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Optimal Scheduling of Microgrids Integrated Photovoltaic-

Storage-Charging-Flexible Loads with Multiple Time Scales

ABSTRACT

Under the guidance of the “dual-carbon” strategic goal, it has become
a national strategy to vigorously promote the development of distributed
photovoltaic (PV) and electric vehicle (EV). However, the large-scale grid-
connection of distributed PV and the sharp increase in the number of EVs
have brought great difficulties to the safe and stable operation of power
grids. In order to reduce the impact of distributed PV and EV on the power
grid, it is an important solution to integrate PV power generation, energy
storage system, EV and flexible loads to form an operationally flexible
photovoltaic storage-charging-flexible microgrid. In this paper, for the
optimal scheduling problem of microgrids integrated photovoltaic-storage-
charging-flexible loads, based on the analysis of the operating
characteristics of its various constituent units, a more in-depth research
work has been carried out from the consideration of the differentiated
demand of EV owners, the uncertainty of PV output, and the response
characteristics of flexible loads in multiple time scales, respectively. The
main work includes:

(1) Operational characterization and mathematical modeling of

microgrids integrated photovoltaic-storage-charging-flexible loads. The
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output model of the photovoltaic power generation system and the power
model of the energy storage system are established. By analyzing the travel
characteristics of EVs, start and end time , modeling the travel distance of
EVs, and using Monte Carlo sampling method, the EV charging load is
obtained, and the influence of EV autonomous charging load on the
operation of the microgrids integrated photovoltaic-storage-charging-
flexible loads is deeply analyzed in terms of economy and security. Then,
the flexible negative of curtailable and transferable loads in the microgrid
1s analyzed and modeled accordingly. The research in this chapter lays the
foundation for the construction of the subsequent optimal scheduling
model of microgrids integrated photovoltaic-storage-charging-flexible
loads.

(2) An optimal scheduling strategy for microgrids integrated
photovoltaic-storage-charging-flexible loads that takes into account the
differentiated demands of EV owners is investigated. Three EV models,
namely, rated power charging, flexible charging and flexible
charging/discharging, are established according to the different demands
of EV owners, and the incentive-based demand response mechanism is
modeled by taking into account the curtailment and transferability
characteristics of flexible loads in the microgrid. The optimal scheduling
model of the microgrids integrated photovoltaic-storage-charging-flexible
loads is established with the objective function of minimizing the daily

v
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operation cost of the microgrid and the payment cost of the EV owner. The
simulation results show that the model can not only satisfy the charging
demands of different vehicle owners, but also make the microgrid
operation cost lower.

(3) Aiming at the impact of PV output uncertainty on the optimal
operation of microgrids integrated photovoltaic-storage-charging-flexible
loads, Information Gap Decision Theory (IGDT) is used to deal with the
PV output uncertainty and the corresponding day-ahead optimal
scheduling strategy is proposed to solve the uncertainty problem of PV
power generation. Based on the deterministic dispatch model, the
uncertainty of PV output is modeled using the interval constraint method.
In addition, the scheduling models of robust optimization and opportunity
seeking strategies are constructed based on IGDT theory, respectively.
Simulation results show that the optimization strategy can help the decision
maker to select the scheduling plan according to the risk preference, so as
to effectively balance the uncertainty and economy, and pave the way for
the subsequent intraday and real-time optimal scheduling.

(4) A multi-time scale optimal scheduling strategy for microgrids
integrated photovoltaic-storage-charging-flexible loads is proposed with
full consideration of the source-load prediction accuracy and the variability
of flexible load response characteristics at different time scales. Firstly, the
response characteristics of transferable loads in different time scales are

\%
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explored, Then, the optimal scheduling models for the three time-scales of
day-ahead, intra-day, and real-time are constructed with the objective
function of minimizing the operating cost of microgrids integrated
photovoltaic-storage-charging-flexible loads; and finally, simulations are
conducted using CPLEX solver. The simulation results show that the
matching of source and load resources in a multi-time scale can give full
play to the regulation ability of various types of flexible loads and play a
better role in improving the stability and economy of the microgrid.

Wang Qing(Electrical Engineering)

Supervised by Prof.Shilin Liu

KEY WORDS: microgrids integrated photovoltaic-storage-charging-
flexible loads, differentiated demand, distributed power, flexible loads,

optimal scheduling
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fili BE R GBI SHEARIL W RO,

B =B+ R =R I (2-2)
SOC, = E* / E®5™ (2-3)

0 < PESS < pEssen (2-4)

0< RS < pESer (2-5)

SOC, ., <SOC, <S0C

t,min — t,max

(2-6)
Arh, EFSRUNBLESS E HR: RE I R™S™ 4 Byt B 78 OB Th %,
KW 5 Ros® . REs™ 40 5l t Iy B 8 R S 70 i F DD IR KA : SOC i
SOC, s 43 Bl J9 16} B i 28 G547 MR A5 (0 3 MBI e 7755 0 72 49 149

R A) 78 . AR SOC, Jy ESS fE tI B4 HIRZS (State of Charge,

SOC); EEBssmx>}g ESS 4 E R E, kKW-h,
233 B ERT

RN ES 5B NARR R, RO BT R AR 7R
HEL A A AT SRR AT T BT S BBV R RN O TS AT R R 2,
ANIE, WIaar UIRAS . AR e IR IA] . 78 DDA R/ INEEE 2 05 Y. [l
A RERENLA 2R LR AT, 2 S8R RV SR 7 iR AR 5 A sh iR 4 Bl
PUEA Iy 78 7 A 00,

(1) HBHRAEIT IR 7 I 285 3 A

FETAFARMAEI T, EV EEHIET 25 i i 8] B Dy e 7e H kg da i 1e] ,
HMER G IES AR, BIT ~ N(g,,07)  JT40 78 LI T] B8 2 5% 22 b

e
1 X— )
fr(x)=@5r exp (— 2(;?) ), 6<x<11 2-7)
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bR AL B IS, SR AR ORANSRAS T 70245 21048 H AT 3 AR R BUR MR 2R
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d[-l-tout _Ttin] (2-10)
dt

A, QRN BUE SV N FRIR1S MU IAT A, KW 5 QR t IR Bl £ 47 fif

Qtd -Q¥=CVp

A ThR, kKW CRRTRMERIE; V RRERD NI, m®;
pFRRTREE; T RN BEEINRE, °C; TRt BRENRE, °C
FEFLA i FEAE LU LA, B
1) AMEIEAR AL A G RS R IZ I VA 47 4 9 -
=Ko Sl =T, (2-11)
K, Ko BRIMEERREG S, FRSMEIR, m,
2) [ Tl ARAL AT BB IS ¥ A Ay

tOp — KtopStop[Ttom |n] (2_12)

R K, RRBETUER AL s FRBEIHR, m?.

3) AN AAL IIE R IZ I v 514 A«

twin — Wm Wm [-I-tout |n] (2_13)
A, Ky BRIPEERRE: S, RSP ETI, m?.
4) R BAEE S PIE B IZ I ¥ A7 9

sun — ISUnS (2_14)

A, 1 ROt BOK RS R E, Wim? .
it il (2-12), AL S SR 4% A A R -

Qtd — twal +Qttop +me qun (2_15)
. CV p[T" T

Palr —0Y_ t t—1 2-16
6 =Q 3600AT (2-16)

Rl G FORBIARK: P FR BRI, kW .
IR X 1255
T ST ST (2-17)
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Lp, TOONENRERER TR, °C: TM™ NENBERER LR, °C.

(2) AJHRE g

A RS A7 A 2 4R 1] DA RS BB AT I B B AN 2B L 2 R B i, X K
it IS AT IS AN X () 5 R LR, B R & i RE 1, AR TR UE — A1 2
WINEFEREAL. B, EARSCPR AR Jy iU B 7 SR B 745 (Incentive-
based Demand Response, IDR), ik S5t 4% Jih 4 jta Sl 7 EAT M 2o 4565
JA S 50 RPN T AR, SR AL R SR R SR oy 3 RS SR, AR ITR:

AR IDR: H T FRAT 24 /NI RRUIRE R
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TSN IVA 8
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.
z (P9 _ =9y — g (2-20)
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24.1 ERBIERIZESH
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ML E RS NIER BT A5, BERBAE T i B, o R A
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PIOCAG TR BE RV, 38 A 3R B2 L 7 A B, PR EL X H oA 3 ) v ek A K
BEAR il 78 SR X )3 AT B

2.5 REBINGE

AR E T H R 16 78 SRR M I B AR S5 A IR 3L T 3 B TR B
R SERR B TCR AR, TR B BB LA ENE, TR
TAATEEREIR, oA A AP T T X RE R LA A L IR, Dl H I i
B ou i RO SRS BT FE 3R B 1 BRI SCHY, A SRR oY, AR A
B BEAT O, DU RN BT TR R, BT HIEIRG N ThAE. R)E, XD
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E 3T TR EVERNUERAICEFTZMBENRILIEE

315|158

KA B AERAN A TE O W (1 5 A 220 5 8 LD S AR 15
UL RAS PR 75 2y 1 R KR Z (R T, AR RGEiT g, N T
Rz, AREIRN T UE L BV 4R 2 A T SR AT e SRS Al X AIC A
TSNS . oG, MIEETEARTRELHE IR eH . RiFTEHM R
JBOR =R EV LAY SRJF, 25 REGIOR W h SR f e () ] A RS A R] BRSPS AT
R R AR s e, PARIMUERH I HE AT AR A EV 42 3252 3 N
HbRes 8, Lo PR AR . (7 A5 SRR H, K BV At s /R R
WIS 5O, AMRE 2 ARG MR ®HR, EREMERHEMIEZ
AT AR FEAR RTINS A R e v e P L

3.2 EV FEHEiEHY

ZIEFIEV LA M, HART AR T2 NZREMELRFE R &
MARIEEVEE AR T RER, BHRIRESN=E, HE - ERGEERE
EV. HAFRZRBEAR B RFIE D E R l, HEBIMERHBRES, A=
S5 E S 5 RN RIERH EVe HAF R EN 78 AL BN ) ) it 78
HLDh AT, (R TR R MR 38 =R RIE AR EV. HoRr U 3%
N8 BRI B N 2 ) st T DL A R s, ELFR R DD EE T LA .

AR 70 L7 O R AR R 3R, BISE— 207 s L4 - A BB i i 7 v
PG 58 2R 07 AR 4 320 SR AE DD 78 FELRUAS O [RIINF, J8E 4f FEL T A A M 0 G
BRI RFRE LR R MU A . AW EV Z 5TCBMIEE, S5
—MF TR, RN TR B RE TR, SRR TFEAT R E
Ryori B aA s SE=Mm i, RA I B e L, JREEAT OB AN .
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R,u = Pe St,u € [Su,or’su,ex)
St,u = St—l,u + 77(: I:)tuAt / Eu

Nt,l

Pt,l = Z P[,u
u=1

TERRER U AR BORERID A SOC; Ry~ N, 783l Nt By

(-1

A, PR

t,u

S

t,u

B—REVEIIE, EVEE: Pv 7.+ S,o~ Sue~ E AN ERIUKIBUE 7

IR, ZRHEACE. BEIG78H SOC. F M SOC. Hh A& /DN At ~NHAL
I, A 1h,

(2) RIGFTEHL EV

P,=P Spin <Sip <

t min — “~t,h — “Yh,cthr
0 < Pt,h < Pe Sh,cthr < St,h < Smalx
Sin =Scan t1.RHAL/E, (3-2)
N!,Z
Pt,z = Z Pt,h
h=1

A, Pos Sih RN h LR B IR X SOC; Sh,cthry‘j?ﬁEEjjJ$ﬁﬁlﬁ
B/ SOC, A (3-2) RIS — MR ARIE SOC RiBFIS, B, A4 h ff

FRAUE TN A Sy~ Spa 2704 SOC W/AMEAR KA, BUA 704 0.12,

0.98; P, N, 700Nt ZI% —3KEV B2 BV k.

(3) RIEFIH EV

Pt,i = Pe Smin = St,j = Sj,cthr
0< PtJ < Pe Sj,cthr < St,j < Sj,dthr
_Pd = Pt,J' < Pe Sj,dthr < St,j < Smax
Styj:St_lyj+77cl3t'jAt/Ej Pt’jZO
St,j = St—l,j + PtyjAt I (n, Ej) Pt,j <0 (3-3)
Nl,3
Ra=2.R, P20
=1
Nt,3
F)’(fja‘:ZPt,j Pt,jSO
=1

X By S AN ER jEt BRI ) SOC; Py g NEUE ALY

d
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.M S, NPT SOC, ) SOC TS, . B, 2R j FFAAOL:

Poo PLu N, BN EE =K BV S ThE, ROt Th A BV 4k

3.3 Z BRI AEEE
3.3.1 B¥REEE

AR T & EV ZE A TE R RN, AU B SRR A B 1) H g AT
A, EEHER BV RSO SE,  PIA SR i DL HEEAT AR EV 43
ST B /NI 22 F AR A R BERS AR -

mian(CCe )+u2(CCev ) (3-4)

emax EVmax

Mty =1 (3-5)
A, CONMHMEIZIT A C, 8 EV LA, Cup MCy o AFEEN
AN S A S SO0 TR BE B &R 98 H IS AT IR AT iR 2 S 3
o ATty TR REIZAT AT EV 2SR S AL E S5, i I BUE Y N

0.5

(1) fokea Y Rz 47 lAs

RS R R I AT RAS 3 B RO AR It iE 4E AR SO), i BE R Gris 4E A
T B RSAS L L0 9R 2 TS HE N U AR SR 7 T D kM RS ST), L B A R R IR
.

24
min Ce = Z(CPV + CEESS + CGrid + CEV + CIDR) (3'6)

X, CoONHMEBIZIT A Coy NWICIRHIRIBYE A Coees NIBRE RS
IBYERAS ;s Copg NS MBI LA s Co, N HLBDTTAE O 42 32 (A
C, XS MG FH P A A

Tl FEL IO 118 06 AR LB Bl A 2 2255 18 B2 AT U7 O AR LB IR 73 A s MR VD
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R ASCANE B HAT IBRCA, AXHE R T4 9 A, B
CPV = ZPV RPV (3-7)
KA, Ay~ PV AIAGAR B 4E R BRI t I B DGR A T 77
ok FEL P R it B AR I L R B R AT 4R A, B
Ceess = Aeess ( RESS’Ch + RESS’diS) (3-8)

K Aggss~ P9 PRSI RIONARAE R G RI4ED R BN t I B S8 TR L 2

%,
ol EEL DX PR 52 T A 32 2 p Al FEL PR 5 A L DX AT I s L AR B, B
CGrid = pth::ﬁ/RiES - pthréﬁ Ptf:lf (3-9)

A, PSR L O 43 5 g s 50 sk 9 43 I e AT 16D 4 G S o 4
RO | RO 435 Ay t e 3 25 M I b 1 R o i T

Tl FEL P AT LB TS AN UG 1 B 5 AR R = A S, B

CEV = ﬂ“EV Rds (3-10)

KA, Aey s PLAN BRI B Th K

ok EEL PO R S 1 A7 ff M A O R R A S 5 R S IR AT AE e VF I VE
W, WA TAME, EEH RN T T % 50 1w F P S 5 55 R B B 25
T ERAMEE A, B

C|DR _ Ctrans,q (Rtrans,q + L:rans,q) (3_1 1)

e, CImS TR 1 MR

(2) BV R 3 F/b

A3 BV 28 30 3 BRGSO RIE 2K BV I 78 S RIS 2%
EV (AN, #E B ARR A I

24
minC,, => (C,-Cg,) (3-12)

t=1

R —2R BV se i [ g I LAy, 55 —3ANEE =38 EV sE LN DNl
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P4 15 B IR 23 I A, B

c

C.=P,pex + (P, +P)pY (3-13)

ek, pEL AE R, B NI BV 7 FAR A A

332 A RE M

FEX M HEAT DA R B ISE, B IR T R LGB ST, FHEE
JE— L RF LA, Rl:
(1) HIRPHEL) R
YRGBT, NARFERN K B ITI R IS S R, RO
5
P+ Y 4 RESSA = BBV 4 v 4 PSS p
R =PR,+R,+R;-Rj5 (3-14)

new _ pold trans,g _ | trans,q air
R =R+ R L™ 4 R

Rf, PV PEY L R RESSE I RESSAS 400 I BOK AR R S I T
BN R A RO IR L YRR SR R B B R BRI RO

AT t I BORAl AT 5 TR s 2 H0, N SEIF R, C N AT AR

(2) K HE WA ) 5 40 TR
ol FEL X 5 P L D) 2 ) ) A 8 D) 20 32 B ER A R S I AR, RO N
0< Pth[JIS < ItbLIy Pbﬁ)r/irc:wax

O < PGrid < Itse"PGrid (3_15)

t,sell sellmax

0<IP+1¥ <1

R, RO PSSy A R B I B s 1 S R R

sell, max

AR O-1 488 1 2 U BRI 0 P A A 0-1 25
333 BALRBRIE

HF CPLEX MR AR A2 an i 3-1 frow, BARPD IR .
IR 1 SREUR K 24h FIYGARH T B =LA 07 g OS2 e 2k, R 5%
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AUR2: HENLAHRE R G TSR R LR SRR ST AN EV (1 R SR i N AR A
DU 3 MR/ MU N B T AR EV 223 SO 3 TR 22 H AR 2K
AR 4 WOEHRIIRMHF LR, HRER G AT R LHBELR,
CNERSEENENAL R NmES OP WiIb X N PR ES AL
DYR 5. FIH CPLEX K4S HEAT IR & B AR MEOUAL ] B SR A o

FREUA SR 2406 R H F7 . 4har LA S
EVZA R A TS B
SHERE R G LA
SRPREVHET
e Hig {7 AR HEVZE &
AT A% B AR RS
WERTH . R
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etk H Ty Th RS A KA
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i FHCPLEXR fift a3t 175K
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Y
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3.4 BH 54
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g6/ CKW-h); T B KIIR A 2000 KW o IEA-TIF BCRI N IR BE (09:
00-11: 00, 14: 00-17: 00). #¥EFE: (00: 00-08: 00, 12: 00-13: 00). A
B (18: 00-24: 00). 7y EMBURK RARHBZE . BRERS. EV DUIRIE T
MIEASHANE 3-1~FK 3-4 Fin. A2, B2K. CRIDR AR A& LIRS 5N
HLAUAT I 12% 8% 4%, A AN A< 73 i 9 0.1 g5/ CKkW-h ). 0.2 Tt/
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R 3-1 Sy s B HLAR

BB Iri] EEL X g 5 v R/ [/ In] EV B HLEL Y/ [T/
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S B 1.5 2.1

A B 0.42 1.02

ST B 0.8 1.4

K 32ERERGHEASH

S /L
HIE 70T DR KW 100
fiff BEAIUE 75/ KWh 1000
it FELR A S /IME 0.1
it AR A B KA 0.9
WIGAAT FARAS 0.6
FRITBCR R % 90
R FNBOB T Z KW 100
AL GERR ARG (KW-h) ] 0.03
£ 3-3EVHASH
24 HUH
BT FE T F KW 7
e 75 ' KWh 64
fof RS B /ME 0.12
fof PR A B KA 0.98
T FFaEI /N SOC 0.4
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RN % 90
BT HLAME R S/ [T 06
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AL R E 1.74
B TR 9000
SRR AR 3.2
S TR m? 500

N FBAERY m? 3000000
JR AL R HL 2.8
TR m? 3000
A R 45
7 E I AV 1.04

3A2fFEERS S
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NS 70 HL I ) SR A e, R T R S R 25 R B BUE DR R L e . A
ST AN RIS BV 4% RS [F) B0 4 N Al H I DA 2 2% 8 S A7 A A iy 7R 1 T U
2 51 B X et S R HIB T A . EV EE LA, &8 T 4 F
W S AT AR L

W e ANEE IR g 25 Ak R B A1 I

Wi 2. HBRHNREMAEEZE MW S5 MARE, H=28EV LN

1: 1R

W 3: e 2 kAL R ERM AT S 5,

Yy 4. FBEHENREMEIE S 5000RE, H=KEVLHIH 1: 0.5:
1.5 (1B L.

YR PGS R 3-2 iR, R 3-54H T 8R FNgr4 R
o MRPGE 3-2 F1K 3-5, WAL oM.

s 1, BEFAATA EV Jor 78 B SRR I (B AH B0, & B 8 iy 06 b
W, 4 DR WY P Ty R U A L UL A U LT I B, AT Il X PR M F B . B 2

WK A 928.08kW, HIZITHIA N 6588.28 Jt. fEdH 2 1, WM TFHEHENA
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9: 00-10: 00 HHZF IR, S5 LRI SRAF RO ANY o M 52 6 o UG 2 Bl 4%
H7E 815.84W, HIZITHAN 5415.94 76, AHELIAHE 1 IR T 1172.34 JG. H3)
IR BB ANIG Y 125.74 TT.
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i 500
> 500 E
< =
3 EN
= =
0 0
-500 -500 -
-1000
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—E MR, BT DLTE 37 5708 2 1 i PR T DU S g i 2R 1 B AR, A
T35 2, PG EFXIED T 35.28kW, HIZITHAN 4948.00 76, #H
b5t 2 BRI T 467.94 G TEM 4 h, HTH K EVH=WD, F=KEV
Hosgin, 76 9: 00-11: 00 WerANE B, MBS, TS > Aidh
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= 4948.00 1634.70 69.63 224.56 125.24 4528.57
Y54 4900.24 1572.74 69.94 224.56 188.58 4417.16
500
R R G
T R ES Nt
4007 [ 55 =K 7 T L i |
T [ EELESWIR
300 q
2 200f
SN
R 100t
0 = =
-100
-200 : ' : :
5 10 15 20 25
Ff 18] /h
3-3 35 3 N EV DhZE g
700
75
600 B
500
E 400
R 300
200 +
100 -

0 5 10 15 20 25
i 7] /h

B 3-4 SEPE DT 2 5 R SR L A AE i £k
3-3 fs N3 =R R EV IR a R . IR 3-3 n] IR A

K EV 78 AL S far (R LA I B BILOEAED, T 57— SN 2R =38 BV 4 78 L D fif
Rt 27 B A i Boosl b 78 B pAS, I ELAE G B IS BUBCR R SR B . 5% 2
Az 3 ISRVE DT 2 5 /R B Hh Ze an B 3-4 B . 70 i 3-4 w0
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FERENRES SRR, 55 2 Mk, %5 3 xRk AT
FORMINJE, = NI RARIR R 25°C B VISR N, I HIERERIKT
12.2%.

LA DL oW, EV RISV S RS M SRR S [ 2 5 R ARG TR
REME A BRI H IS T LA, HIESLhr St EV & LM FR R 2R, Al SEilH f
EFEIIRR . AR B ALA B AR RN S, 0 I8 AT A
MEV % 32504 2 I 2 7= AR RE I o

3.5 RENGE

ARFAER 2 BRI ST A ISR B, S0 EOLR. fERE. EV AT
LA B R B RO E B R AL, A T DL MBI H IS AT A AT EV
FEFREFRMNUEIR, HEEV ELERRERN BN A4S 5%
SR L FEAR A . I i B 2 N ST B ARl L, ARG I LA R PL A R
W LREHEIR fERE. V2B B BLRE T Py SR A 5 SR B 55 1 42 B
X R RE R IEATE B, AT RN A HIS AT AR . EV 2 78 H BT 4
UEAE; 2558 EV B2 E 7R Z 7 I 7S AR A ME RE W3 2 EV EEMAF TS A
ok, M H AR BRI AT BAS; i LA [RIZR Y EV #2 IR AN [RI 40 LU 43 A\ Tk
M, ATASER 2K BV BB A, R EV HiEmid, H=RKREVHEHZ
K, HIZAT AR EV 22378 L 2% FH AR FRAK; 25 18 T A D gt R RT H1 ik B i £
TN, A4 Gl HEL I U8 F A e B ) 0 P B2, AN BRAR A H s AT RS, i
BEAT R B AR 3R G0 07 Ao DR

30



LR TRER A A AR S

£ 4E ET IGDT puSeti e R MR M HAl LB E

415|5

53 WA IAAY BN B BNVR R AR A 10 e H R SR DA B A e R e SR A7
A 1) 7% SR S B[R] FH (038 A7 5 2 AT A 9T . E oA i, 3 138 0 P 10 e
R TTRMEN, MESERR AT, JeRE 7 BAARHE M, X Rtk i
FEBAT AR R SN R RO IX RPN e R R PR, T ORI R,
A S B BR Y 3E718 (Information Gap Decision Theory, IGDT), XfJik
R H AN B M HEA TS R B 2 ST, IGDT REMS7E 25 XU L6 A0 SRR 28 SR 7 i
SEHE T, ARG AT AR ORI BNE ], 28 Uik A [7] 38 82 7 Se 1 AU
IKFo

KRB T —FIEET IGDT il R A & 1 10 H AT A i FE A
ZAE R DL/ MG R GBI AT A AL B bR, @50 T B R AL B AL 2 SR
PEACKE RS, SIS ) RS Al 2 1 P52 SR 1) B 3 BT I R e e 8 1 o B
WA o I U 1Y e 22 2 01 B A [F) AR K NIRRT . TTERY, %
TR RE A RO R G AR R A e 1, 5 Bh PS8 8 1 XU Ml 1 32 3% O 57 BB
BERTREE NS, SR T RGN E RGP IS AT 2 IR 1P

42 1GDT ffifk &8

421 RERBE SR HERRE

5 R A BR Y S FL e, HYalov Ben-HaimfE20014E 657, & —Fh&r X AN &
SEMMRA TR IR IE TR R B SO ORI 5, IR R
BIEANVEE, TRKEMR MG, WA T EEMIE S MRE. BT
R @ 7 g HE M2, IGDTE M) 32 B B B ) R4, Bk Ak,
IGDT R LA EAL S 2R 3T 3 B0 H bR s BV EH RN, BT Be s H A R 803 72 5
AR, T 43 0T IS RIS A T XSS A SR AT A R o S s 168691
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E XS AL TE (X SRS AHE 2R R, 2 R S8 A6 15 AN E 2800 YT H B R 52
I, R HERSE . A8 BE H AR B e S G B 5, HES AR
TRAE HAR A RBEX — FIRTE LT, AWE S BRI N R RKRSEH, X
iR AR AR AFIGD T E RE LA AR . A5 RSB SR A TR SRS T, IRSRE £ T
XA E Z RO B AR, BRI AR A0, Ralsekim it B s g7t
87, W BRI HARE, T AT AN E AR R /NS X R SR, 1K
FRIIGDTHL 2 T KA

ARG LR A% H s 2 A 2 F S A AR AT T, 52
MR TT %o AT U/ MU BB AT BRAAE N B 2, SRR RGN
ZpriiistT . MR BRI 1. BIEAR, R HEL
WA, ORI R IR U R .

min f (X, @) (4-1)
s.t{H(X’“) =0 (42)
G, <G(xa)<G,,

A, f(xa)s HXa)s G(x ) 7N B Rk, 0S4 R4

XA~ RIS R; o NIIFRMANSHES.
FER AR T, AN E SRR R AR AN 5 S HUH 3R T VR BCE BUE VS L
Horb, BZRERAIEA . MHERFR A B E T InAUs Z A R SR R 5.
(1) AL L fE Y

U(r.&)={a|ll-pa<a<@l+y)a} (4-3)
Xh, U(y,a) RonSfia MBS AREER,  y NS HER PR E S TN 2 18] 6 i
ZERH y20; a WRFASE o KITNIIE.
(2) HHIE 29 SR ANffy o A Y
U(r.a)={al(@-a) C'a-a)<y*} (4-4)
X, Uy, @) Ensia IRERAR A, a S a KHE: Coubth
TR a« Cnl i S RE AT A SR
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(3D AL I iR ZE Y
U@y,a)= {a |lc™Wo < 7/2} (4-5)

X, o WS Ho EVESTIEZ BB E, c=a-a; WRNITE-HIT%E
pAS|iae

4.2.2 RRERE

H T o 5% A AE A R AR AR B, TGDT e SR R 81 43y e A AL A TR A
Pl FREBRL, SR)5, RA 4.2.2 H— MBS E ST, RIS
HH PR e SRS TR 1 3 R T 3K

(1) B
X Rh AR 7 VR B AL BN E SR ARG B ARG AR S I . BRI
R AT R AU
A(x, f,) =max {A|max f (x,a) <L+ ) f,} (4-6)
R, A(x, f,) Fon G B AR, AT BN E SRR, BN 2
s pABEMmZERE, IERBOEBA FMM {08 H bRk 8 TOHE ;
(L B) fo JURT LA 5 2 MO0 AR T 7 A A R T 53 -

TG FREZE T, A(x, ) FISRMGE K, EWE RGHHUAG
RIS D EREE, (EL RIS BR A RAS S H 25 R 2188

(2) HlexF kA

XFPEEALE T A E S BEAE AR T BARse Ol ARSIy, Ha]
N RIA:

(x, f,) =min{|min f (x,a) <@-7n)f,} (4-7)

Kb, O(x, £) AL TR BEE, BIARHEKT: 0 9hle T RFmE N RS
HlmZEREG o BARREREG RS RIS WA FE R, M
(B8 5 B RS % RSB B A E s (L—n) T, NI E 806 H b5 R AR
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i R4 FH R 4
RFIML S TR GRS, O(x, f,) TS R, ARR T R AH & 13K
AU RO, (EH RGPS 1 XSt A R T

4.3 ZEARD AT HESN HERCEERE

BT 2.2-2.3 ANATHIRRDCAE TR BCR RIS AT A . EE TR BEA R
3.2 WALRY R, L R S RGBT LIRS T, F
HRECIR I TR E 2, X H ATl o 22 G PEas AT EAT AR

4.3.1 AR AT A T E 1R E

BEXSICAR DI 1, SRR A AT 2, 3k 57 X B AN
PERU (o, P™Y) -

U (aw1 RPV) :{RPV,true . (1_aW)RPV < RPV,true < (l+aW)RPV} (4-8)

X, RV Nt Besk bRt IR e @, MIZRZRGAR I sl fe i, HA
PREE TR 22 TR

432 IGDT BB ML KBS

83 ARSI ES ST, Rt ra M B T A sy e 7e
HL B ISR D B Am el oy 2 AT OCAG T BERf e R . Jerpr, SR 2 0D
R E. 2R, 55 4 B EEWFFOCR M AT EVET RIIFEN, LR ME
BATA H bR AL nal (4-9) For. KB e B S AR N 2R AT i
e, BUHZNR TR A AR TR MR N e 9 o AESE PRt 1A A
R AN N AN E PR R RIS BTG IR H R T Bl 5 o S bk Al - %
&, BAHERENE, Ma, =0, I HFTHEEBAZ R EOGR 1)
PE RSO0 FRVBA 5 1k TR AR o 38 06 R A H TR AR DA B B AR 2 B AR
BEAT SRR, B 2R AEAS 200 B bR s BB RN RG W EARTISAT AR, AR, F
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£ IGDT 1 FEAS T v 1 D i JEE B S 3E fi 2E  JEE SR 1) 2 25 A O

minF = i(CPV +Cress +Cqig +Coy +C) (4-9)
Cov =2/ R™ (4-10)

Ceess = Agess (BT + R=9%) (4-11)
Carig = PruyProuy — Praei Prsi (4-12)

Cev = RS (4-13)

Cior = Cnee 4 (R4 + L) (4-14)

C, =PR.Pivex + (R, +R2)P (4-15)
C.<C, (4-16)

Kb, CoNHBEIR TR AR THEERA N et 2, Bl 1634.70 JT.

B 52 PEAR R (R R VAR A 5 55 3 |AH A
AT IGDT, NrHHERME 7 —AHER, I B BE AR YR T I 5 1
AT AL R RE F1. eI B EERENAAHEE p(p = a,,) -

A AL SRS 1 IGDT i BERLAL G
(1) SRS . (IR RIS T R E I AT E 20 RIS AT ™
AR FERRT, Oy T RIELGHIEIZAT, 1RGO B b AN B E PEXT IS AT 45 R
RT3, b e e B IR — AR, AT DR AE AN 58 2 B 2 28 i o
UL, O AT REAE R B AILIZATIRAS s TRTIM R RS, A it S et S 57 45 A 0
AR
max ¢ (4-17)
max F < (1+ Sru) F

st PtPV,true c (aW' PtPV)
| (2-1)-(2-6),(2-10)-(2-20)
(3-1)-(3-15),(4-9)

(4-18)

K, Ben NIE R RATEHA S
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(2) Bl FROACHNS . IZKIGIATY, T8 70 A RIS E 1 AT g2l KIS e
MIAEHL 2o T SEBLUSCA BAR, 3l I fe /MG AN & PR B I RE M SR AL AL DR
PENI: P VRN s S i L VAN P B Y RIS

min ¢ (4-19)
minF <(1-Sou)F
PPV € (e, R™)

M'Qayaﬁmzumaem
(3-1)-(3-15),(4-9)

(4-20)

s Bow IR T SRACAL T T [ RRASRE TS 5

4.4 12RIEEAY OK R TR
4.4.1 {=8IZE{Y

B4 IGDT HEAY B LELRIE AR JFEAH 58 M X AR AL I, RGUAS RE
PEHITE TR B A . 2R T BUE A AN 58 N IR, RGUSAR R IL 2 i
KAE, BRI (4-22):

max ¢ (4-21)

F <@+ Gan)Fo

ot RPV,true — (1_aW)PtPV
(2-1)-(2-3),(2-6)-(2-17)
(3-1)-(3-15),(4-9)

Plz IGDT #Arh, HSehrot R i A BON A E L1 LA, B bs s o]
WA/ ME, IS RPRAE R AL N Il (4-24):

min ¢ (4-23)

(4-22)

F<-fa)Fo

. PtPV,true — (1+aW)PtPV
(2-1)-(2-3),(2-6)-(2-17)
(3-1)-(3-15),(4-9)

(4-24)

36



LR TRER A A AR S

4.42 RBKERIRIE

Kl 4-1 JyE T IGDT b BEOGARA € 11 1) fidh 70 SR 0l H I P I R

FNICAR I I3 7 B g
TNEAE . RGBT 2H%

i PR A

VA A SR R

H TR 3 AN R RE PR
B, DASEBRE AR T

BB A 7S 5L

3 0 S s R P>

<]

HIERLZ TR e B R AL
HRACHET A B LA 22
fii 2 8 T H-F

L]
RIEPLS TR KA E R
sy Ay

[ J

i HATRE R TR A
Y A
Y

sk
] 4-1 25 RS ARANAG 5 Y P el 1 17 d e )

TSR AP BRI T -

AR 1 BAOGIRE P L8 . D A LR RS AT S HEE 0 AE

N
it

DYR 2 KT BRI E R, TR R R AR Ry, JF
¥ FAE R IGDT HRAL I 3L HES % 1H ;

DR 30 FET ORI AT T PEREAT L, I SEBR{E pPVe B e S,
BB A ZE BB Boy 5 Prw s

LR 4 S RIEHL 2 R SRR XU KB SRS R ¥ IGDT RAGKERL, 453
TR ANT E R L o LA RS 7 B JE B AS

37



LR TRER A A AR S
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4.5.1 ERBIEAREI S
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