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TOM TAT

Bai bao nay trinh bay mot hé théng gidm sat va thu thap dir liéu tir xa doc lap
khong phy thude vao bo bién tan dé giam sat mot hé théng dién mat troi (PV). Hé
thong giam sat duogc xay dyng trén kién tric SCADA cua Internet van vat (IoT). Hé
théng st dung mang truyén coéng nghiép Modbus RTU dé thyc hién truyén thu dit liéu
thap tir cam bién dén may tinh nhiing Raspberry Pi va xir 1y dir liéu bang cong cu lap
trinh Node-RED. Dt li¢u thu thap s€ dugc luu trit trén may chi MySQL cuc b¢ do
Raspberry Pi tao ra va duoc quan 1y dir liéu bang web phpMyAdmin. Céc gia tri dong
dién, dién ap, cong suét, tan sb, hé sb cong Suét,... sé duoc hién thi trén giao dién gidm
sat cia Node-Red Dashboards. Két qua thuc nghiém cho thay nghién ciru nay co thé
tmg dung trong thuc té va c6 kha ning mé rong dé giam sat nhiéu hé thong dién mit
troi cung luc.

Twr khoa: SCADA, nang lugng mat troi, giam sat hé théng PV, IoT.

ABSTRACT

This paper presents an independent remote monitoring and data acquisition system
independent of the inverter to monitor a solar power (PV) system. The monitoring
system is built on the SCADA architecture of the Internet of Things (IoT). The system
uses the Modbus RTU industrial transmission network to transmit the collected data
from the sensor to the Raspberry Pi embedded computer and process the data using the
Node-RED programming tool. Collected data will be stored on a local MySQL server
created by Raspberry Pi and managed by web phpMyAdmin. The values of current,
voltage, capacity, frequency, power factor, etc. will be displayed on the monitoring
interface of Node-Red Dashboards. Experimental results show that this study can be
applied in practice and has the ability to scale up to monitor multiple solar power
systems at the same time.

Keywords: SCADA, solar power, solar power system monitoring, IOT
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1. GIOI THIEU

Internet van vat (IoT) ra doi trong bdi
canh Internet phat trién manh mé va co sy
dong gop khong nho tir cac thiét bi cong
nghé hién dai. N6 duoc ra doi dé khai thac
va phat huy t6t nhat cac chirc ning tién ich
dé cudc sdng con ngudi trd nén tot hon
trong nhitng nim gan day.

Trong linh vyc ky thuat dién, cong
nghé IoT dang tré nén hip din hon [1].
Trong nghién ctru nay, muc dich chinh la
nghién ctru, thiét ké, thir nghiém va trién
khai mot hé thong dya trén IoT bang cach
két hop thiét bi. N6 ¢ thé duoc giam sat
va kiém soat tir bat ky noi nao trén thé
gidi chi can ¢6 céac thiét bi két ndi duoc
Internet.

Ung dung IoT trong linh vyc k¥ thuat
di¢n da duogc thuc hién trén céc cong trinh
trude day [2], [3], [4] Trong [2], cac tac
gla tao ra mot hé théng nguyén mau cé
thé diéu khién va giam sat cac thiét bi
dién bang cach sir dung cong nghé IoT.
Hé thong c6 thé quan sat hiéu suit ning
luong dua trén viéc giam sat va diéu khién
céc thiét bi diéu hoa khong khi va céc thiét
bi chiéu sang trén cao tiéu chudn. Cac tac
gid trong [3] da nghién ctu viéc su dung
IoT trong giam sat hiéu suét va diéu khién
thoi gian thuc cua cac hé thdng quang
dién. Trong [4], cac tac gid mo ta mot cam
bién IoT chi phi thap méi dé do ludng va
phén tich chit luong dién ning ¢ dau vao
ctia bat ky thiét bi st dung dong dién xoay
chiéu nao, cung cip mot hé théng phan
tich va phat hién som giup kiém soat cac
bién quan trong bén trong co s& va dan
dén du doan céc 16i véi cac canh bao &
giai doan sém dua trén viéc xu ly cac
ludng dir lidu kip thoi.

Hién nay c6 rat nhicu h¢ thong gidm sat
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nang luong mat troi, nhung phén 16n cac
hé théng giam sat nay phu thudc rat nhiéu
vao bién tan vi mdi hing c6 mot phan mém
gidm st riéng va khé c6 thé két hop cac hé
théng giam sat nay lai chung v6i nhau. Céc
hé théng giam sat hién tai co ban van chua
giam sat duoc su ton hao cong sut va san
lugng dién nang cu thé ban duogc cho cong
ty dién luc ddi véi cac hé théng dién mat
tro1 hoa ludi.

Dua trén nhiing phan tich trén va
dong co cua thuc té trong lai. Bai bao nay
nghién ctru, thiét ké hé thong dién giam
sat dién nang lugng mat troi1 4p mai dya
trén cong nghé IoT trong hé thong quy mo
trong mot ho gia dinh sy dung thé thong
dién nang lugng mat tro1 &p mai hoa luoi
3kWp nham gitp ngudi str dung hé théng
6 thé kiém soat duoc muc dién nang tiéu
thu va san luong dién nang thu vao va ban
duogc cho cong ty dién luc tir h¢ théng dién
nang lugng mat troi trong ngay.

Bai bio dugc to chirc gdbm 5 phan:
phan 2 trinh bay d6i twong nghién ctru;
phan 3 trinh bay xay dung hé thong gidm
sat thong qua Internet; phan 4 trinh bay két
qua va thao luan; cudi cung két luan duogc
trinh bay & phan 5.

2. POI TUQNG NGHIEN CUU

Dbi twong nghién ciru cta bai bao 1a
mot hé thdng giam sat dugc xay dung dya
trén SCADA cua IoT. Hé théng duoc tao
thanh tir cdc cam bién dién ap, dong dién
va cam bién cuong do sang lam nhi€ém vy
du bao san lugng di¢n nang thu dugc trong
ngdy, bo vi diéu khién Arduino Uno, may
tinh nhuing Raspberry Pi 4 véi cong cu lap
trinh chi yéu 1a Node-Red dé truyén dir
liéu vao may chu MySQL va dugc quan ly
bang phpMyAdmin dé luu trit dir liéu va
giam sat hé thong tir xa nhu Hinh 1.
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Hinh 1. So dé téng thé ctia hé théng gidm sdt
ndng luong mdt troi

Cam bién 1a thiét bi do dac chu yéu
trong hé thong SCADA duoc dé xuat vi
chung dugc két ndi truc tiép vo1 hé théng
PV dang dugc quan 1y dé thu dugc dit lidu
mong mudn [5]. Trong bai bao nay st dung
cac thiét bi bao gdm: module do cong suét
AC PZEM - 004T, cam bién 4nh séng LDR,
cam bién do nhiét d6 DS18B20. Hé thong
giam sat dugc xdy dung gom 04 khéi co
ban bao gébm (khéi ngudn, khdi do va thu
thap dir liéu, khdi xir 1y, khdi hién thi) chirc
nang ctia cac khéi trong Hinh 1 duoc trinh
bay nhu sau:

Khéi ngudn: Ly ngudn AC chinh luu
thanh ngudn DC 5V cip cho khéi xur Iy va
ngudn 9V cap cho cac cam bién (khdi do va
thu thap d li¢u).

Khéi do va thu thap dir liéu: gom (02
module coéng suit AC PZEM - 004T, 01
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cam bién anh sang LDR, 01 cam bién do
nhiét do DS18B20). Cam bién thyc hién do
céc thong s6 ctia hé thong nhu d1en ap, dong
dién, cong suét, dién ning, tan s6 va hé s6
cong suit, anh sang va nhiét do truyén tin
hiéu vé Arduino, Raspberry Pi dé thuc hién
thu thap chuyén doi tin hiéu do cua dit liéu
va giri vé Khéi xir 1y. Vi tri cac cam bién va
khéi do dugc thé hién & Hinh 2.

Khéi xir 1y: 1a khéi trung tdm quan
trong nhat trong hé thong thu thap dir liéu
qua mang internet, c6 chtrc niang két nbi
v&1 mang internet, thiét lap, diéu khién web
server va nhén dit liéu tir khéi do théng qua
chuan truyén thong Modbus RS485, cong
cu lap trinh Node-RED va truyén dén khdi
hién thi.

Khéi hién thi: Hién thi cac thong sé da
thu thap duoc lén Dashboard.

Sau khi Raspberry Pi truyén dir li¢u
1én sever cua MySQL, sever s& gui nhitng
dit liéu d6 vé Dashboard cua dién thoai va
hién thi 1én man hinh céc thong s, di liéu
do bang song wifi, 4G va mang Internet.
H¢ théng giam sat dugc lép dat tai ho dan
nhu Hinh 3.

Hé théng Cam bién
nhiét do blen anh
Pin mat troi ctdo sing

Hé théng
giam sat

Diém ddu nbi ludi

Cong to dién

l Pién ludi l

Hinh 2. So dé Idp ddt va bé tri hé théng gidm sdt
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Hinh 3. Hé théng ldp ddt thuc té

3. XAY DUNG HE THONG GIAM
SAT THONG QUA INTERNET

Trong nghién ctru nay cong cu lap
trinh chinh dé xdy dung hé thong giam
sat 1a Node-RED. Node-RED cho phép
ngudi ding két hop cac dich vu Web va
phan ctng bang cach thay thé cac tac vu
ma hoa cap thap phd bién (nhu mét dich
vu don gian giao tiép voi mot cong ndi
tiép) va diéu nay co thé duoc thuc hién
voi giao dién kéo tha tryc quan [6,7]. Cac
thanh phan khac nhau trong Node-RED
duogc két ndi voi nhau dé tao ra mot luéng
(flow). Hau hét ma 1énh (code) can thiét
duogc tao tu dong.

Trong nghién ctru nay, Node-RED
duoc cai dat trén may tinh nhiing Raspberry
Pi dé lap trinh x4y dung chuong trinh giam
sathé théng. Hé thong giam sat trén internet
duoc thuc hién qua céc budce sau:

Buwéc 1: Truyén thong dir lidu giita
Node-RED v6i module AC PZEM — 004T
bang truyén thong Modbus va Arduino
Uno bang Serial.

Cai dat thu vién node-red-contrib-
modbus & phan mém Node-RED dé truyén
thong dir liéu module AC PZEM — 004T va
thuc hién két ndi nhu Hinh 4.

76
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Edit Modbus-Flex-Getter node > Edit modbus-client node

[ | e
Name | ModbusPort | =
Type Cseidl v

% Serial port ‘ IdevittyUSBO

2]

Serial type ‘ RTU-BUFFERD V‘

Baud rate ‘ 9600 v ‘

Unit-ld B ‘
Timeout (ms) | 2000 |

£22 Reconnect on timeout

Reconnect
timeout (ms) ‘ 2000 ‘

222 Unitld's in parallel

Hinh 4. Thiét Idp két néi giita module do céng sudt AC
PZEM -004T véi Node-RED

Im;—i [FC 04 ] Read Stave 1 :—,i Data siave 1 parse w;~|ﬁ Delay(10) O

Giai doan 1

G" ) o L0
0 rroosjreassaver T oRUSRIONY ) Daasavezpase
— == ;

Giai doan 2

Hinh 5. Két néi truyén doc dit liéu bdng modbus
RS485 tirmodule AC PZEM -004T lén Node-red

O giai doan nay duogc chia 1am 02 phan
de thuc hién doc dir liéu tir 02 khoi do cong
suat nhu Hinh 5.

Giai doan 1: Bat dau doc dir liéu tir
cam bién cia AC PZEM-004T tht 1 (PV
power meter) va truyén thong dit liéu qua
RS485 va sau d6 thuc hién xtr 1y tinh toan
chuyén d6i dit liéu tai khdi chuc nang cé
tén la Data slave I parse.

Giai doan 2: Doc dit lidu tir cam bién
cua module AC PZEM-004T tht 2 (Load
power meter) va truyén théng dir liéu qua
RS485 va sau d6 thuc hién xtr 1y tinh toan
chuyén d6i dir liéu tai khdi chirc ning co
tén 1a Data slave 2 parse. Gilta giai doan
1 va giai doan 2 can c6 thoi gian tré 14 10
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micro gidy. Két thuc giai doan 2 qua céc
dr liéu dugc xtr ly ta dugc 04 ngd ra nhu
Hinh 6.

35 var msgl = {payload : datal};

36 var msg2 = {payload : datal2};

37 var msg3 = {payload : [datal, data2]};

38 var msgd = {slavel:datal, slave2:data2, arduino:data3};
39

49 return [msgl, msg2, msg3, msgd];

Hinh 6. Ngé ra ham chirc nang cé tén la
Data slave 2 parse

Két ndi truyén thong gitra Arduino Uno
v6i Node-RED bing Serial nhu Hinh 7,8.

Edit serial in node > Edit serial-port node

## Properties ‘ @ @

-

% Serial Port l IdevittyACMO

L]

# Settings  Baud Rate Data Bits  Parity Stop Bits
15200 |8 v|[None v|[1 ~
DTR RTS CTS DSR
[awto Vl [auto Vl ‘ auto "j Iaulio V]
= Input
Cptionally wait for a start character of [:| , then

Split input [ on the character

and deliver I ASCII strings v

® Cutput
Add character to output messages I ‘n

V]

= Request
Default response timeout | 10000 } ms

Hinh 7. Thiét ldp két néi giita Arduino Uno
va Node-red

{)  Data Uno store

~

@ connected

Hinh 8. Két néi doc dir liéu tir Arduino Uno Ién
Node-RED
Buwéc 2: Truyén thong dia chi URL
tor may chu dén cac thiét bi giam sat nhu
Hinh 9.
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@ comected

Hinh 9. Pia chi URL mdy chi duoc gii dén cdc thiét bj
gidm sdt bdng giao MQTT broker.

Dia chi http cia giao dién Node-RED
va Dashboard s& dugc xir 1y trong khi
chtic nang c6 tén la Information publish
va sau d6 thyc hién gui gia tri vao MQTT
broker 5 gidy/lan. Nhiém vu cta qua trinh
nay gitp nguoi st dung phin mém co thé
cap nhat duoc dia chi URL chinh x4c nhat
dé dang nhap va theo ddi giao dién gidm
sat nhu Hinh 10.

EL TR .l Connected @ Add publisher @ Add subscriber E-
e - bt rker oo
x
f—
Topic to publish
Solar tracking system 1. NodeRed: hp:/14.183.11
aos 9.181:1880 2.Dashboad: hilp/14,183.119.181:18
0-Almost Once v 80/ui
Retain O qos : 0, retain : faise, cmd - publish, dup : fase, topic -
SolarTracking|P, messageld - length : 146
Payload Type
Strings / JSON / XML / Characters v 1 NodeRed: M4 163,11
- Solar tracking system 1. /114,
i 9.181:1880 2.Dashboad: hitp114.183.119.181:18
Payload 80/ui
qos - 0, retain : false, cmd - publish, dup - false, topic *
SolarTrackinglP, messageld - length : 145
4

Hinh 10. Dia chi URL Node-RED va Dashboard duoc
cdp nhat théng qua MQTT broker
Buoc 3: Dua MySQL thu thap duoc
1én web (phpMyAdmin)

Céc dir li¢u dugc thu thap vao MySQL
s& dugc xir 1y trong khdi chirc ning co tén
1a Data maping sau d6 sé gui vao Database
phpMyAdmin v6i thoi gian 1y mau 1a 60
gidy/lan nhu Hinh 11. Dit liéu thu thap
duoc duoc thé hién trén web phpMyAdmin
nhu Hinh 12.

Data maping

B®oK

Hinh 11. Xirly cdc gid trj thu thdp tir MySQL gtii Ién Database phpMyAdmin.
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phngAdmi"* 7IMay phuc vu: localhost:3306 » @ Co & dir liéu: trackingDB » [} Bang: frackingTB
'
Y L Ial X [©] Duyét | 4 Cautric | [J SQL | ‘4 Timkiém @ % Chén | &} Xudt [} Nhap = Dacquyén | J° Thaotic | ® Theoddi ==& Bdy
i di o v id &
Mi ding || Ua diing fearres ! ", voltagel currentt powerl energyl power_factorl Voltage2 curent2 power2 energy2 power_factor2 light femperature write_time
= |l [ | [ | | |
s O (PSUa §iChép @Xéabs 2226 237.60 914 216040 390 1.0 2780 277 55210 521 084 450 451 2022:01-12 10:17:45
- exampledd ) PSia §:Chép @ X6abd 2227 23760 928 219500 393 100 23790 262 51480 521 083 463 454 2022.01-12 10:18:45
(#-J information_schema! O ¢°Sira $:Chép @ Xéabd 2228 238.00 894 211790 397 1.00 238.40 257 508.50 522 0.83 457 456 2022-01-12 10:19:45
® mysql 0O g7 sta * Chép @ X0abd 2229 237.20 £.66 2043.00 4.00 0.99 237.30 254 500.10 523 0.83 454 454 2022-01-12 10:20:45
J performance_Scheml 5 giva 3:Chép @ Xoabs 2230 23820  9.34 221650 4,04 1.00 23840 255 50500 524 083 458 456 2022-01-12 10:21:45
{ hy i
ID E"YED:I" [ ¢”Slra %:Chép @ X6abé 2231 23850 923 219240 408 1.00 238.80 261 516.40 525 0.83 462 455 2022-01-12 10:22:45
raclingl
Tu_@ O & Sira * Chép @ X0abd 2232 238.50 9.26 2200.00 411 1.00 23870 265 521.80 5.26 0.82 464 458 2022-01-12 10:23:45
é}mnmm;m ) o’Sia 3:Chép @ X6abd 2233 23840 906 215240 415 1.0 23870 258 50830 527 083 402 460 20220112 10:24:45
t__ O Theoddibing Luumucdichon SSka FEChép  @Xoabd i Xudt
<« < | 86 hang: 86 hang: Sortby key: [PRIMARY (ASC) v

Hinh 12. Gid tri dit liéu thu thdp duoc sau khi duoc giri Ién phpMyAdmin

Buwéc 4: Thiét ké giao dién gidm sat
Node-RED Dashboard.

Céc gia tri giam sat nhu dlen ap, dong
dién, cong suét, tin s6, hé s6 cong suit,
dién nang, cuong do anh sang va nhiét do
tam pin PV cta hé thong dién ning luong
mat troi va tai tiéu thu trong ngay dugc xtr
1y bang ngdn ngir 1ap trinh JavaScript trong
khéi PZEM-004T[Data] va hién thi ra cac
dang biéu d6 nhu Hinh 13.

Hinh 13. Két néi giao dién gidm sdt

4. KET QUA VA THAO LUAN

Sau khi dua hé thong vao thuc nghiém
tai hé théng dién nang luong mat troi hoa
ludi 3kWp cuia mot ho gia dinh tai phuong
Phuéc Théi, quan O Moén, thanh phd Can
Tho co ban thu dugc két qua sau:

Céc dir li¢u dugc thu thap nhu dién ap,
dong dién, cong suét, tan sb, hé s cong
suét, nhiét do pin va cuong do sang dugc
thé hién trén giao dién Hinh 14. Biéu d6
thé hién cong suét phat cia hé thong PV
va cong sudt phu tai trong Hinh 15. Cac
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dix liéu trén déu duoc cap nhat lién tyc trén
Web voi tan suat 1 gidy/lan.

Information Solar tracking system
date () o - Voltage PV Voltage Ioad
‘ 22'.60 l ‘ zzwao ‘
Current PV Current load
048A 3.00A
Power PV Power load
‘ 9.40 ‘ ‘ 550,10 ‘
g w 30 a w 3500
Energy PV Energy load
16.31 kWh 11.96 kWh
Freq Pv: 50.1 Hz Freq: 50.1 Hz
Costp PV: 0.09 Costp load: 0.80
Temperature ADC
213 0
- i) o 1023

RESET ENERGY

Hinh 14. Giao dién gidm sdt cia hé théng

Power (W)
4.000
2500 = Power_PV
=== Power_load
3.000
2500
2,000

Thg 0116, 9SA

Thg 01 16, 9CH

Thg 0117, 9SA Thg 0117, 10CH

Hinh 15. Biéu dé biéu dién céng sudt phdt ctia hé

théng dién mdt tréi va céng sudt phu tdi trong ngay.

Dé xac dinh dugc san luong dién ning
ban duoc cho cong ty dién luc trong ngay
ta chi can truy xuat dir liéu gdm thong sb
cong sudt phat ciia hé thong va cong suit
phu tai tiéu thu tor MySQL trong khoang
thoi gian giam sat trong ngay (thoi gian
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tinh bdt dau hic 06:00 dén 17:00) tir do
thuc hién tinh toan bang cong thirc (1):

A:(ZPPV_ZPload)*T (1)

Trong do:

ZPPV : 1a tong cong suat phat cua
hé thong dién nang lwgng mat troi tr 06:00
gior dén 17:00 gio;

ZPload : 14 tong cong suat phy tai tir
06:00 gior dén 17:00 gio;

T: 1a thoi gian khao sat (cu thé thoi
gian 1dy mau 1a 1/60 phut).

Cu thé hé théng dugc thuc nghiém
trong 07 ngay tir ngay 11/01/2022 dén
17/01/2022 va thoi gian thye hién giam sat
hang ngay bt dau tir 06 gio 00 dén 17 gid
00. Két qua dir liéu duoc thu thap va tinh
toan theo (1) dugc thé hién trong Bang 1.

Bing 1: Céng sudt va dién ning

ban dwoc qua thu thap tw duoc ngay
11/01/2022 dén 17/01/2022

ISSN 261 5-9945

13/01 792.24 | 327.31 7.75
14/01 910.07 | 333.89 9.60
15/01 824.00 | 301.96 8.65
16/01 915.29 | 360.46 9.25
17/01 719.05 | 338.38 6.34

Két qua tong luong dién ning ma hé
thong dién ning luong mit troi 3kWp ban
duoc cho EVN trong 07 ngay 11/01/2022
-17/01/2022 12 61.29 kWh. Két qua dit liéu
dong dién, dién ap, cong suét, tan sé, dién
ning va hé sb cong suat do tir Module AC
PZEM 004T duogc dam bao vé do chinh xac
sai 6 14 0.5-1% [8].

5. KET LUAN

Két qua thuc nghiém cho thdy cac
tac gia da hoan thién moé hinh gidm sat hé
thong dién mat troi ap mai. Nghién ciru nay
c6 kha nang m¢ rdng giap cho nguoi s
dung giam sat nhiéu hé théng PV thong qua
giao di¢n giam sat Node-RED Dashboard
voi ngon nglt 1ap trinh Node-RED va

z quan 1y co so dit lidu duoc thu thap bang
> Poy | D Boud Energy phpMyAdmin. Ngoai ra, tir dit liéu cuong
Day W) | aew) | &Wh) |46 sang, nhiét do va cong suédt phat cua hé
11/01 866.60 | 30939 929 thong hang ngay ta c6 thé su d}lng cho viéc
tinh toan du bdo san luong dién thu duoc
12/01 979.62 | 35531 10.41 biing cong nghé tri tué nhén tao.
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