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ABSTRACT

This paper presents the design of an automatic management system for
monitoring the status of electric equipment. The system is capable of
recording the running time of electric equipment, evaluating the efficiency
of equipment use, and calculating energy consumption for enhancing the
efficiency and reducing the cost of electricity consumption. The designed
system is based on the Arduino Mega 2560 kit and current sensors to
measure the current consumed by the electric equipment. The status
information of equipment will be sent periodically to a server over a local
area network (LAN). In this server, one can easily perform management
tasks such as collecting, processing, and analyzing data on the frequency
of equipment use. It can be expected that the proposed system will be
useful for evaluating the efficiency of equipment use at companies.

TOM TAT

Trong bai bdo ndy, nhém tac gid trinh bay viéc thiét ké mot hé thong quan
ly tw dong ghi nhan tinh trang swr dung trang thiét bi dién nham muc dich
gidm sat thoi gian siv dung, danh gid hiéu qua sir dung thiét bi, va tinh
todn dién nang tiéu thu hwéng dén viéc ndng cao hiéu qud sir dung trang
thiét bi va giam chi phi dién nang. Hé thong dwoc thiét ké dya trén nén
tang board Arduino Mega 2560 va cam bién dong dién dé do gid tri dong
dién tiéu thu cua thiét bi. Thong tin vé trang thdi cua thiét bi dvoc dinh ky
giki vé mot may tinh lam chikc nang server quan ly thong qua mang cuc bo
LAN. Tai ddy, nguoti quan Iy co thé thu thép, xir Iy va phdn tich cac s6 liéu
lien quan den tinh trang s dung trang thiét bi mot cach thudn tién. Hé
thong dé xudt co thé hiru ich trong viéc quan Iy hiéu nang sir dung mdy
méc, thiét bi tai cdc co quan va doanh nghiép.

1 GIOI THIEU

dong. Mac du vay, cong viéc quan ly hi€u qua s

Viéc quan ly va nang cao hi¢u qua su dung may
mbc, trang thiét bi 1a mot cong viéc dugc cac co
quan, doanh nghiép quan tadm thuc hién nhim giam
chi phi san xuét va tdi da hoa loi nhuan. Viéc quan
ly va sir dung may moc thiét bi co thé dugce xem la
¢6 hiéu qua khi cac may moc, thiét bi dugc sir dung
triét dé vé sé lwong, vé& cong suét va thoi gian hoat

dung may moc, thiét bi nay thuong dugc thuc hién
mdt cach thu cong va khong li€n tuc nén da lam
han ché muc do tin cdy cua Kkét qua danh gia.
Ngoai ra, phuong phap thuc hién thu cong con cod
mot han ché 13 tén thoi gian va nhan cong. Mot
giai phap cho van dé nay 1a ing dung k¥ thuat dién
tir truyén thong dé thyc hién viéc giam sat, quan ly
tinh trang st dung trang thiét bi mot cach tu dong.
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Trong thuc té, cac giai phap giam sat, ghi nhan
dién nang tiéu thu cua thiét bi trr xa d3 dugc céac
cong ty thudc linh vyc Ky thuat dién va Nang
lugng gidi thi¢u trén thi truong [Schneider]. Mac
du duogc thiét ké voi nhidu tinh ning manh, linh
hoat, cac giai phap nay thuong doi hoi chi phi dau
tu 16n va cac thiét bi phuc vu viéc giam sit can
phai dugc lip dat mot cach dong bo. Bén canh do,
mot sO giai phap giam sat va ghi nhan dién ning
tiéu thu cua thiét bi tir xa st dung cac cong nghé
truyén thong tién tién nhu truyén tin qua duong
day truyén tai dién va mang dién thoai di dong
cling da dugc thuc hién. Giai phap truyén thong tin
tir thiét bi gidm sat vé trung tim thong qua duong
day tai dién (Power Line Communication) cé uu
diém 12 ¢6 thé tan dung dugc mang dién san c6 lam
phuong tién truyén dan (Islam, 2012), (Rashdi,
2012). Tuy nhién, ky thut nay doi hoi dau tu cac
modem truyen dan dit tién va toc do truyen dir lidu
ciing han ché. Giai phap st dung tin nhin SMS
(Short Message Service) dé guri thong tin trang thai
cua thiét bi dién thong qua mang dién thoai di dong
cho phép viéc giam sat thiét bi c6 thé duoc thuc
hién linh hoat trén pham vi rong 16n. Tuy nhién,
chi phi dau tu cho hé théng la kha cao do viéc
trang bi cac modem giri/nhan tin nhin SMS tai cac
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thiét bi giam sat va chi phi danh cho viéc giri cac
tin nhén trong qua trinh hoat dong cua hé thong.

Trong bai bao nay, nhom tac gia trinh bay viéc
thiét ké mot hé thong quan 1y ty dong ghi nhan tinh
trang st dung trang thiét bi dién nhim muc dich
giam st thoi gian sir dung thiét bi, danh gia higu
qué sir dung thiét bi huéng dén viéc nang cao higu
qué sir dung. Giai phap truyén thong tin giira thiét
bi giam sat va trung tdm thong qua mang cuc bd
(LAN) duogc chon nhim tan dung h¢ théng mang
san c6. Nghién ctru duge thuc hién Xuét phat tu
nhu clu thuc té cua viéc quan ly trang thiét bi tai
cac Khoa thudc Truong Dai hoc Can Tho. Hé
théng dé xuit ciing co thé duoc mg dung trong
viéc quan Iy hiéu nang sir dung may moéc, thiét bj &
cac co quan va doanh nghiép.

2 CAUTAO VA NGUYEN TAC HOAT PONG
2.1 Téng quan hé thong

So d6 khéi tong quat ciia hé théng, duoc mo ta
nhu Hinh 1, gom c6 mot module giam sat duoc két
nbi truc tiép véi thiét bi cin giam sat nhim ghi
nhén muc dich va thoi gian thyc st dung thiét bi.
Module giam sat két nbi voi mot may chu (server)
& xa thong qua mang truyén thong hitu tuyén hodc
vo tuyén.

server

'

data connection

LAN . ‘\:JJ

control connection

Hinh 1: Téng quan hé théng giam sat thoi gian sir dung thiét bi

Céu tao ciia mot module giam sat néi chung
bao gém céc bd phan thuc hién cac chirc ning co
ban sau: do cudng do dong dién tiéu thu cua thiét
bi, do hé sb cos (@), va didu khién tat/md thiét bi.
Dé thyc hién truyén/nhan dit lidu tir may chu & xa,
module giam sat dugc tich hop cac b phan giao
tiép truyén thong v6i mang cuc bo (LAN) va mang
thong tin di dong. Trung tam cua by giam sat 1a

mdt bd vi xir 1y ¢6 chirc nang diéu khién hoat dong
cua cac bd phan noi trén.

Trong nghién ciru nay, dé giam chi phi dau tu
cua hé théng, nhom tac gia da chon board mach
Arduino Mega 2560 két hop véi board Arduino
Ethernet Shield dé xay dung phan 15i ciia module
giam sat thiét bj [Arduino]. Ngoai ra, dua vao yéu
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cau thuc té cta nhu cau quan 1y trang thiét bi, tinh
nang cua module giam sat cling dugc gidi han voi
chirc nang do cuong d6 dong dién ti€u thu cta thiét
bi dién. Giai phéap truyén thong tin qua mang LAN
duoc st dung cho hé théng dé tan dung co sé ha
tang sdn c6 tai don vi.

Viéc chon board mach Arduino, mot nén
tang dién tir ma nguoén mo, dé xdy dung module
giam sat cho phép nguoi thiét ké tan dung dwoc st
manh cta phin cimg va thu vién phan mém phat
trién tng dung phong phii cia board mach
Arduino, tir d6 giam dwoc chi phi dau tu cho
hé thong.

Céc thong tin vé tin sudt s dung thiét bi s&
dugc luu trir tai module dudi dang céc tép tin dur
liéu, ddng thoi cac tap tin nay duoc dinh ky truyen
Ve may chi qua mang LAN. Thong qua mét phan
mém dugc thiét ké chuyén biét cai dit trén may
chu, nguoi quan tri hé théng 6 thé thuc hién cac
cong viéc phan tich dit liéu va vé biéu do thoi gian
sir dung cuia cac thiét bi can giam sat.

Electric
equipment =
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2.2 Thiét ké phan ctimg
2.2.1 Gioi thiéu board Arduino

Hinh 2 mo6 ta board mach Arduino Mega 2560
dugc sir dung 1am chirc ning giam sat thiét bi dién
trong dé tai. Arduino Mega 2560 sir dung vi diéu
khién ATMega2560 véi cac tinh ning: 54 cong
vao/ra sé (trong d6 15 cong c6 thé sir dung nhu ngd
ra PWM), 16 ngd vao twong tu, 4 bo giao tiép ndi
tiép UART, 01 két nbéi USB, 01 cbng nap
chuan ICSP va 01 nit nhén reset vi diéu khién.
Bang 1 trinh bay cac thong sé ky thuat chinh cua
board mach.

3y

Hinh 3: So d6 khdi két ndi ngoai vi ciia h¢ thong

Bang 1: Thong so ky thuit ctia board Arduino

ATMega 2560
Théng sd Gia tri Pon vi
Dién ap hoat dong 5V
bién ap ngd vao 7~12 'V
Dong DC tai I/O 40 mA
B0 nho flash 256 KB
SRAM 8 KB
EEPROM 4 KB
Tdc d6 xung nhip 16 MHz

2.2.2 Thiét ké cdc mach ngoai vi

Hinh 3 mé ta so d6 cac khoi ngoai vi cia hé
théng. Board mach Arduino Ethernet Shield dugc
sit dung dé gitp hé thong giao tiép v6i may chu
thong qua két néi LAN. Board nay sir dung chip
chuyén dung W5100 dé tao giao thuc giao tiép
LAN. Ngoai ra, board mach nay ciing tich hop
mach giao tiép thé nh¢ SD dé luu trir dit liéu hé
thong. Khdi Current sensor dugc dung dé do dong
dién tiéu thu cua thiét bi. H¢ thong giao tiép véi
ngudi ding thong qua khéi Keypad va man hién
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thi LCD. Viéc dém thoi gian thuc do khéi RTC
dam trach.

Khdi Current sensor st dung cam bién dong
chuyén dung ACS712 cua hang Allegro Micro
Systems. Cam bién nay c6 kha niang chiu dong t6i
da 30A, ngd ra dién ap phu hop cho viéc két ndi
v6i vi diéu khién, d6 nhay cia cam bién la
66mV/A [ACS712]. Ngd ra ciua khbi Current
sensor dugc dua vao ngd tuong ty cua board
Arduino Mega 2560. Vi diéu khién ATMega2560
dugc tich hgp bd chuyén ddi ADC 10-bit, nén dién
ap t6i thiéu c6 thé do duoc 1a 4.9 mV twong dwong
v6i viéc hé théng c6 thé do duoc dong dién tdi
thiéu 1a 74.24 mA. Su chuyén d6i dién ap thanh
dong dién duogc dua trén cac cong thie (1)—(4):

1024
count = Vin (D
Vee
Vee
Vin = ——+40.066/ )
2
1024 Vee
count = (——+0.0661) 3)
Vee 2
Suy ra,
Vee
I = (count — 512) @)
67.584

Bang 2: So' dd ghép ndi ngoai vi

Ngoai vi Chén Arduino Mega 2560
Current sensor Vout A3
DB3...DB0 16, 3,2, 1
LCD EN 5
RS 6
R3...RO 17,9,8,7
Keypad C3...C0 14, 13,12, 11
Relay RELAY 15
SCL 21
RTC SDA 20
SD Card SS 4
SCK 52
MISO 50
LAN MOSI 51
SS 10

Ngudi sir dung co thé nhap cic thong tin vé
muc dich st dung thiét bi (vi du: ma hoc phﬁn, ma
nguoi st dung) thong qua Keypad va quan sat trén
man hinh LCD dé biét trang thai cua thiét bi. Khoi
RTC sir dung vi mach dém thoi gian chuyén dung
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DS1302 dé xac dinh thoi gian hién tai cia hé
thong. Arduino Mega 2560 giao tiép voi vi mach
DS1302 qua giao thirc I2C. So d6 ghép ndi ngoai vi
véi Arduino Mega 2560 duogc trinh bay ¢ Bang 2.

Khéi dong hé théng

Lay mau dir li¢u

4
Do va hién thi dong
dién tai

l (1)

Luu tinh trang cta @)
thiét bi vao SD card

Thoi diém cap
nhat dir ligu?

Cap nhat dir lidu 1én
ftp server

Hinh 4: Lwru db giai thuat ciia h¢ thong
2.3 Thiét ké phin mém
2.3.1 Gidi thudt giao tiép Arduino — Ngoai vi

Ngon ngit C duge st dung dé viét chuong trinh
giao tiép voi phan cimg hé théng vai sy hd trg cua
cac thu vién sin co trong moi trudng phat trién
Arduino (Jack, 2012), (Brian, 2011). Luu d0 giai
thuét cia chuong trinh dugc mo ta 6 Hinh 4.

Trude tién, hé thong s& khoi tao cac ngoai vi
nhu LCD, phim, RTC, SD card va LAN béng cach
céu hinh gié tri ban dau cho cac ngoai vi nay. Tiép
theo, module gidm st s& 1dy mau véi 1 chu ky nhat
dinh gia tri dong dién cuia tai béng bo ADC 10 bits
trén board Arduino Mega 2560. Sau do, hé théng
s& phan tich cac thong s6: mi nguoi dung, ma hoc
phén, tinh trang thiét bi, thoi gian su dung,... dé
hién thi 1én man hinh LCD va luu cac gia tri nay
vao SD card duéi dang file “.csv”. Cubi cung, khi
dén mot thoi diém duge 1ap trinh trude, hé théng s€
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cap nhat cac dir liéu trong SD card 1én may chu
thong qua giao thirc FTP.

2.3.2 Chuwong trinh trén server
Nham muc dich thiét k& mot giao dién than

project_interface
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thién v6i nguoi dung dé quan 1y thoi gian sir dung
thiét bi mot cach hiéu qua, dong thoi co thé dong
g0i giao dién nay thanh mot phan mém cé thé cai
dit trén bat ky may tinh nao, nhom tac gia da chon

Matlab lam cong cu dé thuc hién cac yéu cau nay.
= X

1P

25

Number of device-use hours

—Control Pannel

Hame of device.
20+

month of uses.

Hours per day

15
Days of month

Hinh 5: Giao dién quan Iy thoi gian sir dung thiét bi

Véi cac tinh nang trén, nhom téc gia da dung
phin mém Matlab dé hoan thién hé thong giam sat
viéc su dung thiét bi béng cach thiét ké mot giao
dién va déng gbi chwong trinh nay thanh mot phan
mém theo trinh ty nhu sau:

Budc 1: Tu cac file dir liéu dang “.csv” chira
cac dir liéu theo dinh dang cho trudc ma hé thong
phan cing di thu thap duoc va gui vé may chi,
nhém tic gia da ding Matlab dé viét chwong trinh
quéan 1y, phan tich va xir 1y cac dir liéu nay dé vé
biéu do tan suat va thoi gian st dung thiét bi mot
cach tryc quan.

Budc 2: Thiét ké giao dién bing cong cu GUI
(Graphical User Interface) cia Matlab nhim giap
ngudi dung tuong tac voi cac dir liéu va co thé lwa
chon mdc thoi gian dé khao sat s gio sir dung cua
mot thiét bi bat ky. Sau d6, nhing chuong trinh &
bude 1 vao giao dién nay dé thyc thi cac tinh ning
ctia hé théng [Malab GUI].

Budc 3: Dung cong cu Matlab Compiler dé
bién dich giao dién trén thanh tdp tin thyc thi

“.exe” va dong goi tap tin thuc thi nay thanh mot
chuong trinh cai dat trén may tinh véi tén tap tin cé
dang “filename pkg.exe”.

Budc 4: Chuong trinh da dugc dong goi hoan
chinh. P& thyc hién chuong trinh, ngudi dung chi
can nhip dup vao tap tin thuc thi 4 mé giao dién
khao sat thoi gian st dung thiét bi nhu & bude 2
(Hinh 5).

3 KET QUA THUC NGHIEM

Dé kiém nghiém sy van hanh cua hé théng, mot
ta lanh, tiéu biéu cho loai thiét bi dién c6 dong tai
thay dbi trong qué trinh hoat dong, dwoc chon dé
thuyc hién thi nghiém giam sat tinh trang st dung
thiét bi trong thoi gian 48 gid lién tuc.

Hinh 6 mé ta cach thic két ndi gita module
giam sat, thiét bi dién va mang cuc bg. Theo do,
nguoi sir dung 6 thé lap dat module giam sat thiét
bi dién thong qua céc thao tac don gian va khong
can thuc hién bAt ky mét sy thay ddi nao vé ciu
triic mach cung cép dién cua thiét bi.



Tap chi Khoa hoc Truong Bai hoc Can Tho Phan A: Khoa hoc Tu nhién, Cong nghé va Méi truong: 31 (2014): 1-7

cnnguondien . DBeén thiét bi

Két ndi mang
LAN

-

Hinh 6: So d6 két n6i module giam sat va thiét bi

Hinh 7 trinh bay db thi biéu dién dong dién tiéu ghi nhan.
thy cua thiét bi theo thoi gian, cu thé 1a trong
khoang thoi gian tir 18:00 dén 21:00. Theo Hinh 7,
sy thay doi gia tri dong dién trung binh cua ti
lanh trong qué trinh hoat dong da duoc h¢ théng

1 T T

Hién tai, hé théng dang duoc tiép tuc thir
nghiém vai sO lugng thiet bi dién 16n hon va thoi
gian hoat dong dai hon.
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Hinh 7: D6 thi biéu dién cwdong d dong dién trung binh ciia thiét bi theo thoi gian
4 KET LUAN md Arduino mang dén su thuén loi va linh hoat

trong qué trinh thiét ké ciing nhu cho phép giam
chi phi du tu cua hé thong. Hé thdng co ban dap
g duoc cac yéu cau da dit ra: theo ddi tinh trang
str dung thiét bi theo thoi gian thyc, hd tro quan Iy
viéc sir dung trang thiét bi va cong tac t6i wu hoa
viéc su dung dién nang. Giai phap nay khong chi

Bai viét di trinh bay viéc thiét ké mot hé thong
quan ly c6 kha nang tu dong thu thap dir liéu tn
suét hoat dong, va dong dién tiéu thu cua thiét bj
dién thong qua mang cuc bd. Viéc chon giai phap
xdy dung hé thong dya trén nén tang dién tir ngudn
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¢6 thé ap dung dé quan Iy hiéu qua sir dung trang
thiét bi tai truong Pai hoc Cin Tho ma con c6 thé
dugc sir dung tai cac cong ty, doanh nghiép dé hd
trg cong tac quan 1y hiéu nang s dung may moc,
thiét bi mot cach hop 1y va hiéu qua.

LOI CAM TA

Nghién ctu dugce thyc hién trong khudn khé
dé tai cap co so, ma sb T2013-18. Tac gia chan
thanh cam on can by phu trach phong thi nghiém
tai cac don vi: Khoa Coéng nghé¢, Khoa Nong
nghiép va Phong thi nghiém Chuyén sau di hd trg
viéc do dac dong tai cua cac trang thiét bi tai cac
don vi trén.
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