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Fig.1 Observation of network information based on

communication facilities
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Fig.2 Network information observation scheme

based on Kalman filtering algorithm
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B L, (i=1,2,3) 435 8 DG A B R
J R B LRI BE 5 L, o1 (=1, 2) 23 B O B LR Y
S (BB 2 B L SRR BE 5 L o (=1, 2) 5351 R
70 FR7 14 LSRR L B 5 0, (i=1,2,3) 7 5B, BE i
E,Bl\Bzﬁ%?iﬁl SR, (=1,2,3) 0 5N

%%ﬁmthfﬁ“ﬁEﬁF%nlﬁﬁEEm,EEHEPB’J!:/I\DGEE
/J?uil/l\ e GEH 2 DC / ACTHAEES) (14 LC
RUYE P48 A 1A RLAERBH BT S, B S 80
TS EIIH RLHAYT S5

&l 3 It 7s (19 2 DG 114 ) 48 45 44 K 3043 K DG B
JC LR AR (7 AR =) TR E S, B

B ARG I S SRR AR A0 dg B TAETE A B Y



% 10 H5

T g AT R AR IR I 4 £ B O 17

FIE o, T, R T DG T 2k R 1 3 2 7]
AR 22— 2, 5 2O R 14 DG HICH 2 %5 240
NAISAIR ,,,, A A AR 4 B A2

KDOSERT.
|: n:|:|: co's 6, —sin 5}{ d:' (1)
0| L=sind; cosd, ]| f,
8,=[ (w,-w,,)di+8, (2)

Hor 85 F16, 0 BN i~ DC S % ZMAILS % R
Z (RIS AR 25 RO I AR A 22 5, f, A SR DQ S
R TR f [ Hdg B %R TS E.
I, 2R G (D) B 2T DLSE B He 525 R %
555 i DG IRICH B dg %5 R

T HE B AR 3 A AR TR I AT A R 4 4 b
JELT

(1)DGHIT,

— PRI T, 0 A g o SR v A 3 AR ]
i T Ao [0 L R AR I o [ B R O P A
il el o b LG VB IR 4 A e P e A o [ (R
A HT T ] 1] B AR . BRI AR SR A
BRI AN 2 i oy S g il | 2006 T oAt 34> [l B 1)
S EEE . Dy i A R T 2R R R AT
i, F 2 B A IR P, M AR 0, Z 8] (1) 56
2, VUK TC) T2 Q A o 2 % o), Z [0 2 &R
wmr.

w;=w,;—myP, (3)
Voii = Vi =10, (4)
v, =0 (5)

Hob o, 8 T B4 6 5T AR S m, N
S ES | SYONONE: il b L NETe S R SRR
g o sV, o0 B e TR B % {H s,
h R T R A R R

TE DAL & v, A AN TS Iy ) i (8 e
WA o, WK BRI A it -

w .

Pi = s+ ;ci (UO(liiodi +voqii0qi) (6)
(O T+ ;Ci (Vi o _U()qiluqi) (7)

o, Flo,, 3 500 Ry 36 A8 g i L S o, B 1A ¢
By 50, R0 G, o3 ) D 2000 5 e S i L YA 4 1Y o
g Yo 5 s M T
B 2 (4) A2 (7) FF et A T LIS 306 T i s
N EREZ SR
ADL =100 A (50 o = Vgilogs) — @ Vo (8)
R 48 5 7R 7 I L U A2 (KCL) L &5 & 181 3 TR
DY 28 F F NG ), AT LAAR B 5 i AR B8 AE dg 5%
FOF R S L Sh A e R

N roi . . 1 1
Logi = _L boti “ WLy, T 17 Vosi — 17 Vypi (9)
ol ol ol
: L . 1 1
Loi = _L Lo “@il,; T I Vi — I Vygi (10)
i i oi

ol

;H\:rl_‘ > Uppi \Uh()iy‘jdﬁ}\j_:_"\gj% EEJ:E ’U])iTZE/ZA\/\ DQ é%%/%‘l:
)53
[FFER RS i IME S AL Ry
1
0

. -1 . Loi
Ai,,, =|: ) °”‘} Aw, + 1 Av,,, +
Lmli
O —
L,
r 1 0
L.~ L
Ai,y, + Ay (11)
T
Toi 0 -
¢ Loi L

HITRTSCE &0, B RIS il id e L
N A S A TERE AT 2, IR I AR ) 2% |
LC I8 Uk 75 F0 00 ) RL BH BT AR | 45 4 5 (2) —
(11 ATAHRIES i DG FRITHY/ME 5 S ZSB D -

Az, .=A,.Ax, ,+B,. Av, (12)
Ax,,=[AS, AP, AQ, Av, Ai, Ai,]

0 A4, 0 0
I IR M

0 L L, L.,

Ag=[nywwv,, -nyouv,] 1=[mpl’}
—Mpi,,
— 0 — 0
1 L L
L,=|L,|, L,= . e L,= . |
0 L L
(2) 4 BEAAL,

TE 3BT R A7 AE 2 FR R, ik 2
R RLBEYUEEY 72 A3k DO 275 228 M4 KCL
AR, BEL B, IR 0 B, AR AT RLT
HAHAR

N ne . .
Ay = AV +tw,,, Al 01
linel Llin 1
(13)
A: — Tiner A Avb()l - A”Loz A
Lineg1 = _L Uineg1 T I T W o Al jinen)
linel linel

B3 T =B A4, I8 BCARAS 25 1]



19 € D B %ok A £39%
I 7 . _ . .
JIREE, ﬂ[:ﬂ: : U1 = Toadi (Lol)l - Llinel}l)+
Aihmuo :AlimAilimug +By,. A'UM)() (14) r./. . .
. . . T I d (loDl - llinch) . .
Adyeng :[ AV ALUMDOZ] loadD1 A W (Ln(}l - Lline()])
Flinei - - (18)
A 0 Ly com Vo1 = Toadi (Ln()l - Lline()l)+
e = s Ay = ro. . 7
0 A ® Tlinei I d (%01 - Llinrf]]) . .
- - Woatwa) i)
load com \ Lo line
linei oad0! dt " "
o { L J
13 0 L 0 Vb2 =T load2 (lom Fljinent = Llin(-UZ) +
B - |: Buml:| B B linei linei N _
line — s Dy = . . .
B... 0 1 0 1 I d (lopz F et ~ llincDZ) ( L .
- w, |1 Lyineor — Ly
load2 com \ 1002 T Uiine1 lme(_)Z)
L Llinci Llinci dt
Hrpi=1,2, . . .
N ) Vy02 =T 1oad2 \ Log2 F linegt ~Liineg2 )7
(3) MY

Nk BRI, ARz H KCL ] UK £ 2%
1SRRI .

: Tload . Av,, .
Aiyyap == Al + + wnomALlnad()]
load1 load1
(15)
Aj — Toaar A Avh(ll A
Lioadg1 =~ I Uioadgr T I W o Alygaapt

load1 load1

B 15 AL, R HE R A 23 [
RN I
Ailoa«ll)() =A Avbl)() (16)

. . . T
A"loadno = [ A"load[)Ol A”loa(lD()Z]

AlluudDQ +B

load

Toadi
L ) com
A _ Aloadl 0 A _ loadi
load — 0 A s Agadi =
load2 © Tloadi
com
Lloadi
1 1
0 - 0
B Llnadi L]narli
B — load1 B —
load ™ ’ loadi —
B, 1 1
0 0 -
loadi loadi

Hp,i=1,2,

AR b 2 i | O R R g AR 2 2 ] R A X
Vg P LA B — N AL TS PR BRI AR
AOECAR-S5 2 L IR AR S 2 D B T R S
FAOG, B 3 7R i R 25 4 F AT, AR 31 KCL 45 3 34
BT 5 A L R K
d(iol _ilincl)

de

d (i(,z + in..el - innez) ( 17)
de

Vbt = oadi (Lol - lel)"’ Ly

Vb2 = Toad2 (%2 F lier — LlineZ)+ Ly

. I diy,er
V3 = V2 ~ Tine2liine2 ~ Line2
; . 20

BB NIEDOSE R T A

d (Looz F1j001 _Llinc(JZ) . . .
4 —
Lo T o, (lnDZ Flinent LIinPDZ)

de

(19)

_ . I oo .
Vpp3s =Vhpa ™ Tiine2 Liinen2 ~ Lline2 A W o Liineg2

(20)

w com? lineDZ)

A7 20 (18)—(20) , AT LAFH 2 3¢ T 47 s i R i
IIME SRR R R IR
Avhno :f)( Ailinen() Ai()DQ Al:nD() w('nm) (21)

Horr, £, K7 R RRLR R T Aw X T HE A A
o, I REOE R
R QDAL (12) (14)  (16) BITT7E 552 %
0 3 LI BB A /M T
{x=f(x)
y,=h(x)
Hot, SER PR x = [ Yo X i i
s ] >3 i 4 DG BT A ML I L
Sy AR IR 4% DG 20 O 480 W T b L
A
2 BEFRREBHEENMERESEWNE

ARG P51 3 #0258 A MBI AT Ak — P33t
0 28 45 LI 8 , A 354 26 TR UK BB AR TRAE A
ZA LI s (4 o oL IR A AR AN R ) A 5
IR i R H T AR E L 0TS I
{ELX 6 2x i aod [ 258 DR IR B AT T2 i
I A A5 R, X B A S B DG TR 45
A i L R R A R o PRI, AT S e A L s
PR UL £ JEL TR ST P BT 9 245 R LA 3 UL £
BT LS BRI HT DG 80T H B B9 AS A5 B 3h & 58

_ . I dlline(JZ
Vb3 =Uh02 ™ Tine2tineg2 ~ Line2 di

(22)




% 10 H5

T g AT R AR IR I 4 £ B O 219

Bl TR 8 R L S5 R . AU &R FH
IR UL, PR R IR 2 Y8 Uk 25 A 2 B0 I 2% {5 208
W7 ) B, LA e e (R MR S P BB 7 o 3k B R A
UEPE AR PR LR — R R 2 U Ay a2
TG B AR A T, T UE I AR A B R AR
PEAG, T AR PR b BRI 2 vp e S AR AL T
TR B S

FEVC T 28 A B 48 22 1, B e XA 1
TR D) 2 A TR E AT B Ak, SR B R O R X X
(22) A7 B AL, T AAS 30 2 Hs) (R /M5 S AT

Ax(k+1)=A,A% (k) (23)

Ay, (k)=H,Ax (k) (24)

Hodr A, H S BT B O R R0 . b TR
fATyE Ak, T S BRI AR F A W AT S AT

— S, SR B T B AR RS R A SE PR
TREFEAT R AR BB P S
ST DB IR R AR | BI7E TR AA A AR ) Al |
B NP S IAE BB I R AR AT DAgE iy &R
G A A RO PR R I T, 4S5k
KA, PSR GRS Ry 22 48 B 146 BT E A 4 £k
T, T A R G0 Tofmds dil $e Sk o FE i Rl v
LS B SEA S A B R ALK
LC UE U #5430 i b BHBT P 30 F1 DG il f 5 | ke 1
RUARHE , B 23 57 ) d5g e 110 P DO 38 R s ) 002
I, 76 2% FE P SRR K LR b, RS v At LN e, D £
SR EE D I AN R R T RO E S AE .

o B R, 1 B ST B A S AR AR 1 A
AR — DB BRI . 3T ks,
T T2 A A R ) S PR S AR A 4 =X
(25)F1=L(26) IR o

X (k + 1) =A%, (k)+ Bdiswdis(k) (25)
i (k)= C,x, (k) (26)

Hob A By Co NBRUERE AP X 3 NS HUE
AR N 1,
Zi LTRSS B B4 3 B0 45 4 M

mr:
x(k+1) | 14, ¢, =(k)
L(ﬁ,(m)Ho Aﬂ(k)} 7
y. (k)=H, x(k) (28)
yo (B)=H,, x(k) (29)
Horpy, Sy rli g &, 1T 300 THE , H, O H R
FEIE 5y, AN R0 i 2 A ) ) i, 0 4 45 B 2
I U T, AT LA Ry D A 0 L HL, O R
%E%D

Un B3O AT  AE L R RN R G
AT R AR R A A AR 2 A R e

S W 31 4 LI 45 640 B A\ UL DG A M Y H s
HL LA PRI 190 2% 15 JEL W00 45 T LA 3 o A o 75 5L
HEEE S HUR R GUIRAS o R 48 LI g S B R 4
Pl 4 i 7, O8I0 25 ) FH AR b A5 5L 0 DU A S, A BT B
A TR, 2T AG T 58 58 R Al 0 g A B )
1y, K AR AR A BRSO L

(I 28

Yot FR DG G2

FE LN . (G258

Yun: REE
B4 MEYNELIREE
Fig.4 Implementation principle of network observer

P 4K I 28 LI 25 53R 2 R GE : — BB EE X
ARG BEL AT e RGP & BRI
HLE 5 59— R X R G A DG T, Hofig
S T DG HL T v F R AL THE
Hodr, A B AR AR BASTHE R T ROm 58 AR IE,
HoAth DG BTG 1 3 FEL . g FEL 3 D00 RT AAE Ay o o
XTECER 15 T DG S TT @R 43, vl DL B A ()
i—ﬁﬂ"ﬁh%ﬁi%@/ﬂ\[ Vo ind l:nq ]0

B Q27 B APIRE S 7 R IA

%, (k+1)=A,x (k) (30)

RIR S P&V T RS T, — R it R G0
e it RS Ah TH r 2 G . R AR M 2%
w5 ROV ES I, B AR i R G Se g At

%, (k+11k)=A, % (klk) (31)
SRIG L SK Il RGeS ATy 2256 1
P(k+11k)=A, P (klk) A} + Q (32)

e T R /R 2 85 30 M K, T /M
ARG S PRIRAS N PR S Z [l B ¥4 7 i 22
K (k+ 1)=P (k+ 106) H(H, P (k4 100 H +R) (33)

g R /R 2RI 25 K 2 ), AR A = B A 1
el Ah TSR Al T gy 25 -
2y (k+ 1Ek+1)=x, (k+ 1lk)+ K (k+ 1)x
(y, - H,x, (k+ 11k)) (34)
P(k+1k+)=(I-K(k+ 1) H,)P(k+1k) (35)

K D—35) 5 T R/RSUEPE AT RGOR
ASHRL R | AR (20) T LA 5100 Dl i
AR 1, BRI, AT LA B Al DG B TT R H i e
JE LS RGeS U

(B A5 R A0 2K (30) A B A, e — AN 4
[ 30 T 25 AR R 2 58 M P T T — e



@

% 0 & % & L %

®39%

ARG, i UL A RR BB e — RS

R2 &R MIRESY

fro I Bk s AP BREY {ﬁﬂﬁi%ﬁl{/ﬁﬁfﬂ‘ju (] Table 2 Parameters of lines and disturbance model
A . SECEN BN BHUE| BEHN K BHM
_ _ . o na/ Q02 Y hn/ Q726
o (kb L D=Ay, ()« K (v, (D= Ho Apmy (D) siggrsae =00 02 sgasc ol T
(36 ey /0 02 /8
X AR R SR 45 KE— e, Z T Liinez //”;)H (7)22 W eriﬂ// QH ig
DU IR I AR KA R e s sw 20 O P
PR A 0 24 £ S 0L M 8 P e B v T 3R 5, i s Y

RO B SR AR AT RE D B T R A
Ko MIARAS AR 7K B g B A (19 14 B 55 I A2 9 I 75 A1
AT, HAE AR AR T IO S AT R AR AR R 22 T U5 22
IR S YR Y £ I, ORI Rl B e BB A 14 B0
ASWARE o RGN, X AR o B AR R, 3 —
ORI E . R, RS IR AR

PMEIERG, T IR B A P B A Z SR R R
%i‘i)ﬁﬂfi%ﬁj‘fﬂkﬂ’],f%xdﬁﬁi fi 2R H A JE AR
AT DB Y A (L

3 (hESH

R T B E AR ST R O 2 A JE U 2 Y A Ao
TE MATLAB / Simulink H1 #4587 % DG B = AH ™ 4%
R RN F A E 5 BT

Ly 7a Vo1 Liagt  Tioadt

_____________

_____________

BEs fEHRIMNEHEE

Fig.5 Diagram of simulation topology structure

B S prs i Mg shib i & 1 3 /5 DG, 433l
b DG, (40 kW, 20 kvar) . DG, (30 kW, 15 kvar) Pk }&
DG, (20 kW, 10 kvar) ; 7EREZE 5 15 B, fl B, =49 5l %
A RLAE B, BAEAPLahBEA s R s Z (B Y
2 PRSI R S A AL 1ok H RL B A . B
DG BRI S 0L 3R 1, R % P sh A B S 500 3% 2.
DG, .DG,.DG, A LB 2 o P th i oh 2:1.5:1,
15 B R B3R 2 2 2 ol 50 Hz, B R R (B E R
380V,

*1 DGHEESH
Table 1 Parameters of DG model
DG my, / [rad-(W-s)™] ng/ (Vevar') r, /Q L,/ mH
DG, 107 5.0x10™* 0.18 0.32
DG, 1.5x107° 7.5x10™* 0.20 0.48
DG, 2.0x107° 1073 0.15 0.54

15 B TE DG, Ab 258 W 2% {5 B0 2%, Ad 1
DG DG, B H O g L AN BEE Y S . T ik
T A BB M), & T RS A S EN , 1T
ﬁﬁﬁﬁﬁﬁﬂ% EOULIN 25 9 Rk
(D EZE 1,
) 25 {5 BN #8255 56 7E DG, AL, IR DG, Y 1
Uity LA P R AL, AN SR UL e o i G

U0 25 5G4 A 2 R U5 9 A 1 A7 2 A o 5 R an A
6.7 7.
20
$
210 |
0
15
< 10 E""
3
0 . . .
0.2 0.4 0.6 038
t/s
it

Bo6 DG Jﬁ%l}luﬁ’]dsqimﬁiﬁlﬁﬁutﬂ
Fig.6 Output values of d- and ¢- axis

DG, current
. 20 -
210 b
0
15 + ,
< 10
25
0 1 1 1 ]
0.2 0.4 0.6 0.8

t/s
fhHE
&7 DG Jﬁﬁ%umﬂ’ld\q’iﬁﬁzﬂﬁ’fﬁ‘ﬂj
Fig.7 Output values of d- and ¢- axis DG3 current

6 AT UL, 280 B i sl A8 B W 8% ¢ T
DG, 1) 31 HL Ui d Sl 1 g il 73 £ B S IR T+ IR ER RIOR
R, 117 B A L 3% R 0 BH SO #8 XF DG, B B 7T W0
I, 7 52 B P BR R SR . DX A BE e, R
A AT %) D 2845 JE UL 45 3t S5 30 0L 0 At 53 A
KRR A HLF S, BRI PASE L DG Z W] L5 (5
B

i ES 2,

I R GE N AR IR Bl 6 UL 5% i s
Mo , 475 B 7E B, AL NP 3 (10 Q, 50 mH) , T30
DU B % L F %F DG, A DG, A b A Ak . &1 8
250 TIN5 OC T DG, v L Ui A a1 45 2R, (81 9 45 i




% 10 H5

T g AT R AR IR I 4 £ B O 21

T LI 8 5 T DG i R VAL ) R H 4 R
20
<
§10-

0
20

T

0 1 1 Il L 1 1

05 06 07 08 09 10 11 12
t/s

BIME, fhHE

B8 #METDG,ImRRN . gHIENREHER

Fig.8 Output values of d- and ¢- axis DG,

current under disturbance condition
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Design of network information observer based on Kalman filtering algorithm
MA Jian',DOU Xiaobo’,CHEN Kexu',JIAO Yang’,GE Pudong’

(1. State Grid Jiangxi Electric Power Research Institute,Nanchang 330096, China;

2. School of Electrical Engineering,Southeast University, Nanjing 210096, China)
Abstract: The traditional power system mostly adopts unified control and management,and has a strong de-
pendence on measurement equipment and communication facilities. Once communication delay, packet loss
and other failures occur,the system status monitoring and system control will be affected. Therefore,a non-
communication network information observer based on Kalman filtering algorithm for distributed generation
connected power system is proposed,which can realize the observation of system node voltage and distribu-
ted generation local information without communication information. The effectiveness of the proposed obser-
ver is verified by the results of simulation analysis.
Key words:electric power systems;communication; monitoring; Kalman filtering; information measurement; net-

work information observer
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Estimation method of industry composition of substation loads
SHI Jiajun',QIN Chuan',JU Ping',XU Chunlei’,ZHAO Jingbo’, CHEN Yanxiang'
(1. College of Energy and Electrical Engineering,Hohai University,Nanjing 211100, China;
2. State Grid Jiangsu Electric Power Co.,Ltd.,Nanjing 210029, China;

3. Electric Power Research Institute of State Grid Jiangsu Electric Power Co.,Ltd.,Nanjing 211103, China)
Abstract: In order to solve the time variation problem of load model and improve the operation security
and economy of power grid, an estimation method of industry composition of substation loads is proposed
based on the daily load data of bottom load feeders and special line users acquired by energy manage-
ment system. The data of an actual power grid is taken as an example. Firstly,the factor analysis method
is used to reduce the dimension of high-dimension daily sampling data. Then, K-means clustering is carried
out according to the dimension reduction results, and the load characteristics are analyzed based on the
clustering results to obtain the daily load curves of typical industries. Finally, according to the categories
and powers of all the bottom load feeders and special line users,the industry composition of 220 kV sub-
station loads is obtained by bottom-up aggregation. The comparison results with the user data from AMI
(Advanced Metering Infrastructure) show that the industry composition of upper substation loads estimated
by the proposed method is correspond to the actual situation.

Key words:factor analysis;K-means clustering;industry composition of loads;time variation;load modeling



