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Research on multi-objective scheduling of multi-energy

microgrid considering demand side response

Abstract

In recent years, new energy technologies such as solar energy, wind energy and
water energy have been widely used and promoted. At the same time, due to the
large-scale growth of population and the increasing energy load, the issue of energy
supply security and efficiency has become the focus of attention.

A Multi-energy Micro-grid (MEMG) is a system that provides electricity by
integrating many different types of renewable energy sources (such as solar, wind,
water, etc.) and traditional energy sources (such as gas, oil, etc.). It typically includes
multiple energy and load devices, as well as energy storage and conversion devices.
Compared with traditional centralized power system, multi-energy microgrid has
higher flexibility and reliability, and can adapt to more complex power demand and
environmental conditions.

Existing research on microgrid optimization is biased towards the economic cost
of optimizing microgrids, while ignoring the environmental cost. In order to solve the
above problems, this paper proposes an optimization strategy that takes into account
stepped carbon trading costs, demand-side response, and multiple time scales to solve
the optimization problem of multi-energy microgrids under uncertainty. The specific
research content is as follows:

(1) First of all, the introduction mainly expounds the research background and
significance of the subject, the research status and development of multi-energy
microgrid system, the research status of comprehensive demand response, the
research status of carbon trading mechanism, the research status of multi-time scale
energy management system, and the main content of this paper. Then, it also
introduces the typical structure of MEMG and the role of various distributed devices,
determines the research object, and establishes a microgrid mathematical model that
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integrates multiple energy sources of electricity, heat, gas and cold, including
renewable energy devices such as wind turbines and photovoltaic generators, and gas
turbine cogeneration systems such as gas turbines, waste heat boilers and absorption
refrigerators. Energy conversion devices such as fuel cells, gas boilers, electric boilers,
electric chillers, and energy storage devices such as batteries and heat storage tanks.
The mathematical models of these distributed devices are the theoretical basis for
optimizing microgrid scheduling. Finally, the uncertainty of renewable energy output
and load is simulated, and the corresponding treatment methods are proposed, which
lays a foundation for the following research.

(2) Taking multi-energy microgrids of wind and solar power generation and
electricity, heat, gas and cold loads as research objects, an optimization method of
microgrid is proposed, which takes into account the reward and punishment ladder
carbon trading and multi-energy coupling Demand response (DR). Firstly, this paper
proposes a reward and punishment ladder carbon trading mechanism to reduce the
carbon emissions of multi-energy microgrids. In addition, according to the flexible
characteristics and schedulable value of electric, hot, cold and gas loads, a
comprehensive price demand response model is established. By introducing these
models into the optimal scheduling model, the optimal scheduling of multi-energy
microgrids can be realized. Finally, taking the minimum sum of energy exchange cost,
operation and maintenance cost and stepped carbon transaction cost as the
optimization objective, this study established a multi-objective optimization model of
multi-energy microgrid and set different scenarios for simulation and verification. The
results show that through the cooperative optimization of the two strategies, the
multi-energy microgrid system can achieve low carbon and economic operation.

(3) The influence of day-ahead scheduling error and prediction accuracy has
become the bottleneck of microgrid optimization, which limits the economy and
stability of microgrid. To solve this problem, this paper proposes a daily dual-time
scale rolling optimal scheduling strategy based on incentive integrated demand
response strategy. Based on the day-ahead price type comprehensive demand response
model, a two-time scale intraday rolling optimization model is established considering

v



A TR AT 183

the different response capacities of energy loads at different time scales. In the long
time scale model, the output of each energy equipment is adjusted by taking 15
minutes as the time scale and the sum of energy purchase cost, adjustment penalty of
each equipment and IDR compensation cost as the objective function. In the short
time scale model, the electric power fluctuation is flattened on the time scale of 5
minutes. The simulation results show that the synergistic effect of the proposed
dual-time-scale rolling optimal scheduling strategy and the intra-day incentive
integrated demand response strategy can effectively reduce the impact of source-load
prediction error on system operation and improve its economy and stability.

Key words: uncertainty; Multi-energy microgrid; Stepped carbon trading mechanism;

Multi-objective optimization; Double time scale
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FRASFN — SRR AL B BRAR o 53— AN 7 THT A2 0] B AT MV B IR HEI S 7 B 9T« SCHR[52]
K BARBE T 5 NAL SRR T BERRARY, JEA A T — A B BRI HE AR R BT 141K
PR VTR FERLAL . SCER[S3IRA T H & BIEM AR A TR, J 51 HH
WHEAT T 087 (LA IRR I, E 46 FEN Ao N Lo H0dE TR UoE i
L B ALIZ AT, RIS 55 ) AR 4R = i B X B 2R 51 . SCHRR[S417EAL S 1)
KREBBENRGR B BRI ER_E, 5HE T 3% B IRBRETF R RN KL By R
RS [ B, R 1 — i SO R 8 A% R — R R S B i A% 0%, o) i
W VE R FRAT 7B AMUCEHT T 4 RSk, i858 T AGId R o SCHR[SS]
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TR T —MEBREGE R, DASEE R K I > — AR HES . SCHER[56]
ST A H SRR B b/ I S B REIR R G, IR HkAT TR, A
TFEABAT A B A R HE I R PR 2 AR STHR[5 7145 F BT R BEATL B AS HETEOT
F, BRI & 1R M AL AR, R B H R R AR A, AR
M IR 17 7 T T T A AR 14 Al L ) R[] e R £ R

HAT, BARBOL ey — MRS, 42 T IR R iR =R
RBHEBAT H o NI B THES) 2 BRI AR 10 AL, K micHE s g i i
BRI B, ORGSR RRIRIN R AT, (BB eI R A, HE3)
ANV AL, BeHE O] AR 4% R = SR I HER, R 2k
FIBERE, PRI RIRAURIAEE, Jb B IR R F RSB RIIR, AR A
R IEARMEAT T 5K AT o
1.2.4 Z I [A] FUBE RE RS FE R G0 A TR

ZIEJNE (Multi-Time-Scale, MTS) B8 AEIRE B R G RIWF LR AR )
W T ARG @, BIEUT . BEURBEORMAE L, ERALREIR RGN HE . AL,
M2 AR, il R R R 2 R R BAEAR T B, fEmaeli R
G IEEMERIRTRESR M . H AT, AU R EE R KRR, SR
ORI REVR G BUFI AT 4P 2 i R AR A 1 B SRR SCHE

FESCHERIS91, LFH 22 ) (] RUBE B B O S B FR R A D7 R ARAIE L 22 e Ui
TR L SR O N (R B R R A R AR IR R 7 260 SCIR[60THE H T — Rl F ¥4 34
PR A FL I ) 22 I T R Bh S B B DL T BE SR, DA /M I NIZ 8 A, 155
W RPN OB 2R R H AT R AN H R U . SCER[61]58 T —FXUZ AR
W%, AT IR T IREAT U T SR I . 12777 i B2 A
TR AR WEEETRANNAE D, IR~ EE1T5%, MR
JE J2 A R B Y B TG R B . BB B T I LA — ORI s R s I (Rl 454, R FE R e
0] FH 22 A I 8] RS () T B0 K A BT % 2 2%, I HL AT DUs i 1 B I ] 25 44 5K
PERAE A B B L PEALAL 0] R IR . A 9 SR ANl RE PR RO 58, SCHR[62]
57 FEY B AL Jo ot T A R Y P 38 A A V) B AT AR BB AS PR AT
TR N ) H TR H A IEAT

1E2 JZRERE BERE SRR, FoUINACHE AR HERA 1 | BT I 43 3% 2 R B [ 395 2 %o
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FIRRAES T A B AR R . (LA AR AR, BT A T
Kol E ok B — AN B (I Ta) RUBE, B an B T 23 2 10 H R T e £ 22
AN ) ROBE b B e RO S HE 1 R A e o STHR[641HIF 78 17 2K 1 22/ T JRUBE 7Y
Bs (R B, $R T — bR U o 2 NI TR CRUEED B JE 42 R 3 Tt 1 A
i

gi BRIk, 2 i IA) RO AR VRS B 2R e mT LA 58 35 M SR OAS [ IR RE VR R 4
R FH b e 8 ) ) ELAMA T W 5 28082, AT S0 v bR FH R U, 92> RE VRV
FEANR PR, SRR s, PRACARIRAAS, 1E BRIR STISUAH DB A e S A
A HEFE TS H I E
1.3 AR FEAE

LRE REVR RS S Z PRI M F R N, 75 kAT 8 b A o R 2
CAVMAAS R BRI HERR, IRIE RGE AR e MEAT 22 A, A% 4t REIR (1 I R A0 A
SR PRBE I8 B E RSN, SR S5 A REVR R G TR I R ER LR SR B2 — AN iR
Bkl . v 7 Roe PAEPRAER, ASCHES 72T IDR. CTS F1 MTS 2 B
PO 2 SR o AR SCH)EAR B S E N e an R

F—BENE T MEMG WRF S 50, IR IES BT FE IR . MTS A
FIVIR CTS MR FEIVIR = J7 AR 1 H N4 MEMG 850 3R, e iR 1
ARSI TE I FEE A

BEmAG T MEMG HZAS Mo X IEH, #iE TIERN R,
FESL TERHL, B R R ERRIRT IR OB B AR AL, AT AR AR
g7 B ANE 58 VEREAT Sy e 540, 3R TR AL R DT, A E ST ST B8 5E 1
SEht

FoEmHEH TR S IDR THRIFIBZIER AT CTS 1122 g U5 H 9 1 FE 55
W&o G, FRE TN - SR G AR A AT R ), ESL T
SETEM IDR B8, Hik, LA MEMG [REIEACH A . BYBERLBRAS S A a4
FAS T BE B2 S A A i IRy H AR R B, 357 1 MEMG 2 H AR IR AR
HRff. e, B RBELENSH. T, ARFAREERFLLE, 24 T&
EA[F CTS A1 IDR 2%, &R . ARFMX MEMG £ HARIUALEIEENT, AT
R T AR H ) 2 Be JE R I 1 SRS AE SR i MEMG 2 H AR AL BRI (1
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REAA AT

FHPUEE X MEMG 224, AISEMAFHETIEOR, R VT2 MR R
JE R EE RN Y IDR i B R RS € 3B 4T SR . B 5, B AS R RIS A G G
MRS SRM P A e md, @ar 1 2= IDR B, B 2 5%
SRR o R, AEFET H AT EE R R B TR AR A A o, BL 15 438l 5
IR ORI TR] RUBE, 0 SN 1 PAL AR ] FRUPSERTRE A ] RUBE T FEAR R o 47 L4 2R
WY, SR 20 I TB)RUBE 8 52 SR ] LA RO BRI MEMG Bl {3t 45 AT 75 SR AN
RPN, SO FRPSR AT A HAr, £ 0RIE MEMG % 258 € 18171
RIS, K T MEMG 1847 B 5T AMBRAS 55 A . e, 8t { L i it
7¢ 7 P 2 5807 IDR FEEEST MEMG RALREE 5, i B4 RV : B
ERPZ5E)IM IDR WL, #2060 &KL @maT-re, JFH
e 253 72 A P /b o

BRERXNRNERBEMREE, 845 7 ARG 48,
FFARYE A ST T AR AE R BR BT MEMG AR 78 N B kA7 R B2
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£ 2E ZRRMEMEH R SR ENHFEL

&I E AL GNP Sy G SE A8 =V o w L= o5 507 N e dNTE A=12
VG RS, BAWEMER. RIGHME. AR . H M A s
ZIREIR B ORFHAERIBAR . KK NS | ffREd & (LA RS,
REAEfiE Rt 5) , LUMESEIL 2 Fhaedi w2 TANASP 4, 2@ MEMG R & .
R AL 2 FE 0L MEMG 4514 b % 8508 I B AR BRI %5045 IR R PR gt
FFRITFE, AR AR B RN ] K-means 58285002k 3 SHECE:, T T itk
DX BHBEFIIAR . R FIATL IR i HH D 28 DA KRR SRRV 10 75 SR IR AN S 128 Tt
2.1 ZREVRTI I 45 1

Z ReIRNH N R G ER Z ARl (A BeIE . T AERRIRSE) RRE
PRI CIAER ™ RS ANlES &, HEMaRRRIRA ™. &, i
7 BRI SRR T, G B AL I A B, SEOLRRIR AR AL I B R R A
ARSI A 2 REVE AR Y S B HE LUK R HIHL (Wind Turbine, WT) + JGiRK
AL (Photovoltaic, PV) A% 0 A AT AR BEVR K FEMLA s DLHIf# BE R 4t (Battery
Energy Storage System, BESS) . #fefifif£ 524t (Thermal Energy Storage System,
TESS) FI 5477 24t (Gas Storage System, GSS) A% U ()£ BEVEIEME R 45
DAV #EL I 248 (Combined Cooling, Heating and Power System, CCHP) A#%
ORI RERALN B . Hh CCHP AL (Gas Turbine, GT) R

(Waste Heat Boiler, WHB) FII Uiz Hl (Absorption Refrigerator, AR) —Ff

W% o WAME TR SE (Gas Boiler,GB) MHL S ¥ #% (Power to Gas, P2G).
Hifil7 ML (Air Conditioner, AC) FHIEA)" (Electric Boiler, EB) %1, £ el i
05 1S L R g, DA IR EiE AT, B S T T RE R A H. TR S e T
SREZEAFEE, #G AL AIE, HPAPNRRUKE. . %R ERERAR
)b AR 1) R BV

Z REVR T X ) 2 4 B N ] 2-1 B
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o
ot
A

TRETE R E ﬂﬁ%ﬁ{iﬁ%ﬁ
;R 4 1 k3

L

KRB BRREN ik RS
B 2-1 2 RER 0 FR I 5
2.2 MEMG 5 W& I EU A B JOs AT 4R
2.2.1 A H%
2.2.1.1 AC HIE A R 2R
Rl (AC) & —FhH H HLRE IR B 2 &, "B I8 L e SR B ) v 571
FEF AP AT 28 AN B, M SEEILHIA RIOCR o H A HL R A R B 2R T
R4 B Aa A AL, H2 A AR 1 HLkAE, PRI B H A R E, Al
PUIK BAE Gedi| P LR P A DA _E, I LT DARR 98 S2 B 7 SR FEAT IR, Wi 2 AR
[ 72 7 3K o FELAIVA FLAN AN 75 224500 380R] 0 25 AU BRI BT, XA EE TS 4e/)N,
1M HIE B, AR AT ARG TARE STH. AC H A D)2 5 %0 i)
RERRXRUT:
Quc) =P, (1) n,c (2-1)
Higr 4R
0< Py (t) < Py (2-2)
2.2.1.2 AR WAL K 200K
W e AL CARD & — P FH FA e SR BN (R il v e %, Bl RS 2 R
WSCAE I A AT R USCORA B PR ST, AT SEZ B A R0ER o e )i HE T 23R 0 R B

11
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QAR (t) = HAR (t) “Nar (2'3)

N

N

DN

TR :

(i

\

N

\

0<H, t)<H, (2-4)

e n AR BRI s H g AP WD LR H 0 (6) 9
RS ALLE ¢ B ZI R Th 2R
222 H-HASRE TR RS

H- SR A B BE R G0 — FIAEKE MEMG 724 [0 £ R Ak B i AR 1)
LA RelRAE R SE, 45 BESS. TESS. GSS.
22.2.1 HibkRE RS (BESS)

BESS 7 t I Z1I96 4% i & AR ] AR IR A

P ssdisc !
EBESS (t) = (1 - 5) EBESS (t - 1) + [Pbessch (t)r]hessch - L}I()]At (2_5)
bessdisch
BESS 1t ¢ I 21 £ Hi Th 2w AR 7R 9
Pess isch (t
PBESS (t) = Ijbessch (t)nbessch — —bendhdl ) (2‘6)
bessdisch

N Eppge (1) A2 ¢ W% BESS /7L E, 0 —REBER, Poun(®) s B (®) 2
t I 2% BESS MIFE L ABINE, g v Mpessaisor 72 ¢ %) BESS FIFEHLL JHALRL
o Py (t) 72 t I’ %) BESS DI,
2222 #HEEfEAF (TESS)

TESS 7£ t i ZI56) 5 e R A i 8 m] DL R A

Pess isc, (t)
ETESS (t) = (1 - O') ETESS (t - 1) + [I)tessch (t);/ltessch - L]At (2_7)

tessdisch

TESS 11 ¢ B % 54 Hh D5l LR N -
_ Besiner ()

;/Itessdisch
:Tit':':': ETESS (t) 7\El‘l‘: t Hﬂ—zu TESS ﬁ%ﬁﬁ/ﬂ ﬁ(\‘%’ o 7\% g ﬁiﬁ‘\‘%’ PzessL'h (t) N Ptessdisch (t) 7\%

¢ IV TESS IR TRAINZR, min ~ Miessanan 72 ¢ T2 TESS HfE# TR

PTESS (t) = Bessch (t)r,tessch (2'8)

P, (2) 2 ¢ - %1 TESS [ oh %,
2223 S E RS (GSS)

12
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GSS #£ 1 I ZIR A TR B A A T DUR IR O .

Pss isci (t)
Ege()=U =) Eqe(t =D+ [Py (D goser — A (2-9)

7/] gssdisch

GSS 7 ¢ I ZI i D2 m] AR

P sSdisch (t)
PGSS (t) = 1)gssch (t)’/lgssch - & (2- 1 O)

K Eg(t) & ¢ BT %) GSS fF ISR, o RERE, Puy® Py 2
t I 2] GSS IS BRI, Mg s e 12 ¢ IF 2] GSS I BURRE.
P (1) 7 ¢ B %1 GSS B ThR .
2224 H-HSEREIGRER SR

Hi T~ BESS (¥ BRI, I SEBr% H Th 34 M4k BRI 7E b FBR 2 8], TESS.
GSS [F1H.

Hgss (1) Prgss < Popgs (1) < fppss (1) Py (2-11)

e Py (1) 72 BESS £ ¢ W ZITH Th3E,  Pois o~ Pagss o /9 BESS it th
Ry TRty (1) =1 RN BEES 7E ¢ B Z& R HARAS, T gt s (1) =1 KT
HAE ¢ BIZDRBOBRAS, I H sy (0) ARESFET 0, IR BESS ARE [ B 73 HRITC
HL

AR Q-11) 7R, BESS 7] 4% & N BRI 72 5 BEGE H N . BESS FOFIR H
BAE BRI IG NS RN R R K5 — 2, A (2-12)F7n, TESS. GSS [A/H.

EBESS,min < EBESS (t) < EBESS,max (2'1 1)
EBESS,O = EBESS,24 (2'12)
HrEss (I)Prr;isl; < Prgs () < s (Z)Prl;;‘ (2-13)

A Prygs o (1) A& TESS £ ¢t ZIHH IR, PR o~ Prss o /9 TESS HirtH 2
b FRe gy (1) =1 KR TESS 1E ¢ I ZRAEHCIRES, M0 sy (1) =1 1R

FAE ¢ N ZIRTIIRES I H. g (0) NRESET 0, Ko TESS AR RN AR

o

ETESS,min < ETESS (t) < ETESS,max (2_14)

ETESS,O = ETESS,24 (2' 1 5)

13
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Hass (D Pgss < Pgs (1) < g (1) Poss (2-16)

e Pog o (1) /2 GSS1E ¢ NZIRVH DI, Pis o~ Pess.o /9 GSS B DI

Fv PR pgss (1) =1 R GSS £E ¢ B ZIRAESUIRES, T g (1) =1 ARRILAE ¢
I ZIRTBRE, T H. ugss (1) AREFET 0, IR GSS ANGE [FJI 78 LA

E s min < Egss (1) S Egg (2-17)

EGSS,O = EGSS,24 (2' 1 8)

2.2.3 CHP FIBU 158 Je 297

IR ML — P RE B8 [R] I 7™ A B 1 ANFABR M 1 4%, ARA “FAHBIRE K
HHL4L” 5% “CHP (Combined Heat and Power) ” . ‘Bl BREIREL (INRIRA.
W FEMIRAE) SRR REE, ARG R AEEIR S R FATL A L, RIS A R A RS
MH, AR ey AR AEE T K . XAHLA M BEIEF AR &, AT RUE 2] 80%
A b, EeAR Gt oy il i B A A ) 7 sUBE T e A ER . AR AL 2 A T
Tk Flk SR, AP HLEAA R BOTRE, ] DATE R B R At
FI 7], FRARREERUAS, $emAeiEFI IR, T AR & MR K.

CHP HLAFZAH GT M WHB, HIHHERASE. HRHATIERY

IR Z [ R R AT RIS W
E; ()= x(PGT(t))2 + YR (1) +zU, (1)
Eyis(D) = Our (DA My (2-19)
oty

GT ~ ¢

Mor

A x, y 2 28BN B BRI R B Gop (0« Pop (0) 539009 1 I

ZIR AP FE R B B A TR A, N GT %t L SAIEELE, ng,

Ner 73 AR £ ) GT HHI PR MBUE KRR Oy (1) 9 ¢ 1 %) WHB it

IINZE Nt IR WHB IR Uy (0 8 GT BIERER T,
Hi T~ CHP (BRG], CHP rh & HLZH Y S brdin th Dh s A BRI 7E B R

PR [8]

PGT ,min < PGT (t) < PGT ,max (2_20)

QWHB ,min < QWHB (t) < QWHB ,max (2_21)

14
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H: P ()72 GT AE ¢ FZIRIHT DA, Pop o » Porn /9 GT S HITHEA E
TMWe Oy (1) 7 GT 1E ¢ W2 TIE, Oppin » O N GT HTEE DI
v MRS
|Por (1) = Py (1 = )| < P& (2-22)
| (1) = Oy (¢ = V| < Ofiy (2-23)
X P Py(e=1) 705l GT 72 ¢ &, -1 RIS D3, PO RoR
GT RIEFF R A e Oy (1) ~ Oy (£ = 1) 43 55E WHB 7F ¢ I %] -1 F %)
AT IR, O Rox WHB IR EF R i i K AH
T KSR SRR AL SEPRIg AT oL, WA (2-24) AT 73 Be & A b 3
i 2-2 firos. 73 BUGE K = BOR R,

ky=x(w +w,)+y

k2 = )C(W2 + W3) + y (2_24)

ky=x(wy+w)+y

G f1)/kW 4

G

GT.max

G GT.min

Ly | Ly Wi Wy Po (DKW

& 2-2 GT BREHE AR 20 Br AL h £k

R ows ows owy s w, RRSBJEN GT HIIERMZLSE: w . w, A GTH
HHEIIRR B FRR, W LS R

i+1 _Wi+|PGT(Z)_Wi|_|PGT(t)_W
2

i+1

3
w
Gor ()= Gor wnUgr () + D | K,
i=1

(2-25)
224 HESKE

15
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HUF SR 2 PRt F R HON S R AR R e o e mT DU T 7 HR
AE, AR 5 2R AR A O SR B A, BERN R e Re IR . A Bt
TR I . LA R e SR A . AR K B0 22 T TR 7K o i Rl R 4
R, AL AR R B TR A U AR N e

P2G i tH Dh 3 (A A U R R -

Gy (1) = Poog (DN pyg, VE =1,2,...,24 (2-26)

X G P2G 7E ¢ BFZIRIRIR SR IN 3 s e 9 P2G 1E ¢ B 26 45
R BESAY SR

Gpr6.min < Gpac () < Gpyg max (2-27)

R Goog(0) 2 P2G 7E ¢ IS ZIIIHTHE IR ) Grog s Gragmn A P2G HiTHITHERI
TR
2.2.5 B
BRSBTS
H g (1) = Py (155, 0° (2-27)
K Poy() N GBIE t R SMHANTINER: ng, A GB 7E ¢ I %) R AR
0 R ULIHME .

Hhi DR A R
H g in < Hp(t) < H g (2-28)
A He, () 2 GT 1E ¢t NI TR, Hop e v Hgpmn /9 GB T IR E
PR
2.2.6 ®Hinl (EB)
EB 1% tH 2% A
Qpp (1) = Py (D155 (2-28)

Rt Py (t) W EBTE t INZIHTIRIEFER:; n N EB 7R ¢ 2RI
Hiar th DR LA 40N :
Big min < B (1) < By g (2-29)
A Py () 2 EB 1 ¢ INZIIH DI, Py Popn /9 EB R TR L
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TR

2.2.7 e MR
AFHER T H T4 WT. PV IR DL FOFTAE TR SR ) A 52 AR

pidl

+ o

2.2.7.1 K BH#E R E AR Y

XLUE 3 AT AR B 38 5 3 B /N K PR T P R R 28 0 AT o i M R A A T
PN B S A, BEAS 70 AT #1148 B Beta B2 70 A7 iR 21 (Probability distribution
function, PDF) 7], [ (2-30) . (2-31) . (2-32) f3H:

(o, +5,) x 5i % X(l—Sl')(ﬂ‘H)aOSSigl’as 205,20

Jo(si)=1T(@)I'(B) (2-30)
0, HoAth 15 150

B, =(l—ﬂs)x(w4) (2-31)

a, :é_—xf) (2-32)

BE AEARIRIE « AL e DRALPE A B RS B O O A B B T IR
O BE B 5 9 E O D S AR A B A 58 7 60460 4 2 2 (81 Beta
PDF i HRIRA F IS TI%, AR T
P, (si)=n" xS™ xsi (2-33)
Psi) =1 xS xsi (2-34)
2.2.7.2 FGERRA K i th T3 A
AT/ PDF S8 T SRR BEHLAT Jo. AR PDF v BA B4 2
BE LU R . XSS HOR L BIRIRE T (EASCoH, e A E R R
K a=v,, 09 b=2. SRR, B, BT AMA Gk B
TEIERRIENS . S, AN B K PDE.

UE Ve Ve ) (2-35)
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(1)
1 2(72[
xXe ¢

S ()=——F (2-36)

0, X~ 2m
I=zx0,+p, (2-37)

BN/ IR PDF 218 BTN CRa/3a 30D 55 R I3 E ATbs
i 22 25 R
22.7.3 REEEE

N TAEFT S B A A AR &, BRI E . ROk E .
B R TR AT K, G, RS PDF ) x i 7 LM IRE
TEASCH, ARBEK PHAR R PIRASEC n, KN n, BT R n, #GRERN n,
AHFE R 0. H—J7H, Frit s AL E, BRI
AR RE, BT (2-38) ~ (2-42) AATATL E /NS EEANIRAS T 5K PH AR
BERE . RGEAN 7 R EEAH B A2 PDF R, XX IR GRS EATATHE
5E IS ) H AN e AR B (R

P{G,}= LS 1, (si)dsi (2-38)

PG = [ fL v (2-39)

PG = [ foa (2-40)

P, 4G} = j " o iy (2-41)
PrrotGud = i uslcoo)deoo (2-42)

e, P{G ). PAG,} v PG} PyiGuy P, G, ) Fos LA
EARRIIMESR, XA KPR . ROl BFR. TR H TR,
ALLERSR], S, MS, Bon T RFHARBEARESR y MIRSHIRIR: 7, M17,, X
AR w ARSI PR s ), Al d,, R A B 5 L AR S I A PR 5
d —th,, Fd —th,,, R R IR th MREIRIR: d - co,,, Md -co,,, &%
TR coo MRSHIWMR. f,6) « £, f,(D~ fo,th) B £, . (coo)
SRR TOCRAR HL IR BT R AT SRRV 20 75 SR KA AR ZS 1R 1k
ERHL

g
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2.2.7.4 1E S

AR HPRES BN n NSRRI, o NXGE, n NMEIIFR, n A
R, n MR BRI, AR —REGBEIRE FHL T 24xn* MIRES . 165
AR B Tk D A B AR, TR TR
2.2.7.5 T ML RRIERE S A ERE

N T R PR EE I T N AL %, K-means SVEISUR A F ARSI 3047 R
KRBT R — o WAL B AL FE AT BRI, i 7 — Mtk
& 4k, Davies-Bouldin (DB) A &MEFa¥H T B RAK L. %8 2w g
FH SR 288 P AR SR 2K 1) 11 B 5 R O 7 AR R AR 354

TSR B B SRR B B 2 R b, DU DB #R %, Bk, i
75N R BE B DAL ER 1 NS § SR AT B RS 40 T BT -

1
Siy {NL Z\Y—ﬁ\q}qﬁl (2-43)

i )?EC,-

t

1t
t}=%?%}21 (2-44)

d
d, = |:Z‘mi,p M,

p=l1
Forrs, 5 i MENIERE, d,, R 1 D j MRS, m, 2
SiMER TG, NSRS DT RTERSE: q CER—NEED A 2R L

[EREFN . R, TN

Si q + Sj q . . .
Ri,qt =max : d : a] € kaJ #1 (2-45)
ij.t
DB A kAR En S B -
1 K
DB<K>=;ZILRZ-,Q, (2-46)

BT T —A GA, R53 TH/MIDB (K) B, &y, @it
R, BTG, FEKH AR F s R BOR 5, SR A X AT AR R
SR ARG, EET OSSR B SIS I B4 SR R 91 BE B
ORISR, B2, T — MR AR DL A R I

ASO Z—/NSH, fRRfs e B RIERE Y SRR R AR, ot
AN
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D .. PO(s)x PVAR(s)
D PVAR(s)
Hrf PO () RIRFHE R BAFTENE ST RELR, PVAR (s) S/
BESE s MER PR AEME,
2.2.8 MEMG 5 DN g3 #t
3 (2-48) ~ (2-49) [MEESIRI], MG [A) DN #58. LB TIRAGEE
o ERR, 2 (2-50) FoRB RIS B AR AT AN BB A I R 2

ASO =

(2-47)

0< P™ xu™ < P’ (2-48)
O < ])tsell > u:ell < Pn:)l(l (2_49)
u +u’ <1 (2-50)

A P s ¢ B %] MEMG M DN ISEHL D3, P & ¢ i %] MEMG [7] DN
HEBRTIR, P& ¢ i % MEMG M DN JWSEBE TR, P ¢ i %)
MEMG 5] DN H 8 HL ) H)Th %
2.3 AFNGG

KREEENH T MEMG S MmN & e, #E 7 A
FRTR, FFRSLTER. A R AEZRET RN ZRRIEM B MR, TG
EZMREIE R CRFHBERIBMG. MR HENLE) | RERR (RIBAA M RS,
HERAEIE RGSE) , DMESLILZ Fhae I W EAMIT4, Fa0E MEMG ik i
o MAMEXS MEMG 4516 i % 8 B & B AR B FINS %5 1 4% I RF I EAT B
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