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ABSTRACT

This paper presents a design of the experimental system to manage, control and monitor the low voltage
networks. Voltage and current sensors are used to send the voltage and current signals to Arduino board and to
measure all necessary electrical quantities. Then, they will be calculated and proceeded to export all outputs such as
voltage, current, active power, reactive power, energy, etc. to LCD display, monitoring program screen to manage
and monitor. The function of transfering and receiving the data via the wifi Internet is exploited to design softwares
on a smartphone to manage, control and monitor the system operation. In addition, other functions including
demand side management (DSM) and over/under voltage protection are also implemented into the system. The
experimental results shown in this paper indicate that the system operates reliably and accurately.

Keywords: Arduino wemos, control, monitoring, DSM, over/under voltage.

* Corresponding author.
Email: ngominhkhoa@gqnu.edu.vn

Journal of Science - Quy Nhon University, 2019, 13(3), 35-43 | 35



KHOA HOC

TRUONG DAI HOC QUY NHON
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va giam sat dién nang théng minh
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TOM TAT

Bai b4o nghién ctru thiét ké hé théng thuc nghiém nhim quan 1y, diéu khién va giam sat dién ning cua cac
phu tai dién ha ap. Cac cam bién dién ap, cam bién dong dién xoay chiéu dugc sir dung dé dua tin hiéu vao bo
mach Arduino nhim do luong cac dai lugng can thiét. Sau d6 tién hanh tinh toan, xu ly dé xuét cac két qua dau ra
mong mudn ching han nhu: dién 4p, dong dién, cong suét tac dung (CSTD), cong suit phan khang (CSPK), dién
nang tiéu thy,... ra man hinh LCD, 1én giao dién ctia chuong trinh diéu khién va giam sat. Tinh ning truyén - nhan
dit liéu théng qua mang truyén thong internet wifi dugc khai thac ing dung dé thiét ké cac chuong trinh phan mém
trén smartphone nham quan 1y, diéu khién va giam sat toan bo hoat dong cua hé théng. Ngoai ra mét sé chirc ning
khac bao gébm quan 1y nhu cau phuy tai (DSM) va bao vé qua/thap ap ciing duoc tich hop trong hé thong. Cac két
qua thyc nghiém véi mot sb dang tai khac nhau dugc khao sat trong bai bao nay da cho théy su lam viéc tin cay
va chinh xéc ciia hé thong.

Tir khéa: Arduino wemos, diéu khién, giam sat, DSM, qud/thdp dp.

1. PAT VAN PE dung cac thiét bi trong gia dinh hay co quan, dan
Cling véi su phat trién cia nén kinh t& dit dén nhiéu thiét bj hoat dong khong can thiét, gay
nude, nhu cau vé tiéu thu dién ning ngay cang lang phi nang luong dién va tang (fhi phi dién
cao trong khi kha ning cung cdp dién con rat cho gia dinh, co quan. Trong cugc song hién dai

nhiéu khé khin, tir d6 van dé st dung dién tiét ngdy nay, quan Iy va giam sat di¢n nang la yeu to

kiém, hiéu qua tré thanh van dé cap bach. Viéc
y thic tiét kiém dién cua ngudi dan chua duoc
nang cao, cac bién phap dé ra dé tiét kiém dién
con kha it va viéc ap dung né vao thyc tién con
nhiéu bat cap. Pé tiét kiém dién phu thudc ¢ 2
yéu t6: thiét bi dién va thoi quen sir dung cua
con nguoi. Nguoi dung thuong ban ron voi cong
viéc nén it c6 thoi gian giam sat duoc viéc su

*Tac gia lién hé chinh.
Email: ngominhkhoa@gqnu.edu.vn

v0 cung quan trong va cang quan trong hon trong
san xuat va kinh doanh ciia doanh nghiép. Mot
bai toan dat ra cho cac nha quan 1y 1a lam sao
quan ly toa nha, nha may hay xi nghiép ciia minh
mot cach hidu qua nhat nham dé tiét giam chi
phi, tiét kiém nang luong & muc tdi da, tao diéu
kién thuédn lgi cho doanh nghiép trong nhiing
hoat dong kinh doanh. Phuong 4n tdi wu hién
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nay la thiét 1ap hé thong tu dong quan Iy va giam
sat dién nang tur xa.'?

Hién nay, Arduino 1a mot dang ma nguén
mo duge st dung dé xdy dung cac ung dung
dién tu twong tac voi nhau hodc véi moi truong
dugc thuan loi hon.>* Arduino giéng nhu mot
may tinh nho dé ngudi ding 6 thé lap trinh va
thuc hién cac dy an dién tor ma khong can phai
¢6 cac cong cu chuyén biét dé phuc vu viée nap
code. Do d6 cac modun cua bo mach Arduino,
modun cam bién dién ap xoay chiéu, mddun cam
bién dong dién xoay chiéu, modun role dong cat
mach dién, moédun wifi ctia Arduino, médun hién
thi LCD,... s& duoc nghién ctru lya chon dé thiét
ké trong bai bao nay.

2. THIET KE PHAN CUNG

Trong bai bao nay, tac gia tap trung di vao
thiét ké hé théng quan 1y va giam sat dién ning
cho ddi tugng 1a mang dién mot pha 220VAC.
Phan mach lyc dugc thé hién nhu hinh 1(a),
trong d6 c6 mot mach ngudn va hai mach tai (tai
1 va tai 2). Céc tin hi¢u dién ap, dong dién trén
c4c nhanh dugc thu thip thong qua cam bién
dién 4p (ZMPT101B) va cac cam bién dong dién
(ACS712) va dua vé bo xir Iy trung tdm (Arduino
Wemos) cua hé théng.>” Sau khi xir 1y tinh toan
céc thong sé dau ra, bd xir Iy trung tim s& dua
tin hiéu dé diéu khién céac role dong/cét cac mach
trén so d0 mach lyc. Sau khi thiét ké so do lap
rap chi tiét, cac tac gia tién hanh 1ap rap hé thong
thuc nghiém nhu hinh 1(b).

Nguf‘m
220VAC

> Hg thong .
< | qunly, !
diéu khién

Lo vagidmsat
dién nang

b ¢ ......................... >| thong minh

Chii thich:
1: Arduino Wemos R32

2: Cam bién dién ap ZMPT101B
3: Cam bién dong dién mach 1

4: Cam bién dong dién mach 2
5. Cam bién dong dién mach 3
6: Role dong/cit mach 1

+ | 7:Role déng/cét mach 2

| 8: Role dong/cit mach 3

j 9:LCD

10. M6 dun wifi ESP8266

™ 11: Ngd vao ngudn cép 220VAC
)W 12: Ngo ra | (chp tai 1)

PR (3: Ngd ra 2 (cip tai 2)

14: Cap USB két ndi may tinh

(b)

Hinh 1. (a) So dd mach luc cua hé théng thuc nghiém;

(b) Tong thé phan cimg ctia hé thong

3. THIET KE PHAN MEM

3.1. Co s& ly thuyét do lwong cac dai lwong
dién

Dién ap tri hiéu dung 1a gia tri trung binh
binh phuong ctia cic miu trong mot khoang thoi
gian 14y mau nao dé6®. Do dé, dién ap tri hiéu
dung U s€ dugc xac dinh nhu sau:

U = |23 02 (M
rms Ni:1 1

Trong d6: u, la mau dién ap thir i; N tong
s6 mau dién ap.

Gia sir dién ap xoay chiéu hinh sin & dau
ra clia cam bién dién ap ZMPT101B c6 bién do
la U_va goc pha ban dau bang 0 va duogc lay
mau boi bd chuyén dbi twong tu s6 ADC cua
Arduino véi thoi gian 1dy mau bang At dugc thé
hién nhu sau:

u(k) =U,, sin(koAt) (2)

Trong do: U_1a bién d¢ dién ap; o = 2nxf;
At 14 thoi gian ldy mau (s); k 1a mau thi k.

Khi d6 gia tri dién ap tri hi€u dung s la:

L2 3)
Urms: T Uy
2

Gia sir dong dién xoay chiéu hinh sin &
dau ra cta cam bién dong dién ACS712 ¢6 bién
dolal va goéc pha ban dau bang ¢ va dugc lay
mau boi bo chuyén ddi tuong tu sb ADC cua
Arduino Wemos véi thoi gian ldy miu bang At
duoc thé hién nhu sau:

i(k) =1, sin(koAt — o) “)
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Trong do: 1_1a bién do dong dién.

Do do, dong dién tri hi¢u dung I cua tin
hiéu dong dién s€ duogc xac dinh nhu sau:

Irms = _Zli (5)

Trong d6: 1, 1a mau dong dién tht i; N téng
s0 mau dong dién.

Ly thuyét cong sudt tire thoi duoc ap dung
dé x4c dinh CSTD P duoc tiéu thu béi cac tai. No
dugc xem 13 mot phuong phap chinh xac nhat dé
tinh todn CSTD trong mach dién xoay chiéu. Két
qué ludn ludn dang ddi véi tat ca cac loai tai khac
nhau: tai trd, tai cam, tai dung va tham chi la cac
tai phi tuyén c6 chira nhiéu thanh phan hai dong
dién. Cong sut tire thoi 1a tich cua dién ap tac
thoi va dong dién tirc thoi cua mach dién.®

p(k)=u(k)i(k) (6)

Trong dé: p(k) 1a cong sudt tic thoi & mau
thr k; u(k)=U_sin(kwAt) la dién ap & mau thir
k; i(k)=I_sin(kwAt - ) 1a dong dién & mau thir k.

Do d6, CSTD P duoc xac dinh b?mg cong
suat trung binh cua cong suat tic thoi trong
mot khoang thoi gian ldy miu va duoc xac dinh
nhu sau:

Py Dp()- 2w (i) ()

Cong suét biéu kién cia mach dién duoc
xdc dinh bang tich cta dién ap tri hiéu dung U__
va dong dién tri hiu dung I ctia mach dién do.
Do d6, sau khi da xac dinh dugc dién ap tri hiéu
dung U_ theo (3) va dong dién tri hi¢u dung I
theo (5), thi cong suit biéu kién s& dugc xac dinh

rms

nhu sau:
S=Upy, Xl (8)

Hé s6 cong suét dugc xac dinh nhu sau:
P
=— 9
cosPp =< 9)
CSPK duoc xac dinh nhu sau:
Q=+$?-p? (10)
bién nang ti€u thu dugc xac dinh nhu sau:

A=Pxt (11)

Start

e

usquare

Lquare =

Pinst =

Dgc u(k)
Poci(k)

usquare usqua.re + u(k)xu(k) k=k+1
i(k)xi(k)

I:qudn. l:qudu

Pinst = Pinst T u(k)xi(k)

<o >

Yes

Usquare Lsquare
Urms = N Irms = N
P
S = Unmoxlms S
N
A =Pxt cosp = P

Ul

Hinh 2. Gidi thudt do lwong cdc dai lwong dién
3.2. Gidi thuét do luwdng dai lwgng dién

Tur co sé cua viéc do luong cac dai lugng
dién cua mach dién da duoc trinh bay nhu & muc
trén, muc nay s& dé xuat giai thuat do luong cac
dai luong do dé lap trinh trén phén mém Arduino
IDE va sau do nap code vao bo mach Arduino
Wemos dé thuc hién céc chirc nang do dém va
giam sat dién nang cia mach di¢n. Hinh 2 thé
hién gidi thuat do luong céc dai luong dién bao
gom: dién ap tri hiéu dung U, ., dong dién tri
higudung I, CSTD P, cong suit biéu kién S, hé
s6 cong suit cose va dién ning tiéu thu ciia mach
dién. Cac budc cua gidi thuat nhu sau:

Buoc 1: Start
Bude 2: Khoi tao cac bién ban dau

Uguare = 05 Lyguare = 05 Pie =0 (12)
Buoc 3: Gank =1

Buée 4: Poc cac gia tri dién ap lay mau
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u(k) va dong dién 1dy mau i(k) tir cam bién dién ap
ZMPT101B va cam bién dong dién ACS712 dua
vao chan dau vao twong tur ciia Arduino Wemos.
Buodc 5: Cap nhat gia tri dién ap binh
phuong, dong dién binh phuong va cong suét tirc
thoi tir mau méi doc dugc:
Uguare = Usquare + U(K) > u(k)

i = +i(k)xi(k) (13)

square square
pinsl = pinsl + u(k) x l(k)

Buée 6: Kiém tra diéu kién miu thir k co
bang s6 mau N hay khong (k = N?).

Bude 7: Néu k < N thi quay lai Bude 5,
con néu k = N thi chuyén sang Budc 8.

Buoc 8: Tinh toan gia tri dién ap hi¢u
dung U_, dong di¢n hi¢u dung I, CSTD P,
cong suét biéu kién S, CSPK Q, hé sb cong suét
cos va dién nang ti€u thu A.

P plﬂSl .

square square
A (14)

Q=+S’-P?*;

Buoc 9: End

A=Pxt

3.3. Giai thuat DSM va bao vé qua/thap ap

Dbi v6i quan 1y nhu cau phuy tai, bai bao
nay nghién cuu ung dung hai k¥ thuat do la:
Giam dinh va nang ddy dé thiét ké thuc nghiém
cho hé théng nhu hinh 3. Nhu vay, CSTD ciia
mach dién do duoc s€ dugc so sanh voi gia tri
CSTD nhé nhét (P_ ) va CSTD lén nhat (P, )
dé thuc hién k§ thuat gidm dinh va ndng ddy sao
cho hop ly.

A A

\ 4
4

Giam dinh Nang day

Hinh 3. Ky thuat giam dinh, ndng day

Pé thuc hién hai ky thuat trén, hé thong
thuc nghiém qui udc nhu sau: Role 1: Nhanh 1

(mach tong c6 CSTD 1a P ); Role 2: Nhéanh 2
(mach tai 1 c6 CSTD la P,); Role 3: Nhanh 3
(mach tdi 2 ¢c6 CSTD la P,). Giai thuat thyc hi¢n
viéc so sanh giita CSTD ctia mach tong P, véi
gia tri CSTD 16n nhat P va CSTD nho nhat
P dé thuc hién ky thuat DSM da lya chon:
giam dinh va nang day nhu sau:

- NEU P, > P THI sau 3 gidy s& cit

mach tdi 2 d¢ giam dinh tai tong: P, =P,

-NEU P, <P__ THI sau 3 gidy s& déng
mach tai 2 dé nang ddy tai tong: P =P, +P,

Tuong ty nhu giai thuat DSM thi giai
thuat bao vé qua/thap ap s& so sanh giira dién ap
do duogc tur giai thudt ¢ trén vdi cac gia tri di€n ap
nho nhat U__ va dién ap 16n nhat U d¢é dua tin
hiéu di dong/cat role mach tong (role 1) nhur sau:

-NEUU>U__THI sau 3 giay s&: (i) Cat
mach tong dé bao vé tai khoi chiu qua ap; (ii)
Hién thi tin hiéu Overvoltage 1én giao dién; (iii)
Gui tin nhén canh bao qua dién thoai.

-NEU U <U_.THI sau 3 gidy s&: (i) Cat
mach tong dé bao vé tai khoi chiu thip ap; (ii)
Hién thi tin hiéu Undervoltage 1én giao dién; (iii)
Guri tin nhén canh bao qua dién thoai.

-NEUU_ <U<U__THI sau 3 gidy sé&:
(/) Pong mach tong dé cap dién cho tai 1am viéc
binh thudng; (i) Reset cac hién thi trén giao dién
giam sat.
3.4. Thiét ké giao dién quan ly, giam sat va
diéu khién tir xa

Nhém 1: Piéu khién va giam sat

Nhom nay thude Tab Control cua chuong
trinh phan mém, giao dién ctia nhém 1 dugc thé
hién nhu hinh 4. Cac chuc nang dugc thuc hién
trén giao dién cua nhom 1 bao gom: (i) Diéu
khién déng/cat cdc role ciia phan mach lye; (ii)
Bat/tdt chire ning quan 1y nhu cau phu tai DSM;
(iii) Thay doi gid tri dat P vaP bang slider;
(iv) Hién thi cac gia tri dién dp, dong dién,
CSTD va dién nang tiéu thu. Ngoai ra, trén giao
dién ctia nhom 1 con c6 thé thyc hién chirc ning
bao cao (Reports) dé giri thong tin thoi gian va
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cac dir liéu do luong nhu: Dién ap, dong dién,
CSTD, dién ning tiéu thy,... dén dia chi email
mong mudn. Didu nay giup khach hang sir dung
dién c6 thé dé dang quan 1y nhu cau sir dung dién
clia minh trong thang. D4i véi chirc ning bio
cao nay thi sau khi chay chuong trinh, nguoi st
dung c6 thé lwa chon 1 trong 4 phuong thirc bao
cao nhu sau:

- Bdo cado thang (Monthly): Khi lua chon
phuong thirc ndy, chuong trinh s& bao cdo dén
email trong mdt thang chon trude hoac 1dp lai hang
thang (thoi gian ldy mau la 1 gio hodc 1 ngay).

- Bdo cdo tuan ( Weekly): Khi lga chon
phuong thirc nay, chuong trinh s& bao céo dén
email trong mot tuan chon trude hodc lap lai hang
tuan (thoi gian ldy mau la 1 gio hodc I ngay).

- Bao cdao ngay (Daily): Khi lga chon
phuong thiic nay, chwong trinh s€ guri bao cao
dén email trong mot ngay chon trudc hoic lap
lai hang ngay (thoi gian ldy mau la 1 phit hodc
1 gio).

- Bdo cdo mjt lan (One-time): Khi lya
chon phuong thire nay, chuong trinh s€ gui bao
cdo mot lan dén email ngay tai thoi diém kich
hoat chirc ndng bao cao.

CONTROL GRAPH PROTECT

RELAY3 RELAY2 RELAY 1

Al (WH)

28.33

A2 (WH)

13.41

A3 (WH)

16.37

Hinh 4. Giao dién nhom 1
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OVERVOLTAGE ~ UNDERVOLTAGE

VMIN (V) UMAX (V)
Cm)

Uty

Hinh 5. Giao dién nhom 2

Nhém 2: Bio vé qua/thip ap

Nhom nay thudc Tab Protect ciia chuong
trinh ph?m mém, giao dién ciia nhom 2 duoc thé
hién nhu hinh 5. Cac chirc nang dugc thuc hién
trén giao dién ctia nhém 2 bao gom: Bdt/tit ché
dé bao vé qud/thap dp; cai dat dién dp cho phép
nhé nhdt va Ién nhat bang slider; hién thi dién
ap, dong dién, CSTD va CSPK dang Gauge,
hién thi LED do bdo trang thdi qud/thdp dp;
théng bdo qud/thdp dp qua tin nhdn dién thoqi.

Nhém 3: Hién thi dang db thi

Nhom 3 thudc Tab Graph c6 giao di¢n nhu
hinh 6. Bao gom c6 2 d6 thi trén giao dién nay:
dd thi ¢ trén duogc st dung dé hién thi dién ép,
dong dién ctia mach 1 (mach tong) theo thoi gian
thuc va duoc cap nhat lién tuc sau mdi giay; dd
thi & dudi dugc st dung dé hién thi CSTD cua
ba mach.

, 13(3), 35-43
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CONTROL GRAPH PROTECT

1h 6h

Hinh 6. Giao dién nhom 3

4. KET QUA THU'C NGHIEM

Sau khi thiét ké phan ctng va phan mém
ctia hé thong, dé tai tiép tuc di vao thuc nghiém
dé thu thap két qua so sanh, danh gia va phén tich
hiéu qua cua hé théng d thiét ké. Vi ddi tuong
1a hé thong mot pha 220VAC va tinh thong dung,
nén céc tai gia dung dugc tac gia sir dung dé lam
thuc nghiém trong bai bao nay bao gom: ban la
220VAC 1000W va may siy toc 220VAC 700W.
Dua vao hinh 1, mot sb quy uoc ddi véi phﬁn SO
dd mach luc va cac ky hi€u cua cac dai lugng
do luong nhu sau: Mach 1: Mach téng; Mach 2:
Mach tai 1; Mach 3: Mach tai 2; U : Dién ap cua
mach 1; I, I, I,: Dong dién cua mach 1, 2 va 3;
P,P,P:CSTDcuamach1,2va3;Q,Q, Q;
CSPK cuamach 1,2 va 3; A, A, A,: Dién nang
tiéu thu ctia mach 1, 2 va 3. Sau khi két noi phan
mach luc va ca”ip ngu(‘Sn cho mach diéu khién va
do luong thi hé thdng s& bt dau 1am viéc binh
thuong. Khai bao tai khoan va mat khau cua
mang internet wifi tai noi dat hé théng dé két
n6i hé thong véi internet wifi. Khi do, cac thong
s6 do dugc s& hién thi truc tiép Ién man hinh
LCD ciia hé thong gitp ta c6 thé gidm sat dugc
trang thai van hanh cia hé théng tai chd. Ngoai
ra, dé co thé giam sat, diéu khién tir xa thong
qua smartphone thi smartphone ciing phai duoc
két nbi v6i mang internet wifi (c6 thé cing mang
hodc khac mang véi internet wifi két ndi voi hé
thong), thi lic nay ta c6 thé mo ing dung Blynk

trén smartphone dé thuc hién cac chirc nang diéu
khién, giam sat va quan 1y hé thong nhu sau.
4.1. Ché @6 1am viéc binh thuong

Dbi v6i ché do nay, tac gia tién hanh thu
thap cac két qua thuc nghiém tir nhimg ndi dung
nhu sau: Giam sat cac thong s6 cua ba mach trén
LCD; giam sat cac thong sd ciia ba mach trén
smartphone; gidam sat do thi cac thong sb cia
ba mach trén smartphone; diéu khién cac mach
thong qua smartphone; ché d6 bao cao. Cac két
qua ché do nay duoc thé hién truc tiép trén cac
giao dién cua chuong trinh nhu trong cac hinh 7,
hinh 8 va hinh 9 tuong ung.

CONTROL GRAPH PROTECT

RELAY3 RELAY2 RELAY 1 NONE

///\
&

P1 W)
1451.58

P2W)

664.48

PIW)

1020.32

CONTROL GRAPH PROTECT

- n 'OVERVOLTAGE UNDERVOLTAGE
MIN (V) 2

\ 352.27

(] O g

Hinh 8. Két qua trén giao dién nhom 2
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CONTROL GRAPH PROTECT

AUV AlTE

MPIW) A P2W) A

Hinh 9. Két qua trén giao dién nhom 3

Céc két qua hién thi trén giao dién nhom
1 (Hinh 7) 1a dién 4p (V), dong dién (A), CSTD
(W) va dién nang tiéu thu (Wh) cta mach tong,
mach tai 1 va mach tai 2 twong tmg. Cac két qua
nay cho thdy hé théng do chinh xac két qua so
v6i thong s ctia hé thdng va tai duge sir dung dé
lam thuc nghiém trong muc nay. Déi véi két qua
trén nhom 2 (Hinh 8) 1a chi thé hién cho thong
s6 do duogc dbi voi mach tong bao gdm: Pién ap
(V), dong dién (A), CSTD (W) va CSPK (VAr)
dudi dang Gauge dé phuc vu viéc theo doi va
giam sat chirc ning bao vé qua/thip ap cia hé
théng. Trong khi do, cac két qua thé hién trong
giao dién cta nhom 3 (Hinh 9) 1a thé hién dudi
dang dd thi dé giup khach hang c6 thé giam sat
tryc quan hinh dang thay doi cia cac dai luong
do dugc. Nghia la khach hang c6 thé sir dung két
qua nay dé theo ddi khi nao dién ap, cong sut
tiéu thu tang/giam. Bén canh do, toan b dit licu
clia cac do thi nay co thé dugc xudt ra toan bo file
* csv dé phuc vu cong viéc khac khi can thiét.

Cubi cuing, dé c6 thé thyc hién ché do bao
céo cac théng sb van hanh ciing nhu luong dién
nang ti€u thu cta phu tai, chung ta c6 thé st dung
biéu tugng Reports trén giao dién nhom 1 dé lya

chon 1 trong 4 phuong thirc bao cao nhu da trinh
bay & trén. Sau day la mot vi du minh hoa dugc
tién hanh thuc nghiém tir chuong trinh, cu thé 1a
két qua duoc xuét ra file *.csv nhu hinh 10.

‘YE?, W‘ = Report.csv - Microsoft Excet= O X
i A Home‘ Insert Page Layout Formulas Data Review View @ - o x
T T I =
% Calibri i M= i‘Af B > - 47
oo 2 BBt [AaR) | S @~ #-
aste = i = |/Alignment| Number | Styles | Cells | -
- VB> A e o e s |
Clipboard ™ Font & | | Editing
F364 - e &
_ A i o s s D s i o
ﬁ‘ 5/11/2019 15:52 11 (A) PQM 2.615208
359: 5/11/2019 15:53 11 (A) PQM 0.472414
3760‘ 5/11/2019 15:54 11 (A) PQM 0
361/ 5/11/2019 15:55 11 (A) PQM 0.470345
362; 5/11/2019 15:56 11 (A) PQM 3.279621
ﬁ‘ 5/11/2019 15:57 11 (A) PQM 3.295957
364  5/11/201915:58  I1(A) PQM 0
365| 5/10/2019 20:19 U1 (V) PQM 215.8066
366 5/10/2019 20:20 U1 (V) PQM 218.2235
367 5/10/2019 20:21 U1 (V) PQM 219.255
3681 5/10/2019 20:22 U1 (V) PQM 219.1623
3§9 5/10/2019 20:23 u1(v) PQM 219.3023
370 5/10/2019 20:24 U1 (V) PQM 220.78
371 5/10/2019 20:25 U1 (V) PQM 219.7541
[RERCIETINEy e ] m——
Ready | | B2 3= (=, O- o=

Hinh 10. Dang file *.csv trong Excel cua bao cao
phuwong thirc One-time.
4.2. Ché do quan ly nhu ciu phu tai (DSM)

DPbi voi ché do nay, tic gia tién hanh
thu thap cac két qua thuc nghiém tir nhitng noi
dung nhu sau: Kich hoat chttc nang DSM; cai
dat gia trj CSTD nho nhét (P ) va CSTD lén
nhat (P_); thay déi tai dé kiém nghiém chirc
ning DSM; giam sat su thay d6i cua do thi dién
ap, dong dién, cong suét. Sau khi da kich hoat
ché 0 DSM va thiét 1ap cac gid tri P va P
bang cach sir dung céc slider trén giao dién cua
chuong trinh thi hé théng s& hoat dong theo ché
do nay. Két qua kiém nghiém dugc thyc hién
bang cach thay d6i tai 1 dé kiém chung su hoat
dong ciia chirc ning nay. Cac két qua cho thay hé
thdng 1am viéc tin cdy va dung theo chtc ning
da thiét ké.
4.3. Ché d bio v¢ qua/thap ap

D6i voi ché d6 nay, tac gia gia dinh dién

ap ngudn thay doi va tién hanh thu thap cac két
qua thyc nghi€ém tir nhiing ndi dung nhu sau:
Kich hoat chirc ning bao vé qua/thap ap; cai dat
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gid tri dién 4p nho nhat (U__ ) va dién &p lon nhat
(U,,); thay doi dién ap ngudn dé kiém nghiém
chtrc ning bao vé qua/thp ap; giam sat sy thay
ddi dién ap, dong dién, CSTD, CSPK cua mach
tong. Twong ty, chiic ning bao vé qua/thap ap
s€ duoc kich hoat tir giao dién cua nhom 3, sau
d6 thiét 1ap céc gid tri dién 4p nho nhat U_ va
dién ap 16n nhit U . tir giao dién chuong trinh.
Str dung 6n ap dé gia 1ap dién ap ngudn thay d6i
nham kiém chimg chtrc ning nay. Két qua kiém
nghiém cho thiy hé théng hoat dong tin cdy va
dung theo chirc nang d thiét ké.
5. KET LUAN

Hé théng quan 1y va giam sat dién ning
thong minh da thiét ké trong bai bao nay co thé
thuc hién cac chirc nang nhu diéu khién va giam
sat trong thoi gian thuc hién cac thong sb: dién
ap, dong dién, CSTD, CSPK, dién nang tiéu
thu,... béng cach hién thi thong s6 1én LCD va
c6 thé giam sat thong sb thong qua smartphone
c¢6 két ndi voi hé théng thong qua phuong thirc
truyén thong mang internet wifi. Do do6, khach
hang c6 thé truy cap & bat ky noi nao, bat ky thoi
diém nao mién 1a co thé truy cap dugc internet,
3G, 4G thi nguoi van hanh cé thé quan 1y, diéu
khién va giam sat hé thong ciia minh. Chirc ning
ctia hé¢ thong vé quan 1y nhu cau phy tai (DSM)
cling dugc nghién ctru nham dap ung duoc yéu
cau dit ra cua bai toan DSM véi muc dich san
phing d thi phy tai gop phin mang lai nhiéu
hi€u qua van hanh cho ludi dién. Ma trong do,
ky thuat giam dinh va nang day dugc nghién ctru
thiét ké cho hé thong. Ngoai ra, chirc ning bao
vé qua/thdp ap ciing duge nghién ctru tich hop
vao trong hé thong dé bao vé cho cac phu tai
khéong bi hu hong khi c6 qua/thdp ap xay ra &
phia ngudn. Pong thoi, hé thong s& dua ra tin
hiéu canh bao su c¢b nay bang cach hién thi 1én
man hinh gidm sat va gui tin nhan qua dién thoai
ctia ngudi van hanh hé thong. Cudi ciing, cac tinh
nang thong minh khac nhu theo déi lugng dién
nang tiéu thu cua phu tai, xuét bao cdo cac thong
s6 do dugc hang ngay, hang tuan, hang thang dén
khach hang sir dung dién. Céc két qua trén man
hinh giam sat duoc hién thi dudi dang sd, do thi,

dang gauge dé giup khach hang d& dang theo di
tinh trang lam viéc cua hé théng duoc cap nhat
lién tyc theo thoi gian thyc.
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