Vol.42 No.4
Apr. 2022

F42% F4H
2022 £ 4 B

@ ) a6 # Rk B

Electric Power Automation Equipment

SNAHE-HURE 7 45 g AL 4 Pk ey
515 b HoE i sk

R R Al A
(1. THEXF tvRE5EAFR, LR &* 211100;
2. FHERSF THRARBLEERAELEHR IR P, LR &% 211100)

ME:CHEMEF PR A GRS -CABEMELY EEAEH L ESTR-AVITATEY AT R-048
S M EATRE, ARRE T A TR-CBEMNLH B B F TR AT F AL TMR%E, B4, RE
TeFEAEAR-LABEME T RBR-RETAMEGRANRIIER; KRG, RE T 3GEM 13 &30 &5 24
Rk, ST RS MR FRAN TR A F G ERTR-A B REDHAT A bk £ RET
REAR L BN R & EHFR RO S FMAEIET —FE LRI RR T % Re MREEN Rk
36 0 AT HAT R 3R AT TR, 2R T AR T R M0 A Fe b A R M T sE M Rk ST A AR BT AR
Ty R AR OB 3 A 3h AT, S AR SR M A R UL, 3R B B AL A 0938 BN

KR - wABE P W A F PR AW S S FAL; B A R RK

FE 43S U 469.72

0 5§

UTAER, SNy T HREHE REHE Y S0, T 5 [
FE T AHOCHECR , (A3 B BRI IR 4 P A5 3 1 R Y
R AR N BRI R T 1ty g 2 K 22 248 A ) 4%
AHFR G, HL ) -3 il I 45 D R ol — i & e
PSRN B ST Y R4 R SRR R H 3
B, 78l ) FH SR A7 | 78 S A A ]
8, [ IR PR 20 95 45 00 22 38 19 A 25 7 A — 5 RS2 R
H, 2l H L A by DR 5 H B s — R 5 0 45 110 2
Z: 53, A B B AT R ] o5 LR s B T
) 2 R STl R AT H BE DR AR FE , A I AR X
DN 51 O = 7 e T TN T OO B B s B
A LA S B A [R] b 0 A LA 7 A v T L
P IR, S i 3l i 52 38 I AR AR DL

iRy % — LR G IO 265 1) A, 28 38 ) 1 is A TR
23 RN FE L ST A I 25 A, DRLHOBIF 5 S8 T8 W A
JuhE B, SCHR[S ] NS R GE Y #A B R AT 52
U BC B TR R ARE & R G0 RS R
SEH M SCHR L6 ] TR A7 38 B2 23 B R ) T
— el A5 S T AR, A4 I ] RUE DA B IS 1] D T 4™
JR B Z2 i Be Wi ; SCHR (7 142 1 Jr i Be gl 25 52 )
FBRY, SR FH A 38 1 Dijkestra i 48 005 Ry L B9 42 B
W B 83 :2021-03-05; f& = B #1:2021-11-01
EEWB: 550 AAF AL HFELI8A (51807051);
AR B RAF ke F A28 A (BK20180507)
Project supported by the Youth Scientists Fund of the
National Natural Science Foundation of China(51807051) and

the Youth Scientists Fund of the Natural Science Foundation

of Jiangsu Province(BK20180507)

XERFRERD: A

DOI:10.16081/j.epae.202201013

& il N S SRl B e RV i P
M5 A 2 T —E RS, SCHRL 7 1B Ak fiE
AR S R AT AR A B, SCRR 8 It T —Fh 2
T ES IR AT R SR B BEAL B AR AP T 1 , {HSCHR[ 7-8 ]
B LA T 5 0 LA T A, B = X B A RO
& ST IR A %

Ao 7 [ 4 B2 A S R ol FRL A, BE RS A AL
G BGPTSR AT O o SRR
L9 LAY st At s S s o TS0 7 gl R A 0 T P A 8
(] 51 55 5 SCHR [ 10 AR F 0 3 5 S B 1 3 4 PR 2
A 2Et, Y 1 XN B e o (HUR IR e
it S A AR TR 5 SN S T B R R AN K, HL Rk
T AT T IR A BEA T RE A DRI, 2 TSI M
AR BT FE HL 10 Ll A R

BT LT ASCHR T S A B - r A A R 45
TSR PO TR S SE M RN . G,
2T R Bl AL A B R S I 2% S AL - e
-5 SR A S AR 4R T A M R B ah 2
SRR IS T RS A A T e 3l )
FCHEBMSERY 5 Oy 1 J g — i A IR0 248 B 2545 B X e
el AR p - A O o Ve IR S B O S WA i
U PRSRTT 1% 5 SR, AR 3l A $7 7y e i 97 A A
PG T, 45 7 % T R AU B A R R P S5 8 £ £
TR TE M SR s i, ARSI DX 0 A2 1 ) S 9 )
PR T3k A T T Sk
1 BHHEEAR-BBEAMNETHXZE
-pEER-E M X EIESR

A D 22 38 19 AR o 14 XU G Ay, FEL B0 HE AL AR A



(10} L/ AR {7 G-

Fa02k

HELEAT Rl - FE AT O AN 2 X T U g ) ) 245 7 A
SR, 3 225 e B A ) 2% 1 A7 o T FL s Wik
P £ 135 S 58 HL AR e O Mk 2R B - LR A R 45 ) — >
HEEA, HAEA b S A T A A B 52

HAFRAEHER TERIEM. FECERGE
J SR — AR B, A HAHEAR AN 1 BT 7R o

_______ B e [0 i ) SRR St
= (Ar=5min) [~ a
FEHLIG A

%ETE%/M. B

o

T Ve
Y

5 i | | e :
i A 0
¥ 4{ AL e

i L I \;\ FERMIEIL ||
FE g | g PR

frig | o by
BRI R AT

(E¥s} : } {5

] %mmmi
CirfgR | AN
BAITHL | REITH
\%@&miﬁ%% |
- [EE

S MIsE L

,,,,,,,,,,

f"f?ﬁ{ﬂ' fRE

i Flb;li_{lllu -

Bl XER-EER-FERRNZTEERE

Fig.l Interaction framework of traffic

— SGE,

flow-energy flow-information flow

P O - LR 5 1 25 BIR R] O A I 0 )
T AL TR B A H R G T , 0 5T A AR
B AR PRI, IR 1 2R B AR R A P 4%
{55 5 FEHL Az 5 R MR A R 3 1 AH 4 Y e R BB
PR B, AT ST HE O 07 Ay PN 5 2 o 3 5 Py
E Ao M 0 e, Sy R )6 S N BT B LA L )
PR B 2% DXl A 8 1 L 4 e e e sl T R 42 2
AT RS B AL S H RIS % s A

Lo 2 T R AT SEHE B, 158 A A A
A3 A BEAT L M A ST SR A L B T R TR R
L AL 4 R PLE R B A B R G SRS LR I
TG RGE, LAZ T RLETT .

2 HEXEM-EIHHBEE-FTHRIBHRZ
=E

AN SRR T A W A S TR SRR
AT T LB A A T B - S EA T R, e
@J_Tfﬁﬁﬁlﬁﬁﬁ&ﬂ}:ﬂﬂy\/%éﬁ SEIRAC I Y- fig
BT =0 T O B L
2.1 ZJJ**JEWE'H B LB SR B

A O P T DA R A S A TR AT TR Ll
T8 R W B A2 A Y AR A [A] B oA, AT AR HAS
By RBFESE SR, oA WSS E N B A 2 AR 1
R BAF B R T Av=5 min (RIS B[] B )

T FE U B TR UL BON B A T IR AR
MU ()b, = (D) R .
U)=[u;(t) ] (1)
o cw, (0) F BT B BB o B AR OGS E  n Sl AC @ N (1)
A P BT B IR AN .
1) T B B i I 42U i g, (¢), PRI 45 B B H
ST 4 BB G T HMETH A 3 .
2R o-q 56 PSR G0 B 0 B 5
B v, (1), M (2) Fim .
O e, (2)
B=a+b(q,(1)/C,)"
vy, M I B i R ELEE ; C, o0 B B i 1Y R 3
3238 a b o WEUERT 2% SCER[ 11 ],
VAR IR 2) P B i R S d TR B i 1Y
WATEEE 2 (2), W (3) s .
ty(t)=dlv,(t) (3)
4)HAf ﬁxﬁﬂ%i‘?é&&ﬁ%’ﬂilj“ﬂﬁﬁfﬂﬁ A
[F) 3 A5 P RERE R ml R o 12
£ (1)==0.179+0.004v,,(1)+5.492/v, (1)
{g,?,.( £)=0.21-0.001v, (t)+ 1.531/, (1)
Keej(r).e
FER 1
SRIG AR5 20 (5) 11 B B ¢ 1 Bt i B BEFE /K

e;(t)o

(4)
() o i B P E T IE R BE

ei(t)d, BRBLG HFETIH (5)
ot _{am)d BHEE if R
5) TR 25 A AR R R, K p s T )l AR R RE AR 1K
ARG, B B o 6 B i 255 AR (1) BB 2 3R
a;(t)=t;(t)k, +e;(t)K, (6)
2 2 re i, 43 R R ] A ZR 8RR H AR R AR
6) 4 3l L AL TR BOIRAS RS, 75 NI K A
BE K, AT 228 /D o BAR AT AR R, i A
[F] By B T it B T A R 2 FH R LR 2 AN ], A S
BT SR bR vE S 2 T AT R M bR o, IR SR A
FKAVFTR . BB B i BB AT 40 f, (1) I3
N
ﬁj(t)zlu(t)')/l(t)"'dzj')’z(t) (7)
sy, (8) vy, (0) 435 B B ) B IR 2R A L
FEPR .
22 BiREZhHEFERE
LB A 4 R RE ML S B AT e LY
BEHLIE . — 7 T, B3 R A R LA e B 5 KA
i B XS T BENL T, 20K M T s B B 5
P —J7 T, % B T 5 A S N R A, B g A



54 8

TR A B S - HURR A 2T LBl AL A R T R 5 | S SR A S (i1}

R FTEHRIEANE FE AR W HA R HLE
2.2.1 w3 HALE G AT B AT A AL

AT R 1 B AT 3 A7 R e, o B AL
FHAESATHREN, HAERE S 8I K ZSHR
LI 3 RO AS 2 8] A8 48, L Bl o FHL 22 0 4 55 i o BfS
A B A2 R

Mg AL ZE R DI K IT O £ BT e AR
HA EAE AL S TT B A AR A AR M A, [RIR 3
i3 2 0 A 25, LAFT 245 3% FH dae /b A 7 I s ] e 2y
H bRk H Dijkstra B35 AT BRI . e 30 1
EFRIT LGS S RV R T % . A SUR IR A1)
REDXBYITER 5 LY po,» PRAD T — 05 IR ACF1Y
SR SR EREA . HAEGITYIREX y B HL B

AEH R g, FEX AT IH— e AbH, AT A5 ) BE X

y B IR R S g, M
Qoo = (8)

qu :
FFLASHBE X y BT K s, BES LSRRI p,

AL AR

S) :pnrdﬂ'.j /qnne.) ( 9 )
P =5,1 5 (10)

TEEBETh e X, AL E R DI R X i — A~y
SAERFE S, (8)—(10) K IABE MR 51T H4L
B AE E, 5 X 0 H g A A s
222 wHHAMERBATAHER

DT RGE R

RT e e & R 25 L L B A G HUAE A 2T
AT FE L, oA AR SCRILE Y L Bl FH 42 d A FA T
HRAS Sqoe I (T B = A SR TR K .

SSOC,d<‘9d (11)
A e, M B R4 d B9 70 H ey FIR S B BRUE
J5FE 4 0.20~0.35,

2)FEH FEHLRLAY

A SCAB A L By A FH 4 34 R R e L O kA T
HLREAM T o AR ) i Ao FEOIR S B2 S B HL 2, AT SR
159 25K FEHL 0 K B R Bl A 4 A8 17 FIR S Seoc 00 A1
K12 R,

Ssoc,k,oZSsoc,innal_zzez(I)/BE (12)

S S 0L LR (O RS 001,
53 Yo L B L 0 DA B 5 7 3 0
B £ M, B o R 2 B B Y e, (1)
B B B L RERE AT 5 B, 0 2 L 07

DU 78 L IR ) 7, T 278 2

0'9_85()(J,k.0
TC:TBE (13)
Kb P AL A AUE ST D S HL BN

FHE M TR,
2.3 FEHILHAFER
231 k&M
1) H 3 A 22 313k 7 L ol 1) B 20 Ak 1 it — s
By alER oy, WSS FE T —f B g —dt r e s
2) 5 H 3l FH 4 5 L 58 R B 20 Ak T R — e B
B H DR 43, DR 5 H 3y A 4 0 B i 5 2210 R —

Bl o
232 Hrik Fow sk G A AER
Ao B ¢ FE HL S e B A far P (¢) PT3R7 H
N,(1)
P.(t)=) P, (14)
A p A d RIS N, (¢) M B
1E7E T A B A R

MORBR 1 7E B b A N, (1) TR N -

N ()=N, (t= 1)+ N, (1= 1)=Np,. (1) (15)
KN (1= 1) RIRHBE - 1 T 7E 70 H 00 B 3 A 4
N, (0= 1) I BE o= 13035 78 f 3l 19 e 3 H R AR
B 5 N, (0) R BB e B JF 78 H ol 19 H 8 AL 42

U RRAH P L S A LV (¢) W R R
N (t) N.(t)sN,,
N NL(O>N,,
SN, R T S PN ) R R e F AR
233 Ak HERAER

HEBN 2 5843 vl A ANt AN HEBR 2R 52, 3 A HEBA
ARG TR ek 4 B v AN HERN R G5 R F i
FIBRFI T

Dl N HEBA R 55 .

Geit s Ul kI BE R, (1) ML 2 1Y
SERIIRSS R p,. (), A (17) At (18) fis .
i (t=1)+n; (1)

2At

_ng () +ng . (1=1)
p..(1)= A (18)

e (o) I B o B35 70 L 0 kB0 R B0 HE R AR
it sng (1) B LT ST kN SEHLBE 2 SERL B L
S AR .

It LA 58 L 3 ke DY B A 50 H A A SF 2 R 5 R
pi(t) A

N. (1) (16)

A(t)= (17)

S po. (1)

pu()=" (19)

. Z, R se L kN 0 S A




@ ® 0 & % L B $aE
380 AR SCHRL 14 b T8 )5 0 T 45 o 3 o A oa N & Ly Ly La L,
FHA d e 88 e ok bk AT s H A HEBA T[] 2, o () o ri\ T Js‘ ri o | s

2) i HMHEBN R S

M Z B R AR B R — S s T
A, Ak K FOLBA 510 BA R 1% R S+ L 44 2 T i 51 1
FHEBARF ] o 3ol HE BA 22 56 v] S B 6 ] — 7o L o
B4 R B0 RH 4 A L 2 1] B 52 ) A s B ¢ v B0 R
X dEPRRTE R ke, HAF AT A m (o)
sl M R A e T FT Ll e, U F sl M R G o i b
GRS 2, 0 (1) TTFR N
im0\ m()> 2,

Z,p(1) (20)
0 n,(t)+m(t)<Z,
A en, (1) BB 23K 70 Lk kA H Bl R A

T LA BN R 2 o ) S HEBRBSE ] T, (2) 29

T ()=t 1)+, 0 (1) (21)

3 EEHBENTSMAERGRE

3.1 BHHBEENTEMAE
3.1.1 FHAFACE AR R

X Bl A 4L PRSI0 A 7ok, AR SCHE T T
AT E M AR R SR L PR T s R A
ARSI A BARSER s A A R . Y sh
FH G2 Ak T 2805 RAS I, 2% 16 31 3 2 0 1 1] 7y Bk B
AR, S PEFT 42 3% FH e/l mlA 7 ol s ) e e 1) B AR
ML B A G Ak TS ORI, 2 R R WAL TR
AW LT, 75 AT B st 1] B e mAS D i B AR o
AT B A AR R A 5 A8 58 A 8 T S B A
5], T ARG A 30 {5 8 M B AT B AR AR B8 AR R R
YA 5 AT AR e 23 B R 48— T LA
3.1.2 R G— K

A2 58— PR IR E 2 s . L Bex)
N Z A B S AN 2 (a) B« M ABE BN L,
F) B B s B, TS B AT B ] o, RS — A
At W L By A 4 TR A B T B s, o R S T AR
I B0 538 A5 B AR BRI — 5 a5 s Ryl i
TSR IR s 24 20 B 5 — A~ Ac B BB A L Bl
FH 22 R B 20 W 4 2038795 o50s, W DL Bk A9 1y
Ks AR ST S, A I AEIZ B B N o B —
Ao B [ BT, PR BN I A I B A P an ]
2(b) i , M2 B B2 4R B 221 118 8% A% 0 T 5 S sk
T, s i AR gt — BB (L, Lo
Ly Ly, NS BB EE RS ) S AT Rk ], H 2] R
TR B hs PR A T B 18] 2, J5 4 0 SRARES (] R F A, )
BB LA s A s DL E S 2 S AT
AR

t(l,k, out (t) =

Y Y

L, A
(a) BB 2R BE (b) BB R BE

B2 M=EMNE—%
Fig.2 Unity of space-time chain

3.2 HEIHBEEMNTEIRER

ASCHE T —Fp %8R — T 5 sh A ek pe
R T NI R] BERE B PR R B 48T, R HL
A R e
32,1 HhAEBRNEIER

1) shAsRfA] .

ZIER R G R R T AT N — & s, H sl
LA d WO BhZSEHE] T (o) 045 4TI BE ¢ BT A FE L
Sl kAL T, (o) HEBARSTE] 7, (2) FE RIS TR] 75, ()
AT H 78 L3k & HTTE 550 05 OB IE] 722 (1) 3% 445384
Hodr T8 () T8 (0) T Ty, (0) W AR 3 245 S i 45
MR 2.1 71 B B SR A B B A B, Ty, (o) AR P
233 iR H,

2)BhASHERE.

DIBECAIRREFEA T30 ] LASE i el gl it FH 42 i 2 B
TR A A2 ) v %) 4 95 ] A R 42 g e B H R
Rl ER . TR X (22) T B I 4L d 7R
A B ¢ 3 58 HL 0 b B FE L I kB T K fE
E; . (t)o

E; . (t)= 2 e (t) (22)

lepd(t)
s p, (0) AT Be LRI BRAR I B BB 5
322 BhAksE R
L 2 AR 5 min JEAT — RS OR , AN
B ST HL I AL IO TR IR A Y R
If B ¢ L Bl A A2 o AT AE 38 H Sk A 00 TG AT Bk A
ind(t) ﬂ%%/j?j‘j
Flo)=oa, T 1)k, +e, Ef (1) p, (1) (23)
P ay o, 730 R B AS I ] Bh A BEAFE R AE 280
pi () B SERLEG kI FEHL AT .
Af B2 ¢ WL B0 FH 2 o T 70 Ll e 9 T 78 H
AF; (1) TR N
Fi(0)=ayEL, (1) p, (1) (24)
Ao T HL B AL R B By, () IS BLe A,
S AT S E PG R . o, — 7T
LS e, 3y 1 RH 2 R ATLXT 4 S5 s 104 g 4 e ok
VA ] AR 2R OB PT L B A e DS A S 58
L E 4 2R
kB ¢ L3 FHL 2 d A 0 HL 0 A Y TR B AR
F:‘Hd(t)j‘j:
Fil(0)=F (0)+F (1) (25)



54 8

TR A B S - HURR A 2T LBl AL A R T R 5 | S SR A S ®

Ve EE s, (1) AT RAR N -
s,(1)=argmin (F}%, (1)) (26)

P KOS B
FE LTI M el TR SRR R P DL RS 53 A TR A3

4 EFEUAROR HERDER 7B UL ST
EM KB
FHL LN R I SR ORI B R RN
HER BT, AR L 3l S FH 42 8 4 L 2 N A A e
VAT T HL A A5 T R U A R R A I A AR
SO FEL DO ) B e R sl 40 R — AR AR Fl R
T AT R R A AN [ 2 TR A7 B 1 7 R ol 70 i P SR
A AT,
4.1 EMATRIETENRE
SCHR [ 10 ]IA Sy B 19X 908 B2 (%) B[] R 3 ok
15 min, BCBF 78 H 0 B9 52 O FE I 8 15 min 880
Ao AN RS Y F B KO BT E i, W JE R
J5 WA AL 35 3l B B P i, B0 1 L 2 67 g %o A — Bt
(i) 7 L 3 B0 o7 B9S2 0 o SR, A SCHR HY T R UL 9 Ay
HMEAS , B B e+ 1 SEEL S £ B B LA a7 L) (14 1) AT 3R
TN
Li(t+ 1) =L"(t+ 1)+ L (1) (27)
LM(t+ )= LM () + L (1)—L, (t+1) (28)
AL (0) LY (0) L2 (2) L () 23 590 R sk B o 36 W ol
R385 PN PR 32 3l TR SR A AT L 38 671 £ 5 0 AL
JE AU A Aar AN R — A ELSE R, R
FHLE kAR BE AR B , 6 R ok — B[] 9 67 ff B A
— TR 38 A ) 0L 6 A AT S R A
5, AT L e B Bl Y RH A A ae i 45 R . T B 40
Tfr FEAT 0 M Y 32 SR BE AR S A I A4 FTR . oE
Y AR b 3% A B AS B, BRI B R .
DI BT . 5 A% 78 rL ki 19 FE rL A
B AN IA] K 45 7 F i 1 R SO A e [ e R A i A

AR B e P R AU A L, (0) BT AN
iL;(t)&
L ()= R (29)
_maX{Z,,ZZ,---,ZK}
= Z. (30)

3R 28, h FE LB kUSRI, 25 kAR
54 S A R RO 4 8, = 1

2) X446 75 HL 3 M AU 57147 15 97 44 AL S 7 22 Tl
DA/ F IR B , o T o T O A 5
T Hl H RS 5 T P B K I T R A 9
T

| i ()8~ Ly (1) [, L1 (1) (3D

228, R PEIK RE A SR 4 0.2

3) AR B e 0L 01y A 70 R o A, R T e 4 [
T HPRL T AL X ST R R Y AR K AM AT
it

4) 1 % FTHL L IR AR AR T L A R
AT BT 24 R B T 119 5% 2R R AT T8 A L T TR
CiPIYNWIE

llllll

ean

42 HREH

1) HL 3 R FH 4 1) F T SR 29 5, BV A By i AL 2
A A 7 st 7 A LR A i A Y AT R T R 2

2) FEHL LN B, B A Rl & 1SS L AR
HATAT R P, X (33) Frm o

Ponin ()P (1) <Py (1) (33)

2 P ()3 Pro (0) 53990 R B B 2 50 HL 3 e 705 L H
B/ IME KA

5 EBIsth

AR S T SCHR L 1T ] A B vl 3k DX g T i 7 2
558 18 PR, 12 5 38 9 41 75 29 A~ T7 5 98 Sk iE
B, FUA P56 R YT S 2 A0 BT NI T
PGB S A AL BRI M ERIX 1
(FWE1—11) JFRX 205 A 12—16) . T/EKX
(9517 —20) FIRT 55 X (&5 5 21—29)

K18 B B KOR R SH S % SCEk[10], 1
HJEI R 06:00 — 24:00, AR SCARBEIZ I X P A
8 000 7 H, 31 FA 52 25 1 8 000 4 v, 3 H FHL 42, 45 21
HENTAZERNB B RN 15 %, BEIRAEER H %8 5
F M 80 % . HL BN HLZEAE 06:00 — 10:00 i B 3%
FEASEIE M, 7E 18:00 — 24:00 I B 32 7 I A2 8 W] v
B 5 B RA SR 440 R — S P ARE R 4 A S N, 42 R
JE R X - TAEX - R A TR T30 . HshiR 4
4G o7 R S I A 0 A 7E 0.5~0.8 L P o X3
I B TSRS (FEH G 1 —5) , 435l T 55l
WA 45 6.7 13,17 .27, 4% 78 HL o 114 78 FE AR B0 40
54 30.20.40.15.45 55 . FEHLIR & M AR H D)
RESHTS 2 CER10] . SR B PT 4G 7o B A
$70.87G / (kW+h) , T EFE 4 0.3~1.27C / (kW-h),
51 FHES|SLERSH:FTEHM

A FE HL il A A B R s ELA T LT B 2
W me K se e 5 | S HmE , T L Sh A B e s AL 4
R = K U 11 = R (ST R DB R e
FE S A 8] o, Ry 78 B3 k& — K PN 98 HLBE 43l o
FHAY ], SE 40 R 6] o, 8 o, BPESE . B2
55 B (1) A SRS Bt ¢ % 7 L sl R FH SR bR o 22,
K (34) iR



(14] L/ AR {7 G-

Fa02k

D (e (1)=3(1))?
By= | F—0p (34)
_Pk(t) B _;gok(t)
gpk(t)_Pka’ e()=""F (35)

R, (1) I BE e 78 LG kAR R
T HL RS- Y M R B, TR R
Z B(1)
Bue="p
o TR BB EEL
ARSI A BEMBRTHE T ,06:00—24:00
st B 78 HiL 3l 1) 7 FL 7 ey B 240 R A 3 i s

(36)

FEHLINAE / MW

06:00 12:00 18:00 24:00
i+ 1]
m L, o R 2, = L3
= 4, S TS
(a) FeHLffar

- WWW\//W
-04 ' ' '
06:00 12:00 18:00 24:00

I 221
(b) Mz

B3 FERIHFERAEMSEE
Fig.3 Charging load and equilibrium degree of

Wi e

charging stations

N T B B AR SCRT A 5 | 5 e A R
B R B T AR 8 g R AT X LA . D3
1,2 5| S SRR SCEM NG ; Q35 2, 7
1% OR % [EREFE) - FEARSCEM KNG ; D53,
B2 51 5 OR % &I A]) I 2% JEAS SCRE i 5 ; @
4, 25T ORF E R ) I % AR SCE M
WG REFER A M RS 2 5 1
NEREMERG; @5 6,251 5 (K% Kk
Fe) HARZEEMFN; O 7, %51 % (R %
JERFR])  (HA % S A SR s @35 8, F P 3325
S IR SCER 11 ] E R

2530 5T (097 449 4 AR ] RS- 2 46 FEE - S0
RIME2HR . £ o, B NG5 i 1F

BRI a] S E sy, vy, P 1Y
SEEA ) TR [R] SP-2 34 g R AR A T 3 4 SR
B A A L (37) A=l (38) .

W,y W

ave, [

x100% i=2,3,---,8 (37)

O R
ave, 1

_ Bave, 1 _Bm.i
Bue.:

Ve~ x100% i=2,3,---,8 (38)

F1 HHETHEHEAEE

Table 1 Average saturation time of each scenario
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Table 2 Average equilibrium degree of each scenario
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3 0.2271 44.34 7 0.2308 45.23
4 0.1389 9.00 8 0.1831 30.97
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charging stations
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Table 3 Average profit of electric taxi users

under different scenarios

st RN /e GRS /ot SRRIE /o

1 698.444 6 71.3159 627.1287
3 686.3828 73.9657 612.4171
5 695.9530 722241 623.7289
7 673.8396 71.9471 601.8925
8 693.8001 72.964 1 620.8360
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Table 4 Path planning results under passenger and
no-passenger conditions
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Fast charging guidance and pricing strategy for electric taxis based on
dynamic traffic-grid coupling network
FU Zhixin"?,ZHU Weihan'*,ZHU Junpeng'?, YUAN Yue'?
(1. School of Energy and Electrical Engineering,Hohai University,Nanjing 211100, China;
2. Research Center for Renewable Energy Generation Engineering of Ministry of Education,Hohai University,
Nanjing 211100, China)

Abstract: As the main participants of fast charging and traffic-grid coupling network, the continuous driving-
charging behavior of electric taxis seriously affects the operation state of traffic-grid coupling network.
Therefore , the fast charging guidance and pricing strategy of electric taxis based on dynamic traffic-gird cou-
pling network are proposed. Firstly, an interactive framework of traffic flow-energy flow-information flow for
electric taxis in traffic-grid coupling network is proposed. Then,the dynamic updating strategy of traffic net-
work information is proposed, and the model of a single electric taxi is built to simulate the continuous
driving-charging state switching behavior of electric taxis. On this basis, the dynamic navigation of route
planning and traffic network information updating in the same cycle and the station selection decision method
considering the next passenger seeking point are proposed. Finally,the virtual load is predicted according
to the station load and station selection load,and the pricing strategy of charging station based on virtual
load and utilization ratio balance is proposed. The simulative results show that the proposed method can
balance the load of charging station,alleviate traffic congestion and increase the operation income of electric
taxis.

Key words: traffic-grid coupling network; electric taxis;fast charging; dynamic navigation;virtual load; pricing

decision
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Fig.A2 Task chain of electric taxis
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Fig.A5 Flowchart of charging station dynamic pricing



