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RESEARCH ON OPTIMAL DISPATCH STRATEGY FOR
WIND-SOLAR-HYDROGEN-STORAGE INTEGRATED
NEW ENERGY VEHICLE CHARGING STATIONS

ABSTRACT

New energy vehicles, such as electric vehicles and hydrogen fuel cell
vehicles, play a crucial role in the transition towards green and low-carbon
transportation. The widespread adoption and sustained development of
new energy vehicles heavily rely on the existence of an efficient and
convenient energy replenishment system. Therefore, by constructing new
energy vehicle charging stations that integrate wind energy, photovoltaic,
hydrogen energy, and battery energy storage systems, and conducting
optimization scheduling research, it is possible to meet the charging needs
of both electric vehicles and hydrogen-powered vehicles while enhancing
the utilization rate of renewable energy, improving the economic efficiency
and reliability of energy supply. The main work of this thesis is as follows:

Firstly, the overall framework of the new energy vehicle charging station
was investigated and proposed, with a detailed analysis of its operational
principles. On this basis, the principles of key modules within the station,
such as the wind-solar power generation system, power-to-hydrogen
conversion device, and battery energy storage system, were introduced,

and corresponding mathematical models were established. Simultaneously,
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the charging models for electric vehicles and hydrogen refueling models
for hydrogen fuel cell vehicles were studied separately, laying a solid
theoretical foundation for subsequent research endeavors.

Secondly, a study was conducted on the optimization model of electricity
selling prices for charging stations considering demand response. Initially,
an analysis method based on membership functions was employed to
accurately delineate peak, flat, and valley periods, providing a scientific
basis for formulating electricity selling price optimization strategies.
Subsequently, a fuzzy response model was constructed based on the
Logistic function to characterize user response behaviors under
differentiated electricity prices. Building upon this, a dual-objective
optimization model for electricity selling prices was established, aiming to
minimize load fluctuation rates and user charging costs. Finally, the model
was validated through simulation experiments, with results indicating that
the proposed scheme can effectively guide users in optimizing their
electricity usage behaviors, achieving a rational transfer of load demand,
and thereby realizing the optimization goal of load peak shaving and valley
filling.

Subsequently, an optimization scheduling model for charging stations
was developed, which comprehensively considers power-to-hydrogen
conversion and demand response. This model aims to minimize the daily
operational costs of the charging station and utilizes the CPLEX solver for

v
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solution derivation. The case study results demonstrate that the proposed
model significantly enhances the consumption level of wind and solar
energy within the station, while optimizing the economic efficiency and
reliability of the station's operations. This provides both theoretical support
and practical guidance for the efficient management of charging stations.
Finally, a two-stage robust optimization model considering source-load
uncertainty was constructed. This model employs a box uncertainty set to
mathematically describe the uncertain fluctuations in wind and solar power
output as well as load demand. Centered around a min-max-min structure,
it aims to minimize the operational costs of the charging station under the
worst-case scenario. The model was solved using the Column and
Constraint Generation (C&CQG) algorithm. The results indicate that the
proposed two-stage robust optimization model not only reduces reliance
on the statistical characteristics of uncertain parameters but also decreases
the model's conservatism, while significantly enhancing the economic
efficiency of the charging station's operations.
Lu Cui (Electrical Engineering)

Supervised by Prof. Shilin Liu

KEY WORDS: new energy vehicle charging station, power-to-hydrogen,
demand response, wind and solar consumption, source and load uncertainty,

robust optimization
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RETE BN HREE T AR, SZsERAERAT. FN, WA
RESICAFAETE LACRAR i S by R EERE AU AS A2 5 )L, Xl AT S00M % S i
PR R SR BENLIE, 5 51 Kt iy Vg B NI G, 32E 1T 52 10 78 el (14 24 4
FasEisqT. Bk, fEW BT REIRITE 2 L SR RE R M2 AE B, WA R
205F M7 e vt SOt FedEAT & b RE F 00 A0 TR L A0 0 R R AR R A TR . A
i —ASFAU KOG S Al B BEIRIT A SR e v B, B TR AN & KOG 1 78
RS RGN SIg AT O], Rl A KOL K B RS, ILERE RS .
ARG BT FERERG LA R ARG T LA AT L
R, MTT Ay Je BT 70 B B AR RN S

22 B E TIERE

BTG IR A Te il , A SCHE T KOG A # FE REviiE BE B 1T KB K
Hi R ARG /AR E, T RENS SEIL R R IR LN A7 At R LA
AR T e el NG mRUeAT . FeRen SRS A 2-1 Fror.
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K 2-1 ROGAE SR & FeREuh 1)
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HIZNRE SEREHR E R fe o R ARG DL /AR BN B2,
HE B AC/DC B4 s Stil 5 RN I BB . 284 fe & 5 1 R Si(Integrated
Energy Management System, IEMS):& 7 AEuTISAT & B X, HAEEARE &
B APIRAS DUSCB R B A . SRS SR MBS, TRl i & & AIg AT .

FERE S RIS AT G LA RS AR SR RO & L R R R HL R R
[ B3 I B A S R G N AR A SR AR U A . RO R R R R AR R oK
i, FRBEE DL BB R A TR E s KO K e A it e 26 E e
LRSI, 78 S e A S U L R EOR AR T BE TRV ZE M AR R R R
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=

2.3 M E BT R uh AR 2 e =128
23.1 Xh&HE

RATKRERGEH RTINS B S AR R, FE AR R P AT
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BAy: KIKB R e, RIS, KBNS MU AR i 3 oy Hife,
B R RE - MUK BE— HLRE -

RILFTE NI R RGO IR, &R X L 5 R 4 ) BT
e R N B B D R F B R A B, 2R DL /A
TERHAT A . 2 KLt T A e S ORI, i BB R 7T T X 78 e g AT H
A EAIE ST

R BRI I R 3 3l R AL B e i i e, FLH O 5 U LR
KA. HKRRWE 2-2.

A

I:’wid

VC Vr Vf KE

K] 2-2 LA T 2%
ERMUBE AL e, XU L ZE 1 S b B D B )N RG] H XU T i X
THEPLE o ARSCXHLIH 3R R -

0 V(1) <V, v(t) = vy,
t)—v
P (1) = RVSEV%”, Vi, <V(t)<v, (2-1)
P, V, SV (1) SV,

A Pwr(n) 2 WHLEE ¢ I [T Rl A SE PR D3 v @ bR B T8 vins vou 72V
AP YT XGE s P i 3 B s 50 H D3

232 HREEH

e A R G T E AR . B ARSI F 4. Z RGN
FE TR R BHER S REFLAL OV i fE, I pe AL O B S RE R AF 1 5 7 i
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RNy 7e fevl o IR A . SURBRRZEAN & L ithdt AT it e .

JGAR B 32 BRI SRR R, AR R DR
WHDYESHEHT . ZRTRNIIRAE, HEd2 SouIFknih il R
G EMRTE . ACTEREE BT R = W A 2O RIS RC B 7 %8, 8 25 [A)
PRI HI SC Bt 9, 28 PR AR AR AL ARt Bk, JefRE I &
RURFIE S H A f ok s G, ok m gt T aER B A AT SEILH]
ISR o

(1) AR it 5

MBS RS SR F s DGR it B e R AR A B, i e
HEZT B R RE R B . Ha N 2-3.

TARRBERI R AR KBRS, e ST E, feffidr
PRI T . ENEESENT, PERT- 200 E, JFE N P REGE
DGER o A5 £ 1 o LA (R S 3 O B, FEL T A N R DX ) P AR X [ 7
2, RRHCTET, e AR E R R . X RS 7O RE R HLRE
FRELEE

T

bl
(?? ? ? ? ?

=Y

646 4 64 ]

@ ik KA
T O%f/”(
B 2-3 YR Hath A J 2

(2) JefRH

R S o P AN IS T R R AR A AR B T A it R PR R R 2 . BF TR,
FLIh A 5 ISR B S e o B 2 TR A AE R E R R A &, XSS R Rl
Fohgn ek h 2R EDUL Sk, nlA 2-4 B
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A A

S3aTl

S31T3

SZyTl

SlyTl

$1<5,<S5

T,>T,>Ts

>

(a) A [R)4R HECTR IO AR 22 (b) A [Ri T AR 22
b 'y P 4
S3,T1
S3,T3
2l ST
Slle
Sj_,T]_
81<SQ<83 T1>T2>T3
» U »U

OENT RN TRE AT () I R T A5

Pl 2-4 S6OR F b AR 2

TE IR EANDGRET , DAk r it Th 2 e Y 52 M R B AR 2R MRS AE . EASVE R

2, JGRAIBEEA R TEmEW A THEEE, e €8 %0 T AFEME—

() e R T2t e B HE— 2B TN IR L R B AR et th R vl 19, etk

MWHIITER K Use SRR R IEA G, HEEE R, FEER L WK
B S 5 S AR, P 1) T v T (RS 3N o e AR P R e e B AT O T SRRy

Gr |1+, (Te~Tesrc) ]

GT,STC

(2-2)

P, :va X fpv X

XA, Pev NERETHE TN Yoo AR ARGIRIRAEE; foo W RFEECREIE
Z2E, WEN0.8; GrAN; Grste NERSTEE; apX-0.0046; Tc NHEMMESE;
Teste AFRGL T B R

2.3.3 B jthfigRE

FEFRRENG T, e B R IEE RIS ERN . REKOGK B R AHERK
gy ATEEREOLSS, (B R R B . AV R RIS L. SIA
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e B AMUE RS T oA T ARG P FIL 5, RN BB T 1 7o he
vk R AL B ] SR AN IS AT AR R

YER—F LR (P AL S RESE B, AR H It R W BN B D . AR R
H UL S s 4E(E TR SR 2, TEAEREAIIE (5 4 B A . SR EE i AN SR B H AR
S R AR e, B REE AN FIA B IR A N SRRE T SEVERE, AL
N T &g Ren 5P, ASCRHABTIRE i /E iRt & .

& HTE ¢ I Z i BE o B ] Ko B

SES,t = SES,t—l + Uéga PEcgi - PEdSi?t / 773? (2-3)

R, S AR, S, N el MAIE R R, P PO

BN N ZE I SRR pie s nis E IR TR .
& B BARAS (State Of Charge, SOC):

SESt
S0C, = —= (2-4)
ES, max
Kok, S, TR BB AR, JofREE AL R S % 01T, SOC TR

EESTRX A, FrEFRBBEIER T, SOC TR & B NEE &N 20%~30%,
FIRBEE A 80%~90%, VLI Gt 78 Bl oS B it 75w i 4 3 .

234 HBES

(D HEARS

SAHIHE T EREREY K2 B ARGH R, ToaBRRER ISR,
FEPERIAS . PERERUIE . PEMDAIE L ROA IR S O S A Ml R AR
AR R R BRI SR KA =R .

ARTIERGIA LY, ERiERAE T, RRSRBBRKAEEHRNN,
PR RS AR . I BOR AT SEEL 40%-60%IHI AR, HARENZ 5.
SR, IR AR SRR, 7R 2 e B kAT A 3 A e 2 SRR
R EOR,  Ha R A RGBT, 0 AT I8 A7 T R o

SABRIEHEAR: 1E700°C RN, BSEMFIRAENTE R, A RE
AN AR . 20T VEBSR B R R AL S, E R RE I Il AR I ) R
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FORBE R 52 3 5

R K H BB ARy — R B B A 57k, R B T Al o S AT
FAGI WK T AL IO I K 7 7 R AE R, AR AR
AR B2 NGRS T, WK B AR ZEREAHE
Kb AR S, HT 5 EAREIR CURFHRE. XAED SKILH A&,
AL A T R AR AR S B I S R O ], R R RCR . T
BB, AT A K B S SR SRR R A T

R VR N LK I B R G D3 A, L AR I 2 A2 0 i A B 37 3K
FLAAR ) SR A S S S S BIK 70 570 e ALV H R R YE (i HCD L T
PE (41 NaOH) Bi#h3% (41 NaCD ¥, (EHRSEH T A BasilE 1. =
S ERIRIE R, TR F AR IE)E A B . R IR R AR SRR, AR R AR R
GAINE

O,

-

HEHK

HZO-

TIAIK

&@ho

|
BAK MR A
(HALLH)

P 2-5 Tl P LA A S

FURT, RS 22 =M Bk e A L 5T S B AR R ] A A
A AR DST,  [e A S AL R DR BOR T R S8 A R, B HITTS AR SER LA
MR RN o o A2 45 R B A ER R B HR I S (R PR B Sl 2 1k A T P2 e R
P, fE e 0 ) Bt <R AT AR PR A T FLRUREAL R o AHEEZ T, Ak F i
REAERE L e B BRI AR . BV R AL R e 56, BARZ R 35 A AR L 35 iz
ITRasENE, RIS R Z A . BT EARETES T, AHE R
R E NI ARSI 03 E, L TAREE AR 2-5 s,

Bk PR DL ST (KOHD JKVE B N LAY oL, IZ ik R B
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B iR iR e, A AR R & R PUESE A TE
ERE, PART IR A AR B R A R A AL S S B, B AREEAT I TR S N
KD TERNEET (HD MAERET (OH), &ABE THRFHETHREAS
T (H2), SRR T2 I K30 T o il BB AR, AR A A AL OB
AEMRE TRBOE TAERSUKMEA T T (020 Bl A Ag A g HELAG 22 S B 5 R 3K
AR

o7

40H™ —> 2H,0+0,+4e (2-5)
4H,0+4e" —> 2H, + 40H" (2-6)
2H,0 — 2H, +0, (2-7)

NI AR, AR SR AN S IR T B RO I SR, 36 B ) A 2 T
PRI R KIS R ST, DL, B Fi A A A7 i ) B S T A L 5%
EN G SIS

PEhL,t _ P At (2-8)

Hy

Kb, BY N e R R A R P O B B N B BRI, N
frrEd S A AR, EARERET, A 2.69 kWh/m?.

(2) ARG

i B B I F B R R AU T R AT, DUR R AR ERE
TR, BTEARAAMERE. SRS BRI, KRz e mauiEr X2
SRS B . m RS A BRI R 2 BOR R AR ATy
X, LI NH  5HAMMEERARMLL, & RS AR5 &R
et e UG, ZortERdrey. ik, AS0E A RS 7 R

¢ I ZI it U E R

VHS,I :VHS,t—l + ﬂlTSa Pljgat - PI-?;S,t 77|(-j||ss (2-9)

R, Vo, N NI E A A PSR L RIS 0 ¢ N
FEROEER, e, 9 b U BT BOSR.
2 A RO S BT, AR IR R G AR A AL bR, T
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IR ¢ I 2 it U ) S A R S B BT R KRR B HBIR R, Bk SON:

v
SOH, = —** (2-10)

HS, max

Rt Vg, TR R

(3) R"EARSA
SRS R £ TR BRRL EE b — il I SRR AR SUR AR B S SO [ RE
rAEE O, HTERE I 2-6 fis:

-
IR e \ %

BEA

A

= 1t | o <2
5
4 e
0 N
o LA
ik |k
& /. Ho EE)

BAfR s DItk
B 2-6 ZURRL Lt A B2
PR T R, AR B R AR TS, AAE TR
I RANEEEROK. RBTREI (2-11):

1 =
H2+EOZ — H,O0+HL 7+ (2-11)

Hrp, SAMARARG S, SAUERAGR . RN K BT 5RE,
R TCTT FHET
SR R P R A B HH ) N
PFeC,t =M Pic,t (2-12)
KA, Bl N ¢ BE RN RR I S R P A ¢ e 2L FR b i P

o i WASREHUBI SR, kWhin,
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2.4 FeeiRRE IR
24.1 BEIREFTEFN

A ER R, SR R 2 5 A R R B 5, SR U
B BRI IR, A SO RSN B R AR S S R A X R
SR T BN BB T EAR G T, SRS RIS R R A
BRI TG R 7 H AR AR A 64,

FH S R SR 2 AT R A RE (NHTS)#3,  Hashii < 25 H AT B LR D 3 bl A 3o 3%
A A, B, D~ Log—N(uy,0,7), HMEHREERECH:

fo () %.Gdjgexp{—%}
X, BEZE =114, HAIEMH 1a=2.98.

B FE it — B B B B 2 P P SR AR G S R B B 7E e, LR RN (] AR A IE

B AR, BIT ~ Log =N (4,0, ), BERBERBINR (2-14) Fin:

(2-13)

L exp_ (X_ﬂ‘)z 12<x<24
oN27m 207 | H
f(x)= - , (2-14)
1 (x— 4 +24)
exp| ~— | 0<x< 12
oN27m 20,

X, FriEZE 0=3.41, AEME p=1747. T ERPX, "THESHBEIRER
FE LI B -

T - DW
100P.,

(2-15)

X, D FRREMHAITHEERE, km; W RRHEHAERE, kWh/100km; P. N7
RIIE, kW; g NFRHRCE.

ASOR AR B H g i e BEAT U B, INFEIRIRE Y 1 /b E X E;
NES PN B BT R S T A e Py SR n AR S i N B 7S R
Thag, WIS i /N B 78 B B ] 0E e SRR R 3R 1S
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Prﬁ’ i:T,T+l,...,T+Te—l
T 2-16
0 Itit (e-16)
N
E =P, (2-17)

n=1

242 SRR EFTREFMN

(1) FREFFE
SUREHRZE TR R IR E R B 7y, WA BN i, Al OB
AR, i RAOMONK R EE R T, Rk R &S . ATLE
I Miari 8742 001, RIS MR BE RIS AR AR, Rtk 2-1.
% 2-1 FH Miari HiES K
g R Ekg SRR AN AREHEZE mP/min.
= M Miari 5 550 16.8

BT EUREHRE BRI B aE 1, RS EDORIR 20%0H 75 AT i 2 AL
NH PRI HEBATHR R FET I, RCB0E HAR S IR IERS /04, B
N(0.2,0.05%) X 2240 H AT H0H B = HAEARUBA BRAER, R H BENLEER
REN BN Yl

(2) AT RN

Fe T SO EMREHAZE SR AR R 4 8T, AHIE U 78 Rk E AR 1 I ] B A
ff 78 A F SR EEAT TN, RS B AR A St 2k . Hook A
X (2-18) Fior.

R (t)=2P (1) (2-18)
j=1

S Pav()) ¢ BUEUTT I B0 PSS R (M BT 17

2.4.3 FTHRAMFTER IR

N 2.4.1 TR HEBIRGREHASE A AT S 2.4.2 T R SRR
AR, R SRRV AR AL VR A O S, B SE BT REVRIT A TE RE

19



RT3

AT RS AL
SRR BE Ny — R TR Gt AT 57k, il R RS A
SKEIG (KDIA A KAk T F AR S AFAOBERRFAE . Hl i 1 B e A SRl i 7
VRS EUBEA S B X1, X, X IO 10, s (R B 2 B HOC R A 3 1 H

AR EE, B
Yi = T O Xo0e 000 %) (2-19)

A, @ AR RS R ORI E B, EREAREEE yiya,. . om R IES AR
A, HORFEMBE R € BN, PSP ST AR il T I aa e 7>
At BURFAE

SR RISTARA A IS . B, B EWRA, R, BENLANE
TR EAE S, il S TERE 8] e, 38 5 200 S BB BE TR
FEFERe tur BT . AR AN 2-7 B

_,
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

-

[ BN, R AR | :

|

It

| 5 * [
135 n=1 [
| 72 [
:% —] e AR A | |
| I |
! [ A Ge , fTie el | |
| |

W S5

) | ; |
] | VB B A | |
| l |
| | g bR |:
|

| N |
: |

K 2-7 ZRF RIS TS BE ST

2.4.4 EHI5 1

HE TR BRI I TS RE AT I S Fe SRR Y, B HUE S R 78 el T e S B O
ZUGALE 20 SR, —AHEMETRA NS, BETTHEEIUE RN 15kW,
FEL AR PR A0 D5 0h 250k W o BIETEXT G035 70 SP0FT RESEI AR A, e HIZhiR
7550 5, SRR 20 . BARSHINGR 2-20 ERBEERER A RIS B 7e A,
FERE A SIS Z) Sk ) 2, AR IR KA B 18 A RSB
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Jiik, MR FERER MG ] PIaatEEE (GURENRE) RAIAT IR
& CEZRE) SRS HEAT R B, B A s 2 se fe s oK, i
2-8 7. I G BN TE SRS BARTE RE T R o0 A Ze & 2-9 B

R 2-2 BRGNS R

Syt H 75 Sefyi AR HABFEREE FERE TR R
AR 32kW-h 168km 13.2kW-h 15kW
FAENRE 5kg 550km 0.8kg 16.8m>/min
30
g 60
IIE 20 m"% 40
ik
4 10 e
I¥ \F’ 20
= 0 i
5 0 20
0 15 2 10 15 15
Ttk FE AL %] 120 5 ool h FFif 75 Zh 20 10553 A AL Z1/h

(a) HENTZEFE AR LI 2 5 e 7 R (b) SRR T AU 2 S 7 A R
Pl 2-8 HF AR ARSI 2 5 T AR TR

1410——TTTTT—T—T—T—T—T1 120
—— HIFR RS Ao

120 —a— ZURHAZE 7 1 1100
100t 180
2 E
ﬁ%- =
N e
| m%
'E] «
40

40t

20} 120

0‘ IIIIIIIIIIIII 'O

5 10 15 20 24

B /h

P& 2-9 FL LV 7 A O o 2
HI 1 2-9 By 0 ATRFAE T A, /S5 B RE TR 5 3K il A A i P )
Ak, XFEFEm Rt AR ENE . AT E, fE 0~10h I BUAR fsy
rBL, BB TR RS R R D AL 14h~21h I BN H B &
R BE g, b 19h A B4 H AR (E, X5 IR G404 o ksl A AT N RFALE
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FAFF o AZ AR 23 BT 0I5 B2 70 BE Sl R AL FE B AL T S (0 25040 4%

2.5 KE I

AN B ST AL RS A AR SR B AN T TN S X e S I TERE N
BEAT A A0 Hr, FAE A 0 i N A5 SR T EAT B A, IR AERTT T KOG A&
SUNRE R I, JFAE TN TR R AR F, & I RE R S
LK SR B R EREAT B 0. BRJE, BT HLEDIR AR e AR
RETRAMT R, 2RI 7 e AR, R SR RIS 200 B REIRIR
R[S TR BEAT TR NRERETT TS AR BOE 1AL IR A
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£ 3E FRFE KM FTRE U E B MR MLIEE

3.15|5

3 IR ERLAPY AR S i R R T I Bl oy BB B T R R A . Bl G
RO LR BE B8 B RERTH 7 2 5 R i e . 8 LA s i B o K
BHMK TR, RS- DREHSERNBRE, 24T i B shix
IR ORI T RERZ E b il . AT TS RES LR E ey N 7 RN, EEHS
5 HI A R AEBEAT TR 5K, (ELAE 7 SR S R P 0k ™ R 2l B2 R AR A
B, FEONA AN E T SRAFAE R IR . DRI 7R Rl S T A A N AT S
RN T AT IR, USRI P 2 5, (et e i 5 1A P 2

AN B BT SRR I BU > S A AL R L. E e, RAEETSRE
JE R BT IR AR I BUBEAT B2 S BRI 7y . HR, BT Logistic bR 0 M ALEE
e Re i A TS DAL, JF R A NSGA-IREHEAT KA o

3.2 ETRERERBHESF XIS

RV P 78 AT AN DU T e RERh B FEL T A, (RIS 52 e 2 I B
Or B RO o B T L A e ) R IR S AL, R AR 24 /NI RIS N =
AN IRAX ], HECEERE A (3-1) Fos:

T, +Tp +T, =24 (3-1)

Kb, Lo NENBES. T TINBEES . TWVIBRNBES.

AW USRI T~ 0 1 35 Jes 2 e B I BRI 23 T3 ik, 1205 1 B B Y S
YA A . FAR S R an R

(1) & BT 28 AR B . (RAE 2 Rs KAE AT e/ MED - I3 A
)3 HE L -

1) A7 2R PR 4 R e KA s e PR T e eIy B, e AR AR I BRI R
%

2) S 2R AR 4R BRIV R 58 JB T AR I B, L IR eI B ER N

(2) FEMERAE 5, BT i 2 bR ml AR AR s 2 8] 58 2R R
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K BHE. BAmNS, &3EA52RERMESEREOE, I JE T g
B R A5 AR MBS B R, AR T4 I B K
U & TR BOR AT I B RE SR UG, a0 58 P ) B

3 )R PRV KR i /N5~ o6 T S5 S8 B2 o 2500 4% 250408 R Ak T 0 B B PO R
FRATIHR, ikl 3-1 F11E 3-2 Fik:

909 ]

1 ___________________

193 4

0 a b
3-1 M KB BT SR 8 B bR A
i R Y S5 J ek ) 20 A BRI -

0 (X)=— (3-2)
Kb, bR R A, o AR/ ME SR
g()]

1 _________

194 4

0 a b
P 3-2 {7 N R 2 2 S i pR A
P 7 INTRY S g 5F BB B 43 AT R BN -

b—
% (X)=p (3-3)

D [ X

XA, b AERBKESEE, o e Rw/IMESEUE.
T ARG-2)FG-3)THELE R, FIHiE 2.4 W Raesl b R E A
WG BE o2, BARRI A EMINER 3-1 Fios.
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2 3-1 S 2R N BRI

Nl e 55 J S5 BRI IS %1 e 5% i P nFIEE
1:00 0 1 13:00 0.384 0.616
2:00 0 1 14:00 0.348 0.652
3:00 0 1 15:00 0.566 0.434
4:00 0.040 0.960 16:00 0.800 0.200
5:00 0 1 17:00 0.888 0.112
6:00 0 1 18:00 0.892 0.108
7:00 0.010 0.990 19:00 1 0
8:00 0 1 20:00 0.731 0.269
9:00 0.031 0.969 21:00 0.712 0.288
10:00 0.021 0.979 22:00 0.345 0.651
11:00 0.309 0.691 23:00 0.373 0.627
12:00 0.318 0.682 24:00 0.040 0.960

BT 3-1 Bd, R WA 73 I e iy Bk o B0 0 G i 40 R U 2 I
BotAT R 73, HHeRIE U T s

keT,,g,(x)2

f(k)=<keT;,0,(x)<

keT,,0,(x)>

i, OFoRR @ B HE PR HEAE , a3 — I ZI e I B s I B S Je 132 e 5 1%

PRUEAE IS, R WIZIN Bt far HoA 35 06 . 2SRRI, R LAl 43 A B ) g s

BRI B [z, A — I 2 W i B e ik BRI T RAE, iz B

RGP Bre ASCKRH 0.70 1R NRIE A EFRHEESY, a3k 3-1 it

U SRS AR, 0 2.4 15 R Ag il L BNIR AR S il AT IR I B o). Rl gy

25 RN 3-2:

0
0&49,(x)<6 (3-4)
0

R 3-2 UEAR I BRI 5 L

FJ (] B B[] INNE
0:00~11:00 BB 15:00~22:00 UG B Bt
11:00~15:00 Tt Bt 22:00~24:00 Tt B

25



RT3

3.3 T Logistic IRFARMANAIER E B NS IILIREL

S 3.2 YA E IEAR I BLRI 0 U7 5, ATl 1€ TERe kB F RS 7 =9l
SRR RAT Y, KBTS AT . B, &G R LG B R,
K35 Logistic bR WAL F G 7 Ag e A2 AR, DASRS B U1 520 I s A HLA) T
idiprieie B, LR, MFeRENh IS MM BT RO E A ik, B
f B Bl R f /N 78 FL 9% B/ o B AR R B, A 7 X0 H b A A AL AR A
BeJeis R NSGA-IT SR HEAT SR AE, FREX Pareto RUVH A B L& L%
T AT L5 5L, Ay i 48 70 Rk A1 A R R A TR B (A S A%

3.3.1 £F Logistic R B T farik B RIEE

2 DR R, B 22 B R s N #e0 H  2 Smi  FRR E
72 AR L IEO0) LY B 0 B TR N T L BhVR AR P IR AT O R AN, R
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Logistic BREGE I E n] RS E & I 7 VR R A # R R Ao |,
AR (3-5) Fome FH P SEBR TR SR AT 55 W0 i -5 31508 e S i
Z 8], HEbrfmEg Rt Zm (3-6) .

a
A(AP) = ey +P (3-5)
AT 4 A
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2 P
5 o imax _ ';Illin
ﬂ“pv = l T(l-i_ m) apv < Appv < b (3-6)
A AP, >
m AFy 2, a,<AP, <b
= — < -
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R, av oo W HOHBYG bATTESE, o EFPRREMLE: 1, N5
RS, AT A ST SRR, AT g S S TN ) 4
B a, Mb, A ZERI KB R m U0 R

WERT . PRI TR 4, A, TR ER W9k 6t
R RS AR T

—Z EEVI—Z EEVt teTp

AR = PEVt /LV PEVI teT, (3-8)
lpv Pev: — /LV PEV,I teT

\"

P

EV.t

= PEV,tO +APEV,t (3-9)

R, T, WUEI B A, T N TPINEES: T ABIEES: Py Pevis

Peve 43 B 9E FE A SRR AT I . . I BB IS B PR A ME s APpve A ¢
IS B 7 SR N i B AR ST F e . Prvios Prvae 20 00N ¢ I8 BURG SR RS2 R
Ja B FL YR AT
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FUEEXUH R aa AR b, B PR R R S AT 2R, IR AR AR T R
X B U A R A R B

MFEREBEIZ B MR, A R MR AT 164 22 e 0 e el oy,
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P, V24
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Arh, P, FRERIRG T AN B 4 75 FL B 507 (P11
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t=1
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