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Overview of Power System Dispatching Methods Considering Flexible Resources and
Model-data Driven
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Abstract: The increase in renewable energy and load types brings greater uncertainty to the operation of the power sys-
tem, as well as challenges to the economic dispatch of the power system. Deeply analyzing and summarizing the
characteristics of flexible resources and accurately modeling uncertainty are the basis for evaluating the flexibility of
power systems and achieving economic dispatch. Model or data-driven based scheduling modeling methods face many
challenges, and combining model and data-driven approaches and fully leveraging their advantages is the development
direction of power system optimization scheduling. We summarize and organize from following three aspects: flexible
resource classification and characteristics, system flexibility evaluation methods, and optimization scheduling models
and data-driven modeling. Firstly, the flexible resources in the system were introduced from three aspects: grid side, sup-
ply side, and demand side, and their regulation characteristics were summarized. Secondly, three commonly used power
system flexibility evaluation indicators, namely, weight allocation, mathematical statistics and envelope interval, were in-
troduced, and the applicability of different methods was summarized. Then, current research status of flexible resource
allocation driven by model driven, data driven, and model-data interac-tion driven was summarized. Finally, the prospects
in research of power system flexibility are put forward.
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R} fi) ¢ BAYi g FRAHE S
LR N e 7 L
R 0 min 15 min lh AT 2R /(% min ™) VEREEEAE /(u;i i\ﬁiji) *g;i%ffi
PO \ J 6~10 T 100% 0.55~0.8 400~2500
. BRI SHLAL \ \ 2-3 60%~70% 0.152~0.455 300~3200
:2& PRBEALZH \ 0.2~1.5 40%~50% 0.25~0.45 200~3000
s R \ \ 3 50%~70% 1.1~1.5 400~3500
iy AL K \ \ \ 20 R 100% 0.28~0.35 1500~7000
& A RE \ HORD Ik B Th 2 100% 2.04 200~4000
fitiRe FE4E7 S Ak Re J 1~10 min 1% F %% & I 100% 1.85 500~3600
K Efg J 10 s~10 min IAFIFE IR 5T 100% 0.5~0.8 700~8000
. L R J v v JLT-Rm <10% 0.2~1.6 —
ok A 2 5 SR o y y JUF-n <40% 0~0.3 —




SROKHE, P B8, g, S BB RS RN T AR B R GUR I TT iR 47

HETB. HB ARG BRI ) E fE — ik
e 2 fis.

X 2R G0 RAEVE ) B2 BT LSS I R G ] A 9 B
RABEVERI L . R GRS TERIHE & BLIE 70 %
B RIE IR TR S RGBT AT, Wk
PH SRR ARG . AR S AR FHEEEE 3 H
JI R GEARANIN 7 I H BA L v ) S AN

IR RS SRR PR T TR %, SCBR[12]8A
FAGETEA R LEBIE N R G R IEERITE P bR SCHR
(1813 1 v S 7 fi K 0 VRISl R A7 Ay I 3 K
ARG RTEVEE N BEJ): SCHER[4610 4 T R4t
JI& 37 % YR AN 2 1 A BB {H (insufficient ramping re-
source expectation, IRRE)FIH AANH & M R i M4
BH A Z 5 AN e 1 R M FE £ (technical uncer-
tainty scenarios flexibility index-technical economic
uncertainty  scenarios flexibility index, TUSFI-
TEUSFD2 Ff RIGPEVEAT FRAR AR EL . FAT, Xt
T RAETE RPN FEAR AR TE B AR e 1 R s PR
ftrik & .

F b, RIEEPFO AR B T H AR R
PESRURAE T R TP R AL, A R RS
PRI AT AL . H BTHBONE 8 A T PR 757
BB E ST E BORG T 7 AR X 6] 772
3 FRRAL
21 WNEHESE

BUEE 73 BE 77 32 A2 4 LA 3R 48 20 1% B2 8 70 M 45
FONFERL, A F SRR R IEARE RO R 4t
B REVER BTV . SCIR[47I Ui K= &%
KTy J - I A N FERb T BAAN K LR SR PRk AT
TEN, R

R G
Kot X FR RGN RFE AR xR R
Wi R E bR AL 5, 37 R
iy B = BE (D) 2+ (R (DA 12
)
Rofte 5 Ro () FR R HLBLAE N 1 B i
BME At R e E] e o

() SEhr e M A R R AL TH B 45 SRR AT AL
RIKAE N R G RGP G, BER T AR
RN AR G E . S(O) i AU 73 i 75 5
AR E(S) TR R 7 I B — AT AT T % .

(10)

| ARG M |
a [enzl.
G R
________________________ Twmal
Ev

| R A |

K2 R e AR

Fig.2 Generation planning process

n,  STERER AT LA AT AR BRI AL A 25 sl i ) T
A b AT I

ite4l, TUSFI-TEUSFI fARLE ARG A
FAARL, B TR S H YR (G R RIS
5 2 [0 SCHE AT Y SUEAN T 2R 5 AR BR 1) D 2
(ZRGEEN SZ ARSI T REAND B ZEA
BELTHI PR SR A B 55 2 MR BR, BT B A A
BRE . PR PR AR T A A T VR B —
TUSFI-TEUSFI fe b FZH T H ) REMEIMES -
22 BIEEGHEE

IR T E R IR . MR AR R R T
WG TR A RN I iR R . REGE

F YR A & ) 2 {H (insufficient ramping resource
expectation, IRRE)J& T MR RTHE 7%,
IRRE 15 564 R 1 G5 U8 7 A4 1) BT R Ny 1) R
EPEBYE, AR5 FI ] Kaplan-Meier ¥4 i (1) R AR %5
FEE R USR] RS PR 43 A, i B I 5 R
HEIA RN ALREE . AR 77 ) FIAS [3] R 5 P B~
) IRRE 18 . 7ESLEEA b, SCRR[48] LA B fur 452 % A
wEhrdE, 7E IRRE J&6l B3t 7 —Flopr 8 RIGMEVE
Worid. WHEREWE 3 PR,

Kl 3 BT ik R B R T s i 2 2 AL
YA [F AR EETHE RG] H RGBT, EmAs
F| IRRE M5 45

SCHR[49] B Se 0t R I B i 44 BB 121 PR i AR i A7
¥, WE S K BT 41, ARG X RN R
B H R IEMEEAT BN, THE TN

Xiine ., =21 puoe, MIN(R,(7)7,C, = Pase ) (11)



48 L R A A

2024, 50(1)

[ARAR. RS54 R A% F5 |

| 8 R 1R |
I S
| T 5 R 8 3 1] 5 | @5
il
| #anamregmaesrs | g:
I -3
v i
T G T, G X R BT P | o ||
FR IR A7 3 P
i
| 0 T 3 3 | &
! i
A BRI e = | %t
2 N, l:l } /:’\ DL AN \n
R T 5] (AFD) | &
x
]
[IRREH 5 2 &

& 3 IRRE it&iife

Fig.3 IRRE calculation process

X, =min(R (2)(7 =T, ,),C)A =2, e ) (12)
e AUPC RIRG G A FE L 8] 1 2% (net load du-
ration curve, NLDO)IBS ] 515 r FoR RIG R AR
35 zon z1 4 FRIR RIS BHIR I AE AN B SRS
R FRCH R, C FRRBER T Tar RIS
8o 3L (12)F R TE LR AN B 26 R % TR ) vl FH 7K
V. SRATATR 3] R Gen] RS R IR
IEAh,  SCHER[50-5 1] M R X HUAR R P A= R I
W ) LT SR I RE A, AR VETEAS R RIG TR
FEHIER . RIEMEA SRR, 40 T A
JUBE R BB R & 148 A
23 GEXEEE
A, 26 X [8] 759 A2 R LAIX R JE =06 R G0 vl
RIEGHIRHAT R I — RPN 7 5
SCHER[S2] VARSI RS . R . ASofsE e
FRAS 4 ATy T B R G0 RS . TR B[] FRUBE
FSCAS B AT B H B 1) 2 E508 A8 B (R i e 3k o
IR A fE, RIEHEFR bR T TR RN
1’ [udn’uup]g[udn*’uup*]
={0, Soit ()
A we, w43 HROR R G AN E MERIR I BT
IR @AM, BAARHE AR T HhE
TEMLA DTS e P, AT 67 A S P AN
Mo w™ udn™ o B IN RGUTRE A i KA 8
PSR u i b RFL. X=0 N FR RS T0EW L B

PRAR R ARAG G, X=1 I R4 & (i KRR
ERT HbrAe s

SCHR[S53] 08 i A 2% £k (7 30K s W] Y R %
Yo FTRTFAE EUR TN VR 2= AL A [R] I 18] 18] B T )
WM, A FR A R PR,
FAGTIRHIEAESN AT RE, TR RENS 134 [ 72 R 5K
FSA R G RSP XA . 1207 T4tk
AR R GE, BISERT RHGERE, X T R Gk
3 T R L B2 BR o
24 AERFGEERMESH

G aE M LB M AR TBL e A
MARGN B, FERIELTHEE FIFEA &N A
5E R AR R ARG Y SR 5T o

BUEE 73 e 75 92 2 B T RS SR AN LEAF 1L,
HAL R RS PR AR AN RGUIBAT PRI, 1
RE RGN EKBRITHSEM K. BT HIEES
JERGNEIASHL, IR RE R G R IR R AREHL
Yo BRI, ZRTPET N AT R RGEHRI, TA
EHTEMWHET. HASE 25 .

HERGET T AR T Hde o, AR R
Pt R s E , UINBUE AR IR 304 e VE TR AR AR
PRI, 9 R R 3 T LA OB v TP BB
PACTF L, TSR M. AEAZTT 0 T HR AR U &
B ERE R, d TR R

B 2% X (8] th 2 3 1 e LS B AR B0 R G0 RS
VEREAT TR, (BT iR R T  fh 2k, 13 25T
VRAERENE D8] o DX T8 AR/ AT DAAARREIL R 55 1)
PSR o AL, SXSEPPAR 7 2t ) BATE 9 R I
A) RUBEE N REVE R s A S A T A, .

BEAh, AR RIETEVPUr bR 5, A5 A A
ez 75 AR . Kl sl s A AR 5 R
B, HEROPARE, RN R A S AT
RE IR VETE AL 5 A M RA, IR SE45 R
AIERG. DI, H AR B SR80 ) R A
Wi

3 EERIERENREFRNIEE

ARG RAEVEVRAL 2 R T HIWT T —
X (IR 4 WA, (R4 E RS APIRAS AL AL
AR R IHITEIL T, R A REENAH
SE ARG ARG T sl . Rk, #5 e E
RIS KT T, RGERTETEA L, WIFEETE 230
RGBT AT REN D 77 K6 B i



SROKHE, P B8, g, S BB RS RN T AR B R GUR I TT iR 49

A4, ARG 2, AT E A
Hahn 7 HAE. Ak, BESE HP RN RS 58 E DA
AIFAERRRI KRR, RER TIEER RGusiT8dE,
LT B T HAR RS AR BE T . AR E A
X} 2% T8 RE BRI IK SN . HdE IR S AR A e
2 H IR BT 2T R EE AT SRR
3.1 FERIRmRIEFFERIEE

FrBE A RS, FERAK RIS T SR A
RSP T R BR A, kT 45 21 B R B 45
RO o, A BEHLAS & K BE AL
(stochastic programming, SP)F1% F& AN 5 VU [ &
R4 AL (robust optimization, RO) & 2 Ftf ik i FH 1)
AN E AR TR

SCHR[12]7% 58 R i 1 75 SR A R i 1AL R 5 43 1)
FEABE, 0P e BB AT A B I S R (1) L R ST
BATFRIRUZ AR, R R B
VERMAAETRY . SCHR[13, 541504 T U AL 6 6T 1)
FEME, SCHR[13]DATR SR, fisfe. 250 3 FP2fdxs R
TERURIEAT 4 SO, I SO R FE AR Y
SCHER[18]53# 1 & fanis 1% 22 4y A X L PR S 99 110 R 3
PEFE SR I RIEPETTIR, A48 1 L 2 R R e A
B B oA X R R g IE N, DURIE RS
ZEUEE B SRR U Bl Z g5 /Ny B b R B ST AR
s fERREEAL B, SCHER[SSIANRIEPETE R BRI
SPETHLER . X RGN ST 77 RS T TN 5 e B
] A RER H ) R G0 RIS PERURIEEAT T /41

HHT, ALK ) R B RAC B VAT 7T
B Th T el IN T R U5 A LI T R (R S A K e
BRI HTae s & AT . Rk, H AT L
FEE R BET AW E MR R TTE. AW, 4
R R MENLE R R, AN e I R B
PRME, AL Ge i Y Rz 77 AR BT % 0] R (10 A 1
HI .

WAL, PRI KB IS, R bl
TR IE 2 ARG SS, X TR IR
FIRUGRVTE TR A BRI, B0 — e,
HEFREAR IS T NG N RSt .

3.2 BB RFRFERCBE

DA 22 [ 28 SR AR (R B 4 2 ) Hi s B 3l 7 X
BT AR o I PR AR 2 B g HE B
DA AR B T 550 R 1 B0 i 448 52 2% ) R A
SRARANIE 57 TH R SR B

& Gt (1) A B e v B 7 2 BE AL R

(stochastic programming, SP)if ¥ 75 Z 5 E BEH AL &=
IREAR o0, AH R ARE HIRER 70 AT B TGV HE R %)
1) S R AN 8 1 R R B 0 AR AR . B AL
(robust optimization, RO)KH A€ M & /iR A
T 14 R 3R AR AT B, 28 P8 22 5 B e il
{EAF L 25 RAECAIR S o N T BT e & BT K
IUAF QR PE, 5T 3K 3 77 XA A0 B A AL

SCHR[S61H I B AT Bl AR AL 1 AT N TP
W28 () HL- SR B R PR 2 5 FE 7 585 SCHER
(57038 5 R FE #4828 1Y) 43 /25 2 >0 SICBL T DX 3k ] (1)
VR . IR ORI E R IR B SR AR A
3% T R SR Bh SR ) SR BN R B B, HEDA
PRUFH AR ArATE, — MR 8 2 s it &5 77 K
PRUEAS B P47 o

AR, 2 SCRR A B AL 2 2 5] N TR A
SCHR[58-6111 W 1 RS E i T, i it
REA 2 R 20, B ) RGIS T, ki
REREAS, TS B R 45 R . sk 2% 21 77 ik
AR LR L RGN R Re A, 1848 E 25 o
B RAETE S BE A B BN R Ho 2R Q3
W2, BN TR R 45 R

SR, e N T B, R
SIEESE, Hddnt “EAREART BB, Ea
AT Hdm , 15 21 0 25 ST 2 e DL 2 nT AT PR .
(R, Bl () 25 T B0 1 07 92 OB i Uk - T 52
5 ) EE R i R AR B T AT M, BT R
B b T E ) R B AR S i e B T T AT, Sk
IASE T RE . {H Al EH DX 50 7 2 v R A 0 e
PAORIEME B ME . R, B S8 XX — n) e
TR SRR S IKsh i AR
33 RBHREREIRMNRERFEALIEE

BRI 7V L R R AR X B, BT
T2 (PRI FUBE BRSSP AR R 1 o KM B B0 7 0t
T ARG I B LG B DR, TR, B
SERIA SR IR BN T R I A R SR A,
5 B

BHEE 5 ml A, A ORAN 5 4 ok 5h 77 A —
LN RIA A S, PTDCSEIR A Bokb . PR, i
ERA VI 2 Wit 7T SR AR TR E A A8 B R B I B A
BT, BATBONRAT IR BT FHATHIRAG
3 R HIREN 75 62,



50 i LR AR

2024, 50(1)

1) BB

BRI AL E 4 s, 2 YRR
W f5 g o RIS HALRE) 5 4R I s .

TR AR S rp, B BR B 7 vk AT B UK Eh
M [ viry S 5:k i P 1) 5 A A G L O DA REN I DN
RSl B IR B (0 75 V2R AT VR AR R 3R B U i
AR EAE IE DR . B E 3R AE B R R B 7 v
A AP AR AR RS FEE L I TR 28R A R

BT R BB, SCHR[63]4E vl i e AL EE
(R ZEGF AR, T 4008 [l 3 ) R AR N7 22 3 R BB
BARAHAL, A R RS EAR A THE: BE
ZhLr R 2 Bl SR, SR A L RSN b AT T,
DU SR o 7 R T 1 e AN 28 55 S e 7« SCHR[64]
SR 22 G A ) 5 35 1 PR 2% ST LI 2 ST A A AR
SEETTVER, 1R RGATMRE T R B B AR (1 3 A
RIAR, FIFH IR S WL R Gessim i AL AT 0145
FRZABIE o 1 J5 SRRk PR 2R by A PR 2 ST AL
ST BEAS FP 230 M 5% R R M

2) FEEAE

FHIRL RGN 5 FivR e FRIPE ) 5 2
I A $ TR 3 5 A A R B v SR A A B S A
NERAREIH R, WEEAEESM. BT
Fe. IBORFIZE. (EHRESLPRgRcR, nhdEd ik
A FH IR SRR 35 Bh e 48 vk 5k . SCRR[65 15K I3
o SRS AR g BT oo i R, A
RIIRE RARARET FE SR TP oo R, IR
NG S B S B 5 45

3) AT R

NG SRR 6 fix. NG PR
looler, KR IR BN AT VEAE N A U ER B e B Y S 4
() P SRR N BB B OR B kv, X B2
3 FH D R G P 1 L R B e AR A IR B vkt
SERREE N, RS T RCRR RGN, (HEEES
G BE. SCHRI6TIR 4 7 2B R el LA ) 2
HOB PP Z AT TN, FEEs S ER AR T
HRPS AR, SCHR[68-69] AR S B RS
s IR B FE S IAN[R] I 23 PRI o A0 18 B ]
SCHR[70-72138 1 $45 Bk 3h 7 xR Bk sy A
THRRER M BT RN, A T AR A AR

AT 5 I A7 X 0 JE ER R B 7 3OHI AR o £
B, MRS S T T RGN SRR R
W, T A7 P BT A A S o 3 o B DR B B
LB, e TR SRR .

RS BRIRKE) S HRE A Eh sk i b
Table 5 Comparison of advantages and disadvantages

between model driven and data driven
X)) 75 2 s (73
WTIRAN, WRFCERL T, mdERENE N, Bk

BERARE)  ATARREVE SR, SCBL RRE R Ab A, S
L, BN S R 2R, PP RAG—

Rk ARES), BT WORRIBTHIE,

) JiR, SEMERF AN, AREYSR, AEMERHE

SEIRFMARZRE ST, SRR PR, BRSO RE
FEAIG AR 22

W | T IR BOEIREy |
S gAY))

K4 B aiy

Fig.4 Structure of serial approach

W | MR IR

A [ BOR ) (e(N). A1)
g(¥)

K5 JFBsaaii

Fig.5 Structure of parallel approach

WA | BRIz | i
S¥.g(Y))

B | HdE s
g(Y)

Ko irAGI R
Fig.6  Structure of embedded approach

4) PEAE B RhE R KB

b ik 3 MAZ BT A, AR R A
#%(graph neural network, GNN)!3 54 A5 SLAH 25 K]
#%(physics informed neural network, PINN)74731, 1%
Y R 28 AT AT o AR B 5 R 25 ) AR LA BB TR 1)
%11, GNN 5 PINN W2 45t anis 7 fizs

T@F, Thr k5 n nFRR8GTH RS
AE . GNN G RURHERRE N 510 RHIERE
P B kIR R G E I E LI AR dME B . B,
B RGN SN A s S B AR A S AT
oo, PN B o SR [E]I, SR 2 3 3h A
TTEAERE, e T aRM T,

K 70y, a 5 m IR TTRE AT N B RAE A
s FORITREIAR: W2 R ik Burgers f i 7
TR, v FORAN UK E): Loss N PPEE M 24 [



SROKHE, P B8, g, S BB RS RN T AR B R GUR I TT iR 51

= o%
—
sa V2

(b) PINN 45 &5 14
&7 GNN 5 PINN [ %% 4514 [&]

Fig.7 Net structure of GNN and PINN

W TR R Z . PINN R4 & S AL A
LSRR S M JT R, A LN 313 R ATUERIS
R 30 o R ) B R A DAt R R R — 0 I B
PINN 1, SRARSEIR B ORI 2 A 1 SE PR B L 3R
UISCHER[6912E T PINN 7 sHyid 12 T4 25 B 3

VEMR 48 )BT A Fa g TR P ], A X 25 2 S W H A 7Y
ey

HiGho

HHT, JoikRk TR K& Bt s ik
FEREHLIEALTT 58, Hdim RSN A ' FH 0 A e 2 FH A
BE TER MM E G, XA ERE L
T T 2 MOTIERIRERE . Xt T7 AU A K
AZHAKEN, R HlE SR A A RN TR OB U5 i
RO, SR AR B 52 TR BN I A R AR R FR g
FEZEPERAG P, HIET RIETHRN AL
B IRA R EETT R FOE R D . AN, GNN 5
PINN £ HL /7 28 Gt 1 52 075 T £ 52 FH #F 78t R g2 R
KA — AT

4 MRRE

H AT B AR R G0 RAE 5 SO PP FR bR R T
IR R, EREERRGRIARRE, RIETET5
AT A AR . X T H B R G R TS
TR FE, m LU RAR JUANJT T JE

1) BLA I RIE G R B 7 K 2 DU 9K E)
Jr ANV EAE R BT, B Bl K 2 B AEAS
T e PRI REAE T T, B SP MR A1 B I EE A RO
AT E S G R, AR 5 M KB IR 25 5 2R 40
BT ER, RABIAEPIE RS

HAT, A3 RO 5 EA & PERI R I L 7)

ARG LA L BT T A AR S B Sk 1
A2 75 AT, IFATI7 3 S5 R AR E AR U —
SERERE BT A R IR AR, 180 TR
FMNE 1T ER AT RSB, X TR K
215 A UK EN R AORS BRGNP I ] S AR
TG FZEIT AP Bk, JEEEw TR
AEDH 2201 2 2 AR RE VA 2R 1, 5 SRR
BN RN AL L AR R JE T WF 7

2) BUFHIBE A2 25 e f RS e 2 J7
THT (1 53 B, 0 R 0 147 190 2% e i SR 1 PR
FBY, HRZEF TN R RiEE, X%
ek RAGTERI B FEAGEIRN o

BEAE,  WEr BRI R H A X A7 AE ™
F DT T 52 PR I, ] P T RE IR A P R B R R T
i R AR R B L. AT 2 5%
AR TR A LR, 5 RE TELIBR I 245 BHL 56 R A% i
17, SEELZ A 2 A SR LA G B 0 75 KR f
L D) A iy 23 P B TR T R

3) FifidE R R LR, R SRR R 2
BAREZ I Z . FTUATULAI R, R vh 2% R
RIETHRMZ, WHERINRS, BRGERENE
e SR, ARG SRR TR 5 e, XSS
PR AR TRk, AR GERI i CPLEX 257
bR A ] BETCTR EEOR MR . AL, RGBT
P R G RO 7R SR A AR A5 T TR R
I, A Je v R SRR S B s 5 e A AL B ik gt
AT SRR HES B T RAYE R R B B A DTS o

S22 #k References

(1] PhAE, @MW, HE, % AT EEMR AL ME 1Ttk i v
R RG] s EROR, 2023, 49(6): 2239-2252.

SUN Yonghui, MENG Yunfan, GE Leijiao, et al. Application and pro-
spect of microgrid operation optimization enabled by artificial
intelligence[J]. High Voltage Engineering, 2023, 49(6): 2239-2252.

2] A3CFE, X, HRIEAR, S BT RIS HR LR Tk X iRk
ARG AR ARFEEEAED]. "SR, 2023, 49(4): 1402-1411.
SHAN Wenliang, LIU Jing, XU Xiandong, et al. Evaluation of the
electricity flexibility of energy supply system in industrial park using
adjustable robust optimization framework[J]. High Voltage Engineer-
ing, 2023, 49(4): 1402-1411.

(3] IRTR. HET S CS HEM S H P £ b R 9 U F R
[D]. dbxt: bR, 2021
XU Zihan. Collaborative planning of multiple flexible resources in ac-
tive distribution network based on improved CS algorithm[D]. Beijing,
China: North China Electric Power University, 2021.

(4]  DRERMG, WM, BRERE, 5 HEMERRRRAL 5 5 UL RIEXUR
B &5 45 B VR R T BE()). m R BOR, 2021, 47(9):
3094-3104.

CHEN lJinpeng, HU Zhijian, CHEN Jiabin, et al. Optimal dispatch of



52

i LR AR

2024, 50(1)

(5]

(6]

(7]

(8]

(]

(10]

(1]

(12]

(13]

[14]

[15]

integrated energy system considering ladder-type carbon trading and
flexible double response of supply and demand[J]. High Voltage En-
gineering, 2021, 47(9): 3094-3104.

A, £ 5L, B B SE TR RIS B A FL
RIEHBIRMACICE]. A3 eB#, 2021, 41(10): 52-59.
NIU Huanna, QIAN Li, YANG Lu, et al. Optimal allocation of flexible
resources in distribution network considering cost of flexible auxiliary
services[J]. Electric Power Automation Equipment, 2021, 41(10):
52-59.

Xy, B, S0 B, 4 BB RIEDS GG R AR
- - B RN DT, s RSO, 2023, 49(1): 118-127.
LIU Hang, ZHAO Haipeng, WEN Ming, et al. Station-grid-load col-
laborative planning method for integrated energy system considering
flexible distribution of load[J]. High Voltage Engineering, 2023, 49(1):
118-127.

AR Bt T R R IR R R - K SR A REE R S H
HiPEAL[D]. K. R TR, 2022.

NIU Jiaqi. Day-ahead optimization of electric-gas hot-water integrated
energy system with flexible resources and demand response[D].
Chongging, China: Chongqing University of Technology, 2022.
KB, 5, PRGERI, &5 HE T SRR R AC M A SRR
BRI EE SRR T]. W doR, 2023, 49(6): 2318-2328.

SONG Zehao, FENG Hua, CHEN Xiaogang, et al. Low-carbon
scheduling strategy of distributed energy resources based on node
carbon intensity for distribution networks[J]. High Voltage Engineer-
ing, 2023, 49(6): 2318-2328.

JESCR, R, B mE, S5 WK B R R TR R SR
TR TS R BUR S R[], MR, 2022,
48(9): 3423-3436.

TANG Wenhu, SHEN Yueqing, QIAN Tong, et al. Research review
and prospects of quantitative analysis and regulation technique for
flexible resources in urban energy system embedded with building
clusters under dual carbon target[J]. High Voltage Engineering, 2022,
48(9): 3423-3436.

T ISR, RUKHE, AE. HIEX G RIERE LA e
W] SEVE ) HT T IEVEIR (], E R L TAE AR, 2016, 36(6):
1517-1526.

DING Yi, JIA Heping, SONG Yonghua, et al. Review of reliability
evaluation methods for the smart grid considering the interaction be-
tween wind power and flexible demand resources[J]. Proceedings of
the CSEE, 2016, 36(6): 1517-1526.

AritilE, xl o 3E, XUERER, S UG R Y SR SR RO YR G R I
BRI AT LRk S SR )], PIE Ay, 2022, 55(4): 132-144.
YU Zhuofei, LIU Fei, LIU Ruihuan, et al. Resilience-oriented optimi-
zation of source-grid-load flexible resources in distribution systems:
review and prospect[J]. Electric Power, 2022, 55(4): 132-144.

(EEH, F408E, B 3%, S B ey TR AR REVRTIC A ) 3
PR AR ET]. RFHAEYA4, 2021, 42(9): 33-38.

REN Zhijun, GUO Hongxia, YANG Ping, et al. Double-layer optimal
configuration of flexible resources with high proportion of renewable
energy distribution network[J]. Acta Energiae Solaris Sinica, 2021,
42(9): 33-38.

FIeth. B mBURG AT 5 RIS BRI E ST A 25 A AL IR T
F[D]. K¥b: WiFGRY:, 2020.

WU Zhaowei. Research on comprehensive optimal dispatching of ac-
tive distribution network with high sensitive load and flexible
resources[D]. Changsha, China: Hunan University, 2020.

WRML, B F, ALR, & AR IR E N ) RS
FARALIREET). ThEF, 2019, 52(6): 104-110, 120.

HUANG Qihang, MA Xue, BAI Zuoxia, et al. Ultra-short-term opti-
mal scheduling of power system orienting to flexible resources
configuration[J]. Electric Power, 2019, 52(6): 104-110, 120.

FAEM. TR R FIRS 5 A R R S g (D). 7
B FEHRF, 2019.

[16]

[17]

(18]

[19]

(20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

ZHANG Zhibin. Mode and strategy for demand side flexible resources
to participate in grid frequency modulation control[D]. Qingdao, China:
Qingdao University, 2019.

BN PE R O R B IR B R KU RN BT (D). L
b IR, 2019,

SUN Ze. Research on risk evaluation of flexible resource scheduling
on user side of Zhejiang power grid[D]. Beijing, China: North China
Electric Power University, 2019.

Tyt X B, WISt 55 W RGNS AL R A T SRR
SRR, P L TARSAR, 2023, 43(14): 5429-5440.

MA Yinghao, LIU Chen, XIE Kaigui, et al. Review on network trans-
mission flexibility of power system and its evaluation[J]. Proceedings
of the CSEE, 2023, 43(14): 5429-5440.

Eutdh, E5FAE, EEH, . S SiBE 0 QAR HUN R A
FTHRALTIBE T EL]. ARG AL, 2018, 42(15): 86-93.
WANG Hongkun, WANG Shouxiang, PAN Zhixin, et al. Optimized
dispatching method for flexibility improvement of distribution net-
work with high-penetration distributed generation[J]. Automation of
Electric Power Systems, 2018, 42(15): 86-93.

TOHIDI Y, HESAMZADEH M R, BALDICK R, et al. Transmission
network switching for reducing market power cost in generation sector:
a Nash-equilibrium approach[J]. Electric Power Systems Research,
2017, 146: 71-79.

i, = F, AR, S RO ARG REPOTREAR KR HI[I].
ARG AL, 2022, 46(4): 1-14.

WANG Chengshan, JI Jie, JI Haoran, et al. Technologies and applica-
tion of soft open points in distribution networks[J]. Automation of
Electric Power Systems, 2022, 46(4): 1-14.

Wl BENLIREE T ELIP A X B YR X a1 R I FEARAL F D). &
fE: SAETME R, 2021

LU Kai. Dispatch optimization of the inter-regional power grid under
the uncertain environment considering the coordination of
source-grid-load side[D]. Hefei, China: Hefei University of Technolo-
gy, 2021.

25 R RHL T 2 B LIRS X ELIR HL R 43 R AR AR 1R B IF D).
Kib: Wik, 2021

LI Can. Research on hierarchical optimal scheduling of inter-regional
power system with UHVDC for wind power accommodation[D].
Changsha, China: Hunan University, 2021.

sk, XRH, | A, & AT HRS LRI RS =
PACHCE R[], BB, 2017, 38(4): 71-T8.

HAN Weichao, LIU Junyong, XIANG Yue, et al. An optimal alloca-
tion model of energy storage capacity based on goal-chance
constrained programming[J]. Electric Power Construction, 2017, 38(4):
71-78.

BFEM, B, BOE, 5w AR ) R A TE
AW S TR ] ARG AL, 2017, 41(9): 12-18.
LU Zongxiang, HUANG Han, SHAN Baoguo, et al. Morphological
evolution model and power forecasting prospect of future electric
power systems with high proportion of renewable energy[J]. Automa-
tion of Electric Power Systems, 2017, 41(9): 12-18.

PR, B, v B IRATRE IR RIS LIRS
BRI ARG AL, 2017, 41(21): 46-54, 104.

LI Haibo, LU Zongxiang, QIAO Ying. Bi-level optimal planning of
generation-load-storage integrated generalized flexibility resource[J].
Automation of Electric Power Systems, 2017, 41(21): 46-54, 104.

B, AR, USRS BRI LRI ). W T
FEHA, 2018, 37(5): 56-63.

ZHAO Fang, DU Zhaobin. Impact analysis of voltage sensitive load
on planning of distribution network with new energy[J]. Electric Pow-
er Engineering Technology, 2018, 37(5): 56-63.

oo, gk, PR, S RS RLRRD]. H
JIRG AN, 2014, 38(20): 127-135.

WANG Ke, YAO Jianguo, YAO Liangzhong, et al. Survey of research



HKKHE, )

B, g, S5 B8 RO SR LSO EN 7 L L R G TT kSRR 53

(28]

[29]

(30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

on flexible loads scheduling technologies[J]. Automation of Electric
Power Systems, 2014, 38(20): 127-135.

g4, OB, B ETRMERG KR AR ERD]. M
AR, 2015, 39(5): 1358-1364.

ZHU lJianquan, LI Ying, TAN Wei. Characteristic fusion based on
electric load modeling[J]. Power System Technology, 2015, 39(5):
1358-1364.

B M SCRE#E, N, I RREERI R R RGTH
AR RED]. B RG AN, 2012, 36(4): 50-55.

YANG Yan, WEN Fushuan, LI Li, et al. Design of a photovoltaic grid
and power quality compound control system[J]. Automation of Elec-
tric Power Systems, 2012, 36(4): 50-55.

GUPTA C P, MILANOVIC J V. Probabilistic assessment of equipment
trips due to voltage sags[J]. IEEE Transactions on Power Delivery,
2006, 21(2): 711-718.

KANWAR N, GUPTA N, NIAZI K R, et al. Improved meta-heuristic
techniques for simultaneous capacitor and DG allocation in radial dis-
tribution networks[J]. International Journal of Electrical Power &
Energy Systems, 2015, 73: 653-664.

BN, M, OB S KRR I ) RGBT R
THPEVEAR[T]. B, 2015, 39(6): 1672-1678.

LI Haibo, LU Zongxiang, QIAO Ying, et al. Assessment on operation-
al flexibility of power grid with grid-connected large-scale wind
farms[J]. Power System Technology, 2015, 39(6): 1672-1678.

T B AR TRRIAT AR R AR N R E RO R RS
GRS EA]. s ML, 2020(16): 44-47.

ZHANG Ning, LU Jing, DAI Hongcai. Prospects for flexible resources
of China's power system under the coordinated development of source
network, load and storage[J]. China Power Enterprise Management,
2020(16): 44-47

i 5. BB T R G REC B LA B LR A I I BT 72 (D).
Jent: bR IREE, 2021

LU Hao. Research on energy storage plan optimization and compre-
hensive value measurement in the new power system[D]. Beijing,
China: North China Electric Power University, 2021.

KR A ERER R REEARBTI[D]. R REEKY:, 2014,
WU Zhen. Studies on key technologies of distributed energy storage
system[D]. Tianjin, China: Tianjin University, 2014.

VREEE, MR, i, & fEes 5 miahisl. JURE R
B[ BARGEANME, 2021, 45(16): 14-28.

CHEN Qixin, FANG Xichen, GUO Hongye, et al. Participation
mechanism of energy storage in electricity market: status quo and
prospect[J]. Automation of Electric Power Systems, 2021, 45(16):
14-28.

Z Bk, W OB BEERMIMERRM]. dbat PE R AL,
2017: 138-171.

LI Qiang, PAN Yi. Dispatch technology in smart grid[M]. Beijing,
China: China Electric Power Press, 2017: 138-171.

CHEN H H, FANG X, ZHANG R F, et al. Available transfer capability
evaluation in a deregulated electricity market considering correlated
wind power[J]. IET Generation, Transmission & Distribution, 2018,
12(1): 53-61.

XS, PW, B B & R S KIT L R R SRR
HAMEAL TR LSRG )], AR ERR, 2023, 49(6): 2275-2285.
LIU Xinrui, LUO Yuqing, HOU Min, et al. Energy complementation
optimal scheduling strategy of urban multi-energy system with stepped
carbon trading[J]. High Voltage Engineering, 2023, 49(6): 2275-2285.
HERRMANN M, HOFMANN L. Enhancement of a control concept
for parallel HVDC link operation to increase flexibility for offshore
wind park grid connections[C]//Proceedings of 2021 12th International
Renewable Energy Congress. Hammamet, Tunisia: IEEE, 2021: 1-8.
FALVO M C, CERVONE A. Transmission grid flexibility assessment
in electricity market: bulk system indices for the operational plan-

ning[C]// Proceedings of the 2nd IET Renewable Power Generation

[42]

(43]

(44]

(45]

[46]

[47]

(48]

(49]

[50]

(51]

[52]

[53]

[54]

(53]

Conference. Beijing, China: IEEE, 2013: 2-45.

HFEW. AR S A AR BEFT[D]. BN WK,
2013.

HUANG Yuteng. Research on load profile analysis and load manage-
ment optimization[D]. Hangzhou, China: Zhejiang University, 2013.
KEFHE, T, B, BB FET R A R R R 2E S R
B RRA T TR R T AR SR I AL )], AR,
2022, 46(3): 933-943.

GUAN Shufeng, WANG Xu, JIANG Chuanwen, et al. Classification
and aggregation of controllable loads based on different responses and
optimal bidding strategy of VPP in ancillary market[J]. Power System
Technology, 2022, 46(3): 933-943.

Fb R, R, SF TR IR e i RSB RE 1 RO
ZERVHED]. ARG EBIME, 2015, 39(20): 66-71, 97.
ZENG Dan, YAO Jianguo, YANG Shengchun, et al. Probabilistic load
flow calculation considering price-elasticity load uncertainties[J]. Au-
tomation of Electric Power Systems, 2015, 39(20): 66-71, 97.

AREAR. HL R G L T R BRI Z AT S IRIBTTE (D). bkt
Hlbr IR, 2022,

XUN Zhenglin. Research on optimal operation and planning of multi-
ple flexible resources in power systems[D]. Beijing, China: North
China University of Electric Power, 2022.

HERE, FARR, TR, & B RFREELILIERA]. B
MEAR, 2014, 38(6): 1569-1576

XIAO Dingyao, WANG Chengmin, ZENG Pingliang, et al. A survey
on power system flexibility and its evaluations[J]. Power System
Technology, 2014, 38(6): 1569-1576.

MA J, SILVA V, BELHOMME R, et al. Evaluating and planning flexi-
bility in sustainable power systems[C]// Proceedings of 2013 IEEE
Power & Energy Society General Meeting. Vancouver, Canada: IEEE,
2013: 1-11.

LANNOYE E, FLYNN D, O'MALLEY M. Evaluation of power sys-
tem flexibility[J]. IEEE Transactions on Power Systems, 2012, 27(2):
922-931.

LANNOYE E, FLYNN D, O'MALLEY M. Assessment of power
system flexibility: a high-level approach[C]//Proceedings of 2012
IEEE Power and Energy Society General Meeting. San Diego, USA:
IEEE, 2012: 1-8.

FEWS, BB, EBUE, & JETIBIS SRR KO I
L) R G2 I A RUBE RS PEEAA (D). HE R BR, 2019, 43(11):
3890-3898.

ZHAN Xunsong, GUAN Lin, ZHUO Yingjun, et al. Multi-scale flexi-
bility evaluation of large-scale hybrid wind and solar grid-connected
power system based on multi-scale morphology[J]. Power System
Technology, 2019, 43(11): 3890-3898.

BN, B, B BT AR RO B ) R R
PEPPAN S P A HLE]. o AL TR, 2017, 37(1): 9-20
LU Zongxiang, LI Haibo, QIAO Ying. Flexibility evaluation and sup-
ply/demand balance principle of power system with high-penetration
renewable electricity[J]. Proceedings of the CSEE, 2017, 37(1): 9-20.
ZHAO J Y, ZHENG T X, LITVINOV E. A unified framework for
defining and measuring flexibility in power system[J]. IEEE Transac-
tions on Power Systems, 2016, 31(1): 339-347.

NOSAIR H, BOUFFARD F. Flexibility envelopes for power system
operational planning[J]. IEEE Transactions on Sustainable Energy,
2015, 6(3): 800-809.

B 58 FE T R SR A3k F T AT L DO 77 12 T A SR T
F[D]. &¥b: WiEKE, 2020.

ZHAO Liang. Research on preventive reconfiguration strategy of dis-
tribution network based on reliability of high sensitive load power
supply[D]. Changsha, China: Hunan University, 2020.

B, B, B S AR RRIR HL D R G R VEMER
R PRERD). B RG A B, 2016, 40(13): 147-158.

LU Zongxiang, LI Haibo, QIAO Ying. Power system flexibility plan-



54

i LR AR

2024, 50(1)

[56]

[57]

(58]

[59]

[60]

(61]

[62]

[63]

[64]

[65]

[66]

[67]

ning and challenges considering high proportion of renewable ener-
gy[J]. Automation of Electric Power Systems, 2016, 40(13): 147-158.
LIU H Z, SHEN X W, GUO Q L, et al. A data-driven approach to-
wards fast economic dispatch in electricity-gas coupled systems based
on artificial neural network[J]. Applied Energy, 2021, 286: 116480.
TANG H, LV K, BAK-JENSEN B, et al. Deep neural network-based
hierarchical learning method for dispatch control of multi-regional
power grid[J]. Neural Computing and Applications, 2022, 34(7):
5063-5079.

v B, ERnw, gk 8, SR BT RMATEIR AT HIRIR A A
AR A RIR RG] P E AL AR AR, 2021,
41(3): 819-832.

QIAO Ji, WANG Xinying, ZHANG Qing, et al. Optimal dispatch of
integrated electricity-gas system with soft actor-critic deep reinforce-
ment learning[J]. Proceedings of the CSEE, 2021, 41(3): 819-832.

B OHE, OREE, XEE, % T IREERLE INSGERRIER S
HBLTFWHED]. WARFKEBNL, 2021, 45(5): 39-47.

YANG Ting, ZHAO Liyuan, LIU Yachuang, et al. Dynamic economic
dispatch for integrated energy system based on deep reinforcement
learning[J]. Automation of Electric Power Systems, 2021, 45(5):
39-47.

LI H P, HE H B. Learning to operate distribution networks with safe
deep reinforcement learning[J]. IEEE Transactions on Smart Grid,
2022, 13(3): 1860-1872.

X g, TRARER, EWNW, S FETIRBEERALS: ST R B S
SRISWESLLY]. PIE LT AR 2], 2018, 38(1): 109-119.

LIU Wei, ZHANG Dongxia, WANG Xinying, et al. A decision making
strategy for generating unit tripping under emergency circumstances
based on deep reinforcement learning[J]. Proceedings of the CSEE,
2018, 38(1): 109-119.

U, TR, WMEME S5 Bdn SRk e sl T Tt e
L AL ARG h R[], v LT RE 4R, 2021, 41(13):
4377-4389.

LI Feng, WANG Qi, HU Jianxiong, et al. Combined data-driven and
knowledge-driven methodology research advances and its applied
prospect in power systems[J]. Proceedings of the CSEE, 2021, 41(13):
4377-4389.

B, &, TG, 5 BBATEER A S RRL i
NG &L TITET]. B RG A, 2022, 46(18):
179-189.

LI Yapeng, HAN Xu, YU Xuguang, et al. Hybrid model-driven and
data-driven approach to price forecasting in bilateral contract electric-
ity markets[J]. Automation of Electric Power Systems, 2022, 46(18):
179-189.

WANG Q, LI F, TANG Y, et al. Integrating model-driven and da-
ta-driven methods for power system frequency stability assessment
and control[J]. IEEE Transactions on Power Systems, 2019, 34(6):
4557-4568.

BIKRE XUFAE, SR, BT HIEIRE) S A A R
G ST EPEITAG[Y]. FBEAR, 2023, 47(11): 4386-4395.

LI Yongkang, LIU Baozhu, HU Junjie. Rapid evaluation of power
system transient stability based on fusion of data-driven and
time-domain simulation[J]. Power System Technology, 2023, 47(11):
4386-4395.

LIU Y B, GAO S Y, QIU G, et al. A physics-informed action network
for transient stability preventive control[J]. IEEE Transactions on
Power Systems, 2023, 38(2): 1771-1774.

GOKHALE G, CLAESSENS B, DEVELDER C. Physics informed
neural networks for control oriented thermal modeling of buildings[J].
Applied Energy, 2022, 314: 118852.

[68]

[69]

[70]

(71]

[72]

(73]

[74]

(73]

TR, FRPK, PR, & BRSO R A RS I R I 22 4k
AEZE PR ARR R EAR 5 TN ARG AL,
2019, 43(1): 95-101, 208.

HUANG Tianen, GUO Qinglai, SUN Hongbin, et al. Hybrid model
and data driven concepts for power system security feature selection
and knowledge discovery: key technologies and engineering applica-
tion[J]. Automation of Electric Power Systems, 2019, 43(1): 95-101,
208.

FRF, T, mEE, & ETEEWEm A R LA
AU RGUSATALN]. R E LT RE SR, 2021, 41(5): 1771-1782.
LI Chengzhou, WANG Ningling, GAO Shutan, et al. CPS-based oper-
ation optimization study of indirect air-cooling unit cold end system
under summer conditions[J]. Proceedings of the CSEE, 2021, 41(5):
1771-1782.

PO, DREEME, TRESR, . B THER KSR H IR B 4 A
BHRALTRIZT]. BREAR, 2021, 45(12): 4768-4777.

SUN Xu, QIU Xiaoyan, ZHANG Zhirong, et al. Distributed robust op-
timal dispatching of AC/DC distribution network based on data driven
mode[J]. Power System Technology, 2021, 45(12): 4768-4777.

LIU L K, HU Z C, DUAN X Y, et al. Data-driven distributionally
robust optimization for real-time economic dispatch considering sec-
ondary frequency regulation cost[J]. IEEE Transactions on Power
Systems, 2021, 36(5): 4172-4184.

SOSSAN F, NAMOR E, CHERKAOUI R, et al. Achieving the dis-
patchability of distribution feeders through prosumers data driven
forecasting and model predictive control of electrochemical storage[J].
IEEE Transactions on Sustainable Energy, 2016, 7(4): 1762-1777.
Baskararaja G J R, Manickavasagam M R S. Subgraph Matching
Using Graph Neural Network[J]. Journal of Intelligent Learning Sys-
tems and Applications, 2012, 4(4): 274-278.

KARNIADAKIS G E, KEVREKIDIS I G, LU L, et al. Phys-
ics-informed machine learning[J]. Nature Reviews Physics, 2021, 3(6):
422-440.

SHI P P, ZENG Z, LIANG T S. Physics-informed ConvNet: learning
physical field from a shallow neural network[J]. arXiv preprint arXiv,
2022:2201.10967.

KKE

1973—, 5, W+, #ig, @%

FENFBEN RGN SRR SRR R
THEIHFH

E-mail: dhzhangl @bjtu.edu.cn

ZHANG Dabhai
Ph.D., Professor

v BERCGEEIER)

1995—, Jj, 44

TN TR REAE B ) R GE BE AR 55 T R
TR gT

E-mail: 21117014@bjtu.edu.cn

SUN Kai
Ph.D. candidate

Corresponding author

WhiH#  2023-05-06 1E[RIHET 2023-08-10  #FiE FETFE




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


