén nén
tang Node-RED dé xdy dung giao dién gidm sdt va quan 1y dir
lieu tir xa. Phuwong phap nghién cuu: Sw dung Raspberry Pi tao
ra Module IoT Gateway dé thu thdp va xir Iy dir liéu tir cam bién
thong qua PLC S7-1200 va gui lén Node-RED qua cdc giao thirc
OPC UA, S7 Protocol. Két qua nghién ciru: Bd thanh cong trong
viéc thiét ké ra mét bg IoT Gateway ¢6 kha ndng két noi véi PLC
thong qua giao thire OPC UA, S7 Protocol va giam sat dir liéu
triee tiép hodc thong qua Internet. Bé IoT Gateway sau khi chay
thir nghiém da dat sai s6 khi gidm sdt khoi lwong khodng 0,12%
50 VGi khoi heong thiee té va sai sé khi giam sdt nhiét d khodng
0,3% so véi nhiét dg thuc té.

Tir khoa:

IoT Gateway, Node-RED, OPC
UA, S7 Protocol.

1. PAT VAN PE dién thong minh trong ho gia dinh sir dung rat
nhiéu giao thirc truyén thong riéng biét nhu
song vo tuyén, MQTT, Zigbee, Bluetooth ciia
cac hang san xuat khac nhau, tao ra khoang
cach réat 16n trong viéc giao tiép cac thiét bi
v6i nhau. Tur 46, giai phap duoc dé ra 1a thiét
ké bo IoT Gateway (Zolotova et al., 2015) cho
phép két ndi giita nhiéu giao thirc khac nhau
ctia cac thiét bi dién thong minh trong ho gia
dinh. Tir két qua nhimg s liéu thu dugc, duoc
d6 thi hoa rat tryc quan, nguoi dung cé thé
chu dong 14p ké hoach st dung dién trong hd
gia dinh mot cach tiét kiém va hiéu qua
(Riéng va cong sy, 2022).

Véi su thiic ddy cua cudc cach mang cong
nghiép 4.0 cung véi qua trinh s6 hoa dir liéu
da lan toa, di sdu vao nén san xuat hién dai va
doi song xa hoi, gan lién v6i sy phat trién nhu
vii bdo cua cac gidi phap Internet of Things
(IoT) (Zhu et al., 2010) trong moi linh vuc
ctia cong nghiép va doi sdng (Thai va Long,
2022). Pay 1a mot vién canh trong d6 moi vat
dugc cung cip cac dinh danh va kha ning tu
dong truyén tai dtr liéu qua mot mang ludi ma
khong can sy tuong tac giita con ngudi véi
con nguoi hoac con nguodi véi may tinh. Nho
ToT ma tit ca cac thiét bi dién thong minh déu

dugc nang 1én mot tam cao mai, thong qua
viée duoc didu khién va giam sat dé dang va
tryc quan bang cac thiét bi thong minh qua
internet (Thinh, 2018). Tuy nhién cac thiét bi

Trong moi truong cong nghi€p ngay nay,
viéc thu thép, luu trit, xr 1y va phan tich dir
lifu tr cac hé théng tu dong nhu PLC
(Programmable Logic Controller) da tr¢ thanh
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mot yéu td quan trong dé tdi wu hoat dong va
nang cao hiéu sudt ciia cac thiét bi cong
nghiép (Luis et al., 2021). Thong qua céc loT
Gateway cong nghiép co thé tao diéu kién
giao tiép gitra hang chuc, hang trim hodc
hang nghin thiét bj IoT, may méc nha may va
thiét bi nha may, ciing nhu giao tiép giira cac
thiét bi nay v6i dam may (Chuquimarca et al.,
2022). IoT Gateway cho phép giam sat tir xa
céc tai san ctia nha may, ciing nhu kiém soat
cac tai san do (Mellado va Nuiez, 2022). Céc
IoT Gateway cong nghiép c6 thé két ndi may
moc mdi st dung céac giao thuc hién dai, cling
nhu may moéc cii st dung cac giao thuc cii.
Cac giao thirc duoc hd tro boi céng IoT bao
gdbm: OPC UA (Toc va Korodi, 2018),
Modbus, Fieldbus, PROFINET, EtherNET/IP
va EtherCAT. IoT Gateway ciing c6 thé thu
thap thong tin tir cac thiét bi nay, xu 1y, phan
tich thong tin, cung cap thong tin chi tiét c6
gi4 tri cho phép cac nha van hanh nha may tbi
da hoéa hi€u qua hoat dong cua ho, cling nhu
giam thiéu thoi gian ngimg hoat dong thong
qua bao tri dg doan thiét bi trong ti dién cua
nha may.

Cac nha may rat quan tim dén viéc quan
1y dit liéu trong cac khau, day chuyén san xuat
trén internet, giai phap sd hoa dir liéu bang
IoT Gateway (Ngu et al., 2016) va mét
module loT Gateway c6 kha nang thu thép dir
lidu tir cam bién thong qua PLC sur dung céc
giao thuc truyén théng nhu OPC UA, S7
Protocol (Diing, 2017). Bén canh do, mot sb
hé théng con tng dung cong nghé thong tin
vao viéc xdy dung mot web server dé quan 1y
cac dir li€u ctia PLC trén tu dién (Ptic va cong
su, 2023).

Nhan thdy rd tdm quan trong cua viéc
giam sat, luu trlr dit liéu trong cac ti dién
cong nghiép khi dong bo 1én internet va ké
thira cac dé tai da nghién ctu trude d6. Nhom
tac gia dé xuat nghién ctru cac phuong phap
t6i wu va phat trién giai phap sé hoa dir liu
bang IoT Gateway véi myc tiéu chinh 13 thiét

ké mot module IoT Gateway c6 kha nang thu
thap di liéu tr cam bién thong qua PLC st
dung céc giao thirc truyén théng cong nghiép.
DPong thoi nhom tic gia con xdy dung mot
web server co ban va bd co s dit liéu & quan
Iy cac tin hiéu truyén vé tir cam bién hodc
PLC trén tu dién.

2. PHUONG PHAP NGHIEN CUU

2.1. Tong quan md hinh nghién ciru

Theo so dd quy trinh nghién ciru duge thé
hién & Hinh 1, vdi cac thanh phﬁn chinh cua
hé¢ thong bao gdm: Mot may tinh nhung
Raspberry PI 3 s& 1a phan xu 1y trung tim cho
b IoT Gateway, duoc tich hop sdn chuong
trinh duoc thiét ké trén ph?m mém Node-RED,
cam bién nhiét d6 PT100 va Loadcell Jihsense
S-5 dugc tich hop vao mé hinh phan cung dé
do dac cac thong s6 can thiét roi goi két qua
vé til dién trung tim. Puong truyén internet
duoc két ndi gitra PLC va bo IoT Gateway dé
trao doi dir liéu, truyén thong 1én web server.

Muc tién: Giam sat
gid tri cim bién
thong qua
b 10T Gateway

ﬁ

L 2 Xay dung chwong trinh
Thiét ké va thi cong truyén théng trén
box IoT Gateway Node-RED swr dung
sir dung giao thirc OPC UA
Raspberry Pi 3 & S7 Protocol

A A
Két noi truyén théng
gitra PLC S7-1200
va Node-RED qua
box loT Gateway

Thiét ké
giao dién giim sat
trén Node-RED

Y Y
Thu thap
gia tri cam bién nhiét dé
& loadcell
biang PLC S7-1200

Hién thj va gidm sat
gia tri cam bien
trén giao di¢n Node-RED

Y A 4
Xiy dung chwong trinh
truyén théng trén PLC
sir dung giao thirc
OPC UA & S7 Protocol

I

Hinh 3. So' dd quy trinh nghién ciru

Giam sat thong qua
Internet
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Nhom tac gia s€ thyc hién qua trinh nghién
ctru mot cach tuan tu cac budc nhu sau:

Budc 1 s& thiét ké cac ban v& 2D va thi
cong box IoT Gateway st dung linh kién
chinh 1a may tinh nhung Raspberry Pi 3.

Bude 2 tién hanh thiét ké giao dién gidm sat
dir liéu cam bién trén phan mém Node-RED.

Bude 3 doc cam bién nhiét do va loadcell
thong qua PLC S7-1200.

Budc 4 xdy dung chuong trinh truyén
thong trén phan mém TIA Portal V17 sir dung
hai giao thuc OPC UA va S7 Protocol dé
truyén dit liéu cam bién.

Budce 5 xdy dung chuong trinh nhén dir
liéu truyén théng tr PLC trén phin mém
Node-RED.

Budc 6 két ndi truyén thong gitra PLC S7-
1200 va phan mém Node-RED st dung box
IoT Gateway di thiét ké.

Budc 7 hién thi nhimg dir liéu cam bién
nhéan dugc tir PLC 1én giao dién giam sat va
cudi cung thyc hién dua giao dién lén Internet
dé giam sat tir xa.

Poc cim bién
nhiét d¢ & Loadcell

v

PLC 57-1200

v

TIA Portal V17

v

Truyén théng qua
Giao thirc OPC UA va
S7 Protocol

v

Raspberry Pi3

v

Node-RED

v

Giim sat bing man
hinh va web server

Hinh 2: So d tong quat ciia hé thong
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Céc thanh phan chinh két ndi véi nhau nhu
Hinh 2, nhom nghién ctru di két néi mo hinh
phan cimg va thiét ké phan mém kém theo dé
c6 thé giam sat dit liéu nhiét 6 va khéi luong
duoc tdi wu nhét.

2.2. Thiét ké phan cimng

Khéi Ngudn

Y

Cim bién nhiét dé
PT100

Cam bién Loadcell
Jihsense 5-5

A

Y

Y

PLC S7-1200 <

Y

A

Raspberry P13

Y

Man hinh
giam sat

Hinh 3. So' 6 két n6i phin cirng

Box loT Gateway

Hinh 4. Box IoT Gateway

So d6 két ndi phan ctimg duoc th‘é hién qua
Hinh 3. Trong dod, h¢ thong s€ bao gom:
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- Cam bién nhiét d6 PT100 ding dé thu
thap gia tri nhiét d6 tai cac vi tri can giam sat
(budng dong co, cac chd gin phdt cao su).

- Cam bién Loadcell Jihsense S-5 duoc
gin tai 03 bdn chira dé giam sat luong ro i
clia nude va dau.

Céc cam bién néu trén s& duge két ndi véi
PLC S7-1200 théng qua cac bd chuyén doi.

PLC s& két ndi v6i may tinh nhing Raspberry
PI 3 thong qua cdng Ethernet va cudi cing
ding cap HDMI dé két nbi giita Raspberry
v&i man hinh giam sat.

Ké tiép dé thiét ké box IoT Gateway nhom
tac gia st dung phan mém AutoCAD dé v&
2D cac mat cua box va dung vat li€éu mica cét
laser dé tao nén box nhu Hinh 4.

> 1 prioo | spoo % W pago | spaoo R 91 poo | speioo ,c"d P00 | JPLI0D ,c‘d' PL100
—200 | 1852 | 17.14 0 100 100 200 | 17586 | 177.13 | 400 | 247.09 | 249.56 | 600 | 313.71
—190 | 22.83 | 2146 | 10 | 1039 [10397| 210 | 179.53 | 180.86 | 410 | 250,53 | 253.06 | 610 | 316.92
—180 | 27.1 25.8 20 107,79 | 107.93 | 220 | 183.19 | 184.58 | 420 | 253.96 | 256.55 | 620 | 320.12
—170 | 31.34 | 3012 | 30 | 11167 [ 11188 | 230 | 186.84 | 188.20 | 430 | 257.38 | 260,02 | 630 | 3233
—160 | 35.54 | 34.42 | 40 | 11554 | 11581 | 240 | 19047 | 191.99 | 440 | 260.78 | 263.49 | 640 | 326.48
—150 {3972 | 3868 | 50 | 1194 [11973| 250 | 194.1 | 195.67 | 450 | 264.18 | 266.94 | 650 | 320.64
—140 | 43.88 | 42.91 | 60 | 12324 | 12364 | 260 | 197.71 | 199.35 | 460 | 267.56 | 270.38 | 660 | 332.79
—130| 48 | 4711 | 70 | 12708 [ 12754 | 270 | 20031 | 203.01 | 470 | 27093 | 273.8

—120 | 52.11 | 5129 | 80 | 1309 |131.42| 280 | 2049 | 206.66 | 480 |274.29 | 277.22

—110 | 56.19 | 5544 | 90 | 13471 | 1353 | 290 | 20848 | 2103 | 490 | 277.64 | 280.63

—100 | 60.26 | 59.57 | 100 | 13851 [139.16 | 300 | 212.05 | 213.93 | 500 | 280.98 | 284.02

—90 | 643 | 6368 | 110 | 14229 | 143.01 | 310 | 21561 |217.54 | 510 | 2843 | 2874

—80 | 6833 | 67.77 | 120 | 146.07 | 146.85| 320 |219.15| 221.15 | 520 | 287.62

—70 [ 7233 | 7185 | 130 | 149.83 | 150,67 | 330 |222.68 | 224.74 | 530 | 29092

—60 | 7633 | 7591 | 140 | 153.58 | 15449 | 340 |22621| 22832 540 | 29421

—50 8031 | 7996 | 150 | 157.33 | 15829 | 350 |220.72 | 231.89 | 550 | 297.49

—40 | 8427 | 8399 | 160 | 161.05 | 162,08 | 360 | 23321 235.45 | S60 | 300.75

—30 [ 8822 | 8801 | 170 | 164.77 | 165.86 | 370 | 2367 | 238.99 | 570 | 304.01

—20 | 92.16 | 92.02 | 180 | 16848 | 169.63 | 380 |240.18 | 242.53 | s80 | 307.25

—10 | 96.09 | 96.02 | 190 | 17217 | 173.38 | 390 | 243.64 | 246.05 | 590 | 310.49

Bang 1: Thong s6 dién tré ciia cam bién nhiét do PT100

Cam bién nhiét d6 PT100 mang mot gia tri
dién tré (46 phén giai) khac nhau & moi mdt
gia tri nhiét d¢0 khac nhau dugc thé hi¢n ¢

Bang 1 sé& gitip tra tin hiéu vé PLC mét mirc
dién ap khac nhau.

Bang 2: Thong s6 ky thuit ciia Loadcell Jihsense S-5

Pinh muc dau ra

2.0mV/V (S1,2 1.0mV/V)

Sai s6 0.05%
Do tré 0.03%
Do sai sb khi treo 0.05%/30min

Tré khang dau vao

430 hodc 405 + 25 Q

Tro khang dau ra 350£5Q
Dién ap ti da 20V

Dién ap hoat dong 10V

D0 qua tai an toan 150%
Chiéu dai day két ndi 3m

Day két n6i

Ngé vao: Do (+), Pen (-). Ngd ra: Xanh (+), Tring (-)

34

TAP CHi KHOA HOC VA CONG NGHE CAN THO - SO 02 THANG 05/2024



KHOA HOC KY THUAT - CONG NGHE

Cac thong sd ky thuat ctia cam bién  gitp cam bién cé thé doc chinh x4c gia tri,
Loadcell Jihsense S-5 va cac diéu kién dd on dinh va sai s6 thép nhat khi giam sat
kém theo dwoc thé hién & Bang 2 nhim  khdi luong.

2.3. Két noi truyén thong giira PLC S7-1200 va phin mém Node-RED

qua box IoT Gateway

Bit diu Bat diu

> >
Poc cim bién Poc cim bién
Loadcell Jihsense 8-5 nhiét d¢ PT100
Truyén dir lié :
l'[l}’El-l T F " qua Truyeén dir li€éu qua
giao thirc Ry
5 giao thirc S7 Protocol
OPC UA Server trén PLC
trén PLC
Nhin dit liéu qua Truyeén dir liéu qua
Node OPC UA Client giao thirc 57 Protocol
trén Node-RED trén PLC
Hién thi dir liéu Hién thi dir liéu
1én giao dién giam sit Ién giao dién giam sit
[ |

Hinh 5. Lwu d0 giai thuit truyén thong OPC UA (trai) va S7 Protocol (phai)
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Vi nghién ciru nay nhom tac gia s€ su
dung hai giao thirc chinh 14 truyén thong OPC
UA va truyén thong S7 Protocol dé co thé két
ndi truyén théng truyén dir lidu cam bién tir
PLC dén giao dién giam sat thong qua box
IoT Gateway. Nhu Hinh 5 PLC s€ doc cam
Loadcell Jihsense S-5 sau d6 thyc hién truyén
dir liéu qua giao thtc OPC UA (Server) trén
PLC va sir dung node OPC UA (Client) dé

nhan dit liéu trén Node-RED. Ddi v6i cam
bién nhiét d6 PT100 dit liéu s& duoc truyén
qua giao thirc S7 Protocol trén PLC va nhan
dir liéu bang cach sir dung node S7 Protocol.
Khi két ndi truyén thong thanh cong giita PLC
va phan mém Node-RED trén box cic thong
s6 cua cam bién s& duogc hién thi truc tiép trén
giao dién giam da duogc thiét ké.

3. KET QUA VA THAO LUAN

—
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Hinh 6. Hién thi gia tri cim bién nhén tir PLC trén giao dién web

Sau khi da thiét ké hoan thién box IoT
Gateway, lap trinh doc cam bién, truyén
thong trén phan mém TIA Portal V17 cho
PLC va giao dién web giam sat trén Node-
RED nhom tic gia di tién hanh thuc
nghiém két ndi phan cung dé doc dir lidu tir
hai cam bién. Pau tién thuc nghiém doc va
giam sat thong sb cam bién nhiét d6 PT100
va loadcell thong qua PLC S7-1200 su
dung giao thic OPC UA va S7 Protocol két

qua duoc thé hién qua Hinh 6, cac thong sb
vé khdi lugng va nhiét d6 dwoc cap nhét
lién tyc 1én giao dién hoan toan khong co
tinh trang mat két nbi giita PLC va box
IoT Gateway duoc thé hién thong qua két
qua do lién tuc trong 90 phat. Tir d6 c6 thé
ching minh thém kha ning két ndi truyén
thong gitra box va PLC S7-1200 thong qua
giao thuc OPC UA va S7 Protocol.
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Hinh 7. Biéu d6 gia tri cam bién Loadcell
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® Gid tri cam bién nhiét do PT100

® Gi4 tri nhiét do thire té

Hinh 8. Biéu do gia tri cim bién nhiét do

Qua biéu d6 Hinh 7 cho thiy khi sir dung
bo IoT Gateway ctia nhom phat trién dé
giam sat thong s6 cam bién Loadcell co gia
tri trung binh 10 1an do v&i thoi gian 90 phut
1a 10,411 kg, sai s khoang 0,12% so v&i
khdi lwong thuc té 1a 10,400 kg, tuy co su
thay d6i vé khdi lugng nhung khong dang

ké. Véi cam bién nhiét do PT100 (Hinh 8)
sai s6 trung binh mét 1an do 13 0,12°C twong
ing khoang 0,3% so voi thyc té. Tur cac két
qua d6 thay dugc do tin cay khi sir dung b
IoT Gateway dé giam sat cac thong sé cam
bién thoi gian thuc v6i do chinh xac twong
d6i cao.

TAP CHi KHOA HOC VA CONG NGHE CAN THO - SO 02 THANG 05/2024 37



KHOA HOC KY THUAT - CONG NGHE

4. KET LUAN

Giai phap sb hoa dit liu bang IoT
Gateway da duoc trién khai thuc nghiém
trong nghién cuu nay. Box loT Gateway bao
gém cac céng Ethernet, HDMI, COM, RS485,
USB-C, dé& dang két ndi véi cac thiét bi ngoai
vi khac. Giao dién gidm sat truc quan dé dang
st dung trén cac nén tang web hodc dién thoai
di dong giup nguoi dung linh hoat trong viéc
theo doi giam sat thong sd cam bién. Thuc
nghiém d3 chimg minh kha ning két ndi
truyén thong véi PLC thong qua hai giao thirc
OPC UA va S7 Protocol, hoat dong tdt va
dam bao két ndi trong thoi gian dai. Qua dé
cho thiy tiém ning thuong mai cua box IoT
Gateway trong tuong lai.
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RESEARCH AND DEVELOPMENT OF DATA DIGITIZATION SOLUTIONS
USING IOT GATEWAY

ABSTRACT

In the context of a world that is increasingly transitioning to a digitized model, the collection,
processing and management of data is becoming more important than ever. This research will focus on
the research and development of an loT Gateway device capable of collecting data from multiple PLCs
to the Internet using industrial communication protocols such as OPC UA, S7 Protocol... and based on
the Node-RED platform to build a remote data management and monitoring interface. Research
Methods: Using Raspberry Pi to create loT Gateway Module to collect and process data from sensors
via §7-1200 PLC and send to Node-RED via OPC UA, S7 Protocol. Results: Successfully designed an
1oT Gateway suite capable of connecting to PLC via OPC UA protocol, S7 Protocol and monitoring data
directly or via the Internet. After testing, the IoT Gateway set achieved an error when monitoring mass of
about 0.12% compared to the actual volume and an error when monitoring temperature of about 0.3%
compared to the actual temperature.

Keywords: IoT Gateway, Node-RED, OPC UA, S7 Protocol
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