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Bai bao trinh bay vé phén tich thiét ké va ché tao thiét bi do ning lwong trong mach 1 pha, irng dung trong
toa nha thong minh. Thiét bi nay dwoc phat trién dwa trén vi diéu khién Pic18f87j72, trong dé sir dung
bién dong dé do dong dién va sir dung mach phan ap dé do dién ap. Phan mém thu thip s6 liéu ciaa thiét bi
thong qua maAy tinh giam sat dwoc xay dung trén Visual Studio, cho phép nguoi ding dé dang kiém soat

cac so liéu do dwgre.

Tir khéa: thiét bi do ning lwong, thudt gidi, truyén thong ZigBee.

Chi s6 phén loai 2.2

DESIGNING THE ONE PHASE
ENERGY MEASURING DEVICE
APPLIED FOR SMART BUILDINGS

Summary

This paper presents the analysis, design
and implementation of an energy
measuring device in the one-phase
circuit as a result of application of
intelligent buildings. This device was
developed based on the microcontroller
Pic18187j72, including the current
measurementusingcurrenttransformers
and the voltage measurement using
potentiometer circuit. A data collection
software on a computer was written on
Visual Studio, allowing users to easily
monitor measurement data from the
device.

Keywords: energy measuring device, the
algorithm, ZigBee.
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Gioi thiéu

Nha thong minh c6 thé hiéu 1a nha Gmg dung cong nghé tu
dong hoa lam cho con nguoi c6 cudc séng thuan tién hon. Hién
c¢6 nhiéu nghién ciru lién quan dén nha thong minh, trong do6
¢6 thé ké dén cac nghién ciru lién quan dén céc thiét bi tiéu thy
nang luong thap st dung song wifi ding cho tu dong hoa toa
nha [1], cac Gmg dung trén cac nén tang di dong nhu Android,
i0S... cho hé thdng nha théng minh [2]. Ngoai ra, con c6 nghién
ctru vé nha thong minh tich hop tinh ning tiét kiém ning luong,
quan ly nang lugng thong qua vi¢c phan tich cach thic str dung
clia nguoi tiéu dung [3, 4], va xdy dung hé thong nha thong
minh dya trén cong nghé nhung, truyén thong 3G, truyén thong
Zigbee nham khic phuc cac nhuogc diém vé tinh roi rac don 1¢,
kha nang truy cép yéu, tao ra hé théng linh hoat ca ciu trtic phz‘?tn
cimg va phan mém [5, 6]. Cac nghién ctru vé van dé sir dung
thuat nglt nha thong minh mot cach chinh xac va khoa hoc trong
khong gian theo vi tri va moi truong lam viée cling duoc néu ra
trong [7].

Viéc nghién ctru phat trién thiét bi do nang lugng 1 pha véi
nhiéu tinh ning linh hoat dua trén vi diéu khién van 12 huéng
nghién ctru dang dugc quan tdm. Viéc lam chu cong ngh¢ cling
nhu dua san pham vao sir dung thuc té trong cac toa nha 1a muc
tiéu cia nghién ctru nay.

Thiét ké thiét bi do va giam sat nang luong 1 pha

So d6 khoi

Mo ta vé hé théng do ning luong trong toa nha dugc thé hién
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trén hinh 1, trong d6 thiét bi do ning lugng (thiét bi 1,
thiét bi 2...) 1a cac phan tir trong hé thong.
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Hinh 1: so @6 khoi ciia hé thong

Mo ta vé thiét bi do nang luong dwoc thé hién trén
hinh 2, dong dién (1), dién 4p (U) can do dugc dua
qua bién dong, mach phan ap qua bo loc thong thap
vao khdi xtr 1y trung tdm thong qua chip Pic18f87j72
ctia MICROCHIP dugc thiét ké chuyén dung cho dong
hd do dién tir v6i hiéu sudt tinh toan cao, hoat dong
v6i nhidu chire nang ADC (Analog digital converter)
¢6 do chinh xac, diéu khién man hinh LCD (Liquid
crystal display) linh hoat. Tai day, cac thuat toan dugc
ap dung dé xtr 1y tin hiéu do; sau khi hiéu chinh s&
thong qua giao dién, truyén phat va hién thi ¢ cac dang
khéc nhau.
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Hinh 2: so dé khéi thiét bi do nang hrong

Thiét ké phén cirng
Do dong dién:

Phuong phap do dong dién xoay chiéu dugc tom
lugc trén hinh 3. Bién dong ¢ nhiéu uu diém vé chit
luong do, dé thuc hién va gia thanh thép nén duoc lua
chon 1a giai phap do trong nghién ctru nay. C4u tao cia
no6 gidng véi bién ap, bao gdbm 2 cudn day va 1 15i tir,
2 cudn day dugc goi la cuon so cép va cudn tha céip.
Cudn so cp thuong chi c¢6 1 dén 2 vong day, cudn
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thir cip c6 toi hang nghin vong ddy. Dong dién xoay
chiéu trong cudn so cap tao ra 1 tir truong xoay chiéu
trong 101 tur, tr truong nay gay ra 1 dong dién xoay
chiéu trong cudn déy thir cdp. Muyc tiéu quan trong khi
st dung bién dong 1a dong dién trong cudn thir cap s&
tuyén tinh voi dong dién trong cudn so cap.
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Hinh 3: heu d@6 cdc phwong phdp do dong dién

Do dién ap:

M6 ta vé do dién ap duoc thé hién trén hinh 4, trong
nghién ctru nay st dung dién tré phan ap két hop véi
mach loc thong théap, trong d6 tin hiéu do dugc dua
vao bd AFE (Analog Font End), chung dugc thiét ké
dé dap ung céc tiéu chuan do luong qudc té, tich hop
nhiéu tinh nang khuéch dai, loc, bu pha, chuyén doi
dugc dién 4p am, voi do phan gidi lon (16 dén 24 bit)
va co thé 1ap trinh dugc. BO ADC su dung thuét toan
nham giam thoi gian nhan ri trong chuyén doi, cai
thién chi sé6 THD (d6 méo song hai). Truéc mdi bd
chuyén dbi 1 bo khuéch dai (PGA), khuéch dai cac tin
hiéu yéu, cho phép dién ap nho di qua, cho phép tich
hop cac cam bién dién ap, dong dién nhu: bién dong,
bién 4p, dién tré shunt, cudn day rogowski. ..

Thiét ké phan truyén thong:
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Hinh 4: heu d6 cdc phirong phdp do dién dp

Phan truyén thong duogc chia lam 2 khéi riéng biét,
khéi thir nhat thyc hién nhiém vu truyén dit liéu 1én
may tinh théng qua USB phuc vu cho viéc g& rdi
chuong trinh va hi¢u chinh thiét bi. Mach st dung chip
PL2303 két hop thém cdp Optocoupler 6N137 nhim
dam bao an toan tuyét d6i cho mdy tinh, cach ly hoan
toan khoi thiét bi (hinh 5).

GNoIso

W

BARRIERS ;

‘lich C18 GNDED

W 0

Xt

I:I C16
" CRISTAL

—T
W e
URN St
Ri

50

weu R O

0F
E Ri4

REN pLLTEST [ B ! B

V028 D PLL

RO VIOPL [ | GOS0 2z e

RN LD MDSHTD wo—L"—0

G0 TRLSAE P

o s |3 o

WN VG 7 RI3 @0

XON RS |veos

CEN G RIS SN

SN VI3 oo

EE (K 'wtgm' mm

gun pHE—Qr i e

L2303
PACKAGESSSOP28

SNoIsO
GNoso

Hinh 5: so' dé két ndi truyén théng véi may tinh
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Khdi thir 2 thue hién nhiém vu truyén dit lidu vé
trung tim thong qua truyén thong Zigbee/GPRS va
module F8913 cua hang “Four-Faith” tuin theo tiéu
chuan IEEE 802.15.4, dai tan: ISM 2,4~2,5 GHz (hinh
0).
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Hinh 6: so dé két néi truyén thong Zigbee

Thiét ké phan mém
Phan mém viét cho vi diéu khien:

Phdn mém dugc viét theo luu dd hinh 7, sau khi
duoc Cé.p nguén, thiét bi s& khai dong cac tinh nang can
thiét, sau 3s dé may tinh guri 1€nh hi¢u chinh Xuéng, khi
thiét bi nhan dugc 1énh hiéu chinh, né s& bat c& hiéu
chinh lén “1”, cho phép Iuu lai cac gia tri hi¢u chinh
dugc may tinh giri xudng vao EEPROM, néu qua 3s
ma khéng nhan dugc 1énh hi€u chinh, thiét bi sé tu
dong léy cac gia tri hi¢u chinh trt EEPROM da duoc
hiéu chinh trudc d6 hoac léy cac gia tri mac dinh trong
chuong trinh. Sau do, thiét bi s& hoat dong dua trén sy
diéu khién cua may tinh, néu may tinh gui Iénh hoat
dong xudng, n6 s& cho phép ngit AFE, cho phép thiét
bi 14y mAu tin hiéu trén 2 kénh dau vao, khi da 512
mau s& bat co két thiic qua trinh 14y mau 1én 1, thiét bi
tinh toan cac thong s can thiét sau d6 guri 1én may tinh
va hién thi ra man hinh LCD. Khi may tinh guri 1énh
dimg hoat dong thi thiét bi s& dimg va khong cho phép
ngat AFE. Néu phat hién ra dién ap du6i mic dd dinh
s& xay ra ngit “Low voltage detected” cho phép luu
lai gid tri dién nang da su dung vao EEPROM, tranh
truong hop bi mat dit liéu.
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Hinh 7: luu d@6 thudt toan viét cho vi diéu khién
(H/C: hiéu chinh; HP: hoat dong)

Phan mém gidm sat:

Phan mém giam sat cai dit trén may tinh trung tam,
duoc viét trén Microsoft Visual Studio, thuc hién chirc
nang thu thap dir liéu tur cac thiét bi gui vé, luu trit, vé
db thi tirc thoi cua U va I, v& d thi dién ap hiéu dung
U _RMS, dong di¢n hi¢u dung I RMS, nang lugng tiéu
thy, coso theo gio, ngay, thang (hinh 8).
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Hinh 8: so' dé tinh ndng phan mém gidm sdt

Chuong trinh ¢6 kha ning tu dong phat hién cong
COM khi c6 1 thiét bi duoc két ndi véi may tinh, thong
bao cho ngudi giam sat biét tinh trang két ndi véi thiét
bi, ban tin dugc truyén nhan thanh cong hay that bai...

Giao dién chuong trinh s€ ty dong thay ddi theo lya
chon cua nguoi giam sat sao cho phu hgp, khi nguoi
giam sat thay doi loai dd thi thi tén va thang do trén do
thi ngay lap tirc s& thay d6i. Thoi gian két thiic thay doi
phu thudc vao thoi gian bit dau, dam bao thoi gian két
thac luon 16n hon thoi gian bat dau (hinh 9).
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Hinh 9: thiét ké giao dién chwong trinh gidm sat
Két qua nghién ciu

Budc dau, nhém nghién ctru da tién hanh thir nghiém
mach vdi céc tai 1a thuan tré. Cac tai thir nghiém nay
c6 san trong phong thi nghiém ctia Vién K§ thuat Diéu
khién va Ty dong hoa, Truong Pai hoc Bach khoa Ha
Noi, phuc vu cho cac nghién cuu vé thay ddi tinh chét
ctia tai. Céc thong tin vé thiét bi do, két qua dong dién,
dién ap duoc thé hién trong phﬁn sau. Do sai s cua
linh kién, c4c loai nhiéu, diéu kién thoi tiét, va nhiéu
yéu t6 khach quan, thiét bi do duoc hiéu chinh bang 1
may phat tin hiéu chudn, phat ra tin hiéu c6 cac thong
s6 nhét dinh, sau d6 st dung thiét bi, do tin hiéu duoc
tao ra, so sanh két qua va tién hanh hiéu chinh sao cho
dat d6 chinh xac nhu may phat tin hiéu chuan (hinh
10).

Hinh 10: chay thir nghiém voi tai thuan tré

Mach do nhan céc thong s6 ctia mach 1 pha tur tai
can do; dir liéu sau khi duoc tinh toan béng bo AFC
dugc giri dong thoi dén ZigBee va may tinh, thé hién
trén hinh 11. Két qua ban dau cho thiy, thiét bi hoat
dong tot, ngay ca khi mot s6 nhidu dugc tao ra trong
qua trinh thtr nghiém thi cac thuat toan cai dat trong
vi diéu khién da dé dang tim ra cac diém bat dau cua
chu ky tin hiéu xoay chiéu dé tir d6 xac dinh duoc cac
thong sb lién quan nhu goc pha, hé s6 cong suat.
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Hinh 11: gia tri do duoc va vé do thi trén may tinh
Ket luan

Céc két qua dat duoc cho thay, thiét bi do ning
luong trong mach 1 pha da hoat dong 6n dinh trong
phong thi nghiém. Hién thiét bi dang duoc phat trién
thém céac thuat toan dé tang sy linh hoat khi ap dung
vao thyc té, trong d6 c6 thé ké dén 1a viéc cho phép
ngudi dung giam sat sé liéu vé niang lugng thong qua
céc thiét bi di dong.

Budc dau truyén thong giira thiét bi va may tinh
giam sat duoc thuc hién théng qua giao tiép USB da
hoat dong tdt. Dy kién budc tiép theo s& trién khai
thong qua mang GPRS/3G dé cho phép nguoi ding co
thé giam sat cac s6 liéu do thong qua mang vién thong.
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