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ABSTRACT

In the operation of modern power systems, the state parameters of the system in real time need to be
calculated and measured with high accuracy in order to provide the data needed for assessment and control the
safety of the power supply and the economics of the system. This requirement can be implemented by using power
system state estimation methods and it is a main task of the electricity system control centers. Therefore, the main
purpose of this paper is to study and implement the power system state estimation algorithm by using a generalized
maximum likelihood estimation method. In addition, the conventional weighted least square method is applied in
power system state estimation problem. Both estimation methods are utilized to estimate the operation parameters
of the IEEE 57-bus system. The estimated values of voltage and bus angle by using two proposed methods were
compared with the state parameters of the IEEE 57-bus system.
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Uéc lwong trang thai van hanh lwéi dién str dung
phwong phap wéc lwong hop ly cwe dai tong quat

Lé Tuan H$""

'Khoa Ky thudt va Cong nghé, Truong Pai hoc Quy Nhon
Ngay nhan bai: 14/07/2019; Ngay nhdan dang: 14/08/2019

TOM TAT

Trong van hanh cac h¢ théng dién hién dai, cac thong sb trang thai cua hé théng trong thoi gian thuc can
phai dugc tinh toan, do dac véi d chinh xac cao nhim tao nén mot co sd dir liéu can thiét cho viéc danh gia va
diéu khién do an toan cung cp dién ciing nhu tinh kinh t& cua hé thdng. Yéu ciu nay duogc thyuc hién boi bai toan
udc lugng trang thai cua hé théng dién, va 1a mét nhi€ém vu chinh cta cac trung tam diéu do, diéu khién hé théng
dién. Vi vy, muc ti€u cua bai bao nay la nghién ctru va xay dung bai toan wdc lugng trang thai hé théng dién dua
trén phuong phéap uéc luong hop 1y cuc dai tong quat. Ngoai ra, bai bao ciing sir dung phuong phép truyén thong
thuong duoc dung dé uéc lugng trang thai hé thong dién 1a phuong phap binh phuong cuc tiéu ¢6 trong s6. Ca hai
phuong phap udc lugng dugce img dung dé wde lugng cac thong s6 van hanh ctia ludi dién chuan IEEE 57 nit. Cac
két qua wéc lugng cua dién ap va goc pha dién ap tir hai phuwong phap duoc so sanh véi cac thong s trang thai cua
lu6i dién chuan IEEE 57 nat.

Tir khéa: Phuieong phdp wéc lwong hop 1y cuwc dai tong qudat, phwong phdp binh phirong cuec tiéu cé trong so6, lwGi
dién chudn IEEE 57 niit.

1. PAT VAN PE ky tir 1 dén 10 gidy. Cac thong tin nay phai day
du dé& dam bao kha ning quan sat dugc cia hé
théng. Nhitng thong tin nay s& duoc xir 1y thong
qua chirc ning udc lugng trang thai va goi dén
ngudi van hanh dé giup dua ra cac phuong thirc

Theo quan diém udc lugng trang thai, hé
thong dién 1a mot ludi truyén tai cao ap rong 16n
bao gdm cac dudng diy va cac may bién ap ndi
dej:n cac niit. Cde mdy p,hét dién dong bo s& cung diéu khién cho cic nha may dién va tram bién ap.
cap mét lugng cong suat cho cac niit nay hodc tir o

Tuy nhién, ¢ day gdp phai van dé la cac
thong s6 do dém nay khong hoan thién: ching
khong chinh xéc, thim chi sai, hodc thiéu (thiéu
diém do hodc hu hong hé théng do va truyén sb
liéu). Sai sb cua cac phép do 1a khong thé tranh
khoi va do nhiéu nguyén nhan nhur:

c4c nat nay s& cung cip mot lugng cong suat cho
phu tai tiéu thy thong qua ludi dién phan phdi.
He¢ thong nay s& duoc giam sat boi cac trung tim
diéu khién va cung cap cac thong tin thu thap
duoc trong thoi gian thuc cho ngudi van hanh.
Céc thong tin nay c6 thé 1a tinh trang clia may cit

va mot tap hop cac thong tin do dém dugc. Trang v Sai 6 cua thiét bi do va méy bién ap/
thai ciia tat ca cic may cit s& mo ta hién trang dong do luong,

ctia ludi dién dang van hanh. Pbi v6i cac thong v’ Sai s cua khau bién ddi tuong tu - sb
tin do dém, chiing thudng duoc thu thap theo chu (dir liéu thuong duge truyén bang tin hiéu sb;

‘Tac gia lién hé chinh.
Email: tuanhole@qnu.edu.vn
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ncu truyén bang tin hi¢u tuong tu sai s6 con cao
hon nhiéu),

v/ Nhiéu trong kénh truyén,

v Bo dit liéu khong dong nhat vé thoi diém
do. Do héng s6 thoi gian cua thiét bj do, cua viéc
truyén sb liéu va do phuong phéap hoi - dap tuan
tu gitra trung tam diéu khién va cac RTU, ma do
1&ch thoi gian nay thuong tdi vai giay. Sai léch
con ning hon trong truong hop nhiéu hé thong
thu thap d li¢u tham gia dong goép cho mot co
so dit lidu ctia hé thong dién hop nhat.

Vi vay, cac phuong phéap udc lugng trang
thai hé thong dién di dwoc nghién ciru va phat
trién. Muyc tiéu chinh cia bai toan u6c luong
trang thai h¢ théng dién la str dung céc cong cu
toan hoc va xac suit thong ké dé wéc luong hai
thong sb trang thai hé théng co ban 1a modun
dién ap va goc pha dién ap cua tat ca cac nit dya
trén co so dit liéu vé cac thong s céu trac va
cac thong sb trang thai do. Phuong phép co ban
nhit thuong duoc sir dung dé woc luong trang
thai hé thong dién 1a phuong phap binh phuong
cuc tiéu c6 trong s6 (weighted least square
hay WLS) va dugc trinh bay trong nhiéu cong
trinh nghién ctru.>* Phuong phap nay duoc st
dung duya trén cac gia thiét sai s6 phép do trén
hé théng doc 1ap nhau va tuan theo ham phan
phdi chuan. Phuong phap binh phuong cuyc tiéu
c6 trong sb c6 dic diém 1a st dung quy luat
chiéu dir liéu xdu dua trén phﬁn du co6 trong sb
(weighted residuals) hodc phan du duoc chudn
héa (normailized residuals). Tuy nhién, dic
tinh cia nd bi suy giam nhiéu khi cac dir liéu
x4u xudt hién hodc khi khong biét ma tran hiép
phuong sai cua sai sb do cac hong hoc cua dung
cu, nhiéu loan xung thong tin, tinh bat dinh cta
mo hinh.’ Do dé, d han ché nhirng nhuoc diém
nay cua phwong phap binh phuong cuc tiéu co
trong sd cac phuong phap khac da dugc nghién
ctru va phat trién. Trong théng ké, phuong phap
¢6 thé xir 1y nhiéu trudng hop khac nhau cua dit
liéu x4u ma van dam bao tot hiéu qua udc luong
thong ké khi khong biét sai sd/nhiéu do luong d6
1a phuong phéap u6c lwong hop 1y cuc dai tong

quat. Phuong phép nay c¢6 uu diém 14 han ché sy
anh huong cia cac diém don bay xau (leverage
point) bang cach gi6i han ca sy anh huong cua
phan du va cta ca vi tri. Do d6, bai bao nay tap
trung vao vi€c xay dung chuong trinh udc luong
trang thai hé thong dién dua trén phuong phap
wée luong hop 1y cuc dai tong quat. T do, bai
bao phén tich két qua udc luong dat dugc tir
phuong phap dé xuit so véi két qua dat duoc tir
phuong phéap hay duoc str dung 1a binh phuong
cuc tiéu ¢co trong s6 va so voi két qua thyc cua
cac nit dé thdy dugc hiéu qua ciia phuong phap.
2. PHUONG PHAP UOC LUQNG BINH
PHUONG CUC TIEU CO TRONG SO
Gia thiét co ban ciia phuong phéap binh
phuong cuc tiéu ¢6 trong s6 [6], [7] 1a vecto sai
s6 e bao gom nhiéu bién ngiu nhién doc lap
tuan theo phan bd Gaussian, e;, cO gia tri trung
binh bang khong:
e~ N(0O,R) (1)
va ma tran hiép phuong sai da biét
R =diag(c?). )
St dung gia thiét nay, muc tiéu cua bai
toan 1a wdc luong vecto trang thai x bao gdm
dién ap ¥ va gocpha 6 tai tt ca cdc nut goi trir
nut quy chiéu. Nt nay duge goi 1a nut chuan va
thuong duoc dat béng 0. Do d6, vecto trang thai
X ¢6 n chiéu thuong duoc biéu dién nhu sau:
X:[91,925"'79N71>I/191/2,"',VN]Ta (3)

& day N 1a s6 nat cua hé théng va n = 2N — 1.
Vecto x lién quan dén vecto do luong m chiéu z
thong qua mo hinh phi tuyén.

z=h(x)+e 4)
¢ day h(D) 1a mot ham phi tuyén.

Dbit H =0h(x)/0x 1a ma tran Jacobian c6
Kich thudc (mxn) va

L=[ly,] )
s ALt s A x.
la cot thur 7 cua (R 2H). Moi vecto I, tuong

tmg voi mot phép do riéng va xac dinh diém
khong gian nhan tir cua uwdc lugng trang thai.
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Hampel [8] da chi ra rang ham anh hudng tong
IT ciia mot hoi quy X tai F bang tich cia ham
anh huéng vo huéng cia phan du, IR, va anh
hudng gia tri vecto trong khong gian nhan tu, IP.
Luu ¥ rang IR gidng véi IF trong truong hop mot
chiéu. Ham nay biéu dién nhu sau:

IT(2,X,F.LA|=IT(z%F)IP(LA)  (6)
o day
-1
IP(I,A)z(E[lxlT]) I 7)
va & day E[l xlT] la ma tran hiép phuong sai
cua vecto I, gia thiét nd c6 gia tri trung binh
bang khong. R& rang rang cac diém do khong
nhitng anh huong dén cac diém do khic ¢ xa
theo chiéu z (gia tri ngoai 1€ doc truc) ma con anh
huong dén cac khoang cach khac trong khong
gian nhén tir, thuong hay duoc goi 1a diém don
bay. Cac diém don bay trong udc luong trang
thai hé thong dién boi cac phép do ludng trong
cac truong hop sau:’

v Dong trén cac nhanh va cong suat bom
vao cac nut tuong ung voi nhanh tuong doi nho
so vo1 cac nut khac;

v/ Cong suat bom vao cac nat ma co so
lugng 16n cac nhanh.

Toan by ma tran Jacobian lién quan dén
cac phép do nhu vay tré nén 16n hon. Két qua la
ching ta c6 thé x4c nhan rang bat cir md hinh hé
thdng dién thuc té nao ciing c6 nhidu diém don
bay, thuong trong 1 mau nhom.

Muc tiéu cua phuong phap udc lugng
binh phwong cyc tiéu c6 trong s6 1a t6i thiéu hoa
téng binh phwong cua cac phan du co trong sd,
By =1,/0; , va c6 duge biéu thic:

=Y i =[z-h®] R'[z-hx)]. (8)
i=1
Diéu kién can dé J (;() dat gia tri cuc tiéu
1a dao ham cong thirc (8) theo x va cho bang
khong:

H’ ()R’ [z - h(i)] “H'(N)R'r=0, (9)

o day R
r=z-h(x), (10)

1a vecto phan du. Phuong trinh (9) thudong dugc
giai bang phuong phéap lip Gauss-Newton va co
duogc két qua

G(x; ) (X4 =% ) =H' (x,)R”' [Z—h(i)} (11)
¢ day x, la gid tri cua x tai phép lap tht £, va
G(x,)=H"(x,)R"H(x,) (12)

12 ma tran thong tin. Tuyén tinh hoa h(x) tai X

h(x)zh(§)+H(§)(x—§). (13)
Thay cac phuong trinh (4), (13) va cac
phuong trinh (9), (10), ta duoc:

co duoc

r=h(x)+e—h(x)[] e+H(§)(x—§) (14)

H (DR [z ~h(x)+HE)(x- ?;ﬂ =0. (15)
Do @0,
r=We, (16)
o day
W:I-H(HTR“H)% H'R (17)
la ma tran do nhay phan du ¢6 kich thudc (m xm).
Dudi gia thiét tuan theo ham phén phdi
Gaus, vecto phan du c6 gia tri trung binh bang
khong
E[r]=WE[e]=0, (18)
va ma tran hi€p phuong sai
00v[r]=E[rrT]=WR. (19)
3.PHUONG PHAP UOC LUQNG PE XUAT
3.1. Phuwong phap wéc lugng hop ly cue dai

Phuong phap uéc luwong hop 1y cuc dai dugc
nghién ctru va dé xuét trong tai liéu tham khao."°
Thay vi stt dung phuong trinh (8), phuong phap
nay dung dé i thiéu hoa tiéu chuan:

Zp[ ]Zp (7)), (20)

& day p 1a mot ham riéng cua phin du. Dé co
dugc gia tri cla x, ta 1dy dao ham phuong trinh
(20) theo x va cho bang 0, ta co:

D w () 1,=0. 21)
i=1
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Cac dang ham cuia p va v dugc dinh nghia
va phan loai trong tai liéu tham khao."

3.2. Phuong phap wéc luwgng hop ly cuc dai
tong quat

D3 c6 rat nhidu nghién ctiru dugc tién hanh
dé tim ra phuong phap ting cuong hi¢u qua cua
cac phuong phap udc luong hop ly cuc dai khi
xuit hién cac diém don bay xau; d6 1a phuong
phap wdc lugng hop 1y cuc dai tong quat (hay
wdc luong hdi quy anh huéng giéi han). Dang
phuong trinh wéc lwong (21) ¢6 thé duoc viét lai
dudi dang sau:

iu(li)‘/’(”mv(li)) [,=0. (22)

¢ day u(/)) va v(l)) 1a cac ham trong s6 ma vai trd
ctia nd 1a giam su anh huong cua cac diém don
bay dén két qua hdi quy. Trong hé thong dién, y
tuong khong chon cac hing s chuyén ¢ dinh
gidng nhau cho tit ca cac phan du c6 trong sd
nhung chon mot hang s chuyén b\/ﬁ

> gla tri
ctia hang s nay thay doi theo do léch chuén cia
ching theo phuong trinh (17). Pem so sanh phan
du duoc chuin héa nay véi b, mdi twong quan
nay cé thé duoc thiét 1ap nhu sau:

1 1
I )=—— = 23
V(l) u(l,.) VWi =

4. TRUONG HQP NGHIEN CUU

Trudng hop dung dé nghién ciru hidu qua
ctia phuong phap dé xuat 13 luéi dién tiéu chuan
IEEE 57 nut."? Ludi dién nay c6 57 nut trong do
c6 7 may phat, 42 phu tai, 17 may bién ap va
63 duong day nbi giira cac nut. So dd ludi dién
IEEE 57 nit dugc trinh bay ¢ Hinh 1. Dir liéu vé
cac thong s tong tra, tong dan cua cac nhanh va
dir liéu vé dién ap, cong suit tac dung va phan
khang ciia cac may phat, cong suat tac dung va
phan khang cua cac phu tai c6 thé tim thiy trong
tai lidu tham khao.”? Dir liéu vé dién ap, cong
suit di vao nit va cong sudt gitra cac nhanh dugc
mo ta trong Bang 1, trong d6 cac loai nut dugc
danh s6 1, 2, 3, 4, 5 lan luot ky hiéu cho loai nut
dién ap, cong suit tac dung bom vao nut, cong
suit phan khang bom vao nut, dong cong suit tac

dung va dong cong suét phan khang. Céc gié tri

dugc cho trong don vi tuong ddi (pu).

Hinh 1. So dd lué6i dién chuan IEEE 57 nat

Bang 1. Dt liéu do dugc cua ludi IEEE 57 nut

STT Loai Gia tri Tir it DPén
nit (pu) nit
1 1 1.0400 1 0
2 2 422.832/100 1 0
3 2 -3.000/100 2 0
4 2 -1.000/100 3 0
5 2 -75.000/100 6 0
6 2 300.000/100 8 0
7 2 | -121.000/100 9 0
8 2 -67.000/100 12 0
9 3 46.411/100 1 0
10 3 -76.553/100 2 0
11 3 28.337/100 3 0
12 3 -20.240/100 6 0
13 3 112.568/100 8 0
14 3 -38.270/100 9 0
15 3 82.457/100 12 0
16 4 102.007/100 1 2
17 4 149.733/100 1 15
18 4 78.505/100 1 16
19 4 92.586/100 1 17
20 4 98.052/100 2 3
21 4 60.542/100 3 4
22 4 33.596/100 3 15
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23 4 13.988/100 4 5 70 4 -13.823/100 35 36
24 4 14.702/100 4 6 71 4 -17.421/100 36 37
25 4 31.454/100 4 18 72 4 3.487/100 36 40
26 4 0.855/100 5 6 73 4 -21.390/100 37 38
27 4 -17.375/100 6 7 74 4 3.843/100 37 39
28 4 -42.184/100 6 8 75 4 -24.274/100 38 44
29 4 -78.180/100 7 8 76 4 -17.302/100 38 48
30 4 60.728/100 7 29 77 4 -4.634/100 38 49
31 4 178.029/100 8 9 78 4 3.837/100 39 57
32 4 17.088/100 9 10 79 4 3.479/100 40 56
33 4 13.117/100 9 11 80 4 8.842/100 41 42
34 4 2.315/100 9 12 81 4 -11.575/100 41 43
35 4 2.479/100 9 13 82 4 5.606/100 41 56
36 4 18.829/100 9 55 83 4 1.567/100 42 56
37 4 -17.582/100 10 12 84 4 -36.441/100 44 45
38 4 29.565/100 10 51 85 4 48.032/100 46 47
39 4 -9.700/100 11 13 86 4 17.739/100 47 48
40 4 9.173/100 11 41 87 4 0.144/100 48 49
41 4 13.575/100 11 43 88 4 9.731/100 49 50
42 4 -1.956/100 12 13 89 4 -11.351/100 50 51
43 4 -32.704/100 12 16 90 4 12.709/100 52 53
44 4 -47.753/100 12 17 91 4 -7.424/100 53 54
45 4 -10.695/100 13 14 92 4 -11.701/100 54 55
46 4 -49.353/100 13 15 93 4 2.877/100 56 57
47 4 32.415/100 13 49 94 5 45.085/100 1 2
48 4 -69.313/100 14 15 95 5 17.698/100 1 15
49 4 48.032/100 14 16 96 5 -1.472/100 1 16
50 4 37.218/100 15 45 97 5 1.919/100 1 17
51 4 4.254/100 18 19 98 5 -23.722/100 2 3
52 4 0.868/100 19 20 99 5 0.058/100 3 4
53 4 -1.434/100 20 21 100 5 5.215/100 3 15
54 4 -1.434/100 21 22 101 5 -4.455/100 4 5
55 4 8.937/100 22 23 102 5 -5.080/100 4 6
56 4 -10.373/100 22 38 103 5 2.021/100 4 18
57 4 2.628/100 23 24 104 5 -6.802/100 5 6
58 4 13.515/100 24 25 105 5 -9.516/100 6 7
59 4 -10.907/100 24 26 106 5 -16.776/100 6 8
60 4 7.215/100 25 30 107 5 -28.739/100 7 8
61 4 -10.907/100 26 27 108 5 -35.723/100 7 29
62 4 -20.464/100 27 28 109 5 65.584/100 8 9
63 4 -25.341/100 28 29 110 5 -0.631/100 9 10
64 4 18.102/100 29 52 111 5 10.150/100 9 11
65 4 3.524/100 30 31 112 5 -5.626/100 9 12
66 4 -2.329/100 31 32 113 5 7.078/100 9 13
67 4 3.808/100 32 33 114 5 -45.314/100 9 55
68 4 -7.778/100 32 34 115 5 -11.764/100 10 12
69 4 -7.778/100 34 35 116 5 -102.328/100 10 51
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17| s 3.565/100 1 13 164 | 5 13.368/100 47 48
ns | s -3.022/100 1 41 165 | s -7.438/100 48 49
119 | 5 | -24.963/100 1 43 166 | 5 4.366/100 49 50
120 5 48.845/100 12 13 167 | 5 -6.265/100 50 51
121 5 13.207/100 12 16 168 | s 3.973/100 52 53
122 s 14.936/100 12 17 169 | 5 -6.199/100 53 54
123 s 23.076/100 13 14 170 | s -7.818/100 54 55
124 | 5 5.723/100 13 15 171 | 5 -0.347/100 56 57
125 > -33.761/100 13 49 Két qua tinh toan wdc lugng trang thai
126 | 5 | -94907100 | 14 15 hé théng dién TEEE 57 nut (dién &p va goc pha)
127 | 5 | -136.098/100 14 46 : o g
bang phuong phap binh phuong cuc tiéu c6 trong
128 | 5 | -48.804/100 15 45 . N o ,
129 | 5 0.860/100 18 19 SO.(V;VLS) vap huong pl}ap Hoe hﬁgng hOP 1y ey
dai tong quat (GMM) str dung phan mém Matlab
130 | 5 0.133/100 19 20 s \ .
T 5 5.952/100 2 o1 dthc tflnhPayAtrefl ca\c Bfmg 2 VaE . Ng(’)al 'ra, sur
132 5 ~0.893/100 X ) sai khac v€ dién ap va goc pha giira gia tri thyuc
133 5 4.032/100 > 3 te va gia tri udc 1uqng bang 2 phuong phép da st
134 5 ~1.929/100 %) 33 dung ciling dugc minh hoa trén cac Hinh 2 va 3.
135 5 2.363/100 23 24 Bang 2. Két qua ude luong dién ap tai cac nit
136 | s 8.153/100 24 25 , vowis [ sard veanml
137 | S 81.254/100 24 26 Nat |\ Vpw | o0 | @) | uy |SR50 (0
1381 5 3.505/100 25 30 1 | 1.040 | 0.9838 [5.4069 | 1.0399 | 0.0095
139 | 5 -5.459/100 26 27 2 [1.0200 | 0.9621 |5.6760 | 1.0203 | 0.0341
140 | 5 -6.353/100 27 28 3 | 1.0150 | 0.9564 |5.7719 | 1.0120 | 0.2992
141 | 5 -9.081/100 28 29 4 11.0085 | 0.9497 | 5.8291 | 1.0050 | 0.3506
142 | 5 6.813/100 29 52 5 | 1.0059 | 0.9479 |5.7703 | 1.0011 | 0.4802
143 | 5 1.567/100 30 31 6 |1.0100 | 0.9521 |5.7310 | 1.0046 | 0.5307
144 | 5 -1.313/100 31 32 7 |1.0232] 0.9667 |5.5207 | 1.0169 | 0.6116
145 | 5 1.907/100 32 33 8 [1.0550 | 1.0000 |5.2108 | 1.0479 | 0.6703
146 | 5 -1.607/100 32 34 9 [1.0100| 0.9528 | 5.6666 | 1.0101 | 0.0075
147 ] 3 -4.729/100 34 35 10 | 1.0052 | 0.9474 | 5.7455| 1.0030 | 0.2158
148 | S -7.563/100 35 36 11 10.9982 | 0.9391 | 5.9241 ] 0.9974 | 0.0841
149 ] S -11.396/100 36 37 12 [ 1.0250 | 0.9678 | 5.5816| 1.0216 | 0.3342
150 | 5 3.775/100 36 40 13 109977 ] 0.9379 [ 5.9934 | 0.9940 | 0.3758
151 | 5 | -14.113/100 37 38 14 109892 ] 0.9286 | 6.1234 | 0.9851 | 0.4168
152 ] 5 2.658/100 37 39 15 [1.0071] 0.9475 | 5.9161 | 1.0026 | 0.4485
1531 S 5.220/100 38 44 16 |1.0207] 0.9636 | 5.5944 | 1.0166 | 0.4065
154 | 5 | -20.638/100 38 48 17 [ 1.0213 | 0.9658 | 5.4365 | 1.0196 | 0.1676
155 ] 5 | -10.942/100 38 49 18 | 1.0065 | 0.9479 | 5.8213 | 1.0050 | 0.1467
156 | 5 1.103/100 39 57 19 [0.9815 | 0.9212 | 6.1404 | 0.9796 | 0.1897
157 ] S -0.013/100 40 56 20 |0.9784 | 09179 | 6.1855 | 0.9775 | 0.0958
158 ] 5 3.196/100 41 42 21 [ 1.0277] 09703 |5.5823 | 1.0358 | 0.7843
191 5 -2.982/100 4l 43 22 [1.0298 | 0.9725 [5.5650 | 1.0378 | 0.7766
160 | 5 | -0336/100 41 56 23 [1.0283] 0.9710 |5.5767 | 1.0364 | 0.7916
61 | 5 | -1.102/100 42 56 24 [1.0182] 0.9601 | 5.7077| 1.0129 | 05168
162 | 5 3.405/100 44 45 25 [0.9732] 09127 62125 | 0.9342 | 4.0043
163 | 5 | 26.544/100 46 47 26 0.9789 ] 0.9184 | 6.1832 ] 0.9739 | 0.5083
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27 [ 1.0116 | 0.9543 | 5.6669 | 1.0069 | 0.4695 12 [-10.3864|-11.6567| 12.2303 | -10.3900 | 0.0347
28 [1.0302 | 0.9741 |5.4413 | 1.0255 | 0.4569 13 | -9.8357 |-11.0253 12.0951 | -9.8300 | 0.0580
29 [1.0457 | 0.9906 |5.2687 | 1.0410 | 0.4479 14 | -9.3894 |-10.5222] 12.0644 | -9.3800 | 0.1001
30 [0.9560 | 0.8944 | 6.4479 | 0.9421 | 1.4561 15 | -7.3015 | -8.1587 | 11.7403 | -7.2700 | 0.4314
31 [0.9359 | 0.8728 | 6.7419 | 0.9418 | 0.6257 16 | -8.7998 | -9.8749 | 122176 | -8.7900 | 0.1114
32 10.9592 | 0.8975 | 6.4340 | 0.9686 | 0.9786 17 | -5.3771 | -6.0308 | 12.1563 | -5.3700 | 0.1320
33 ]0.9570 | 0.8951 | 6.4726 | 0.9664 | 0.9790 18 |-11.7862|-13.2325| 12.2708 | -11.9300 | 1.2201
34 109777 ] 0.9173 [ 6.1756 | 0.9749 | 0.2849 19 [-13.2463|-14.8667 12.2327 | -13.6000 | 2.6702
35 10.9856 | 0.9256 | 6.0834 | 0.9825 | 0.3165 20 |-13.4487-15.0891| 12.1971 |-13.8900 | 3.2814
36 |0.9958 | 0.9364 | 5.9630 | 0.9926 | 0.3217 21 [-12.7866|-14.3256| 12.0361 | -13.2100 | 3.3113
37 | 1.0050 | 0.9463 | 5.8434 | 1.0019 | 0.3052 22 |-12.7314]-14.2632| 12.0318 |-13.1500 | 3.2879
38 [1.0331| 09760 | 5.5247 | 1.0302 | 0.2821 23 |-12.7833|-14.3215] 12.0332 | -13.2100 | 3.3379
39 | 1.0031] 0.9442 | 5.8679 | 1.0000 | 0.3055 24 |-12.9367|-14.4845] 11.9647 | -12.9400 | 0.0255
40 |0.9930 0.9334 | 59995 | 0.9898 | 03256 25 |-17.6522|-19.8237| 12.3015 | -18.1500 | 2.8200
4l |1.0219] 0.9643 | 56322 | 1.0280 | 0.5994 26 |-12.6274|-14.1357| 11.9449 | -12.6200 | 0.0586
42 109933 | 0.9340 | 5.9661 | 1.0017 | 0.8438 27 |-11.5454]-12.9450] 12.1227 [ -11.5400 | 0.0468
43 |1.0350 0.9783 | 5.4814 | 1.0374 | 02340 28 [-10.6879]-11.9877| 12.1612 | -10.6800 | 0.0739
44 1103711 09801 | 5.4959 | 1.0340 | 03016 29 |-10.0987|-11.3313] 12.2059 [ -10.0800 | 0.1852
45 110559 09997 | 5.3249 | 1.0523 | 0.3430 30 |-18.2584]-20.5156] 123626 | -19.8200 | 8.5528
46 | 1.0806] 1.0262 | 30335 | 10772 | 03153 31 [19.0527]-21.4332] 12.4942 [ -19.6200 | 29775
47 10540 | 09981 | 5.040 | 1.0510 | 0.2888 32 |-183553]20.6506] 12.5049 | -18.6400 | 15511
48 | 10480 | 09917 | 53674 | 1.0450 | 0.2848 33 |-18.3942|-20.6951| 12.5087 | -18.6800 | 1.5538
%9 10570 ] 1.0012 | 52769 | 1.0539 | 02923 34 |-13.9354-15.6319| 12.1738 | -14.0200 | 0.6071
20 1104441 09882 | 53819 | L0415 | 02759 35 |-13.7208 |-15.3839| 12.1207 | -13.7700 | 0.3586

51 [1.0728 | 1.0191 | 5.0049 | 1.0703 | 0.2289
= TTooss 09516 s eeso 10000 | 0.0012 36 |-13.4773|-15.1063| 12.0869 | -13.5200 | 0.3168
37 |-13.3015|-14.9077| 12.0755 | -13.3400 | 0.2894

53 [0.9954 | 0.9374 | 5.8303 | 0.9968 | 0.1425
2 10239 09655 55129 1022 | 00957 38 |-12.6175 |-14.1352| 12.0286 | -12.6500 | 0.2576
5 TToc0 Loosr 15212 tocie T 00562 39 |-13.3482|-14.9604| 12.0780 | -13.3900 | 0.3132
w6 T0.9939 09327 59582 | 10022 | 0.8588 40 |-13.5059|-15.1386| 12.0887 |-13.5500 | 0.3265
<7 T09895 | 0.9303 T6.0084 | 0.9952 | 08470 41 |-13.9778-15.6893| 12.2444 |-13.9700 | 0.0558
42 |-153613|-17.2470| 12.2754 |-15.3900 | 0.1868
Biing 3. Két qua udc lugng goc pha dién 4p tai cac nit 43 |-11.3936|-12.7897| 12.2530 | -11.4300 | 0.3195
e [ e [ 44 |-11.7775|-13.1908| 12.0001 |-11.8000 | 0.1910

eta al so al SO
Nit | o s | S0 e | SO 45 | -9.2975 |-10.4043( 11.9045 | -9.2800 | 0.1882
)| @9 (@) 46 |-11.0928 |-12.4363| 12.1111 |-11.1000 | 0.0649
T o 0 0 0 0 47 |-12.4288-13.9233| 12.0241 | -12.4500 | 0.1706
2 | -1.3407 |-1.4929 | 113552 | -1.3500 | 0.6937 48 |-12.5170|-14.0223| 12.0259 | -12.5400 | 0.1838
3 |-6.3508 |-7.1043 | 11.8644 | -6.3300 | 0.3275 49 1-12.8474|-14.3930| 12.0305 | -12.8600 | 0.0981
4 |-7.5907 |-8.5020 | 12.0050 | -7.5900 | 0.0092 50 |-13.3123|-14.9194| 12.0722 | -13.3400 | 0.2081
5 | -8.7908 | -9.8691 | 12.2661 | -8.7800 | 0.1229 51 [-12.4793|-14.0131| 12.2908 | -12.5100 | 0.2460
6 |-89376 [-10.0331] 12.2568 | -8.9200 | 0.1969 52 |-11.40381|-12.7935| 12.1860 | -11.6100 | 1.8082
7 | -8.0605 | -9.0551 | 12.3398 | -8.0300 | 0.3784 53 |-11.9446 |-13.4028| 122082 |-12.0400 | 0.7987
8 | -53169 |-5.9942| 12.7385 | -5.2400 | 1.4463 54 |-11.6307]-13.0533| 12.2311 | -11.7000 | 0.5958
9 | -9.8066 |-11.0229] 12.4027 | -9.8500 | 0.4426 55 |-10.9470|-12.2932| 12.2975 | -11.0000 | 0.4842
10 |-11.4391|-12.8529] 12.3594 | -11.4700 | 0.2701 56 |-15.8191|-17.7631| 12.2889 | -15.8500 | 0.1953
11 [-10.2900|-11.5483| 12.2280 | -10.3300 | 0.3887 57 |-16.2899 |-18.2952| 12.3101 | -16.3000 | 0.0620
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Hinh 3. Két qua so sanh goc pha dién ap nat

Trén cac Hinh 2 va 3, duong nét lién (mau
den) dé chi cac gia tri dién ap va goc pha thuc
té; cac duong nét gach (mau xanh) dé chi cac
gia tri dién ap va goc pha udc luong duoc t
phuong phap binh phuong cuc tiéu c6 trong sb
va cac duong nét chdm (mau do) dé chi cac gia
tri di€n ap va goéc pha udc luong dugce tir phuong
phap wéc lugng hop 1y cuc dai tong quat. Trén
Hinh 2, ta ¢6 thé thdy rd rang ring cic gia tri
udc luong bang phuong phap binh phuong cuc
tidu c6 trong sd chéch xa véi duong gi tri thuc
té, trong khi d6 duong wéc lugng bang phuong
phap udc lugng hop 1y cuc dai tong quat rat gan
v6i duong gia tri thuc té. Tuong tu nhu vy dbi
v6i Hinh 3, dudng biéu dién gia tri u6c lugng

goc pha bang phuong phap binh phuong cuc tiéu
c6 trong sb chéch xa so véi dudng biéu dién gia
tri thuc té trong khi d6 dudng biéu dién gia tri
wdc luong bang phuong phap uée luong hop 1y
cuc dai tong quat rat gan voi gi tri thuc té. Didu
nay chung to rang phuong phap wdc luong hop
1y cuc dai tong quat thé hién kha nang wéc lugng
t6t hon so v6i phuong phap binh phuong cuc
tiéu co trong sd trong truong hop nay.

Ngoai ra, thong qua cac Bang 2 va 3, ta co
thé thay khi sir dung phuong phap binh phuong
cuc tiéu cd trong s6, dién ap sai khac lon nhét
6,7419% va sai s6 nho nhat 1a 5,0049%; gbc
pha sai khac 16n nhat 12,7385% va khi sir dung
phuong phap uéc lugng hop 1y cuc dai tong
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quat, dién ap sai khac 16n nhat 4,0043% va sai s6
nho nhét 1 0,0075%; goc pha sai khac 16n nhat
8,5528%. Diéu nay cang chimg to hiéu qua udc
lwong trang thai hé théng dién cua phuong phap
wéc lwong hop 1y cuc dai tong quat.
5. KET LUAN

Bai bao da nghién ctu va xay dung
chuong trinh uéc lugng trang thai hé théng dién
st dung phuong phép binh uéc lwong hop 1y cuc
dai tong quat dé woc lwong moédun va goc pha
dién ap céc nut. Chuong trinh nay dugc tinh toan
va mo phong trén nén tang phin mém Matlab.
Phuong phép duoc dé xuit trong bai bao nay di
cho két qua tét hon phuong phap thuong duoc st
dung dé wéc lugng trang thai hé thong dién do 1a
phuong phap binh phuong cyc tiéu co trong sb.
Trong twong lai, bai bdo c6 thé mé rong hudng
nghién ctru theo hudng phan tich cac ham phan
phdi cia dir liéu cho nhiéu trudng hop nghién
ctru dé c6 thé chi ra cac dit liéu x4u (outlier) va
dé xuat bién phap khéc phuc cac dit lidu xau nay.
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