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AbVWUacW 
ReYeUVe poZeU floZ of PVV iV caXVing congeVWion pUoblem 
on poZeU V\VWem. EVV aUe e[pecWed Wo inWUodXce 
dUaVWicall\, and foUZaUd poZeU floZ of WheiU chaUge coXld 
caXVe WheUmal oYeUloadV. On Whe oWheU hand, fle[ibiliW\ 
VeUYiceV Wo conWUol EV¶V chaUge haV poWenWial Wo impUoYe 
poZeU opeUaWion. WiWh WhiV backgUoXnd, Whe pUopoVed 
V\VWem ZaV deYeloped Wo XWili]e conWUol of  EV¶V chaUge 
foU load peak VhifWing. 
In oUdeU Wo XWili]e conWUol of  EV¶V chaUge foU load peak 
VhifWing, WZo WechnologieV aUe needed. One iV Wo command 
mXlWiple EVV UemoWel\ and inWegUaWedl\, Whe oWheU iV Wo 
conWUol each EV Wo Whe command YalXe accXUaWel\. FoU Whe 
UemoWe and inWegUaWed conWUol, Whe V\VWem ZaV deYeloped, 
Zhich commandV mXlWiple EVV Wo chaUge oU VWop fUom a 
VeUYeU UemoWel\.  FoU accXUaWe conWUol of each EV, Whe 
gUoXp conWUol meWhod Zhich commandV chaUge YalXe b\ 
mXlWiple gUoXp baVed on WheiU XVe and Whe feedback conWUol 
meWhod Zhich compenVaWeV acWXal chaUge YalXe b\ WZo 
minXWe inWeUYalV ZeUe deYeloped. 
AV a UeVXlW of WZo 14-da\ demonVWUaWionV XVing acWXal EVV, 
Ze ZeUe able Wo conWUol EVV accXUaWel\ Wo Whe commandV 
and confiUm Whe effecWiYeneVV of Whe WechnologieV. 
 

1.  IQWURdXcWiRQ  
ReYeUVe poZeU floZ of PVV iV caXVing congeVWion pUoblem 
on poZeU V\VWem. FoU caUbon neXWUaliW\, EVV aUe e[pecWed 
Wo inWUodXce dUaVWicall\, and foUZaUd poZeU floZ of WheiU 
chaUge coXld caXVe WheUmal oYeUloadV and YolWage dipV. On 
Whe oWheU hand, fle[ibiliW\ VeUYiceV of an aggUegaWoU Wo 
conWUol EV¶V chaUge haYe poWenWial Wo impUoYe poZeU 
opeUaWion. WiWh WhiV backgUoXnd, Whe pUopoVed V\VWem ZaV 
deYeloped Wo XWili]e conWUol of  EV¶V chaUge foU load peak 
VhifWing. 
MoVW EVV in Japan aUe deVigned Wo be chaUged manXall\ 
afWeU Whe dUiYe oU aW nighW Zhen elecWUiciW\ UaWeV aUe loZ, 
and do noW haYe a UemoWe conWUol fXncWion. In oUdeU Wo 
XWili]e conWUol of  EV¶V chaUge foU load peak VhifWing, WZo 
WechnologieV aUe needed. One iV Wo command mXlWiple EVV 
UemoWel\ and inWegUaWedl\, Whe oWheU iV Wo conWUol each EV 
Wo Whe command YalXe accXUaWel\.   
In WhiV papeU, Ze inWUodXce Whe demonVWUaWion UeVXlW of Whe 
deYelopmenW foU  WheVe WechnologieV 

 
2. DemRQVWUaWiRQ Rf Whe cRQWURl V\VWem 
2-1. OYeUall cRQWURl meWhRd 
AV in FigXUe 1, Whe UemoWe EV conWUol V\VWem, Zhich 
commandV 101 EVV Wo chaUge oU VWop chaUging fUom EV 
VeUYeU, ZaV deYeloped. The VignalV beWZeen EV VeUYeU and 
each EV aUe commXnicaWed Yia a gaWeZa\, Zhich conWUol 
mXlWiple EVV inWegUaWedl\, inVWalled aW Whe paUking locaWion 
ZheUe EVV locaWed. The commXnicaWion pUoWocolV aUe 
MQTT[1] beWZeen EV VeUYeU and a gaWeZa\ and 
ECHONET LiWe[2] beWZeen a gaWeZa\ and EVV. The 
chaUge YalXeV foU each EV aUe adjXVWed b\ Whe command 
fUom EV VeUYeU. 
The oYeUall conWUol meWhod iV aV folloZV. AW fiUVW, foU 19 
hoXVehold¶V EVV, EV oZneUV aUe aVked Wo confiUm ZheWheU 
oU noW Whe\ can paUWicipaWe foU Whe UemoWe conWUol in 
adYance ZiWh VmaUWphone applicaWion Wo enVXUe conYenienW 
XVe of EVV. Ne[W, Whe command YalXe [kW] and Wime VloW 
Zhich can be VeW b\ each 30 minXWeV aUe commanded b\ 
Whe gUoXp conWUol foU each gUoXp diYided b\ Whe paUking 
locaWion ZheUe EVV locaWed. BefoUe VWaUWing conWUol, Whe 
V\VWem aXWomaWicall\ VelecWV Zhich YehicleV Wo chaUge 
pUefeUenWiall\ b\ eVWimaWing Whe aYailable chaUge amoXnW 
baVed on Whe paVW chaUge UeVXlW.  Once Whe conWUol iV VWaUWed, 
feedback conWUol iV peUfoUmed aW UegXlaU inWeUYalV Vo WhaW 
Whe conWUol iV moUe accXUaWe Wo Whe command YalXe. DXUing 
feedback conWUol, each EV adjXVWV chaUging baVed on Whe 
command fUom EV VeUYeU b\ Whe EV VZiWch opening and 
cloVing and b\ an adjXVWmenW fXncWion of V2H YehicleV. 
EV VZiWch inVWalled on Whe Yehicle ZaV deYeloped foU WhiV 
demonVWUaWion, Zhich can VWaUW and VWop chaUging b\ open 
and cloVe Whe VZiWch UemoWel\. The 101EVV Wo be 
conWUolled aUe diYided inWo 6 gUoXpV aV VhoZn in Table 1 

 
Table 1. BUeakdoZn of each gUoXp 

GUoXp LocaWion name NXmbeU of EVV 
LocaWion1 Compan\ A 10 
LocaWion2 Compan\ B 20 
LocaWion3 Compan\ C 46 
LocaWion4 HoXVe hold 19 
LocaWion5 Compan\ D 3 
LocaWion6 Compan\ E 3 
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Fig.1 OYeUall conWUol V\VWem 

 

2-1-1. GURXS cRQWURl b\ lRcaWiRQ 
The command YalXeV aUe WUanVmiWWed foU each gUoXp 
diYided inWo Vi[ locaWionV. The VXm of Whe command YalXeV 
of each gUoXp iV idenWical Wo Whe oYeUall command YalXe. 
The command YalXe foU each gUoXp iV VeW baVed on Whe 
baVeline and Whe calcXlaWion UeVXlW of Whe conWUollable 
amoXnW foU Whe da\ pUedicWed b\ Whe machine leaUning in 
EV VeUYeU. The baVeline iV defined aV Whe paVW 4 da\V 
chaUge YalXe, Zhich e[clXdeV holida\V and one da\ Zhen 
Whe  paVW chaUge YalXe iV minimXm dXUing conWUol dXUaWion, 
oXW of Whe neaUeVW 5 da\V, and  iV calcXlaWed b\ aYeUaging 
eYeU\ 30 minXWe foU Whe VXm of Whe paVW chaUge YalXe of 
each EVV. 
BefoUe VWaUWing conWUol, Whe V\VWem aXWomaWicall\ VelecWV 
Zhich EV Wo chaUge pUefeUenWiall\ b\ eVWimaWing Whe 
aYailable chaUge amoXnW baVed on Whe paVW chaUge UeVXlW. 

 
Fig.2 GUoXp conWUol b\ locaWion 

 
2-1-2. Feedback cRQWURl 
Feedback conWUol ZaV deYeloped foU Whe accXUaWe chaUging 
conWUol of EV Wo Whe command. Once Whe conWUol chaUging 
iV VWaUWed, Whe acWXal chaUge YalXe iV meaVXUed eYeU\ one 
minXWe. The e[pecWed chaUge YalXe iV eVWimaWed in Ueal Wime 
baVed on Whe acWXal chaUge YalXe and Whe aYailable chaUge 
amoXnW. The nXmbeU of chaUging EVV and chaUge YalXe of 
V2H iV adjXVWed aW 5-minXWe inWeUYalV b\ compaUing Whe 
e[pecWed chaUge YalXe and Whe chaUge YalXe Wo meeW Whe 
VXcceVV cUiWeUia Zhich iV ZiWhin 10% beWZeen command 
YalXe and acWXal chaUge YalXe. FoU Whe conYenienW XVe of 
EV, EVV Wo be chaUged aUe Ue-VelecWed eYeU\ 30 minXWeV Wo 

UedXce Whe XneYenneVV of EVV Wo be chaUged. The pUioUiW\ 
of  EVV Wo be chaUged iV UedXced afWeU Whe\ ZeUe once 
VelecWed.  

 
Fig.3 Feedback conWUol 

 
2-2. ReVXlWV aQd DiVcXVViRQ 
One hXndUed and one EVV aW 6 locaWionV paUWicipaWed in Whe 
demonVWUaWion, and Whe command Wo UaiVe and loZeU chaUge 
ZeUe iVVXed fUom Whe VeUYeU aW 68 Wime VloW foU a WoWal of 14 
da\V. 
FigXUe 4 VhoZV Whe command YalXe, Whe achieYemenW UaWe 
and Whe VXcceVV jXdgmenW  foU each da\. The achieYemenW 
UaWe iV Whe YalXe obWained b\ diYiding Whe acWXal chaUge 
YalXe [kW] b\ Whe command YalXe [kW]. The VXcceVV 
cUiWeUia iV defined ZiWhin fUom 90% Wo 100% ZiWh Whe 
command Wo UaiVe chaUge, and ZiWhin fUom 100% Wo 110% 
ZiWh Whe command Wo loZeU chaUge.  
AV a UeVXlW, onl\ one VloW meW Whe VXcceVV cUiWeUia oXW of 68 
VloWV. In addiWion, Whe achieYemenW UaWe foU each da\ ZeUe 
alVo faU fUom 100% on man\ da\V. AlWhoXgh Whe 
commXnicaWion Wechnolog\ Wo command mXlWiple EVV 
inWegUaWedl\ ZaV fXncWioned, Whe V\VWem coXld noW conWUol 
accXUaWel\ and VXfficienWl\. 
The folloZing VecWion deVcUibeV Whe deWailV of Whe UeVXlWV of 
Whe UaiVing and loZeUing chaUgeV on 7Wh and 5Wh FebUXaU\ 
UeVpecWiYel\, Zhich cleaUl\ VhoZed Whe pUoblem. 

 
Fig.4 ReVXlWV of demonVWUaWion 
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2-2-1. RaiVe chaUge UeVXlW 
On 7Wh FebUXaU\, Whe demonVWUaWion ZaV condXcWed b\ Whe 
commandV Wo UaiVe 25 kW chaUge fUom 11:00 Wo 14:00. 
AV in FigXUe 5, Whe achieYemenW UaWe foU all Vi[ VloWV of 3 
hoXUV ZeUe a minimXm of 41.5% and a ma[imXm of 88.2%. 
None of Whe VloWV coXld noW meeW VXcceVV cUiWeUia. 
Since Whe 30-minXWe aYeUage acWXal chaUge YalXe ZaV loZeU 
Whan Whe command YalXe in all VloWV, Ze conVideUed Whe 
caXVe b\ focXVing on Whe eVWimaWion meWhod of aYailable 
chaUge amoXnW. 
AlWhoXgh Whe V\VWem VelecWed Zhich EVV Wo chaUge 
pUefeUenWiall\ in Whe iniWial VelecWion of chaUged EVV b\ 
eVWimaWing Whe aYailable chaUge amoXnW baVed on Whe paVW 
chaUge UeVXlW, Ze foXnd WhaW in WhiV V\VWem Whe aYailable 
chaUge amoXnW ZaV eVWimaWed loZeU Whan acWXal one, Zhich 
ZaV Whe caXVe of Whe loZ achieYemenW UaWe. TheUefoUe, Ze 
aVVXmed WhaW achieYemenW UaWe coXld be impUoYed if Whe 
iniWial VelecWion meWhod coXld be impUoYed. 
In addiWion, Ze aVVXmed WhaW VhoUWening feedback inWeUYalV 
and changing compaUiVon WaUgeW ZiWh Whe command YalXe 
Wo Whe acWXal chaUge YalXe inVWead of Whe e[pecWed chaUge 
YalXe coXld alVo impUoYe achieYemenW UaWe. 
 

 
Fig.5 ReVXlWV of UaiVe chaUge demonVWUaWion 

 
2-2-2. LRZeU chaUge UeVXlW 
On 5Wh FebUXaU\, Whe demonVWUaWion ZaV condXcWed b\ Whe 
command Wo loZeU 20.2 kW chaUge fUom 15:00 Wo 18:00. 
AV in FigXUe 6, Whe achieYemenW UaWe foU all Vi[ VloWV of 3 
hoXUV ZeUe a minimXm of 79.3% and a ma[imXm of 
128.0%. None of Whe VloWV coXld noW meeW VXcceVV cUiWeUia. 
Since Whe 30-minXWe aYeUage acWXal chaUge YalXe Wended Wo 

be higheU Whan Whe command YalXe, Whe caXVe of Whe failXUe 
Wo UeVpond Wo Whe command ZaV conVideUed. 
Man\ of EVV WhaW aUe chaUged aW ZoUk VXch aV commXWing 
aUe fXll\ chaUged b\ noon, and Ze foXnd WhaW iW ZoXld be 
difficXlW foU VXch EVV Wo be XVed Wo loZeU chaUge amoXnW 
dXUing Whe eYening hoXUV. 
Since Whe meWhod Wo command each gUoXp baVed on Whe 
locaWion coXld noW folloZ Xp oWheU gUoXpV WhaW do noW 
achieYe Whe command VXfficienWl\, Ze aVVXmed WhaW Whe 
meWhod Wo command gUoXpV UeoUgani]ed baVed on Whe 
XVage paWWeUn of EV coXld impUoYe achieYemenW UaWe. 
 

 
Fig.6 ReVXlWV of loZeU chaUge demonVWUaWion 

 
3. ImSURYemeQW Rf cRQWURl meWhRd 
BaVed on Whe foXU aVVXmpWionV in Whe pUeYioXV VecWion, Whe 
gUoXp conWUol, iniWial Yehicle VelecWion, and feedback 
conWUol ZeUe impUoYed. 
 
3-1. ImSURYed RYeUall cRQWURl meWhRd 
The foXU impUoYemenWV of oYeUall conWUol pUoceVV aUe aV 
folloZV. AW fiUVW, Whe oUgani]aWion of gUoXpV ZaV changed 
Wo WhUee gUoXpV baVed on EV¶V XVage. Ne[W, in Whe iniWial 
VelecWion of EV¶V chaUge, e[cepW foU Whe EVV WhaW cannoW 
confiUm Whe SOC, each EV iV UemoWel\ WeVWed Wo chaUge 
10 minXWeV pUioU Wo Whe VWaUW of conWUol Wo confiUm Whe 
aYailable chaUge amoXnW.  AfWeU conWUol VWaUWV, feedback 
inWeUYal ZaV VhoUWened and iWV compaUiVon WaUgeW ZaV 
changed. 
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Fig.7 ImpUoYed oYeUall conWUol V\VWem 

  
3-1-1. GURXS cRQWURl b\ WheiU XVe 
Since Whe chaUge Wendenc\ foU each EV YaUieV b\ Wime of 
Whe da\, Ze UeoUgani]ed EVV inWo WhUee gUoXpV baVed on 
WheiU XVe, Zhich aUe hoXVehold, commXWing, and bXVineVV. 
B\ oUgani]ing gUoXpV ZiWh VimilaU chaUging WendencieV, 
each EV can folloZ Xp Whe oYeU oU XndeU chaUge againVW Whe 
command in Whe Vame gUoXp. 
FoU Whe conVideUaWion of 2-2-1, Whe meWhod Wo confiUm 
aYailable chaUge amoXnW aW Whe iniWial VelecWion ZaV 
changed. The neZ meWhod confiUmV iW b\ UemoWel\ WeVWing 
chaUge Wo all EVV 10 minXWeV pUioU Wo Whe VWaUW of conWUol, 
inVWead of eVWimaWing iW fUom Whe paVW chaUge UeVXlW. 
 

 
Fig.8 ChaUge Wendenc\ of WhUee gUoXpV 

 
3-1-2. Feedback cRQWURl 
To impUoYe Whe achieYemenW UaWe, Whe inWeUYal Wo adjXVW Whe 
nXmbeU of chaUging EVV and chaUge YalXe of V2H iV 
VhoUWened fUom fiYe Wo WZo minXWe. 
In addiWion, compaUiVon WaUgeW ZaV changed Wo Whe acWXal 
chaUge YalXe inVWead of Whe e[pecWed chaUge YalXe. 

 
Fig.9 ImpUoYed feedback conWUol 

 
3-2. ReVXlWV aQd DiVcXVViRQ Rf imSURYemeQW 
EighW\-one EVV, conViVWing of WhUee gUoXpV Zhich aUe 15 
foU hoXVehold, 25 foU commXWing and 41 foU bXVineVV, and 
Whe commandV Wo change chaUge amoXnW ZeUe iVVXed aW 84 
Wime VloW foU a WoWal of 14 da\V.  
 
AV a UeVXlW, 52 VloWV meW Whe VXcceVV cUiWeUia oXW of 84 VloWV, 
and Ze confiUmed Whe effecWiYeneVV of Whe impUoYemenWV.  
The folloZing VecWion deVcUibeV Whe deWailV of Whe UeVXlWV of 
Whe UaiVing and loZeUing chaUgeV on 5Wh and 4Wh FebUXaU\ 
UeVpecWiYel\. 
 

 
Fig.10 ReVXlWV of impUoYemenW 

 
3-2-1. RaiVe chaUge UeVXlW 
On 5Wh FebUXaU\, Whe demonVWUaWion ZaV condXcWed b\ Whe 
commandV Wo UaiVe 29 kW chaUge fUom 11:00 Wo 14:00. 
The command YalXe ZaV VeW aW 20.5 kW foU commXWing 
gUoXp of 25 EVV and 8.5 kW foU hoXVehold gUoXp of 15 
EVV.  
AV in FigXUe 11, all VloWV coXld meeW VXcceVV cUiWeUia and 
Whe aYeUage achieYemenW UaWe foU all Vi[ VloWV of 3 hoXUV 
ZaV 94.8% Zhich oXWpeUfoUmed pUeYioXV UeVXlW of 65.6% 
VignificanWl\.  
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FUom WhiV UeVXlW, Ze confiUmed Whe effecWiYeneVV of Whe 
impUoYed gUoXp conWUol and feedback conWUol. 
 

 
Fig.11 ReVXlWV of UaiVe chaUge demonVWUaWion 

 
3-2-2. lRZeU chaUge UeVXlW 
On 4Wh Feb, Whe demonVWUaWion ZaV condXcWed b\ Whe 
commandV Wo loZeU 5.5kW chaUge fUom 15:00 Wo 18:00. 
The command YalXe ZaV VeW aW 5.5 kW foU onl\ bXVineVV 
gUoXp of 41 EVV.  
AV in FigXUe 12, all VloWV coXld meeW VXcceVV cUiWeUia and 
Whe aYeUage achieYemenW UaWe foU all Vi[ VloWV of 3 hoXUV 
ZaV 104.9% Zhich oXWpeUfoUmed pUeYioXV UeVXlW of 
112.3%.  
FUom WhiV UeVXlW, Ze confiUmed Whe effecWiYeneVV of Whe 
impUoYed gUoXp conWUol and feedback conWUol. 
 

 

 
Fig.12 ReVXlWV of loZeU chaUge demonVWUaWion 

 

4. CRQclXViRQ 
In WhiV papeU, Ze inWUodXced WechnologieV Zhich can 
command mXlWiple EVV UemoWel\ and inWegUaWedl\, and   
conWUol each EV Wo Whe command YalXe accXUaWel\.   
The gUoXp conWUol and feedback conWUol inWUodXced in Whe 
demonVWUaWion impUoYed Whe accXUac\ of Whe conWUol, and 
Ze confiUmed Whe effecWiYeneVV of WheVe WechnologieV. 
In WhiV demonVWUaWion, Whe command YalXe ZaV VeW 
manXall\ aV a Wime VloW of 30 minXWeV. In Whe fXWXUe, iW iV 
enYiVioned WhaW Whe V\VWem iV XVed foU fle[ibiliW\ VeUYiceV, 
VXch aV VeWWing commandV aXWomaWicall\ linked Wo 
ZholeVale elecWUiciW\ pUiceV. 
In addiWion, Ze aim Wo deYelop WechnologieV WhaW can 
UeVpond Wo flXcWXaWionV of UaiVing and loZeUing conWUol WhaW 
meeW maUkeW UeqXiUemenWV Wo make iW moUe pUacWical. AlVo, 
Ze Zill ZoUk Wo deYelop WheVe WechnologieV WhaW can be 
XVed foU load peak VhifWing and fle[ibiliW\ VeUYiceV b\ 
incUeaVing Whe nXmbeU of EVV Wo paUWicipaWe in Whe 
demonVWUaWion. 
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