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Bai bio trinh bay vé phan tich thiét ké va ché tao thiét bi do ning lweng trong mach 1 pha, ing dung trong
toa nha thong minh. Thiét bi nay dwoc phat trién dua trén vi didu khién Pic1887j72, trong dé sir dung
bién dong dé do dong dién va sir dung mach phén ap dé do dién ap. Phan mém thu thip s6 liéu ciia thiét bi
thong qua may tinh giam sat duge xay dung trén Visual Studio, cho phép ngudi dung dé dang kiém soat

cac s0 liéu do dwgre.

Tir khéa: thiét bi do ning lwong, thudt gidi, truyén théng 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
Pic18f87j72, including the current
measurementusing currenttransformers
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.
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Gidi thiéu

Nha thong minh c¢6 thé hiéu 1a nha ung dung cong nghé tu
dong hoa 1am cho con ngudi c6 cude séng thudn tién hon. Hién
¢6 nhiéu nghién ctru lién quan dén nha thong minh, trong d6
6 thé ké dén cac nghién ctru lién quan dén cac thiét bi tiéu thy
ning lugng thap sir dung song wifi dung cho tu dong héa toa
nha [1], cac tng dung trén cac nén tang di dong nhu Android,
iOS... cho hé thong nha thong minh [2]. Ngoai ra, con ¢6 nghién
ctru vé nha théng minh tich hop tinh nang tiét kiém nang luong,
quan 1y nang luong thong qua viéc phan tich cach thirc st dung
cua nguoi tiéu dung [3, 4], va xay dung hé théng nha thong
minh dya trén cong nghé nhing, truyén thong 3G, truyén théng
Zigbee nham khic phuc cac nhugc diém vé tinh rdi rac don 1¢,
kha ning truy cap yéu, tao ra hé thong linh hoat ca cdu triic phan
ctng va phan mém [5, 6]. Cac nghién ciru vé vin dé sir dung
thuat ngir nha thong minh mot cach chinh xac va khoa hoc trong
khong gian theo vi tri va moéi truong lam viée cling dugc néu ra
trong [7].

Viéc nghién ctru phat trién thiét bi do nang lugng 1 pha véi
nhiéu tinh nang linh hoat dya trén vi diéu khién van la hudng
nghién ctru dang dugc quan tam. Viéc lam chu cong nghé cling
nhur dwa san pham vao sir dung thyc té trong cac toa nha la muyc
tiéu cua nghién clru nay.

Thiét ke thiét bi do va giam sat nang luvong 1 pha

So do khdi

M5 ta vé hé thdng do ning lugng trong toa nha duoc thé hién
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trén hinh 1, trong do thiét bi do nang luong (thiét bi 1,
thiét bi 2...) 1a cac phan tir trong hé thong.
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Hinh 1: so do khéi ciia hé thong
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Mo ta vé thiét bi do ning luong dugc thé hién trén
hinh 2, dong dién (I), dién ap (U) can do dwoc dua
qua bién dong, mach phéan ap qua bd loc thong thap
vao khdi xur Iy trung tim thong qua chip Pic18f87j72
ctia MICROCHIP dugc thiét ké chuyén dung cho dong
hd do dién tir v6i hiéu suét tinh toan cao, hoat dong
v6i nhiéu chirc naing ADC (Analog digital converter)
¢6 d6 chinh xac, diéu khién man hinh LCD (Liquid
crystal display) linh hoat. Tai day, cac thuat toan duoc
ap dung dé xur Iy tin hiéu do; sau khi hiéu chinh s&
thong qua giao di¢n, truyén phat va hién thi & cac dang
khéc nhau.
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Hinh 2: so do khdi thiét bi do ning hrong

Thiét ké phan ciing
Do dong dién:

Phuong phap do dong dién xoay chiéu dugc tom
lugce trén hinh 3. Bién dong c6 nhiéu vu diém vé chat
luong do, dé thuc hién va gia thanh thép nén duoc luya
chon 14 giai phap do trong nghién ctru nay. Ciu tao cua
n6 gidng vai bién ap, bao gdm 2 cudn day va 1 13i tir,
2 cudn day duoc goi la cudn so cép va cudn thir cép.
Cudn so cap thuong chi ¢c6 1 dén 2 vong day, cudn
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thir cap co t6i hang nghin vong ddy. Dong dién xoay
chiéu trong cudn so cip tao ra 1 tir truong xoay chiéu
trong 101 tur, tir truong nay gy ra 1 dong dién xoay
chiéu trong cudn day thir cip. Muc tiéu quan trong khi
sir dung bién dong 1a dong dién trong cudn thir cap sé
tuyén tinh v6i dong dién trong cudn so cip.
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Hinh 3: heu do cdc phirong phdp do dong dién

Do dién dp:

Mo ta vé do dién ap dugc thé hién trén hinh 4, trong
nghién ctru nay sir dung dién trg phan ap két hop véi
mach loc thong théip, trong d6 tin hiéu do duoc dua
vao bd AFE (Analog Font End), chung duoc thiét ké
dé dap ung cac tiéu chuan do luong qudc té, tich hop
nhiéu tinh nang khuéch dai, loc, bu pha, chuyén doi
duoc dién ap am, voi do phan giai 1on (16 dén 24 bit)
va c6 thé lap trinh dugc. BO ADC su dung thuat toan
nhim giam thoi gian nhan rdi trong chuyén ddi, cai
thién chi s6 THD (d6 méo song hai). Trudc mdi bd
chuyén d6i 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 ap, dién tro shunt, cudn day rogowski...

Thiét ké phan truyén thong:
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Hinh 4: heu d6 cac phirong phép do dién dp

Phan truyén thong dugc chia lam 2 khdi riéng biét,
khéi thir nhét thuc hién nhiém vy truyén dit liéu 1én
méy tinh théng qua USB phuc vu cho viéc g& rdi
chuong trinh va hi¢u chinh thiét bi. Mach sir dung chip
PL2303 két hop thém cip Optocoupler 6N137 nhim
dam bao an toan tuyét ddi cho may tinh, cach ly hoan
toan khoi thiét bi (hinh 5).
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Hinh 5: so dé két néi truyén théng véi may tinh
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Khdi tht 2 thue hién nhiém vu truyén dir liéu vé
trung tim thong qua truyén thong Zigbee/GPRS va
module F8913 cua hang “Four-Faith” tuan theo tiéu
chuan IEEE 802.15.4, dai tan: ISM 2,4~2,5 GHz (hinh
0).
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Hinh 6: so' do két ndi truyén thong Zigbee

Thiét ke phan mém
Phan mém viét cho vi diéu khién:

Phan mém duoc viét theo luu dd hinh 7, sau khi
duoc c?ip nguén, thiét bi s& khoi dong cac tinh nang can
thiét, sau 3s ¢é méy tinh giri 1énh hi¢u chinh xudng, khi
thiét bi nhan dugc 1énh hidu chinh, né s& bat cd hiéu
chinh 1én “1”, cho phép luu lai cac gia tri hiéu chinh
duoc may tinh giri xudng vaio EEPROM, néu qué 3s
ma khong nhan duogc 1énh higu chinh, thiét bi s& tu
dong léy cac gia tri hiéu chinh tr EEPROM da duoc
hiéu chinh trudc d6 hodc l'fly cac gia tri mac dinh trong
chuong trinh. Sau do, thiét bi s& hoat dong dua trén su
diéu khién cta may tinh, néu may tinh giri 1énh hoat
dong xudng, nd s& cho phép ngit AFE, cho phép thiét
bi ldy mau tin higu trén 2 kénh dau vao, khi du 512
mau sé& bat co két thuc qua trinh la”iy mau 1én 1, thiét bi
tinh toan cac thong s6 can thiét sau d6 giri 1én may tinh
va hién thi ra man hinh LCD. Khi may tinh giri 1énh
dimg hoat dong thi thiét bi s& dimg va khong cho phép
ngit AFE. Néu phat hién ra dién ap dudi muc da dinh
s& xay ra ngit “Low voltage detected” cho phép luu
lai gia tri dién nang da st dung vao EEPROM, tranh

truong hop bi mat dir ligu.
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Hinh 7: luu do thudt todn viét cho vi diéu khién
(H/C: hiéu chinh; HD: hoat dong)

Phan mem giam sat:

Phan mém giam sét cai dat trén may tinh trung tam,
duoc viét trén Microsoft Visual Studio, thuc hién chie
nang thu thap dir li€u tr cac thiét bi gl vé, luu trir, v&
d6 thi tirc thoi cia U va I, v& do thi dién ap hiéu dung
U _RMS, dong dién hiéu dung I RMS, nang luong tiéu
thu, cose theo gio, ngay, thang (hinh 8).
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Hinh 8: so do tinh ndng phan mém gidm sdt
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Chuong trinh ¢6 kha nang tu dong phat hién cong
COM khi c6 1 thiét bi dugc két ndi v6i may tinh, thong
bao cho nguoi giam sat biét tinh trang két ndi v6i thiét
bi, ban tin dugc truyén nhén thanh cong hay that bai...

Giao di¢n chuong trinh s€ ty dong thay ddi theo lua
chon cua nguodi gidm sat sao cho phu hop, khi nguoi
giam sat thay ddi loai do thi thi tén va thang do trén do
thi ngay 1ap tirc s& thay doi. Thoi gian két thuc thay doi
phu thudc vao thoi gian bit ddu, dam bao thoi gian két
thiic ludn 16n hon thoi gian bit dau (hinh 9).
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Hinh 9: thiét ké giao dién chirong trinh gidm sdt
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Két qua nghién ciu

Budc ddu, nhom nghién ciru da tién hanh thir nghiém
mach v&i cac tai 1a thuan tro. Céc tai thir nghiém nay
¢6 sin trong phong thi nghiém cta Vién Ky thuat Dicu
khién va Ty dong hoa, Truong Pai hoc Bach khoa Ha
Noi, phuc vu cho cac nghién ctu vé thay ddi tinh chét
clia 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 nhidu, diéu kién thoi tiét, va nhiéu
yéu t6 khach quan, thiét bi do dwgc hiéu chinh béng 1
may phat tin hiéu chuén, phat ra tin hiéu c6 cac thong
s6 nhét dinh, sau d6 sir dung thiét bi, do tin hi¢u duoc
tao ra, so sanh két qua va tién hanh hiéu chinh sao cho
dat 6 chinh x4c nhu may phat tin higu chuén (hinh
10).

Hinh 10: chay thir nghiém véi tdi thuan tré

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

Cac két qua dat dugc cho thay, thiét bi do ning
luong trong mach 1 pha di hoat dong 6n dinh trong
phong thi nghiém. Hién thiét bi dang dugc phat trién
thém cac thuat toan dé ting sy linh hoat khi ap dung
vao thuc té, trong d6 c6 thé ké dén 1a viéc cho phép
nguoi dung giam sat sb liéu vé nang luong thong qua
céc thiét bi di dong.

Bu6c dau truyén thong giita thiét bi va may tinh
giam sat dugce thuc hién thong qua giao tiép USB da
hoat dong tot. Du kién budc tiép theo s& trién khai
thong qua mang GPRS/3G dé cho phép ngudi ding co
thé giam sét cac s6 lidu do théng qua mang vién thong.
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