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Abstract. A study on the power consumption monitoring in order to find out an energy saving
solution is an important topic which has been interested by many scientists. In this study, the
Goertzel algorithm is used to analyze the current and voltage signals of the load, followed by
the power and electric consumption on the load calculations. By using Goertzel algorithm,
number of calculation was reduced, which is suitable for vary of microprocessors. Theoretical
studies were verified by simulation by Matlab software and a tested device using
STM32F103C8T6 microprocessor. Moreover, the power comption values measured from the
tested device are approximate to those obtained from a commercial equipment of Esy Logic
PM-2100 (Schneider Electric).
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Tém tit. Nghién ciru tim ra giai phap tiét kiém ning luong dang 1a van dé duoc rat nhiéu nha
khoa hoc quan tdm nghién ctru. Trong nghién ctru nay, ching téi st dung thuat toan Goertzel
dé phan tich tin hiéu dong dién va dién ap cap cho tai, trén co s d6 tinh ra cong suat va dién
ning tiéu thu cua tai. Viéc st dung thuat toan Goertzel gitip lam giam s phép tinh nén phu
hop voi nhiéu dong Vi xtr 1y. Céc nghién ctu ly thuyét duoc kiém ching bang mé phong boi
phan mém Matlab va mé hinh thiét bi thyuc sir dung vi xir Iy STM32F103C8T6. Hon nita, thuc
nghiém do cong sut tiéu thy mot so tai cho thdy két qua st dung thiét bi thir nghiém tiém can
v6i két qua do tir thiét bi thwong mai Schneider Electric PM-2100.

Tiwr khoa: do cong sut tiéu thy, thuat toan Goertzel, diéu khién va giam st dién nang.

© 2021 Truong Pai hoc Giao thong van tdi

1. PAT VAN PE

Do nang lugng dién ¢ Viét Nam dugc thyc hién rat pho bién tir cac co quan xi nghiép den
timg ho dan. Nhiéu doanh nghiép da ché tao va cung cap cac thiét bi do dién niang véi cip
chinh xac theo cac tiéu chudn hién hanh. Tuy nhién, v6i muc tiéu danh gia chi phi nang lugong
cia mot ho gia dinh hay doanh nghiép CO su dung céc thiét bi co cong suat khac nhau, can
nhiéu b do ning lugng gan véi ting thiét bi. Dan dén gia thanh cua hé thong kha 16n va kha
nang kiém soat nang lugng cho ting thiét bi han ché. Vi sy phat trién cta cong nghé IoT cho
phep két ndi dir liéu tir nhiéu nut mang trong cung nha may hay ho gia dinh, nguoi s dung co
thé quan 1y va giam sat ning luong cia ting thiét bi. Nho d6 phat hién ra cac bat thuong va co
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giai phap lya chon cac thiét bi dién phu hop hon vé& mit tiét kiém ning luong. Do phai st
dung mét sé luong 16m, cac thiét bi do ning lugng nén phai ¢ gia thanh hop ly va cac chi tiéu
k¥ thuat khac véi cac cong to dién tir hién tai [1, 2] dang duoc sir dung phd bién.

V6i phuong phap do néng luong nhu ¢ cong trinh [3, 4], cho phép xac dinh chinh xac
cong suit hiéu dung va ning luong sir dung bién d6i Fourier nhanh FFT, tuy nhién khdng phu
hop cho cac Chip vi xtr 1y gia thanh ré. Dé sir dung cac dang Chip ndy can c6 giai phap nang
cao hiéu nang cua chung béng cach tdi vu thuat toan giam khéi luong tinh toan. Thuat toan
Goertzel da dugc ing dung rat hiéu qua dé xac dinh tan s0 trong dién thoai quay sd DTMF (3]
nh¢ phan tich phd tin hiéu dé blet duoc phim nao duoc an, voi bai todn nay sir dung tan sb lay
mau 1a 8KHz v6i s6 1an 14y mau 1a 205. Tai chuong 4 cua tai liéu [6] so sanh khéi lwong tinh
toan va thoi gian tinh toan khi thuc hién FFT va thudt toan Goertzel, cho thiy véi thudt toan
Goertzel cho phép giam khéi lugng tinh toan khi phan tich phd tin hiéu.

Trong cong trinh [7] d xut timg dung thuét toan Goertzel dé kiém tra dong dién xody st
dung Chip FPGA. Trong [8] dua ra phuong phap phan tich pho tin hiéu Gmg dung trén vi xu ly
cua hang ST Microelectronics cho thay kha nang &p dung trén mach thyc.

Tom lai, tng dung thuét toan Goertzel trong bai todn do cong suit va ning lugng dién
chua dugc dugc cong bd nhiéu dic biét tai Viét Nam. Trong nghién ctru nay, chung toi dé
Xuat giai phap st dung thuat toan Goertzel dé phan tich tin hiéu dong dién va dién ap, trén co
s& d6 tinh cong suat va dién nang tiéu thu cua tai. Phuong phap tinh toan cong suit va ning
luong dugc tich hop vao phan mém nap cho vi xtr Iy trong mach ché tao thir nghiém, ngoai ra
n6 con c6 kha niang két ndi véi cac thiét bi nhu Smartphone dé quan 1y va giam sat tir xa.

2. PHUONG PHAP TiNH TOAN NANG LUQNG PIEN
2.1. Dién ap mdt pha song sin
Dién 4p ttrc thoi cua ludi dién c6 dang:
v=+2Vsinat (V) (1)
trong do6: V 1a gia tri dién ap hiéu dung cua ludi dién
w=27f 1atin sd goc cua dién &p (rad/s)
f1a tan sb dién ap ludi dién (Hz)
t 1a thot gian (s)

Goi ¢ la goc 1€ch pha gitra dién ap va dong dién qua tai, néu dong dién cham pha hon so
v6i dién &p thi biéu thic cua dong tire thoi qua tai i(t) dugce xac dinh theo (2):

i =v/21sin(wt—-p) (A) )
trong do: I 1a gia tri hiéu dung cua dong tai.

Theo tiéu chuan IEEE Std 1459-2010 [9] thi gia tri cong suét tiéu thy tirc thoi cia tai p:
p=vi=+2Vsinwty2 Isin(at - )
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= p =Vl cosp[1-cos(2at)]-VIsingsin(2at) ©)

bat: P=Vlcose; Q=Vlsing 4)
Cong suat biéu kién: S=VI (5)
Ta co: P=P,+ P (6)
trong d6: p, =P [1— COS(Za)t)] (7)
=—-Qsin(2wt) (8)

Thanh phan pa 13 cong suit hiéu dung tao nén tiéu hao ning lugng wa trén tai:

j P(t—t, ——[sm (20t) —sin (20t ) ] (9)
b

Ttr (7) nhan thay: Cong suat hiéu dung gém 2 thanh phan, P 1a cong suit thuc (hay cong
suat tich cuc) va cong suat ndi tai —P cos(2wt). Cong suat ndi tai thé hién qua trinh truyén

niang luong cho tai, thanh phan dao dong nay khong lam mét cong suét chung cua dién ludi.

Thanh phan pq 13 cong suét phan khang tao nén ning lugng phan khang wq:

w, ::{ p,dt :—%[cos(Za)t)—cos(Za)to)] (10)

Nhu vay cac dai luong can tinh toan 1a:cong suét hiéu dung P, cong suat phan khang Q va

hé s6 cong suat: PF:§:COS(D (12)

2.2. Pién ap mét pha séng khong sin

Trong qua trinh lam viéc cua hé thong dién, co thé tao ra céc tin hiéu dién ap c6 song hai
béc cao tron vao ngudn dién c6 tan s co ban, 1am cho dién ap ludi co dang khong sin, gia tri
dién ap ludi dugce xac dinh theo cong thuec:

V=V, +V, (12)
Trong do: vi ladién ap song hai co ban v, = «/EVlSin (ot —a) (13)
v ladién ap song hai bac cao v, =V, + JEth sin(hat -« ) (14)

h=#1
Tuong tu co6 gia tri dong dién qua tai:
i =i, +i, =v2lsin(wt— £)+1,+v2 1, sin(hat - 4,) (15)

h=1
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T+KT
Gi4 tri hiéu dung cua dién ép: V = % j vadt (16)
1 T+kT
Gi trj hi¢u dung cua dong dign: 1= . j i%dt (17)
T

Theo [10] thi gié tri cong suat duoc tinh theo cong thirc:
P=P.+P, (18)
Voi:

D, =Volo + 2V, 1,c05¢, [ 1-cos(2hat —2c, ) | (19)
h

:—thlhsmgohsm(Zha)t 201,)+2) D V1 sin(mot —a,, )sin (not - 3,)

+2V, > Isin(hat - 8, ) ++21, > V,sin(het - ;) (20)
h h
@, =, —a;,: dugc goi la goc 1éch pha gitra di¢n ap va dong di¢n song hai thur h

Cong suat hiéu dung thanh phan séng hai co ban: P, =V,I,cose, (21)

Cong suat hiéu dung thanh phan khong phai song hai co ban:

Py =V,ly + D V,1,c059, (22)

]
Cong suat biéu kién song hai co ban: S, =V, (23)
Cong suét biéu kién khong phai séng hai co ban: S, =,/S*—S? (24)
Cong suat phan khang: N =+/S% — P? (25)

H¢ s6 cong suat song hai co ban:

PF, =cosg, = L (26)
S,
Hé sb cong suat: PF = P__R+R (27)

S /SZ+S?
2.3 Thyc hién thuit toan do ning lwgng trén chip xir 1y tin hi¢u s6

Céc tham sd cin xac dinh d6i v6i bo do niang lugng gdm: dién ap hiéu dung (V), dong
dién hiéu dung (A), cong suat hi¢u dung (W), nang luong ti€u thy trén tai (Wh) va hé s6 cong
suat.

147



Tap chi Khoa hoc Giao thong van tai, Tap 72, S6 2 (02/2021), 143-157

Pé tinh toan cac dai lvong nay dau tién can phai roi rac hoa tin hiéu dién ap va dong dién
turc thoi bang bd ADC véi thoi gian trich mau lya chon trudce (Ts).

Theo phuong phap truyén théng [3], str dung thuat toan xac dinh diém 0 dé tinh goc léch
pha gitra dién 4p va dong dién

YT
- >
i L Yme
i tm+li/; R
i 7 v
Yi-1 i le '
| o
g th

Hinh 1. D4 thj x4c dinh diém 0 cua tin hiéu diéu hoa.
Chu ky thuc té cua tin hiéu: Ti=maTs
S6 1an lay mau quy doi:

m, =m+ i + Yo
Vil +|Yica] Yl ] Y]

(28)

Trong cong thirc (28):

m 14 tong s6 1an ldy mau trong mot chu ky tin hiéu,véi chu ky 14y mau Ts (m 13 sb
nguyén)

Ma 12 s6 1an 1dy mau quy doi, dwoc hiéu chinh tir m. Do chu ky thyc té cua tin hiéu khong
14 boi s6 ciia chu ky ldy mau Ts nén ma 14 s6 thap phan.

yi1, Ym 12 bién d6 cta tin hiéu trude khi qua diém 0
Yi, Ym+1 12 bién do cua tin hi¢u sau khi qua diém 0.

Nho cong thue (28) co thé xac dinh duoc chu ky tin hi€u va thoi diém tin hiéu di qua
diém 0 chinh xé4c hon.

St dung bién d6i Fourier nhanh FFT trong khoang thoi gian Ti x4c dinh bién d6 va pha
cta cac song hai cua tin hiéu dong dién va dién ap.
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Hinh 2. Tin hiéu dién ap va dong dién.
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Hinh 3. Pic tinh tan sb st dung FFT.

Tuong Gmg v6i cac tan sd song hai xac dinh duoc gia tri hiéu dung cua dién ap va dong
dién theo cac cong thuc (16) va (17). Cong suat hi¢u dung dugc tinh theo (21) va (22), hé so
cong suat dugc tinh theo (27).

Gia tri nang lugng tiéu thy: E, = E,_, + PT,

Trong d6: Pila cong suit hiéu dung ciia budc tinh thir i, Ei1 1a ning lugng cta budc tinh
trude do.
2.4 Ung dung thuit toan Goertzel trong bai toan do niing lwong
Thuat toan duge Goertzel dua ra dé tinh thanh phan tht k DFT cua tin hiéu {x[n]} véi
N-1

chidu dai N: X[k]=3 x[n]e “™N  véik=0,1,...,N-1 (29)

n=0
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Coi gia tri X[k] 1a tich chap cua tin hiéu x[n] va hk[n]:
N-1 jZ;z'k

x[n]e
-0

N h [m—n] (30)

>

Nhu vay: Y, (N)=X[k]

Nhu véy thay bang viéc tinh cong thirc (29) dé tim ra phd tin hiéu thi tinh dap tng ra cua
hé thong tuyén tinh IIR v&i dap tmg xung {hk[n]} & cong thirc (30).

D¢ thuan ti¢n cho viéc giai bai todn nay, chuyén doéi sang mién z co:

= > h[n]z Z ]z =3 e e (31)
n=-o0 n=0
Bién ddi z nguoc ta c6 phuong trinh sai phén:
.27k
Y [n]=x[n]+e' VY, [n-1]  vei Y, [-1]=0 (32)
Dit bién trung gian: S(z) = ;(;i) (33)
1-2cos (Nj A
Sau mot vai phép bién dbi ta co:
27k
Hk[z]=Yk(Z)=Yk(z) 5(2) =[1—eJNJz‘1 . (34)
X(2) 8(2) X(z) 1—2cos(27|\rlka‘l+z‘2
Nhu vay dé tinh Yk[n] can thyc hién qua 2 budc:
-Tinh S[n]=x[n ]+2cos(2N jS[n 1]-S[n-2] (35)
2k
-Tinh Y, [n]=S[n]-e "N S[n-1] (36)

Véi cac diéu kién S[-2]= S[-1]=0

Luc nay thuat toan (36) khong hoi quy, gia tri ctia Yk[n] khong can tinh theo gia tri Yi[n-1]
trude do.
-2 : ,
Do X [k] =Y, [n] =S [n] -e NS [n —l] nén dé tinh X[k] chi can thuc hién phép nhan

.27k 27rk

véie N mot 1an duy nhat, khac véi (32) 1a phai thuc hién phép nhan voi sd phirc e N
v6i N lan, vi vay giam cac bude tinh toan cho vi xir Iy, ting toc do tinh toan cho hé théng.

So sanh vé khdi lwong can tinh toan giita FFT va Goertzel thé hién ¢ bang 1 [9].
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Bang 1. Bang so sanh s phép tinh giira phuong phap FFT va Goertzel.

Phuong | S6phéptinh | S6 phép tinh | S6 phép tinh
phap nhan so thuc | cong so thuc luong giac
FFT AN? 4AN? 2N?

Goertzel 2NZ2+2N 4N? 2N

Ta thiy khi sir dung Goertzel sé phép tinh lwong gidc giam di dang ké.
3. KET QUA MO PHONG VA THU NGHIEM

3.1 Két qua mé phong

Cac kich ban md phong duge thyc hién nhu sau: tinh dién ap hiéu dung, dong dién hi¢u
dung, cong suét hiéu dung va hé sb cong suat qua tai v6i cac truong hop dién ap cap ngudn la
song sin, song khong sin (c6 hai bac cao) voi cac dang tai khac nhau (thuan trd, cd cam
khéng, tai phtrc hop gém ca thuan trd, cam khang va tu dién).

Tién hanh thuc hién mé phong theo luu d6 gdm 7 budc nhu sau:

- Buoc 1: Chon tan so trich mau tin hi¢u Fs=10Khz, ro1 rac tin hiéu dién ap va dong dién
dau vao.

- Buoc 2: Lya chon tan so can phan tich pho tai cac diém lan cén véi tan so6 dién ludi (hai
co ban) va hai bac cao cua no.

- Burde 3: Su dung thuat toan (35) (36) phan tich pho v& d6 thi va x4c dinh phan thuc va
phan 4o cua tin hiéu dién 4p va dong dién tai cac tan s6 lwa chon & budc 2.

_ - Budc 4: Khoi phyc tin hi¢u dién ap va dong dién (cong thue (12),(15)) ¢ dang tin hi¢u
di€u hoa tuong tng vdi cac song hai khi str dung cac dir liéu ¢ budc 3.

- Bude 5: Xac dinh goc 1éch pha giita cac tin hiéu dién ap va dong dién tai cac tan sd song
hai.

- Buoc 6: Tinh dién 4p va dong dién hi¢u dung (cong thic (16), (17)) .

- Buoce 7: Tinh cong suat hiéu dung cua timg song hai (cong thirc (21),(22)) va cong suit
hiéu dung tong.

St dung phan mém mo phong Matlab 2014a thyc hién 2 phuong phap tinh cong suat:
Phuong phap 1 theo truyen thong - xac dinh chu ky theo (28) va phuong phap 2 str dung thuat
toan Goertzel (36) dé phan tich phd song hai tin hiéu dong dién va dién ap qua tai va tinh
cong suit theo cong thirc (21), (22). Xét cac trudng hop sau:

- Trueong hop 1: Pua dién ap song sin v(t) = x/ilOOSin(ZnSOt) vao mach c6 cam khang
nhan dugc dong dién tai i(t) = /225sin(2750t — g) .

e Tinh toan theo phuong phép 1:
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N
Gia tri hiéu dung: V= /%sz(i)
i=1

trong d6: N 14 s6 14n trich mau tin hiéu trong 1 chu ky.

Tinh d6 léch pha gitra tin hiéu dong dién va dién ap bang phuong phéap xac dinh khoang
thoi gian tin hi¢u dién ap va dong dién qua diém 0 (cong thirc 28).

2 . £ 12 x . iR an 2 .
Q= 27t voi A 1a s6 lan trich mau gitra thoi diém dién ap qua diém khong va dong dién
qua diém khong.
Cong suit hiéu dung duoc tinh: P=VIcos(¢)

150

N

50

Bien do

Fsa -

) \
\/

-150
0 50 100 150 200 250

Thoi gian 0.1ms

Hinh 4. Tin hi¢u dién ap va dong dién song sin.

150 T T T T T
(o) — DFT,
---@ DFT,
Phiv(50H2)=O rad
Phi(50Hz)=0.7854 rad
100 ~ b
o
o
c
Q
m
50~ b
p
0 r r o I r o 09
40 60 80 100 120 140 160

Tan so (Hz)
Hinh 5. Pic tinh tin sb song sin.
e Tinh toan theo phuong phap 2: Phan tich pho tin higu dién ap va dong dién.

Ap dung cong thirc (21) va (22) de tinh cong suat hiéu dung. Két qua cho thay tin hi¢u
dong dién va dién ap ciia dic tinh tin s6 ¢ hinh 5 tring véi tin hiéu dau vao, do d6 cong suét
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hi¢u dung tinh bang phuong phap 1 va phuong phap 2 bang nhau (P=1767,8W). Nhu vay voi

truong hop tai thuan tré (goc léch pha giita dong dién va dién ap bang 0) két qua cua 2
phuong phép 1a nhu nhau.

- Truwong hop 2: Khi 6 tac dong nhiéu Gauss vao ngudn cip:
v(t) = +/2100sin(2r50t) + 2randn(size(t))

_Cong sudt hiéu dung theo phuong phap 113 1762,8W (léch 0,28% so véi khi khong co
nhicu), trong khi v&i phuong phap 2 1a 1768,2 W (1éch 0,022%).

- Truwong hop 3: Pua dién 4p song khong sin cip cho tai

v(t) = +/2[100sin(2750t) + 25sin(211501) ]

nhan dugc dong dién tai: i(t) = 2 [255in(2n50t - g) +100sin(2m150t + g)}

200

7, £y | mm— i(t) H
150 i N (t)
1 1
L 1 [\
100\ s Fo fd i A=
\ H \ H \ i\
1 1 !
\ { \ ! \ ;A
O SO H \ H 1 ! \
o \ ! 1 ! \ ! !
\ \
S o - A
(O] \ ! | i 1 i i
= \ ! V! \ { \ !
R L\ Voo S
\ 1 \ \ 1 1 H
\ H Vi \ { \ /
100 ] N/ A R
v \/w v
\
-150 S S W
-200
0 50 100 150 200 250

Thoi gian 0.1ms
Hinh 6. Tin hi¢u dién &p va dong dién khong sin.

150 T

T T T T

¢ —@ DFT, 9
---@ DFT,
100 -
o
©
c
Q
o)
50
(] q
0 > - - O - L 000
40 60 80 100 120 140 160
Tan so (Hz)

Hinh 7. Pho tin hiéu song khong sin.
Tuong tu nhu trén st dung phuong phap 1 tinh P= 9466,9W, Vims=103V, Ims=103A va
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0=0,048 rad va theo phlIO'l’lg phé.p 2 la P=0 W, Vrms(SOhZ) =100V, |rms(50HZ):25A va ()
(50Hz) =1,5708rad, Vims(150hz) =24,93V, lms(50Hz)=100,24A va ¢ (50Hz) =-1,5708rad. O
day c6 sy khac biét 1on gilra 2 phuong phap, do tai c6 ca thanh phan dién cam va tu dién
(khong co6 dién tré thuan) nén cong sudt duoc tra vé ludi nhu vay phuong phap 2 cho két qua

chinh x4c con dbi voi phuong phap 1 do khong tinh dugc goc 1éch pha gitra dong dién va dién
ap dbi voi timg phd song hai nén két qua hoan toan khong ding.

Nhu v@y phuong phap 1 khong thé ap dung cho truong hop dién 4p khéng sin voi tai
khong phai thuan tro.

- Truong hop 4: Khi bd xung tac dong nhidu Gauss vao ngudn cip c6 dién ap khong sin.
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Hinh 8. Tin hiéu dién 4p va dong dién song khong sin ¢ nhiéu.
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Hinh 9. Pho tin hiéu séng khéng sin c6 nhidu.

Phuong phap 1 tinh P= 9467W, Vims=103V, Ims=103A va ¢=0,048 rad va theo phuong
phap 2 la P=4,48 W, Vms(50hz) =100V, Ims(50Hz)=25A va ¢ (50Hz) =1,5701rad,
Vims(150hz) =24,93V, Iims(50HZz)=100,23A va ¢ (50Hz) =-1,5707rad.

Nhu vay nhiéu 1am sai 1éch cong suat hiéu dung 12 4,48W.
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3.2. Két qua thir nghi¢m

Céu trac bo thiét bi do luong va giam sat dién niang trong nghién ctru nay duoc thé hién
trén hinh 10. Chirc nang cua cac khoi trong hinh 10 nhu sau:

- Khoi thiét bi do dién ap: c6 nhi€m vu do gia tri tirc thoi, roi rac hoa dién ap xoay chicu.

- Khéi thiét bi do dong dién: c6 nhiém vu do gia trj tc thoi, roi rac hoa dong dién xoay
chiéu.
- Mach bt diém 0: Po g6c 1éch pha gitra di¢n ap va dong dién trén tai, tir do tinh ra hé )

cong suat coso.

- Khéi Tinh toan: nhén tin hiéu tir cac thiét bi do dién ap, dong dién, goc 1énh pha gilra
dién ap va dong dién sau do tinh toan gia tri cong sudt tiéu thy, cudi cing 1a truyén dit liéu véi
Khéi diéu khién va truyén théng. Thuit toan Goertzel dugc cai dit va tinh toan cho vi xir 1y
STM32F103C8T6.

- Khdi diéu khién va truyén thong: 1a khoi két ndi giira cac thiét bi do va tinh toan véi
thiét bi Smartphone thong qua WiFi, dong thoi khoi nay cling lam nhiém vu ra 1énh dong/ngat
cac thict bi ti€u thu dién.

- Khéi co so dit liéu: truyén nhan va luu di lidu ctia hé thong trén cloud dong thoi dong
vai tro trung gian dé két noi gitta thiét bi giam sat (Smartphone) véi thiét bi diéu khién.

- Khéi thiét bi dong cit: dong cit dong dién cung cép cho Thiét bi tiéu thu dién.

- Thiét bj tiéu thu dién: g@)m cac thiét bi dan dung nhu den chiéu sang, quat,...

Co s¢ dir
. lidu > Smartphone
u(t) Thiét bi
— | dodiénap
AV,
£ biéu .
i(t) | Thietbi Khéi Tinh Khién va Thiét bi
—> do . toan truyén dong cat
/\/ dong dién thong
Thiét bi tiéu
Mach bt thy dién
diém 0

Hinh 10. So d6 cau trac bo thiét bi do luong cong suit.

Dé danh gia thoi gian thuc hién thuat toan Goertzel trén Chip vi xir Iy STM32F103C8T6
ta can cr vao bang 1. Véi tbe do xur Iy 50 MIPS thoi gian tinh 1énh nhan va Iénh cOng la
0,02us va ham luong giac (cos) 1a 20 ps. Chon s 1an trich mau N=200, tir bang 1 véi phuong
phap FFT can thoi gian 1,6s con v6i thudt toan Goertzel can thoi gian x4p si 1a 12ms.
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Mot s6 hinh anh thir nghiém bo thiét bi do dién ning tiéu thy dugc thé hién trén hinh 11.
STM32F10M
) Eﬁs

e @]
Ty B Rl

. n -
. —
]
|

a) b)

Hinh 11. a) B¢ thiét bi do dién ning; b) Két hop Bo thiét bi do dién niang va thiét bi da ning PM
— 2100 cta hang Schneider (Phép).

Bang 2. Bang so sanh gia tri cong suat do dugc giira thiét bi do dién ning va thiét bi thuong mai PM-

2100.
. Cong ‘Slli{it do dugggglzgiilfé: bi by chénh 1éch

Loai tai Lan do tiu’(_rc bang thiét do dién niing * | giira 2 thiet bi do
bi PM-2100 (KW) (KW) (KW)
Bone dén <o 1 0,1230 0,1248 0,0018
‘é‘(}f Z(fa‘vsv‘-" 2 0,1230 0,1238 0,0008
3 0,1230 0,1245 0,0015
] 1 0,0350 0,0359 0,0009
Q‘r;tvsay 2 0,0350 0,0351 0,0001
3 0,0350 0,0348 0,0002
Am dun 1 1,4930 1,5034 0,0104
nuée siéu 2 1,4930 1,5059 0,0129
toc 1500W 3 1,4930 1,5074 0,0114
1 1,6330 1,6789 0,0459
Taiténghep | 2 1,6330 1,6795 0,0465
3 1,6330 1,6782 0,0452

T bang 2 nhan théy So v6i thiét bi PM — 2100 déa dugc thwong mai hoa cua héng
Schneider (Phap) thi thlet bi dugc ché tao co sai s6 do 16n nhét 1a 2,85% (twong Umg voi tdi
tong hop), gia tri sai s6 niy ndm trong giGi han chap nhan dugc ctia Tiéu chuan do luong qubc
gia la dudi 5%.

4. KET LUAN

Viéc tinh toan cong suit hiéu dung va nang lugng ti€u thu véi hé théng dién c6 song hai
bac cao can phan tich pho tin hi¢u, néu sir dung bién doi Fourier nhanh FFT can khoéi lugng
tin todn lon trén vi xtr Iy khong dam bao thoi gian thuc trén cac thiét bi ¢6 gia thanh thap. Vi
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hé thong dién ludi, gia tri bien dong cua tan sO nam trong pham vi lan can tan s6 co ban
(50Hz, va hai bac cao cia 5S0Hz) nén thay bang viéc sir dung FFT dé xac dinh pho trén toan
dai chi can xéc dinh dac tinh tan so ¢ cac diém lan can nay.

Trong truong hop nay su dung thuat toan Goertzel cho phép giam khoi lugng tinh toan
(cong thire 35, 36). Cac két qua mo phong va thir nghiém trén thiét bi thuce cho thay dam bao
d6 chinh xac cia két qua do véi cac dang dién ap khac nhau ciing nhu tai khac nhau.

Céc nghién ctru tiép theo hudng t6i bai toan do cong suat cta hé thong dién ludi 3 pha.
LOI CAM ON
Nghién ctru ndy duogc tai tro boi Truong dai hoc Giao thong van tai trong dé tai ma sd T2020-
DT-005.

TAI LIEU THAM KHAO
[1]. Analog Device Enering IC with Autocalibration ADE915A, Technical Support 2018.

[2]. K. Gandhi, H. O. Bansal, Smart Metering in Electric Power Distribution System, Internaltional
Conference on Control, Automation, Robotics and Embedded System, 2013.

[3]. Y. Chen, J. Lan, Implementation of Power Measurement System with Fourier Series and Zero-
Crossing Algorithm, International Symposium on Computer, Consumer and Control, 2014.

[4]. L.S. Czarnecki, Budeanu and Fryze: Two frameworks for interpreting power properties of circuits
with nonsinusoidal voltages and currents, Electrical Engineering, 80 (1997) 359-367.
https://doi.org/10.1007/BF01232925

[5]. Texas Instrument, Modified Goertzel Algorith in DTMF Detection Using the TMS320C80, Digital
Signal Processing Solutions, 1996.

[6]. C. Sidney Burrus, Fast Fourier Transforms. Textbook of LibreTexts libraries, Rice University,
2020.

[7]. M. Kekelj, N. Bulic, V. Sucic, An FPGA Implementation of the Goertzel Algorithm in a Non-
Destructive Eddy Current Testing, International Conference on Signals and Systems, 2017, pp. 180-
184. https://doi.org/10.1109/ICSIGSYS.2017.7967036

[8]. A. Vitali, The Goertzel algorithm to compute individual terms of the discrete Fourier transform
(DFT), Design tip DT 0089, ST Microelectronics 2017.

[9]. S. Nuccio, A. Catalliotti, IEEE Standard: Definitions for the Measurement of Electric Power
Quantities Under Sinusoidal, Nonsinusoidal, Balanced, or Unbalanced Conditions, IEEE Std 1459-
2010, February 2010.

[10]. J. L. Willems, The IEEE standard 1459: What and why?, IEEE International Workshop on
Applied Measurements for Power Systems, 2010.

157


https://doi.org/10.1007/BF01232925
https://doi.org/10.1109/ICSIGSYS.2017.7967036
https://www.researchgate.net/profile/Jacques_Willems
https://ieeexplore.ieee.org/xpl/conhome/5605093/proceeding
https://ieeexplore.ieee.org/xpl/conhome/5605093/proceeding

