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Fig.1 Basic structure of AGC ancillary service market

W T2 5y b0 BTl € 1) AGC HLAL & AR K



78] € 2 @

% W & &

£38%

— B 18] NPT A BRI AL, R 753 2 7 S I i 2
RS, DUy S s ] 4 7] SR s R A i, BRI AGC
il Bl ke 55 T 7 R R T 37 A0 S I T 3 R 23R B,
W 2 frs. HETH S b L, g g w2
5 SEBRRAT , B AL SRATALN (1 7 5 P A, 7EASC
ADLAL B AR R LR 22 o SEPRZ 5T AGC
B BT 5 i 22 /0 AR T 32 B 2 2 1Y
DAL A, 300 3 S B 42 T SR e 1 T & T
HAEFORE 200 AGC A Bl R 55 1) LA JEAR o

/, \\
z

e
il . Sa
Mz | WSEE | JHEb
C BT S [ idiede |CSEmH o )

2 AGCHEFIERRF
Fig.2 Basic sectors of AGC
1.2 AGC Wiip /1 XU &
gt w1 )3 W dE b5 32247 HHI( Herfindahl-
Hirschman Index ) . Lerner Index, PCMI ( Price Cost
Margin Index) 5% , X 86 br— AT T J5 70, 15
OhTI 3 A I RS A i Tl A A S A
feds il e o T DA% 1 . VaR J7 ikt i 3 KUK ) 26
7N TR WL, EL3E T i XU 58, rT A 0w ik
G KU DAL S5 J5 70 B A AN A2 L E 80 <4 i 400 4 XU
D ) T %
H, o i Ml S R A T 37 1 KUK, 7T T VaR ik
Frifiid , RIERB AT
P(AX<Zyp)=a (1)
Forb, AX S ULER IR N B 45 2R BV 5 Zy o h 5 E
{R7KF o T R R 2R B KU ERR
IR ATl T AR B B Iz 55 15 32 s IO
B B x~N(, o) A0 3 FT7R 2 A
Ao NFREZE , AR A bR I IE 25 230 -

TR N(0,1) (2)
g

F®

7 I x
B3 msMiEmES A REE

Fig.3 Schematic diagram of probability distribution
of market prices

KSR IE ARG Dy A A% oA, B AUl 3
S5y A R B A 55 (4 W S AR, 75 31 H R 2 /] 1
SKBAR 3 A, BEMTSH Zy Ao Zy (HIET P82
ks o3 AT I GETE2 B, ] S Sl TR Sh R, S %

Ji B sz , A Bl , 5 B0 S 19 B 1T R
YRR AR LR A 220, H Zy (A 1 T
ZHHEMITHGENBEEN S % .

TEEEKF o 8, 5 ORI R Al 52 1 XU
s Al () A7

[ frde=a (3

MR (3) TR B E KT o TR M A,
WAREAR/KOT0E A B, RN R 58 A% XU
P DERE BERRAIG, T 7K Z A0 A A AR . (RLAE
SR SRR 20 A SEO A A R, AT
REAAAE " JRE 27 e B 0] R, AT 3 5 % Lo oy s KU 18
T YRR B G ACE A5 RS (B T B2

TE AGC ERZ M T I, R & Ky D,
IR S5 I AR wD | AT K o T 1 J R XU
A Cynh

Cyix=AD (4)

PRI, Eh g7 38 ) s fi s Bl AL 18 3 BT 5 3K
4% B A 55 PR 1o A6 W] 45 B W B S K o T
P, O A Ml JE B K HH ) 2 B AU A DL R A R
51

Z ZBiApi < Cypg (5)

ieSpge t=1

Horpr, g o o B BCALAL ¢ WA s Ap; o o BT BEAILAL I
%Hjjj ;SA(';Cy‘j AGC Méﬂﬁéo

2 ZERWMIHEARER AGC =R

2.1 j#2 CPS By AGC fRfLis®t

PAAE G 4 il DX O BIETE RS R, 5 Z AR R A1
F DX I T A — REAU A ] X, e R UL IR 28 2R AT I
AGC il s i A B2 RELH B (P
AGC HLA B AR L &R 48 th 1 4] Bk 2% 4t &)
%) RIS IR AN ZE A, MR GIUR M 22 A R SGE
R EE Py 45, WP 4 Fr7s o BT 10 min (4850 1
TR HEINE P, © 2 A0 2RT, AF AR 3 G Ay 700
FIZRRGEH) Hir ) 7 {ELF2 B0 91 4R 50 2R AT 40 B30 A+
#lo B, Py MRS T, P Oy RS bR T,
AP 3 ARG i

Af—={ B 20 Bl
Aptie—> %m%
\

REE

RiESNE T Ry —

B4 AGC #=HlidF2iE E
Fig.4 Description of AGC control process
MR AGC Pl i e , 25 T3 L5 K 2% 2 2 < Al
22924 TBC( Tie-line frequency Bias Control ) #5=%, LA




£5H

BT Tl 5 ) R R AR AGC bl g @

L Al ] AGC HLZH S 9 4 B ik 55 2% e/ H
b, SRR
(1) &5 HbRRE

min f(+) = Z Z,BA[J (6)

Hodr Ap! bt BFBEER @ 5 AGC HLAL RIS T, /Uztt'.
jJE ZIERS T S R, FE LA T2 1 B MR
5 AGC HLAL T ARt
(2) RGN
P'+Ap' =P, =P, ,~Ap;,, =0 (7)
Ho P° Sy 250 H I Py Sy o B R S 3 67
TINME ; Py o ¢ B BER S 1R B, 36 oW IE(H,
fiZ%ﬁi{E Apy. o B BEHR 2% 26 ) 320 225 Ap" =

Z 2 w; Vi o BBt AGC HLALIY SR 1T D) MH,,

{ 1,0,1} 0 k P ERHLAL 82 IRSME, Y
ﬂﬂN%%ME%mﬁﬁéw%ON%%ME¥
Faid AT, ul=—1 B RR LA 97, VE Sy b it
HLAL i e %,

(3) K2y,

TE T BE T P, Bl S i AGC 4l Bl AR
55 B TS R AE — 2 1 KU K- AR, 0«

Z ZBAp (8)

Hr, Cy pFm— mﬁ#ﬂk% a T, LRl JE K
FHA S o U AR o LA 7T ey, 2 1 v T £l
X T S XS 9 DR R AR, 42 Fh RS AGE t, 42 ol i A
R 5 S, EAR AKOT AR S T A A A1 A% 7K P
R, 42 A o B A

(4) CPSI 48HRZIH,
Ko <k <K, (9)
1 & B XAF,,
NZ 10B¢ (10)
Hop k. N CPST R bR (E, — B Z R KT

100% %ﬂﬁ’ﬁ%@jﬁ? 200% ; K., F W VERESE bR
TR, B R 1.2;K,, o FhI MR AR LI, 3 %
Ej@ 2.8; N NHE AL o Bl gk, b ik N=105E,,

R pP X S il 25 ACE 9 F-3{H, ACE=Ap,, +
IOBAF AF BRI 2E AF B F351E ;B
?‘”ﬁ%]l:%?% FH e, AARFIEMZER 1 min
?i’aﬁﬁﬁﬂjﬂﬁ{ﬁo

(5) CPS2 $8HRZYH,

1 & .
N';Emin = Ll() (11)
b L A HLE B ACE 456l iR BR 1A .

(6) AGC VT BN,
R, < 2 Apl <R, (12)
Hof R R, 43 AGC BLA @ w7 A i b
TBR
(7) AGC HLHA I 129,
Bi gpi‘gﬁi (13)

Hef, pl =P +z ul Vg o B AGC HLAL i (A 1)

7, PY LA @ W0G I PP, Sy I B
H A R,
(8) BEKLINHRLIH
P, <P, +Ap; <P, (14)
HoHt, Py P AP R IR E R IR,
w>wmmm@mm%$o
[u ' -u][Ts}-U, ;] =0 (15)
[ui—ui " ][ TS +D, ] <O (16)

Horpr, 20 (15) S dae /I I ] 29 545 58 (16) g /Iy
YRR PR () 240545 TS ML i A o= 1 I BE T 2R 82
Y P4 P ) (8 A T 0 R 970) 5 U HLE @ 1
e/ NI ] 3 Dy A AILER i 9 B/ N s ]
2.2 KRR E(L bR

2 (6) —(16) Fir iy s 7 ot — AR A 5
SRR B HLLEL 4 RS ) =
S Nﬁ”kﬁﬁz?ﬂtﬂﬂéTfﬁﬂ’J@xﬁ B3
Ebm%%ﬁ%&@ﬁ%m AU b B,

(1) PLAFE A IREA RN SFFRIE,

SIAPIA BB A & wl, = {0, 1} Ml u), = {0,
L H =LA S RS 5w, AT RERIA,
U5 5 F 23R

w, tuy ;<1 (17)

Horr ’u:lj‘j*ﬂgﬂi‘*lﬂﬁ/?\/}:g ] uldz =1 I, KR ¢ i)
B AGC HILAL @ 8 hm, e, S AN 5wy N
LA TR 228, 2wy, = 1 B, KoR « BF B AGC #lL
i Wb, R AN

PGl (17) R BEwh AR [ — & AL TE [R] —
B — Rl A7 RS, Oy 1 ke A [ — I B B AT
B ) A T A G BT RS B T R
W HFBIZIR

w, tul <1 (18)

uy ~u, <0 (19)
RGNS & T TR RS

,EPu={0
BB AE—Ff R 2RAE Hu =10, %R



80) ® 0 & % L%

£38%

P HLAE A T 0 & 2 (PR s 7)) RAE; Y
ul =0/, FoR Fr A HLALAL T34 & o % (8 Fhis
7)) RE
(2) AGC HLHM TR,
BLAH @ BT iR il RoR R
Ap;:u;,ivi,i_ufl,ivii,i (20)

Horp, Vi o P BOLAL @ RPERE R VY O o I B
HLAH @ Ao R
B (20) FRA(12) , AR HAR AL -

Ei = 2 (ui,ivi,i_ uﬁ,iVﬁ,i) = EL (21)
i=1

(3) Jt/ MG )25
T2 P 20 o A (15) T 2 A0 2k 2 o X
(22)—(24) ;

G
z(l_ula,i):o t:l929“"Gi (22)
t=1

14Uy ;-1
m t t—1
z wy; = Up (uy, — ;)
m=t

1=G, + 1, T-U,, +1 (23)

- (”f“

_u:il)J =0

> Ll

t=T-U, +2,---,T (24)
/ﬁ\:':':‘ ,G; =min { T’uS,i( UT,i_TS,i) f,ie Sace s Tglﬂ‘jm
20 @ (DG T TR g S HLAL @ AR IR RS (E
3 (22) 2y 1 2 TH SR R I 21, R L4 E 2
HISAT T — B [A], 4757 o il 5K 0 f /N fin e i ]
Py 50(23) BRIFTAESZA Uy, I B /N
2005 X (24) S e fa AR I RS /N T Uy 1)
TCRALLH @ fin 3, A7 5 AL 1 B /0 i e fE]
LS
) B, AR LR PE AT (16) W] SE RO et 2 s
(25)—(27):

L;
Y (l-uy)=0 t=1.2,-,L (25
t=1
t+DT_i—1
2 u:,i = DT,i(uil,i - uil_,i])

t=L + 1, T-Dp, +1 (26)

T
z Luy, = (uy, - uii_,;l)] =0
{=T =Dy, 2, (27)

Hpr L=min{ T,uq ( Dy, =Tq ) | FomIF LR ZIHLAL
§ SR AU IR 18], T LA @ 0 6 o s ]
LA i BRI BRIRAS . 3R(25) J& o T i AR ke
BRI 2], AL © ZW0Hs AT T — Bl 47575 5
1 BER B e/ N S 1) 24 95 3 (26) R BT AT 1 8 %

A Dy, IFBERY e/ N N ) 249 5405 20 (27 ) 2 di ) 79
RN BENT Dy I, GRALA 7 BBk, 473 6
6 A2 P /N P[] £ 54

3 OHEHRSR

DLV HL S H s A B AR S sk ], 7R
GAMS V& i CPLEX fiifk T R@ 173158,
BRBEZIMIE RS AN AGC HL4LH H RT3
W, ARG S H) BESHANE 1 iR, CPS 45
PR 10 min A% — U, RAEEEI G R 5 s, &K 144 4
A%, Ly =120, B = 145 B 45 2k D) R A 22 FRAE A
+100 MW, H57U SO 4 107°,

®1 ACCHI BH
Table 1 Parameters of AGC plants

IERERE JE S g3
BT BERNW ;ﬁ;ff{ : i
A 1512 400 250
B 600 180 300
C 540 200 230

R TOGF L R PR i R R 1 T S XU X AGC
P B R B R B AR X
N RGBSR & U 4 in f KA — 2. B, AR
HIELATR 2 Rl

a. 95% FH A5 /K R B A5 7K o i 95%
BT, SR L AGC HLAL VA 2% F /N B AR A el
AGC T4 K CPS #8457 H

b. 99% ¥ 57K« T AR B A5 AKF o i 99%
LT, SR L AGC LA 1 2% Fi de /N B AR 1 d5e
AGC T4} CPS #5847 H.

22 2 MBS, &K AGC HL4L A
CPS1 FZZAE M LK

®2 EXRNATLR CPSI FRIFRILE
Table 2 Comparison results for orders and CPS1
WK FAUE kg =200% 100% <k, <200%
95% FEfEAKT 684 8 136
99% BAFAKTY- 711 11 133

Bl 5 FE 6 43510k 2 R s = % CPS]
1 CPS2 B &, B AT KB, 2R G0 i AU
1) DR B BRI, T 25 R 3R W, 99% B A5 K- T 1Y
R AGC HLULF A B 95% B A5 /K T
3.9% ,CPS1 $5k5i#a1E 200% (%4 B T 37.5% ,
H e XU B 5 7KF 1 Ak, Y Reaf £ CPS d8bn G
¥4 % 100% , 785 /2 AGC LA 2 4= 2 R EE, 32 17 XL
B Ko BAR KT, 8 R T REIR KA,
ELASE A PR 9 A B 1

PAFE 10 min A% B Bt Ry ], 20 B 2 Fofiil] 388 =X
X X IR il 25 ACE (B 2% 28 T R 26 45 T S 5 F8 b
SpA e




BT Tl 5 ) R R AR AGC bl g 81)

1 23 45 67 89 111 133

12 34 56 78 100 122 144
FAG B
-------- 95% BAFKY, —— 99% BEi5KF

5 CPS1 #&H K
Fig.5 Trends of CPS1

CPS2

1 23 45 67 89 111 133

12 34 5 78
ER B
........ 95% EEKFE, —— 99% Bi5/KF

Bo6 CPS2#aE
Fig.6 Trends of CPS2

100 122 144

(1) ACE,

K7 25 ACE %485 181 8 4505l ACE FijiiR
22 E AR, 2 ACEXAF <O ik 2 W42 il 5 s X 2
GURARIREAF], R ZAM . d T E 5 KPR, &
GEFRVF AR SZ 1A 7Kt sy, RIS XU PR A
BTG, X T2 X5, AT AJA BE A AGC HLZH Bt
WAt 1) T R AGC HLAL 42K
S DX IR A, ELS AT BE DR 1B 4 4 T R A
Wz, AT e A IR JRE 552 BT 1 28 456 110 T 3 S 4R
THREE SRR, 99% B A5 K- T 9 DX 42 1l it 22 L
95% EAF/KF- T HY/N, FRWEAEACE 8, FEh R
Mk RN, 99% B A5 KT ACEXAF<O0 [ %5 4% ki
FE 95% EAF KV T 192, SRV E RSP 8s  Beh 7)
TRGEINRIIWKIL o

HRm B
-o-ao- 95% BEAFKY, —e— 99% E{FKF

7 ACE ##E
Fig.7 Trends of ACE

ACEXAF/
(MW-Hz)
N

45 6 78 9 10
ZET B
k- 95% BAEKFE, —e— 99% BiEKF

B 8 ACEXAF #aH#[H
Fig.8 Trends of ACEXAF

1 2 3

(2) BREGLINAR 2

9 MRER R TR A 22 B o R4 2 ) R
ZERT 0, KW RGEX SN R G 304k, sl AR A&
G M A, [ 2 W AR R G 2 W W o) 4% 1t
AR, 99% BAFKF T BREE U R0 2248 K
HRIMEOL FEIRT O % RGN SR LR, A
HTF RGIRIIFEE o

AL BE
ek 959% B(EKE, —e— 99% BEKFE

B9 BRELINEREESE
Fig.9 Trends of tie-line’s power deviation

(3) ML T2,

10 2y AGC A fH. 45 78 : 99% B 5 K
TR HLLL A RE L 95% B Gk R, BT
YRR K, R B S AP MR P A
HR

%150—

|, |
& 0 T I T
¢ | ]
8_150 1 1 1 1 1 1 1
- 18 35 52 69 86 103 120

e
0 95% BI5KF, m 99% Ei5/KF

B 10 AGC T41&E
Fig.10 Values of AGC order

Wl Ao FE DR R CPS A% 3545 5 4% 19 il
T B AKP#E, #2 X ) AGC LT 4 UL
B2, A A AR, 2 ] A B, (R K
PR A AT RERRE . B RGE iz
Pt B Aol m] 23465 25 B AL T 73R A L3 1k
REAE N AR BRI 1 9 B 57K F
4 #Fig

ARSI AT B Y VaR J5 s i g 1 %
JETT G TN AR R AL AGC 45 IR, fif ke 1 1%
Gt AGC LA BUME L 2% 18 T 37 g XU 1) TRt e
W BE T E T, AR B LU 458

a. EFE/KF 8 E, AGC FLAL 4 IR Bl £,
A EBRR , F ) BSAS e v, L4 T AR 2 S A
BHMT REWARMIKEZ . 2, BAG K AL,
AGC HLALRY T A IRE S T A AR AR RLIR A, Pl 1A
REARR, EL 92 ) R A2 22, AR T R Ge R o i Y
GIE A

b. 1EfH 2 CPS B AZAEbRATHE T, Al i id i 24



@ ® 0 & % L%

£38%

TE AR RSB B R G SR I BRI
SR XA SR 4 T BEROR R T R G L i
A1 ABAT 1 AR B 5

c. fEHL RISz AT b, D AR G T AR
A& CPS FEARHE LI ER , B W lk i] DLER & 25 E AL
T TR A PERESE IR R, 1 244 59 XUBS: A5 7K
-, LB 5 A R 218 o

SE Lk

[ 1] spdtrpde, W55 Bt T ikE—20 B0 b 0 MR 1) 503 A0 5 1 38
(th%&[2015)9)[Z]. 2015.

[ 2 ] BJORGANR,LIU C C,LAWARREE J. Financial risk management
in a competitive electricity market[ J]. IEEE Transactions on Power
Systems, 1999, 14(4) . 1285-1291.

[ 3] JALEELI N, VANSLYCK L S. NERC’s new control performance
standards[ J]. TEEE Transactions on Power Systems,1999,14(3) .
1092-1099.

[ 4] BTS20, ik, 5. HIRALIN CPS FRdfl T it b — UM s i

Ieflt AGC BRI [ J]. v [ L AR 2% 4, 2016, 36 (10)
2656-2664.
ZHAO Wanzong, LI Bin, WEI Hua,et al. The optimal AGC control
strategy considering the primary frequency regulation under the con-
trol performance standard for the interconnected power grid [ J].
Proceedings of the CSEE,2016,36(10) :2656-2664.

[ 5] ZETAR, e, MRIRP, 4. XadEdm 2 s M) ]. &

N &% B 31k,2016,40(24) :146-150,163.

LI Weidong, CHANG Yekui, CHEN Zhaoqing, et al. Dynamic con-

tents of area control error[ J]. Automation of Electric Power Systems,

2016,40(24) :146-150,163.

BB AT, BT, AF . JET AT IR Y 5 KU T T

CPS HFFE[J]. Wy A3k #,2013,33(12) :79-84.

WENG Yixuan, DENG Changhong, HUANG Wentao, et al. Research

of CPS based on statistical theory for interconnected power grid with

—
[=)}
[

wind power[ J]. Electric Power Automation Equipment, 2013, 33
(12) :79-84.

BT, X, 22 TR, CPS M A5 A% AE AL 38 5 [ PN % b7 A F A
[J]. RS A 3h1k,2012,36(15) :63-72.

BA Yu, LIU Rao, LI Weidong. Comparison of CPS and its assessment

—
3
[

between North America and China [ J ]. Automation of Electric
Power Systems,2012,36( 15) :63-72.

[ 8] YU Tao,ZHOU Bin, CHAN K W. Stochastic optimal relaxed auto-
matic generation control in non-Markov environment based on multi-
step Q (N) learning [ J].IEEE Transactions on Power Systems,
2011,26(3) :1272-1282.

[ 9] #J5, #hocss , AR, T R As e W i % 4 AGC B[]

o B 345 ,2010,30(8) 1 13-18.

YANG Fang,SUN Yuanzhang, CHENG Lin. Coordinated automatic

generation control with voltage security constraints for interconnected

power grids[ J]. Electric Power Automation Equipment, 2010, 30

(8):13-18.

X X, AR . FET CPS SEiT Rk iy B 1 B 3l & L #h

SR J]. 7 E Sk ,2010,30(12) :74-78.

LIU Qi,LIU Bin, YU Tao. Adaptive AGC strategy based on statistical

property of CPS[J]. Electric Power Automation Equipment, 2010,

30(12) :74-78.

[10

[t

[11] 220, 64k, AREHE 5. FEF I A2 30 i 356 F 4 o
REPEAN BRI T 19 AGC HEHISRmE [J]. vh E e HL #2244 , 2008,
28(25) :56-61.
LI Bin, WEI Hua,NONG Weitao, et al. AGC control strategy under
control performance standard for interconnected power grid based on
optimization theory[ J]. Proceedings of the CSEE,2008,28(25) :
56-61.
RV, TR FESRIE SARSA SEELTEHIR L M) CPS e # il o
MR LT]. f o RGP 54 ,2013,41(1) :211-216.
YU Tao,ZHANG Shuiping. Optimal CPS control for interconnected
power systems based on SARSA on-policy learning algorithm [ J].
Power System Protection and Control ,2013,41(1) ;211-216.
[13] A1, B4 254, 5. b MR 90 R BT RO T 39 7147
b [J]. vy A B ,2008,28(5) :6-11.
FU Rong, WANG Beibei, LI Yang, et al. Analysis of market power

[12

[

behavior of electricity suppliers under network constraints[ J]. Elec-
tric Power Automation Equipment,2008,28(5) :6-11.

[14] ZE0EN, 2= GE—miF RN T i) R A AT )
AR HIFRELT]. By A ki % ,2004,24(7) :85-88.
LI Xiaogang, LI Yuping. Withholding generation capacity and miti-
gation mechanism of market power under uniform clearing pricing
method[ J]. Electric Power Automation Equipment,2004,24(7) .
85-88.

[15] SMITHSONC, MINTON L. Value at risk[J]. Risk,1996,9(1):
25-27.

[16] A iR, BRI LR . J LR R T 1 WAl SR AR ) L
HriJ]. BRI AR ,2005,29(2) :28-33.
YANG Lijun,GUO Lianzhe ,TAN Zhongfu. Comparison and analysis
of several market power assessment indices for power generation
company|[ J]. Power System Technology,2005,29(2) :28-33.

[17] OSTROWSKI J, ANJOS M F, VANNELLI A. Tight mixed integer

[

linear programming formulations for the unit commitment problem
[J]. IEEE Transactions on Power Systems,2012,27(1) ;39-46.
BRIR, w AT R . RIS SECR G (M. 4 W JEaT
SEHE WAL, 2008 :161-171.

[18

[

EEE N :

R R (1982—), F, 7 B M A,
TARE, TR G AN ZAERMK
Z 47 5% ( E-mail ; zhaowanzong @ gxu. edu.

— -
-

-

cn);

“') A (1954—), B, 7 @I RA, K
B MR ASI L, T EMAT AR

AR ARAEZ LR L LR ERAEFORA,
R AR B EFRE KRS (E-mail ; weihua@gxu.
edu.cn) ;

94 (1985—) , B, e AA AL, L 2MRTH &
A MR 8 FHE R B AR GRAE 8 3 AE K (E-mail:; wei.
changfu@163.com) ;
S0k (1988—) , 5, el A LAt R A, £ -%4F
RIr &) A 8 7] BT 5 AR (E-mail :baohaiboP50514007 @
163.com) ,
(F#:% 109 I continued on page 109)



&% 5 1 S A TR R B D A B 4 109

Data mining of power oscillation based on change-point detection
YU Yiping',SUN Weijuan',ZHANG Hao', AN Jun®,XIONG Haoqing”,JU Ping'
(1. Research Center for Renewable Energy Generation Engineering of Ministry of Education, Hohai University, Nanjing 211100, China;
2. State Grid Henan Electric Power Company ,Zhengzhou 450052, China)

Abstract; Aiming at the defects of data mining for slight power oscillation features, the change-point detection
method is introduced to determine whether the low-frequency oscillation happens or not,which units are the main par-
ticipate units and when the oscillation turns into stable phase. On this basis,a new data mining method of power os-
cillation features in large grid is proposed. This method identifies the oscillation information of power grid from mass
data of WAMS( Wide Area Measurement System ) , distinguishes the low frequency oscillation with weak damping and
dynamic process with faster decay according to the extreme point features obtained by the change-point detection
method , identifies the beginning of time window of Prony method in the weak damping oscillation condition ,and then
obtains more reliable mode information and strong correlation generators. The effectiveness of the proposed method is
verified by the simulation of New England 10-generator 39-bus system and the data mining on WAMS practical
measured data in Henan Power Grid. The results show that the oscillation features and mode information of power
system can be accurately identified from the mass data.
Key words : change-point detection ;low-frequency oscillation ;oscillation features ;data mining
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Optimal AGC model with risk constraints of market power
ZHAO Wanzong' ,WEI Hua', WEI Changfu®, BAO Haibo'
(1. Guangxi Key Laboratory of Power System Optimization and Energy Technology, Guangxi University,
Nanning 530004, China;2. Guangxi Power Grid Dispatching Control Center,Nanning 530023, China)
Abstract ; Aming at the problem that the market power risk is difficult to be considered in the traditional AGC ( Auto-
matic Generation Control) optimization model ,the VaR ( Value at Risk) for measuring market risk is introduced , and
the AGC optimization model of mixed integer nonlinear programming under the constraint of ancillary service cost
with VaR as the limit value is constructed. For dealing with the nonlinearity of the model , the two-state auxiliary vari-
ables are introduced to equivalently transform the three-state variables of the unit,which realizes the linearization of
the model and thus effectively reduces the difficulty of solving the model. Taking the operation data of Guangxi
Power Grid as an example , the performances of AGC under different risk confidence levels are compared. The results
show that the higher the confidence level is,the greater the regulation cost will be, but with better control effect.
However, whether the confidence level is high or not,the proposed model can ensure the CPS( Control Performance
Standard ) qualification , verifying the validity of the model. It can provide a useful reference for the AGC in the power
market environment.

Key words ; automatic generation control ;market power ;value at risk ;auxiliary service ;control performance standard



