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Tom tat

Hién nay viéc str dung hiéu qua va cé y thirc dién ndng trong cac hd gia dinh dang ddc biét dugc quan tdm
trén thé gici khéng chi vi né chiém ti trong ttr 30% dén 40% luong dién tiéu thu ma con vi day la vén dé
nghién ctru méi va tiém nadng. Bai béo nay trinh bay giai phép trién khai hé théng do dién ndng trong thoi
gian thuc vao hé gia dinh tai Viét Nam. Két qua trién khai thir nghiém da cho thdy cé thé phat hién sw hoat
doéng cla céc thiét bj trong nha théng qua viéc giém sat dién néang tiéu thu. Hon thé, qua sé liéu giam sat
trong thoi gian thire, ngwoi dung c6 thé hidu duwoc sé liéu tiéu thu cua ho, gan chiing véi cac hoat déng cu
thé hang ngay, phat hién sw khéng hiéu qua trong st¥ dung dién, chimg minh tinh kha thi cua viéc trién khai
hé théng do vao viéc xéc dinh thoi diém st dung ctia céc thiét bi dién trong nha ciing nhw phat hién sw bét
hop Ii trong str dung dién ttr dé mé ra trién vong téng hiéu qué sir dung dién trong céc hé gia dinh.

Tw khéa: giam sat dién nang, quan li nang lvgng
Abstract

Currently the efficient use of households being interested research sujet in the world not only is occupped
30% to 40% of electricity consumption, but also that is the new and potential research topic. This article
present an household electricity power measurement solution in real time. The experiment results are
demonstrated that our solution can engage energy consumption with applicances. Moreover the user can
understand their consumption data, relate it to concrete activities in their life, can discover there are some
waste energy and can act in a more sustainable way.

Keywords: energy monitoring, energy management

1. Mé dau

Vi€e su dung hop li dién nang trong cac ho gia
dinh dang dugc dédc bi€t quan tam trén thé gi6i, khong
chi vi n6 chiém ti trong 16n trong tong dién ning tiéu
thu (dién hinh chiém 39% & Hoa Ki, 28.8% ¢ Chau
Au [1]) ma con & trién vong tiét kiém dwoc ma no6
mang lai (khac véi st dung dién ning tiét kiém trong
cong nghiép da dwoc quan tim giai quyét tir 1au). O
Viét Nam tuy chua c6 thdng ké chinh thic, nhung ti
trong cia nang luong tiéu dung dan cu nam 2009
chiém 40% (Bang 1) va y thirc sir dung tiét kiém,
hiéu qua dién nang ndi chung va dién nang sinh hoat
no6i riéng van con chua cao. Piéu nay xuét phat tir
viéc khong hiéu biét vé& hé théng, vé thiét bi, cling
nhu chua c6 kién thice vé 1am thé nao dé st dung hi¢u
qua dién nang. Nhim nang cao nhan thue, tra 101 mot
phan cho céu hoi lam cach nao dé sir dung t6i wu, can
sira chita nang cAp gi, bai bdo nay gidi thidu mot giai
phép do nang luogng tiéu thu trong hd dan cu giup
nguoi dan thiy dugc muc dién niang ma ho dang sir
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dung tai gia dinh minh mét cach truc quan trong thoi
gian thyc, mé ra kha nang st dung dién hi€u qua hon.

Béang 1. Tiéu thu dién theo nganh trong khoang thoi gian
2005-2009 ([4])

Stt Danh muc 2005 | 2006 | 2007 | 2008 | 2009
(%) | (%) | (%) | (%) | (%)
1 [Néng nghiép 13 11| 10] 10] 09
2 |Cong nghiép 458 | 474 | s0 | 507 | 50.6
3 |Dich vy (Thuong mai,
khach san va nha hang) 49 1 48 1 48 1 48 | 46
4 CQL:“’“ Iy vatieudingdan | 45 o | 459 | 406 | 40.1 | 40.1
5 [Khac 41 | 38 37|35 ] 37

Mo hinh trinh bay trong bai bio nay duoc trién
khai thyc hién tai mot ho gia dinh cu thé & thanh phd
Quy Nhon véi cac thiét bj dién dan dung phd bién
nhu: diéu hoa, tu lanh, quat, ndi com dién, may giat.

Bai bao dugc td chirc nhu sau: Phan 2 cua bai
béo trinh bay so d6 va ciu triic co ban cua thiét bi do
céc thong s6 dién; Phan 3 trinh bay khai quat vé may
tinh mini Raspberry Pi va cach thic hién thi cac
thong tin vé dién ning can thiét; Phan IV trinh bay do
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dién nang tiéu thy ciia cac phy tai dan dung dién hinh
va df) thi phy tai cua hd gia dinh trong 24 gio; Phan V
1a két luan.

2. H¢ thong do

Nham thu thap dir liéu chi tiét lién quan dén cac
phu tai quan trong trong ho gia dinh, mot hé thong do
cong suat va nang luong da diém da duoc xdy dung.
Pé dam bao tinh linh hoat trong van hanh, lép dat va
trién khai, cac nat duoc két ndi véi nhau theo md
hinh RF Mesh va két ndi voi trung tdm qua mot
gateway (node 0) [2,3,4] (Hinh 1).

Rasphary

Hinh 1. M5 hinh d& xuit RF Mesh (4 node) két hop
v6i may tinh mini Raspberry Pi.

2.1 Thiét bi do

Trong md hinh Hinh 1, mdi nut 1a mot thiét bi
do c6 kha nang thu thap gia tri dong dién, dién ap, tan
s6, cong suét thuc ciia phuy tai can do trong thoi gian
thuc. Céc thong tin nay dugc hién thi tai chd va gui
vé thiét bi trung tdm thong qua két ndi khong day. So
dd khdi nut do dwoc trinh bay trong Hinh 2 va mach
hoan thién cua niit do duge biéu dién & Hinh 3.

o] e | [comm
O E T (@ MSP | RF
Voltage sensing 7753 430F5419 CC1101

Hinh 2. So dd khéi cac nit do trong mang.
Mot niit do gdm 3 phan chinh (Hinh 2):

- ADE7753 [6] dugc thiét ké chuyén dung dé do
dong, 4p va cong suét cia phu tai (bao gdbm cong
sudt tac dung, phan khang va biéu kién) véi do
chinh x4c cao phtt hop véi chuan IEC 61063 va
IEC 1268.

- MSP 430F5419 [7] déng vai tro bo xu li trung
tdm cua nut dicu khién qua trinh do, nhan két qua
va quan li truyen thong.

- RF CC1101 [8] 14 IC truyén thong khong déy, co
tinh nang tiét kiém nang luong va van hanh da
tan. IC nay dwoc ndi véi vi didu khién bang giao
tiép SPL

Hinh 3. Mach hoan thién cua nut do.

2.2 Thiét bi Trung tim

Thiét bi trung tim 13 mdt may tinh nhing
Raspberry Pi chay hé diéu hanh Linux. Dir liéu thu
duogc duge ghi vao co sd dit liéu phuc vu cac bai toan
thong ké va nhan dang sau nay. Viéc tuong tic voi
nguoi dung dugc xdy dung qua hai giao dién: giao
dién tai chd va giao dién tir xa thong qua trinh duyét
web. Giao dién tai chd dugc hién thi trén man hinh
gan truc tiép voi cong video HDMI cuia Raspberry Pi.
Giao dién giam sat tr xa dugc xdy dung dudi dang
cac trang web, cho phép nguoi dung st dung cac
trinh duyét web bat ki dé giam sat. Ca hai giao dién
déu hién thi trong thoi gian thuc cc thong tin: Thir
nhit cong suat thyc tic thoi cla cac thiét bi dang sir
dung (Hinh 4a); Thi hai d thi cong suat cua cac thiét
bi trong khoang thoi gian do (Hinh 4b). Trong trudng
hop cong suat sir dung vuot ngudng quy dinh s& c6
canh bao xuét hién trén man hinh.

Giao dién tai chd va tir xa cho phép ngudi sir
dung biét duge mure dién nang hién tai minh dang st
dung 1a cao hay thip, c6 hop li chua, nguyén nhan
tién dién tang rdi tir d6 ¢6 didu chinh phi hop.

PIEL KHIEN THIET B
Gs 1

Gs2

G52

; scrxrrrey(b)
Hinh 4. Trich doan giao dién hién thi thong tin cong
sudt cua cac thiét bi khdo sat: dang tirc thoi (a) va
dang bicu d6 (b)
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3. Thir nghiém khao sat dién ctia h{ gia dinh

Nham danh gia hiéu qua cia viée sir dung dién,
hé théng do da nut cam bién dugc trién khai lap dat
trong mét h gia dinh gom 4 ngudi (2 nguoi 16m, 2 tré
em) & thanh phé Quy Nhon. Viéc khao sat duoc tién
hanh 2 giai doan: giai dogn m¢t, khao sat sy hoat
dong ciia cac phu tai dién hinh trong nha (nhu may
giat, tu lanh, ndi com dién, 4m dun nudc) nhim tim
hiéu dic trung cua tung loai phuy tai, ting kién thirc
ctia ngudi dung vé dic trung cua timg loai phu tai;
giai dogn hai, khao sat sy tiéu thy cong suat tong cua
ca ho gia dinh trong mot tuan, nhdm cung cap thong
tin vé viéc st dung dién theo gid trong ngay va theo
ngdy trong tuln, 1am co s¢ dé cha nha c6 thé ty danh
gia sy hop li trong viée sir dung dién va c6 y thirc hon
ve viée su dung dién va tiét kiém dién. Cac thong tin
s& dwoc giri vé mach chu Raspberry Pi dé luwu trir va
hién thi 1én man hinh TV.

3.1 Giai doan 1

O giai doan 1, viéc khao sat duoc tién hanh véi
tan sO lay miu 1 lan/gidy. Két qua cua cic thu
nghiém trong giai doan mét duoc trinh bay ¢ Hinh 5.
De don gian viéc phan tich, & day chi trinh bay cong
suét tac dung va dién ap dau vao cia timg phu tai khi
thir nghiém. Truc hoanh la thoi gian thir nghiém thue
té trong ngay. Hinh dang va gia tri dién ap ngoai viéc
bi chi phdi boi cong suét ciia tai khao sat, con bi anh
hudng boi cong sudt tirc thoi ciia cac phu tai khac
trong nha, ciing nhu dién 4p ludi (quyét dinh boi gio
cao diém/thdp diém). Cac loai phu tai duoc khao sat
bao gdm: tai thuan tré, tai bién thién theo chu ki nhu
may git, tai hoat dong theo kiéu dong/cit nhu tu
lanh, diéu hoa.

Tai thuan tré v6i ché do lam viée tat/bat trong
mot khoang thoi gian xdc dinh dugc khao sat bao
gom 4m dun nuéc, ndi com dién, binh néng lanh.
Am dun nu6c: day 1a phu tai thudn trd, co cong suat
twong ddi 16n (800 W). Hinh 5a biéu dién twdng minh
su thay ddi cua dién ap khi Am dang hoat dong va
khong hoat dong kéo theo su thay doi dién ap trong
nha 7V tuong ung vdi 3% dién ap dinh mtc (220V).
Tuong ty véi phu tai Noi com dién hoat dong 62 ché
d6 tai nang va nhe. Khi chuyén tir ¢ tai 450W vé
khong tai, dién ap tang tir 210 V 1én 230V tuong tng
2.3% dién ap dinh muc (Hinh 5b). Chu yéu cac phu
tai ndy nam trong bep, phuc vu viéc ndu nuéng hang
ngdy, va co xac suat s dung dong thoi cao, anh
huong 16n dén dién ap va chat lugng dién trong nha.

Pdnh gid: Sut dp qua khao sat cho thay duong
day dién trong nha dugc thiét ké chua dung, c6 kha
nang gay sut ap hon 10% dat bi¢t trong cac truong
hop cac phu tai sir dung dong thoi.

Am dun nwéc

8 5

Biéndp U (V)

L —TY

23:00:00
23:22:00

Diéu hda

c.

Hinh 5. Thir nghi¢m déc tinh tai cla cdc phy tai thong
dung trong h¢ gia dinh. a. phy tai 4m dun nuéc, b. phy tai
noi com dién, c. phu tdi mdy gidt, d. phu tai ti lanh, e. phu
tai dieu hoa

Pé xudr: Dé cai thién hiéu qua st dyng dién co
thé chuyén tir ché d6 van hanh binh néng lanh phuc
vu bép lién tyc sang ché do van hanh khi can (khi
chuén bi nau nuéng). Mit khac nhu di phan tich ¢
trén, binh nong lanh khi str dung dong thoi v6i am
dun nudc va ndi com dién c6 thé kéo theo sut ap
ngoai gidi han cho phép. Giai phdp tam thoi cho van
dé nay la bat binh nong lanh truéc khi niu mot
khoang thoi gian, khi ndu sé& tit binh néng lanh va tap
trung dién phuc vu cac phu tai ndu nudng khac nhu
ndi com dién, bép dién. Sau khi két thic néu, trong
qué trinh dung com, binh néng lanh s& dugc bat néu
can dé dam bao c6 nude nong dé rira bat khi két thic
bira an. Thoi quen cta cac hd gia dinh ¢ Viét Nam la
an xong s€ rira bat ngay.

Trong trudng hop c6 tra tién dién theo gio hodc
theo cong suat dinh, c6 thé phdi hop viéc sir dung
binh néng lanh va 4m dun nude dé han ché viée qua
cong suat dinh hodc tra tién dién cao vao gio gia dién
cao. Xuét phat tir thuc t& 4m dun nudc c6 cong suat
16n nhung thoi gian sir dung rat ngan, nude cua binh
néng lanh cé thé xem nhu mot dang nang lugng du
trit, co thé thay doi thoi gian bat nong lanh tir lac cao
diém (gia cao) sang thép diém (gia thap), ¢6 thé tam
thoi tat binh néng lanh trong ngan han (khi bat 4m
dun nudce) dé tranh qua cong suét dinh.
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Tu lanh: cling dugc van hanh theo ché do bat/tit
(Hinh 5d). O ché d6 van hanh binh thuong, anh
hudng cua phu tai nay dén Iu6i dién nha khong déng
ké vi cong suét twong dbi thap (nho hon 100W). Dic
diém van hanh cta phy tai dang nay l1a chénh léch
cong suét giira hai ché do bat tat 1a 70W.

May giat: ddy 1a phu tai c6 ché do van hanh rd
rang nhét (Hinh 5¢). Ché d6 van hanh thong thuong
clia mdy gidt bao gom: 1 dén 2 lan Giat, Xa, Vit. Qua
phu tai dién ta co thé thay rd rang cac bién dong cong
suét twrong Ung véi cac pha: khoi dong may cho nude
vao, Gijt, Xa va Vit véi cac khoang nghi gitta cac lan
on dinh twong ng véi thoi gian xa nude (lwong nude
khong ddi). Bt ddu ciia mdi pha 1a cic dinh cong
sudt twong ng v6i qua trinh khoi dong dong co. Pha
cubi cung 1a pha vt véi dic trung 13 dong khoi dong
nho, tai lién tuc trong 5 phat. Anh hudng cua phu tai
nay dén dién 4p trong nha khong rd do cong suat cua
may giat nho.

Diéu hoa: phu tii co che do hoat dong bat/tat
xen k& nhau. Chu ki dong cét thuong 6n dinh trong
mdt thoi gian dai. Chu ki hoat dong theo gid co tinh
6n dinh cao gitra cic ngdy trong tudn. Cong sut trung
binh cua diéu hoa theo ngay c6 anh huéng boi thoi
tiét. Cong sut diéu hoa twong dbi 16n nén ciing anh
huéng twong dbi dén dién ap tong cta ho gia dinh.

3.2 Giai doan 2

Giai doan 2 duoc lfhéo sat dudi hai khia canh 1a
dién ap va nang lugng tong theo thoi gian thyc.

Vé dién ap, két qua khao sat dwoc trinh bay
trong Hinh 6, Hinh 7.

13 v 10
13 10
12191515 nntt?®

Hinh 6. Phin bd dién 4p vao cia ho theo cac ngay
trong tuan

Ta thdy di¢n 4p bién thién nhiéu gitta cic gio
trong ngay va cac ngay trong tun & cung mot thoi
diém trong ngay. Nhin chung dién 4 ap bién thién trong
giéi han cho phép, khung gio 18h dén 21h 14 it bién
dong nhat. Sau d6 vao lic 18h dién ap sut rat nhiéu.

10

Piéu nay chimg t0 ti€u thu tap trung chu yeu vao
khung gio 18h dé chuan bi bira t6i. Vi vay néu can sur
dung binh néng lanh, can 1ap trinh cho binh hoat
dong trong khung gid 17h vé trudce 1a hidu qua nhét.
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Hinh 7. Phan b theo gi¢ cua dién ap trung binh cua
cac ngay trong tuan

Chi tiét tinh hinh sir dung dién ning cua ho gia
dinh dwoc tap hop do thi & Hinh 8. Hinh a dén hinh g
1a phén bd cong sut cia cac ngay tir chu nhat dén thir
7; Hinh h 1a Phan bd cong suat trung binh theo gid
clia cac ngay trong tuan. Tir cac do thi nay ta c6 nhan
xét sau.

Thir nhét, vé& dinh tinh, cac dic trung thong ké
vé phu tai theo ngay, cu thé 1a gia trj trung binh cong
suét st dung tai cac thoi diém khac nhau trong ngay,
khong c6 nhiéu théng tin bang viéc xét riéng timg dd
thi str dung cu thé. Piéu nay c6 thé duoc giai thich 1a
do c6 su khong dong bo trong viée st dung cac thiét
bi trong nha dan dén viéc tinh toan théng ké s& lam
md cac déu 4n thong tin vé hoat dong cua timg phu
tai riéng biét. Trong cac do thi phu tai riéng biét theo
ngay (Hinh 8a dén g) ta co thé dé dang xac dinh cac
thoi diém s dung diéu hoa ciing nhu 4m dun nudc,
trong khi & do thi théng ké gia tri trung binh Hinh 8h)
thong tin nay khong con 1 nira.

Thtr hai, hoat dong cua ti lanh c6 thé dugc théy
rd qua vi¢c thay ddi cong suét c6 chu ki, dat biét 1a vé
dém khi sb phu tai giam va chu ki béat tat cta ta lanh
khong bi anh hudng béi cac yéu té dong/mé ctra cia
nguoi su dung.

Thir ba, diéu hoa dugc st dung thudng xuyén
vao mot khoang thoi gian nhit dinh vao ban dém
cling nhu vao budi trwa. Thoi diém va thoi gian moi
lan st dung 4m dun nu6c thay ddi theo nhu cau cua
ngudi dung.

Thtr tu, hoat dong cua 4m dun nudce co thé dugce
thay rd qua cac dinh nhay vot cong suat trong cac do
thi.
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Thir nam, hoat déng ciia may giat co thé duoc
phat hién qua dau 4n cta chu ki vat cudi cing. Chu ki
nay dugc dic trung béi mot xung cong suat dugce tiép
theo boi 5 phit cong sudt & mirc cao tuong Gmg véi
viéc khoi dong dong co vat va vét trong 5 phit.

Thir sau, can h ludn tiéu thy mot luwong cong
suét khoang 200 w, cong sudt tiéu thu cua can ho ludn
16n hon 200w tai moi thoi diém trong ngay va moi

ngay trong tuan, day c6 thé 1a ddu hiéu cia viéc su

P {w} chis nhit

a. Chu nhat

W

d. Thur 4

g. Thtr 7

b. Thir hai

e. Thu 5

dung chua téi wu dién ning.Qua trao ddi v6i ngudi
dung va ra soat lai cac phu tai trong nha, ching t6i da
phat hién ra luong dién nang tiéu thu nay 1a hé thong
dén cho trang thd va mot may tinh dé ban chay
thuong tryc. Tir day chii nha da dong ¥ thay hé thong
bong qua nhot bang bong led tiét kiém dién va ddi
ché d6 van hanh clia may tinh dé ban tir lién tuc sang
chi bat khi can dung dé giam tiéu hao ning luong
dién khong can thiét.

f. Thir 6

h. Trung binh

Hinh 8. Phan bd cong suét tong cua ho gia dinh theo gid theo cac ngay trong tuan. Hinh a dén hinh g 1a phéan b6
cong suat cua cac ngay tir chu nhét dén thir 7; Hinh h 1a Phén b6 cong suat trung binh theo gid cua cac ngay

trong tuan.
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4. Két luan

Bai bao di gidi thiéu mot hé thong do dién ning
trong thoi gian thuc va bai toan ap dung chang dé
budc dau giai quyét viéc nang cao y thirc sir dung
dién hogp 1i va hiéu qua st dung dién & cac hd gia
dinh. Budc dau bai bao da dat dugec mot sb6 két qua
sau:

Thir nhat, bai bao chimg minh duoc kha ning
phat hién thoi dlem s dung cua cac phu tai dién
thong qua cac diu 4n cua chiing ma chi can ding mot
nut do tong Piéu nay dic biét ¢ y nghia vi n6 cho
phép chi can lip mot thiét bi do tong thay vi lip nhiéu
thiét bi do trén cac nhanh khac nhau & trong nha giam
chi phi trién khai ung dung. Thoi diém st dung va
thiét bi sir dung 1a mot thong tin quan trong trong viéc
st dung hop li va hiéu qua st dung dién trong ho gia
dinh.

Thir hai, viéc trién khai lip dat hé thong giam
sat nang luong trong thoi gian thuc da cung cép thong
tin sir dung dién cho nguoi dung, néng cao kién thirc
cua ho vé viéc str dung hop li, tiét kiém, cu thé 1a phat
hién cac phu tai hiéu suét thip, khong hiéu qua nhung
tiéu thu dién nang cao (nhu deén tho va may tinh trong
truong hop di duoc dé cap trong bai béo).

Trong tuong lai, cac kién thic trong bai bao ¢
thé duoc sur dung dé xay dung mot hé théng canh bao
gitip ngudi ding phat hién cac hién tuong bét thuong
trong s dung dién nhu: ti lanh dong chua kin, quén
tat bép, quén tat diéu hoa. Khi trlen khai vao thue té
véi cac kién thire thu duge tir nhu ciu thuc té va thoi
quen st dung cua minh, ngudi ding c6 thé ty minh
(hodc véi sy giup d& cua hé thdng tro giup) diéu
chinh hanh vi st dung dién ciia minh nham st dung
hiéu qua dién hi€u qua hon (vi du: 1ap lich st dung
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binh néng lanh khi dién ap luédi dud, trdnh céac thoi
diém dién ap thap hodc khong dung dong thoi véi cac
phu tai cong suat cao trong nha

Tai liéu tham khao

[1] Bertoldi, P., and Atanasiu, B. Electricity consumption
and efficiency trends in the enlarged european union.
Tech. rep., European Commission, Institute of
Environment and Sustainability, 2007.

Erol-Kantarci, Melike, and Hussein T. Mouftah.

"Wireless sensor networks for smart grid
applications." Electronics, Communications and
Photonics Conference (SIECPC), 2011 Saudi

International. IEEE, 2011.
(3]

Erol-Kantarci, M. H. "Pervasive Energy Management
for the Smart Grid: Towards a Low Carbon Economy.
Pervasive Communications Handbook, Eds. SIA

Shah, M. Ilyas, H. T. Mouftah." (2011).

[4] Erol-Kantarci, Melike, and Hussein T. Mouftah. "The
impact of smart grid residential energy management
schemes on the carbon footprint of the household
electricity consumption." Electric Power and Energy

Conference (EPEC), 2010 IEEE. IEEE, 2010.

Quyét dinh s6 1208/QD/TTg ngay 21/07/2011 cia
TTg Chinh phu vé Quy hoach phat trién dién lyc quoc
gia giai doan 2011-2020 tam nhin 2030 (Tong so do
VII).

[6] Analog Device, ADE7753 datasheet,
http://www.analog.com/static/imported-

files/data_sheets/ADE7753.pdf

[7T MSP430£5419 product homepage, Texas Instruments,

http://www.ti.com/product/msp430£5419

CC1101 product homepage, Texas Instruments,
http://www.ti.com/product/cc1101



	1. Mở đầu0F
	2. Hệ thống đo
	2.1 Thiết bị đo
	2.2 Thiết bị Trung tâm
	3.1 Giai đoạn 1
	3.2 Giai đoạn 2


