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ABSTRACT

This paper aims to build a model using a cloud-based environment for
monitoring power systems on campus with important goals to improve the
quality of the living environment and efficient use of electricity in the
context of sustainable development. Applying LoRaWAN technology can
represent a very promising solution, due to its good coverage outdoors and
in mixed environments, instead of a LAN or PLC solution. The main
approach given is to use LoraWAN technology combined with a cloud-
based environment to monitor a wide area of a campus, a building, or an
area. The results show that the source parameters in the power system can
display on mobile application devices and web browser applications, in
addition to creating a cloud database for energy consumption research for
the building. In the future, this result will make a small contribution to the
practice that Vietnam is developing Smart Cities, Smart Hi-Tech Parks,
and optimally controlling the load power usage in distributed power
systems.

TOM TAT

Bai bdo nham muc dich xdy dung mo hinh sir dyng moi truong dya trén
ddm may dé giam sat hé thong dién trong mot khuén vién véi cac muc tiéu
nhdm ndng cao chat lwong moi truong song va si dung dién hiéu qua trong
béi canh phat trién bén vimmg. T huc té, viéc dp dung cong nghé LoRa WAN
c6 thé tré thanh mét giai phdp rdt hira hen, do kha nang phu séng 1ot ¢
ngodi troi va trong moi truong héon hop, tam xa thay vi giai phap LAN hoac
truyén théng duong day dién PLC. Cdch tiép cin dwgc duwa ra la sir dung
LoraWAN két hop véi méi trwong diea trén ddm mdy dé gidm sat dién rong
mot khudn vién, mot toa nha hodc mot khu vuc. Két qud dat dwoc voi cac
théng s6 nguon trong hé thong dién c6 thé hién thi trén cdc thiét bi img
dung di dong va ung dung trinh duyét web, ngodi ra con xdy dung dwoc co
s6 dir liéu ddam mdy dé nghién ciru tiéu thu nang lwong cho toa nha. Trong
twong lai, két qud ndy sé gop phan nhé vao thiee tién Viét Nam dang phat
trzen Thanh phé théng minh, Khu cong nghé cao théng minh va kiém sodt
161 wu viée sir dung dién ciia phu tdi trong hé thong dién phan tan.
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1. GIOI THIEU

Trai doc theo lich sir hinh thanh va phat trién cua
Internet of Things (IoT), tir nhitng “vién gach dau
tién” vé phat minh diéu chinh nhiét do trong phong
clia Warren S. Johnson nam 1883, dén sy ra doi cua
Truyén théng duong day dién (PLC), Cong nghé
nhén dang qua tan s6 vo tuyén (RFID), va hién nay
nhiing hé thong thong minh nhu Smart Home, Smart
Garden,... da thé hién khat khao ctia con ngudi vé
mot moi trudong tu dong va thong minh.

Viéc ap dung nhiing tién bo cia ToT dé ty dong
hoa cac toa nha dang ndi 1én nhu mot giai phap day
hira hen dé dat duoc hiéu qua cao hon trong viée tiéu
thu nang luong va cho phép hién thuc héa cac mod
hinh tiét kiém nang luong, giam phat thai va bén
viing. Bang cach tiép can nay, viéc sir dung cac kién
trac diéu khién phan tan va cong nghé IoT (c6 day
va khong day), két hop vai nén tang dam may cho
viéc luu trir dir liéu, s& dan dén cac giai phap hiéu
qua dé quan 1y moi truong thong minh bao gom cac
nhom toa nha, chang han, nhu khuén vién truong tir
d6 mang lai nhitng hiéu qua vé niang luong.

Burc tranh nang luong thé giai trong twong lai s&
duoc V& nén boi mau sic cia nhiing nguon ning
lwong sach va dugc diém t6 boi viéc sir dung dung
hiéu qua cac thiét bi st dung nhiéu ning luong,
chang han nhu Hé thng sudi am, thong gi6 va diéu
hoa khong khi (HVAC) trong cac toa nha va khu vuc
dan cu. Cac cong ngh¢ giam sat trude day dugc van
hanh duya trén co s ha tang da trién khai trude dé
nhu Mang cuc bd LAN, IEEE802.11 (Wifi), song
RF (radio frequency) tuy nhién lai han ché vé kha
nang phu séng, ca trong mdi trudng trong nha (tac
1a gitra cac ting khac nhau cua ciing mot toa nha) va
trong cac tinh hudng ngoai troi (tirc 12 gitra cac toa
nha khac nhau). Néu ap dung Truyén thong duong
day dién (PLC), str dung co s& ha ting dién hién c6
bén trong cac toa nha, chi c6 thé dwoc thuc hién
thanh cong trén cing mot phan cua mang dién, do
d6 rat gioi han nguoi ding. Mang dién rong cong
sut thap (LPWAN) dang ndi 1én nhu mét hya chon
kha thi, nho vao pham vi phi song 16n, do phuc tap
thap va tiéu thy dién ning thap, trong d6 co thé nhic
dén 14 cong nghé LoraWAN.

Trong qua trinh xay dung cac hé thong giam sat,
doi hoi can phai c6 mot trung tam luu trir dit liéu lon
nham phuc vu cho muc dich tinh todn va van hanh
hé théng Tuy nhién, khi tng dyung cac cong ngh¢ vo
tuyen c6 thé tan dung cong nghé dién toan dam may
dé giam chi phi ciing nhu khong gian can dé xay
dung va van hanh hé théng. Trudc day, cac hé théng
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phan mém dugc tach biét véi khu vuc duge giam
sat, tuy nhién hién nay, ching c6 thé hoat dong ciing
nhau trong cac md hinh quan Iy méi truong thong
minh. Dong thoi, thong qua d6 ¢6 thé cung cap cac
dich vy, tién ich théng minh ho trg cong tac quan 1y
va cac chitc nang khac ctia mdi truong duoc quan
ly. Tuy nhién, theo Nader Mohamed et al. (2016),
céc van dé vé bao mat, quyén riéng tu va cac phuong
phap tich hop hiéu qua giita hé théng quan 1y ning
lugng toa nha hd trg ddm may (CE-BEMS) va céc
dich vu ddm may 12 mot trong nhitng thach thirc
chinh bén canh nhitng chirc nang cua da duoc liét ké
va thao luan trong nghién ctru nay.

Thuc trang d3 co dé xuit thiét ké va phat trién
Hé théng Giam sat Moi truong va Nang lugng Toa
nha (BEEMS) cho cac tng dung khudn vién thong
minh dya trén cac nat cam bién phén tan sir dung
cong nghé ZigBee cua Kun Qian et al. (2014), cho
phép thu thap va giam sat cac loai phép do phan anh
muc tiéu thu ndng luong cua céc tdoa nha. Cac thong
s6 chinh cta nghién ctru nay bao gdm nhiét do, do
4m, van téc khong khi, am thanh, muc chit lwong
khong khi,... Hé thdng phan mém ung dung trong
nghién ciru ndy dugc phat trién bang cach sir dung
kién tric twong tac chung Ajax dya trén jQuery va
duoc tich hop thém vai GIS cia khuoén vién truong,
cung cip cac chte ning phan tich va bao cao phong
phti dé giam sat ca muc tiéu thy nang lugng va cac
thong s6 moi trudng.

Ngoai ZigBee, hién nay da c6 nhitng nghién cuu
giam sat ap dung cac cong ngh¢ khong day nhu
Wifi, Bluetooth BLE, Sigfox, LoRaWAN. Bién
hinh nhu nghién ctru Giam sat cam bién duya trén
Bluetooth trong cac nha may IoT cong nghi¢p cua
Rahul N. Gore et al. (2019); nghién ciru sir dung ntit
cam bién khong day Sigfox tu dong dé giam sat moi
truong cua Laura Joris et al. (2019),...Viéc st dung
LoRaWAN dé giam sat va kiém soat cic ngudn ning
luong phan tan trong khuén vién thong minh duoc
Marco Pasetti et al. (2020) d& xuat va mang lai tinh
kha thi khi c6 thé mo rong mé hinh véi 10,000 nut,
pham vi phu séng tdi thiéu 1a 250m va d¢ tré giao
tiép khoang 400 ms. Cubi cting, nhitng wu diém cua
giai phap nay dugc d& xuit trong viéc giam sat va
quan ly hé thong PV trong mét kich ban thyc té.

Do d6, str dung céng nghé LoraWAN cho viéc
giam sat két hop voi nén tang dam may s& dem lai
loi ich v& tAm vuc do, cong suét, chi phi thap va bao
mat. LoRaWAN két hop hai I6p bao mat. Lp bao
mat mang dam bao tinh xac thuc cda nit trong
mang. Bao mat I6p tng dung xir Iy ma hoa dir liéu
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giita cac niit va may chu tng dung dé tin nhén c6 thé
duogc doc hodc can thiép trong qua trinh giri.

Vi vay, viéc ap dung cong nghé LoRaWAN xay
dung mo hinh str dung moi truong dya trén dam may
dé giam sat h¢ thong dién co the tro thanh mot giai
phap cho viéc giam sat nang luong trong tam vuc
dién rong.

2. PHUONG PHAP NGHIEN CUU

2.1. Doi twgng nghién ciru

Dbi tugng giam sat va nghién ciru 1a hé théng
dién trong toa nha B4, trong khuén vién truong Dai
hoc Bach Khoa - DPai hoc Quoc gia Ho6 Chi Mivnh.
Nghién ctru dugc thuc hién dién hinh tai ta dién tong
lau 6 v&i sy xuat hién cia nguon nang luong mét troi
ap mai, hoa ludi truc tiép, duogc thé hién qua hinh 1.
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Hinh 1. Ta dién téng lau 6 toa nha B4
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Hinh 2. So d6 don tuyén cia Ta dién tong Tang
6 toa nha B4, truong Pai hoc Bach Khoa
TP.HCM
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Hinh 2 14 so d6 don tuyén cua hé thong dién tai
diém khao sat. Hé théng dién tai toa nha B4 sir dung
ngudn dién ba pha 380V tir ngudn dién phan phdi
22/0,4kV. Tu dién bao gdm cac CB (Circuit
Breaker) cho cac nhom phuy tai chiéu sang va nhom
phu tai dong luc (bao gom hai thang may, 4 phong
hoc, va may lanh), nhém ngudn phat 1a ngudn dién
hé thong va ngudn nang luong mit troi ap mai PV.

2.2. Mo hinh nghién ctru

Mo hinh nghién ctru dugec mo ta ¢ hinh 3 duoc
x@y dyng va hoan thi¢n véi cac khéi Chuc nang, cu
thé bao gém: khéi thiét bi do c4c thong s6 tai ngudn
dién khao sat, khdi truyén giri tin hiéu khong day,
khi nén tang dam may va co so dit liéu, va khdi ung
dung hién thi.

Building A Building C Building N

| Voltage & Current sensors

Analog

Micro Controller

SPI

Lora Node
| LoraWAN-Class A

1
| OTAA

Lora Gateway

TCPIP

LoRaWAN-Network Cloud Platform

Server

l MOQTT Broker

Application Server Cloud Storage
SDK / API

| Monitoring Application

Data

.json to .csv

Hinh 3. M6 hinh nghién ctru

Céac bd thu phat song LoRa duogc trién khai
thanh cac diém dau cudi (end-node) va tram
(gateway), két ndi voi nhau thong qua cac giao thirc
mang va tro thanh mang LoRaWAN, véi hinh thac
1a mang hai chiéu va dugc trién khai theo cau trac
lién két hinh sao. Dé md hinh hod cho mot khuén
vién dién rong, nghién ctu dwgc thuc hién véi
khoang cach truyén nhan tin hiéu cua end-node va
gateway trong ban kinh hon 1 km va chiéu cao dat
thiét bi thu phat séng nam trong ving 6n dinh thu
nhan tin hiéu.
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Céc thiét bi dau cudi (cam bién, thiét bi dién,...)
trong khéi thiét bi do s& két nbi dén LoRa node, sau
d6 doc va gui dit liéu vo tuyén dén gateway. Khi
dugc két ndi vao internet, cac gateway s& guri cc tap
tin nhan duoc dén cac may chu trung tim chay cac
g dung khac nhau. Do d6, khéi thiét bi do gia tri,
duoc thiét ké nhu hinh 4, giit vai tro tién quyét trong
toan by mo hinh giam sat.

2.3. Thiét ké khéi thlet bi do gia tri

esoeseun @ Yﬂ

leepocoooc e

Hinh 4. Khdi thiét bi do gia tri

Hinh 5. Bién dong dang kep miu SCT036TS

Thiét bi bién dong loai kep loai 200/5A va
300/5A (nhu trén hinh 5) va cam bién dién ap (nhu
Hinh 6) duoc sir dung dé do thong sb cua cac nhom
phu tai. Muc dich cua viéc st dung bién dong loai
kep dé khong can thiép nhiéu vao hé théng dién ma
van dat duogc hiéu qua trong viéc giam sat cac thong
s6 can quan tam. Nguon cap dién cho khdi thiét bi
do 1a nguodn dién véi cap dién ap 5V DC cho
Arduino Mega 2560, cip dién 4p 6V DC cho cac
cam bién dién 4p. Tin hiéu tir cac cam bién gui vé
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cho Ardui‘no Mega 2560 la tin hiéu analog,’ sau do
duoc truyén gai qua LoRa node theo giao tiép SPI.

R1 ZMPT101B

R1 : Limiting Resistor

Vin Vout

AC 0~1000V
50Hz

Vin Vout

Vin : Input Voltage
VOut : Output Voltage R2 : Sampling Resistor

Hinh 6. Cam bién dién ap va so do nguyén ly
hoat dong

Cam bién dién ap dugc sir dung trong bai bao 1a
cac module ZMPT101B. Cac module nay st cac bd
bién dién ap vé6i do chinh xé4c cao. Nhu trén hinh 6,
module s€ bao gém cac linh kién khac nham loc
nhiéu, cach ly va khuéch dai tin hiéu do dac dé dua
vé vi xir Iy. Bo qua cac thanh phan dé, nguyén ly
hoat dong cua cam bién c6 thé duoc biéu thi mot
cach don gian thong qua so dd trong hinh 6. Bo bién
dién ap duge thiét ke v6i dac tinh gitr dong phia so
cép bang phia thir cap. Dién ap dau vao phia so cap
dugc tai qua dién tré R1, dau ra phia thir cap duge
ngan mach bai dién tro R2 Vi dong dién so cap
bang v6i dong dién thir cp, dién ap ra ¢ thir cip
duoc xac dinh nhu sau:

Vin

Vour = R_l

X R,
Thong qua viée diéu chinh gia tri R,, c6 thé thay
dbi gia tri dién ap ra, pht hop véi cac vi diéu khién

khac nhau.

[=hp
L [ output

Arduino 5V d.c.
Arduino input

R1
L] Burden 10k-470k

- [

Arduino GND

Load ( v

Current Tran: S(Bm\el

Hinh 7. So dd nguyén ly ciia cam bién dong
dang kep

Nguyén 1y hoat dong cua bién dong ciing twrong
tu nhu bién dién ap, duoc thé hién trén Hinh 7. Bién
dong s& ap dung nguyén 1y cam tng dién tir dé giam
dong dién can do xubng muc thich hop cho céc vi
diéu khién. Bién dong dugc sir dung trong bai bao
codaurala dong dién, do do daura cia CT (Current
Transformer) khong duoc phép hd mach, vi c6 thé
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tao hiéu dién thé 16n gay hu hong CT. Dé c6 thé doc
duoc tin hi¢u dong dién tir CT, dau ra cua bién dong
duoc ngén mach bdi mot dién tro R. Véi gid tri R )
dinh da biét, thong qua viéc doc dién ap roi trén dién
tro, gia tri dong dién phia thir cap cua CT c6 thé
duoc xac dinh. Gia tri dién tré nay sé duoc lya chon
nham dién ap roi tdi da dat murc fullscale cua b
ADC trén vi diéu khién. Gia tri dién tré R dugc xac
dinh nhu sau:

VADC/2
Lrms X V2

Vi diéu khién dwoc sir dung trong bai bao 1a
Arduino Mega, voi bo ADC dat fullscale tai murc
5V. cac bién dong trong bai bio nay déu c6 dong
dién hi¢u dyng tha ca“ip 12 5A. Tir d6 c6 thé xac dinh
gia tri R dat khoang 0.35 Q.

R =

Hinh 8. Module Analog Multiplexer

Khdi thiét bi do gia tri duoc sir dung dé theo di
bdn vi tri ciia dbi twong nghién ctru. Mai vi tri do s&
gbm ba pha, tir d6 ddi véi mdi vi tri theo ddi s& can
ba bién dong va ba cam bién dién ap cho mdi pha.
Do d6, khéi thiét bj do s& bao gdm 12 cam bién dién
ap va 12 bién dong. Tir d6, vi diéu khién can xur ly
tong cong 24 tin hiéu analog. Vi lwong 16n tin hidu
analog, khéi thiét bi do trong bai béo s& sir dung hai
bd Analog Multiplexer 74HC4067 dé lya chon tin
higu sé& dugc xr ly.

Cac tin hi€u Analog tir cac cam biép s& duoc ndi
vao cac kénh cua b MUX, vi di¢u khién s& str dung
4 chan Digital d¢ lya chon kénh s€ dugc noi véi dau
ra cua bd MUX.

2.4. Khdi giao tiép khong diy LoRa

Viéc tng dung cong nghé LoRaWAN cho
nghién ciru nay thay vi cac cong nghé khac, bao gom
cong nghé PLC, do hién trang tdoa nha B4 da duogc
xay dung tir cach ddy gan 20 nam. Hon thé nita viéc
sir dung giai phap nay, s€ it viéc can thiép mot cach
truc tiép vao hé théng dién hién hiru so véi giai phap
su dung PLC.

Vé tinh phap 1y, cong ngh¢ LoRaWAN thudc
nhom cong nghé vo tuyen mang dién rong cong suét
thip (LPWAN) bang tan 920 dén 923 MHz dugc Bo
Thoéng tin va truyén thong (2020) quy dinh tai Thong
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tu 38/2020 — BTTT va ciing da dugc ap dung trong
hé théng quan 1y tu dong dén giao thong va ha ting
vién thong. Nghién ctru dugc thyc hién dam bao
tuan tha Thong tu nay vé bing tan, cong sudt phat
xa va cac diéu kién k¥ thuat khac.

Cong ngh¢ LoRa la mot c6ng nghé khong day co
thé truyen dir liéu di xa vai km ma khong can mach
khuéch dai cong suat, tir d6 gitip tiéu tén khong qua
nhiéu nang luong dé truyén nhan dir liéu. LoRa hoat
d6ng trén dai tin s6 radio dudi dang sub-GigaHertz,
& mdi khu vuc s& c6 mot dai tan s6 khac nhau, tai
Viét Nam véi dai tan s6 tir 920 - 923 MHz.

Hinh 9. Khdi giao tiép khéng diy LoRa

Mot end-node khi tham gia vao mang
LoRaWAN thi s€ hoat dong v6i 3 Class khac nhau
la Class A, Class B, Class C. Trong nghién clru nay
Class A duoc st dung dé giri tap tin uplink 1én may
chu v6i muc cong suét thap. Thiét bi dau cudi st
dung LoRa module RFM95W, véi cong suit phat
dau ra 20dBm -100mW, cung cap giao tiép khong
day dya trén trai phd dai cuc xa va kha ning chong
nhidu cao trong khi giam thiéu muc tiéu thy dong
dién.

Nghién ciru nay st dung LoRa Gateway Wirnet
iFemtoCell evolution 923 hd tro cac day tan sé nhu
863 — 874.4 MHz, 902 — 928 MHz phu hop vdi chau
A, trong @6 ¢6 tan sé quét 923 MHz hop 18 tai Viét
Nam (AS923). Thiét bi iFemtoCell 1a diém két n6i
gitra cac thiét bi dau cudi va mang internet, va dugc
thiét ké dic biét cho nhu ciu lép dat, st dung trong
nha. D& dam bao tin hiéu truyén di 6n dinh nhét
trong khoang cach xa v&i moi truong phtic tap &
khudn vién nhiéu ciy xanh va nhiéu toa nha, dng ten
hd tro dai tan s sir dung 923 MHz 1a mét thiét bi
thiét yéu.
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2.5. Khéi dich vu dam may va co sé dir ligu

Thong qua giao thic TCP/ IP, thong tin dir liéu
dugc gui tir LoRa gateway vé may chi mang
LoRaWAN. Giao thirc truyén thong diép MQTT
dam nhan viéc giri va nhan dir liéu tr may chi mang
LoRaWAN thoéng qua mdt Broker (mdy chu moéi
gidi str dung trong nén tang Cloud) vé tang dich vu.
Phia tang dich vu trén nén tang dam may trong
nghién ciru nay s& bao gdm hai chirc ning: phat trién
ung dung va may chu luu trir.

P R N
< ~

Cloud Service

et

573

'd Re time Databa Cloud Storag
Y
\Q_\_iﬁ_f

—_— S

- .
Android application ‘ i0S application ‘ Web application

Hinh 10. M hinh khdi dich vu dam may

May chu phat trién tmg dung s& cung cép dich
vu co s& dit liéu thoi gian thyc NoSQL va luu tri
thoi gian thuc co sé dir lidu khi lién két véi may chu
Iuu trir. Dit 1iéu thoi gian thyc voi dinh dang . JSON
va ludn dong bd thoi gian thuc dén moi két ndi
client, nén can chuyén co so dir liéu nay sang dinh
dang .CSV dé viéc luu trit va thu thap dit liéu cho
céc nghién ciru tiép theo dwoc dién ra d& dang hon.

Viée luu trir dugc thue hién dya trén dam may
thay vi nhiing dang luu trir tryc tlep thong qua cac
may chi phan cimg mang lai tinh t6i wu vé thiét bi
va nang luong van hanh, dong thoi cling linh hoat
hon vé& b nhé luu trir. Pam may luu trit riéng
(private cloud) dugc ap dung dé luu trit dit liéu cho
nghién ctru nay vi mic d§ bao mat va riéng tu cho
b0 co s& dir lidu.

2.6. Khéi &tng dung hién thi

Viéc tryc quan cac dir li¢u thu thap dugc xay
dung thong qua tmg dung trén nén tang di dong
android, va nén tang web. Ngon ngit 1ap trinh huéng
dbi tuong .dart dwoc sir dung dé phat trién ing dung
hién thi cho nghién ctru ndy vi c6 tinh linh hoat cao
trong viéc phat trién img dung da nén tang.

Giao dién truy xuit thong tin trén ing dung di
dong s€ hién thi di¥ liéu trén may chu thoi gian thyc,
hién thi thong tin cho cic nhom phu tai. Nguoi quan
1y c6 thé theo ddi thong tin nhu trén Hinh 11, hodc
¢6 thé xem lai thong tin trén phan thong ké dir lidu.
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Giai thudt truy xudt thong tin dugc trinh bay dudi
hinh 12.
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= Wide Area Monitoring

Hinh 11. Giao di¢n truy xuit dir li¢u trén
wng dung di dong
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Hinh 12. Lwu db giai thuét truy xuét thong tin
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Co 56 dit liéu gde ngoai viée dugc hién thj trén
thiét bi di dong con dugc dong bd va luu trit ngay
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kl}i co dir liéu duoc LoRa Network Server chuyén
vé dam may luu trir.

3. KET QUA VA THAO LUAN
3.1. Kétqua

Viéc theo doi va giam sat ning lugng tiéu thu
clia cac nhom phu tai tai ta dién tong lau 6 toa nha
B4 da dugc xay dung hoan thién va dang trong qua
trinh thu thap dir liéu cho viéc nghién ciru mac s
dung nang luong.

Ngoai viéc thiét ké tng dung cho céc thiét bi di
dong nhu Hinh 13 (bao gém cac thiét bi di dong sir
dung h¢ diéu hanh android va iOS), nghién ctru ciing
da phat trién Gng dung trén nén tang hé diéu hanh
window nhu Hinh 14.

« 38
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Recifime chert Voltage [V]

Realtime Chart

AED PQE BT

Hinh 14. Giao dién trang cha cta &ng dung trén
may tinh window

Nhin chung, m hinh da xay dung ¢ nghién ctru
nay dat dugc ‘nhfmg uu diém ve thiét bi phan cung
va ca phan mém quan 1y.

V& phan cang thiét bi:

— [t can thiép tryc tiép vao hé thong dién hién
htu;

— D@ dang nhan rong ra nhiéu nat giam sat hon
Vi viéc thiét ké tuong tu;

— Ngudn dién cung cip dé van hanh thap chi
6V DC, nén c6 thé thiét ké di dong (sir dung nguon
mét chiéu) va khong phu thudc vao ngudn dién caa
diém giam sat.

— Vé phan mém:

— Ung dung hién thi dwoc thiét ké trén nhiéu

nén tang, nén tiép can duoc trén nhiéu dang thiét bi
va nguoi dung hon;
Phin mém dwoc phat trién riéng cho muc
dich cy thé - giam sat cac thong sd he théng dién cua
tung loai phu tai va ngudn phat (ngudn tur ludi dién
va nguon PV) trén tirng pha nhu: cong suét tac dung,
cong suat phan khang, dién 4p, dong dién, hé sd
cong Suét;

— Co s6 luu trir dir liéu dam may duoc bao mat
va duy nhat, theo kiéu tap trung nén dé dang quan ly
va thu thap dit liéu tir nhiéu nit giam sat.

Nhu vay, moi truong dua trén dam may da xay
dung dat duoc nhitng muyc tiéu dé ra vé quan 1y hiéu
qua ning luong va giam sat muc tiéu thu cua phu tai
dién.

3.2. Do bao mat dir lidu

Bén canh muc tiéu theo doi va gidm sat, m6 hinh
da xay dyng dat dugc tinh tin cay vé bao mat thong
tin. Pau tién, vé phuong dién truyen guri dir ligu,
mang LoRaWAN tich hop cong nghé ma hoa AES-
128 dam bao giao tiép an toan giita may chu ing
dung va thiét bi dau cudi.
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DP6i voi mdi thiét bi LoRaWAN, bao gém
gateway duoc lap trinh trong qua trinh san xuit véi
mot khoa duy nhét, dugc goi trong giao thic 1a
AppKey, va ciing c6 mot dinh danh duy nhét trén
toan thé giéi. Thong tin dit liéu ciing s& duoc bao
mat trén nén tang dam may thong qua mot khoa bao
mAét ca nhan ciia phia nha quan 1y dir liéu cung cap
cho nha phat trién ung dung. Nguoi tryc tiép si
dung thiét bi di dong dé xem thong tin dir liéu ciing
can phai dwoc sy chap thuan va dwoc cip quyén truy
cap bai nha phat trién ang dung. Thong tin dir liéu
s& dugc phan quyén boi nhitng ngudi chiu trach
nhiém quan 1y dir liéu. Nhin chung, dir liéu dat duoc
bao mat va tin cay.

4. KET LUAN

Nghién curu da xay dung mo hinh giam sat nang
lugng toa nha voi chire nang truy xuat dir liéu va luu
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