EBURFEZF R U R

Sy 13

-~

~U

HOSEI UNIVERSITY REPOSITORY

PDF issue: 2025-07-09

EJ/EFEDODSA VISETIICE T EEEE

DAl VASESE--I|L|

Sakamoto, Noriaki / IRA, =AZ

(HhkZ#& / Publisher)
EHARKERBZHER

(#:E4 / Journal or Publication Title)
BEEMN / BEFEM

(% / Volume)
82

(& / Number)
1-2

(BAss~R—< / Start Page)
27

(38 T7T~R—< / End Page)
49

(RA1THE / Year)

2015-03-20

(URL)
https://doi.org/10.15002/00010734



27

BLEEEOAL VT TETIV
BT B0 7 + — KXo 74|

WK E O

O, BREBHEOY R EFLEZY ¥ FOHEEZEDZDOH
BB SR 12 35 1 % 5 B By S AR OB AT 7 « — KN » 7 il
DOHEREHWTCIRET 2 Z L& RET D, FATHIROE S E B HE K
DI=HDA V7 ZET VEFIERELE LT, KFFETIIRD 3 DDk
Bxr525, (1) BEZAY YV FEARREET D, 2) £ERY UK
DAVFFVAAZANBIOT V=7 a2 b BIRIDIE S % E
T5, 3) BRABENGERTRXEEBOBEENY — v ZRET b,

COHENRY - BRERET L7202, 74— KNy 7 HIH O
MERET D, F7o, HEICL, EFIVITIE/NT A —F OBARER
KRN & LT DN EDFET HTcsd, ZDORRDIZDHIZH 7 1
— KNy ZHIHNERHTH L, EVERDY I 2 L— 3 Y&fT O BRIC
ETIWVIEAHEN S Z S Z, HHaY v 2 & L CPIDRIENETH S
ZEERT, BT, AW THaHEoY v 7 & LTEMRY
MM OMAZIREL, PIDHEIY & RIFRERNEOINDLZ &%
W9 %,

Keywords: Subsidy Policy, Electric Vehicle, Feedback Control,

PID Control, Robustness, Normal distribution function



28

1. 3CBHIC

KWL, BREBEDIZDDFEREZY V FOFREEICER LA V7
FEFNEHERNEE LTEZ, 71— RNy 28If%#H L TZ O
SHAEAET D EERET D,

BRABHIL, HEREELEIOCE— 74T Y FBEZOFEROV &>
Tdh 5 HBED 6 OHEBBEIIRCOB A S S EKEL S OERD DI,
ZOURDPEIN TS, Lo LEND, kO 2 &%, WHEEHIEAT
BDEROKE BT IT /> Tnd, ORILZ L — RO & Hlk U CmEgrs
it & HECTRET 272D ORBOMA L THEE 4232 hoAHE, Off
IR DS ) VEE L CREIW o, A LEEZICB LA TERY
YR T2y Y REWT) ML, ETTEIC kD%,

Lidis T, B R HRBMICEG TSI 05 T, WEECHT
B E 27 v REEF T B MMA R BLETH D, EE, HAD
BUFIENA 7D v REIZHT 208 TRIZ, EVIEOWTE 27 Y —v
TRV F—HEHEEE AR EEL G EL, 5 X HXEVIEAMIE X O
W EEELZEOWTICN L CHERBBA L TEEOMIZEBZ /5> T
BV, EBIZHE) — 7 OIRGEMi 20134 4 AIZFAY, £ L CHikilE
HESHOTWBY, L Lisnsh, IRFEGEIIRM L Thzn?,

F 2T, EVIE R T BIRZ G 572010, 29 VR 1EH-DDEV
BREEERE L TCERRDY AT I 7 2% RODET R REI NV F )
FOMDBREEINTN D, ZOWETIE, FEZEDHDRY v KHREIC
%19 5 HB 4 E EVIEAE D= D& 2 Bad LT Y0,

—J, WKL TWAEVEEA DN EE 28 v FOFAEN T %
BORENL NI, FEFHIIGE « BEDOR « GEHROVTHIZE D
THRY VREESACHNZE LR\, ZDHRY Y RORBEIR, @&
HEBROY—E X2 ) TRN—F 7 ) 7, HEHIGEE, ALHEE,
—WORFY 3 v EV Ty —UATEEATHRNDOBIEIRTH S,



BELREABEDA V7 TETNVIZE T @807 + — KNy 7 29

TN DMEE RIS B2, EZFLUTOREET 5,

D2y v FEEICH U GHEN 2 AZRREZIRE T 5, T/hbb, Ank

BB R Tld/e< 29 V FRIED 2 Z AL, FREITEREREL

THREBROEH « RTFE2FEEICETNDODET D, TATHIFEL)~(6)T
W27 Y REFRBEORIE T EZEE L TWEL, AR AHRRE LS
ZATCNDENE, FERDA VT FYAAZANBXVOT YDV aR %
ETIVITKBET %,

@EVIZX U TR < Mk a5 2 ¢, EVERIBRET NEEK
DEENY — VOREEZRET Do HEROF-WHEEH OHRFLE THNY)
554 T ORI VBFEROGFETHY, EVIAERT 268 OH
BE 2 REORAERREZERE L T LICE 2 5, ZOFEOFA
H3DICFE LD D, (1) EEDNHTIE, B R E SR %
a2V, REMRIZHIOEIEHEN A ERTHNTE 5, (2) K
FEDNTIE, BEAZBGET L CO D EE ISR > CHEEE N T

%, 3) WEHFONVE T, SN T<KT T2 ExOlitedIg,
BERLTWBEEEZWebt {1 062U CUBADOHEIZ 422 ENT
X b, WEEET I H RO XS ICWebY 1 b CTHFEESRNZ )
TNWEALZHDLZENAERTHS D,

@HE/NNY — VIZBREIE B2, WERE DG BRI 7 S TR %
BITDHZERRET D, BEAGHEIDE LA  ENSHIEZ L
ok l, PhniEELELTEHMKTHD, TOBEEIRET BHI-HIZT
= RNy 7HlHOEREZEMA L (Fig.1), Z0Hlf#a v 7 & LCPID
HE” # @M %, PIDFIEIZIEL HbhThaHHoy v 7 TH0,
HERICEAINTWA RO Y v 70 9 B EZ /R HERS R0 H
%o WHAEHB X OREEEDSL XD, MRENEM LT, 2o,
NG A= PEE LT NWEWIFERH D EEZ D,

@PIDHIIC X DY I a b —v a VEEREBERLUIKER, #BIFEL Y
1iB3% (NDF : Normal Distribution Function) THEEITE % EE %, I



30

Ratio of subsidy when
| Control the consumers buy EV

Set Value of EV Logic

Control cycle=Quarter

Fig. 3
U

y

The total ber of EV
U= ¢ fotal number o - < Infrastructure Model for EV
The total number of Charging Stand

A

Number of EV
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Fig. 2

Fig.1 Block diagram of the proposed control system for subsidy policy.
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Y(D)=kp(am=BU (@) " )u(1)y (1) (1

Table 1. A sign and value of the infrastructure model parameter.
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Fig.2 (a) Set Value (ysv) of EV (y).
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Fig.2 (b) Set Value (ysv) of EV (y).
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Fig.3 (a) The number of the public facilities of the station.



ELREABEDA V7 TETNVIZE T @807 + — KNy 7l 33

station Y station
1,200 1 20,000
1,000 station w Y station /:.-lL 16,000

800 o

12,000

600 /_ T

400 /_ " 8,000

200 4 nun’ 4,000

() tamEmmm _M' 0
0 1 2 3 4 5 6 7 8 9 10
year

Fig.3 (b) The number of the public facilities of the station.
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Fig.4 (a) Non-control (A =1.0)
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Fig.5 (b) Non-control ( A =0.84)
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Table 2. Control parameters and simulation results.

Set Value without uncertainty with uncertainty
Fig.6 (a) Fig.7 (a)
2 Ysv=600,000
K=0.005, T=40, D=0.1
Fig.6 (b) Fig.7 (b)

> Ysv=2,000,000

K=0.002, T=5, D=0.05
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Fig.7 (b) PID control (with uncertainty)
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Fig.8 (b) History of u in Fig. 6 (b).
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Fig.9 (b) History of u in Fig. 7 (b).
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Fig.10 Normal distribution function.
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Fig.11 Non-Control with Fig.10.
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Fig.12 Non-Control with Fig.10 (with uncertainty).
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Fig.13 (a) NDF control.
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Fig.14 (b) NDF control (whth unceratinty).
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Fig.16 (b) History of u in Fig.14 (b).
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Table 3. RMSE.
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Fig.17 The amount of a subsidy VS. u.
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=83,300x5,769x0.5+467,261x6,400=3,231x10°[$] (19)

Cp(a)=83,300x5,769+3 (yx fliBIEH (1))=794x10°[$] (20)

975 (%] B TH %,
HEHE200 5 & D4,

Ca(b)=83,300x19,230x0.5+3 (yx6,400)
=83,300x19,230%0.5+1,821,213x6,400=12,457x105[$] @1

Cg(b)=83,300x19,230+3 (yx i BIEE (u))=2,849x105[$] (22)

977 [%] B Tdh 5,

MEOHE S [, RMSEDED NI OPIDFIE O R 2 H W\ THRET L 7=
3, Fig.15, Fig.16 X VWA S 2 /e X 5 IZNDFHIE D6 T H IR T & % AJHE
HEIEFRCTH %,
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9. hYIC

EVO% M GRS BEMEIZBRT 22 Ex2FRT 572012, 74— KNy
7 GO EZIEH U Cib 2 ik k2 L Lz, Hlfoy v
7 %PIDFIH & L, THENIDW S/ IFIVETIVTINT XA =9 fi%kE
ZOM, BT NVIERHEN S 52 TCHuNZ MEEFT H5ERZ R LT

X561z, PIDHIEAIKL Y BEIE G oy v 2 & LT, EHSME
BaFIA LB LWEIHO Yy 7 2 8_% Uiz, PIDHIFEIK Y &B5EMELR
U, BEEEEELCLHEOY v 7 OFE/ 5 4 — 5 OFFEIRE
EWVWIFIEN DD, L Lish o, EVIEAREENER AR OTHAIC
I B E CHEAZYEZ CLE D FIREED B 5,

BAT ORI, EVOBARGIED, 29 Y RAEZ 50 E S 0bhbix
WIRIIZE W TR WERB L OMBIETH D, REFEE, 27V FOEK

PRERIZ K > THEEW IR I TH B 0%, #HEIBIEITNETH S, Lo Liah

, MEFEIHEZ KL CROFED DD, SEREBZMRT 5 &
THIBVEH DO Z F > THEA OB RIREN TX DR CTh L, £/, X¥
VREELSITH L TCUL, HELEIC DI 2EVOE REB O HIEEIVRINT
WD Z ERERK OIREL & 20, D, ARREICIDEESADN—
FIVDMEWIESR CTh %, BRIZ, REFEIC INEHBEOREZBITO
JESR KV HHIHTE S etz R L7,

AR TR U 7ol &L DEVE R Db DA 7 FhifEE L TIE, X
5 v R OMBIEREREY ™, £EICIIEELETLI0DHEEES 5720
BT EFE SRV DI BE R 2y v NRIE b5 2 & %KL
TH<,
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Feedback Control of the Subsidy Adjustment in the
Infrastructure Model of Electric Vehicle

Noriaki SAKAMOTO

{Abstract)

This paper deals with the feedback-control for the subsidy policy about the
purchase of the electric vehicle (EV) and the business model of the charging
stands. The controlled model has three characteristics: (1) A public institution
builds the charge stands. (2) The break-even point of charging stations will be
calculated for the running costs and maintenance costs. (3) The targeted value (Set
Value) that EV should spread is given. However, the model has the uncertainties of
the parameter, and a change by the influence of the economy and so on. Therefore,
it is necessary to apply the robust control logic that overcomes the uncertainties of
the model.

This paper proposes that the practice of the subsidy policy is regulated by
feedback control. PID control is applied at the first as control logic. However, if
the set value is changed, then three parameters of PID control must be readjusted.
In order to solve this drawback, a new control logic NDF (Normal Distribution
Function) control is applied. The simulation results show the effectiveness of these
PID and NDF control for the uncertainties of the model. According to the

proposed method, it is shown that it may be possible to reduce subsidies.



