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power control architecture
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Fig.5 Load curves under different control strategies
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Table 2 Electric vehicles’ information of Node 32
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different control strategies

st AR R Y s

o/ kW i / kW oW 2w H/$
AEEV 1296.0 893.4 6797 19.67 —
TCIFFEH 1627.7 900.3 7434 2054 479
YR TR E S 1381.7 980.7 737.2 20.50  39.4
Bt AL 7 FRL 92 il 1434.9 9437 7423  20.53  44.6

EOR) 1 e 4 1 1268.5

H1Z 3 A A, EV O 78 HL 45 e L s 47 39
T SfT g U, EL SR BT AR e A A A 2R R
R ARG A | FL T 2 F 0 i A R s P B FE L )R
BRI 70 R A2 SRS T, g e By (I 22 O 45 43
FE FEL s i 25 B s AT HE AR B T —E R AR 5
SR FHAS SO SRS 22 H 5 Wl SR i, 251~ as A7 46 b
PRV A RN T 5 (2L Gr Ak T5 T, R 12 8 47 ) 5
W EV S5 A 2R

4 Zhig

EV SRR 4 8l R I T e, AR SO
H T EV SR D AP HIRESE 0 B 1 R e o g U
GRS WA 22 2K ALRE , W) Il 2 2 AT Bl RO
R E HURAR 19 BV ST L 458 il SRt ST 52, 3
S BIR Fr i REmEEAT T gk, D7 H AR AR .

(DAY EV S L A 12 142 1l 2
AEAR G FH 242 5 U8 9 0 P s i 22 M S I R 1
P SRS FETA SR A F R R P 0 ) K

()ARICLAEV H 4 R 2R SER L DR
SEI PR RN AR, ERE S BRSPS OO, AT E
A T 1R 2 TN 220 A R Ay R DR A B B S TR A
FERCAL LA AT B B

(3) AR SCHI 4R 18 2 T Fp (57 B — - 42 4 X g 2 14 51
R FL A RS P Ak B 53 , o8 78 42 o e X S IF L A4 E
PEAT B 05t , AACHE ARV 14 S5 IR 2 1 DR 3R

TERSEHN 2 B P il fv v T H i A, 7 SR JEE e AR
F1% 30 JBC ASRY AL U %) 5 T T A A — E R L
P, 2B T — 22 TR 3 71 T 16 IE RO 1 2 AL
W 64527 29 05 30 SRR R D5 vk BIEE G A s A
W7 F3AN BV & AL F R A LA R R4
il , L RO28 m G LA — R B AMESRURN BV TP 2 5 iy
B R s AT K, SR SRR IR AR SE R I TS 5t T
AIRMERLT S 4 2 R E SR

1002.4  720.0 20.32 5.1

P 3% I A M 27 (http : / www.epae.cn) .
S 3Lk

[ 1] CLAIRAND ] M,RODRIGUEZ-GARCIA J, ALVAREZ-BEL C.
Smart charging for electric vehicle aggregators considering
users’ preferences[]}. IEEE Access,2018,6:54624-54635.

[2] £, R4 XNES 5 gy 78 mo e /L 9 6 i #0

BATFPEERBITEL]. ) Ak, 2013,33(8):47-52.

WANG Jian, WU Kuihua, LIU Zhizhen, et al. Impact of elec-

tric vehicle charging on distribution network load and coordi-

nated control[J]. Electric Power Automation Equipment,2013,
33(8):47-52.

FRTE T, 5K 58, Antonio Figueiredo. 45 2 U815 B A9 HE 3754

FE F 07 7 00 R ok A R 0 s e (D). F ) A A,

2018,38(12):1-10.

CHEN Lidan, ZHANG Yao, ANTONIO Figueiredo. Charging

load forecasting of electric vehicles based on multi-source in-

—
w
[a—

formation fusion and its influence on distribution network[J].
Electric Power Automation Equipment,2018,38(12):1-10.
B/ B PR, S A AR AR IR S5 i b X e )
W], I RS A 81k, 2016,40(24) : 71-76.

WU Xiaomei, XIE Xuquan, LIN Xiang, et al. Local electricity
market model considering reserve service provided by electric
vehicles[J]. Automation of Electric Power Systems, 2016, 40
(24):71-76.

MUKHERJEE J C,GUPTA A. A review of charge scheduling
of electric vehicles in smart grid[J]. IEEE Systems Journal,
2015,9(4):1541-1553.

[6] TANG W R,BI S Z,ZHANG Y J. Online charging scheduling
algorithms of electric vehicles in smart grid: an overview[]].
IEEE Communications Magazine,2016,54(12):76—83.

XVHAE  sRAR VK, TR, 4. sl st i X/ s PRSI fiE
AR A dems [T]. Wy B 34, 2019,39(6)
122-129,152.

LIU Qihui,ZHANG Yibing, WEI Jingfei, et al. Two-stage real-

time energy management mechanism and optimization strategy

—
~
[

[5

[a—

[7

[a—

for EV charging area / station[J]. Electric Power Automation

Equipment,2019,39(6) :122-129,152.

FRANEL, SR . I H O o R B (R SRR B 32 b S FE LA

HT]. LT R4, 2019,39(19) : 5703-5713, 5898.

CHENG Yizhi, ZHANG Peichao. Real-time rolling transactive

charging management of electric vehicles in distribution net-

work [J]. Proceedings of the CSEE,2019,39(19):5703-5713,

5898.

ZRIENR, FRPOR , INER, A T B B VR SE s T A S

HET L] R RGEA 6, 2014,38(9) :61-68.

LI Zhengshuo, GUO Qinglai, SUN Hongbin,et al. Real-time

charging optimization method considering vehicle charging pre-

diction[J]. Automation of Electric Power Systems,2014,38(9):

61-68.

[10] /N, B0 B2 A, 45 . Pl 3 v A 1 S I 3 [ 5 ik e S

[J]. ML EHARA4,2015,30(13) :69-76.
TAN Xiaobo,ZHAO Hai, PENG Haixia, et al. Quasi-real-time
coordinated charging / discharging policy for electric vehicles
[J]. Transactions of China Electrotechnical Society, 2015, 30
(13):69-76.

[11] ZRORAS ARAURE , FIIGEs L 45 . T A2 IC e I = AR () i Bl R 5
FERLIR S PRI L], AL TR AR, 2016, 36 (17)
4533-4542.

LI Peijie, LIN Songchen, BAI Xiaoqing, et al. Receding-hori-

zon-control-based charging method of electric vehicle conside-

—
o]
[a—

—
=)
[—

ring three-phase model of distribution network[J]. Proceedings

of the CSEE,2016,36(17):4533-4542.



£5H WARHIR P, 45 - 25 58 7% 5% 0 B B9 ol sl A S e SR 22 42 T SR g @®

[12] ZHENG Y,SONG Y,HILL D J,et al. Online distributed MPC- sactions on Vehicular Technology,2015,65(6):4185-4196.
based optimal scheduling for EV charging stations in distri- [20] FADDEL S,MOHAMED A A S,;MOHAMMED O A. Fuzzy logic-
bution systems[J]. IEEE Transactions on Industrial Informatics, based autonomous controller for electric vehicles charging
2019,15(2):638-649. under different conditions in residential distribution systems

[13] BAMRZS, JEAR ISR 2200 . SRR SR R ARk U sl St i [J]. Electric Power Systems Research,2017,148:48-58.
BESEmE L], A, 2019,43(7):2552-2560. [21] 9538, XSS, UL, 28 AT H P B BT i gh i 4
HU Junjie, ZHOU Huayanran, LI Yang. Real-time dispatching Ay skEme (1], ) A3k A ,2018,38(3):63-71.
strategy for aggregated electric vehicles to smooth power fluc- SU Su, LIU Ziqi, WANG Shidan, et al. Ordered charging stra-
tuation of phntovoltaics[]]. Power System Technology,2019,43 tegy of electric vehicles based on users’ driving behavior[ ] ].
(7):2552-2560. Electric Power Automation Equipment,2018,38(3):63-71.

[14] SHAABAN M F,ISMAIL M,EL-SAADANY E F,et al. Real- [22] National Electrical Manufacturers Association J Rosslyn, Ameri-
time PEV charging / discharging coordination in smart distri- can National Standards Institute (ANSI). Voltage ratings for
bution systems[J]. IEEE Transactions on Smart Grid,2014,5 electric power systems and equipment: C84.1-2006[S]. [S.1.]:
(4):1797-1807. ANSI,2006.

(157 BRAG VK, VLR R, 45 . B PR 4 bl 1) DX 3l 30 YR 26 [23] VAGROPOULOS S,BAKIRTZIS A. Optimal bidding strategy for

N 7 s R R SRS (). W A sl ik 4%, 2019, 39(7) - electric vehicle aggregators in electricity markets[J]. IEEE Tran-
147-153. sactions on Power Systems,2013,28(4):4031-4041.
ZHANG Yibing, LIU Qihui,HONG Chenwei,et al. Charging and [24] MOULL G R C,KEFAYATI M,BALDICK R,et al. Integrated
discharging dispatch strategy of regional V2G based on fuzzy PV charging of EV fleet based on energy prices,V2G and
control[J]. Electric Power Automation Equipment,2019,39(7): offer of reserves[J]. IEEE Transactions on Smart Grid, 2019,
147-153. 10(2):1313-1325.

[16] SINGH M, KUMAR P,KAR I Implementation of vehicle to
grid infrastructure using fuzzy logic controller[J]. IEEE Tran- 1EEEY:
sactions on Smart Grid,2012,3(1):565-577. Fan (1981 —), 4, i it A, &)

[17] SINGH M,THIRUGNANAM K,KUMAR P,et al. Real-time coor-
dination of electric vehicles to support the grid at the
distribution substation level[ J]. TEEE Systems Journal,2015,9
(3):1000-1010.

[18] MA T,MOHAMMED O A. Optimal charging of plug-in . 5
=14 2 )f , AR AR R RE
electric vehicles for a car-park infrastructure [J]. IEEE Tran- AT, AL, /*A$ B R ALR] R A

sactions on Industry Applications,2014,50(4) :2323-2330. N7 @ TAZ B S A R T AR (E-mail
[19] AL-AWAMI A T,SORTOMME E,AKHTAR G,et al. A voltage- % m S+ dg29053@126.com) .
based controller for an electric vehicle charger[ﬂ. IEEE Tran- (éﬁ$§ F-%ﬂ‘)

B ML, ZEARATOAEHAELS S
W ZF) HAREAR B A ALK S
i& 47 % (E-mail : chenld@gcu.edu.cn) ;

BRIE B A (1979 —) , &, # s A,

Fuzzy logical control strategy of EV charging / discharging considering
perceived urgency
CHEN Lidan',OUYANG Huilin®
(1. School of Electrical Engineering, Guangzhou College of South China University of Technology,Guangzhou 510800, China;
2. Dongguan Electric Power Design Institute,Dongguan 523413, China)

Abstract: Aiming at the real-time charging / discharging control problem of EVs(Electric Vehicles),a real-
time control method for charging / discharging power of distributed EVs based on fuzzy logical control is
proposed. The perceived urgency model is established based on the relationship between the needed energy
of EVs at the current time and the maximum available charging energy during the remaining parking time.
The node voltage deviation at current time is obtained according to the preset reference voltage of the node
and the actual measured voltage. The fuzzy logical controller of EVs’ real-time charging / discharging power
is designed by considering the perceived urgency, the node voltage deviation and the real-time electricity
price, and a fuzzification method of real-time electricity price based on median-average absolute dispersion
is proposed. Compared with the disordered charging control strategy, the average charging power control
strategy and the random control strategy,simulation analysis is carried out to verify that the proposed method
can ensure the node voltage within the control level range,realize peak load shifting effectively and reduce
network loss and user cost.

Key words: electric vehicles; perceived urgency; fuzzy logical control; charging / discharging power; real-time

electricity price
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Table Al Linguistic variables for input and output

o

24:00

ﬂ“ncut AV”J p t xn,t
K, Extra Low EL 1K, Negative Big NB %, Negative N {&FEHLIHZ, Low Charge LC
&, Low L fi1/]N, Negative Small NS 1, Medium M 7%, High Charge HC
1, Medium M 1E%, Zero ZE %%, Positive Small PS ARATHL, Zero ZE
=, High H 1E/]N, Positive Small PS 1R, Positive Big PB R IhZ, Low Discharge LD
##, Extra High EH 1IEK, Positive Big PB %7, Positive Big Big PBB I3, High Discharge HD

F A2 ERIZEEH MR
Table A2 FLC rule base

W% Avn,t ﬂ’:}; pt xn,t W% Avn,t ﬁ’:ﬁ pt xn,t
1 N ZE 26 N ZE
2 M LD 27 M ZE
3 EL PS LD 28 EL PS LD
4 PB HD 29 PB LD
5 PBB HD 30 PBB HD
6 N ZE 31 N ZE
7 M LD 32 M ZE
8 L PS LD 33 L PS LD
9 PB LD 34 PB LD

10 NB PBB HD 35 NS PBB LD
11 N ZE 36 N ZE
12 M ZE 37 M ZE
13 M PS LD 38 M PS ZE
14 PB LD 39 PB LD
15 PBB LD 40 PBB LD
16 N LC 41 N HC
17 H M LC 42 H M LC
18 PS LC 43 PS LC




19 PB LC 44 PB LC
20 PBB ZE 45 PBB ZE
21 N LC 46 N HC
22 M LC 47 M HC
23 EH PS LC 48 EH PS LC
24 PB LC 49 PB LC
25 PBB ZE 50 PBB ZE
FE A, A pox, | FE Av, A pox,
51 N ZE 76 N ZE
52 M ZE 77 M ZE
53 EL PS LD 78 EL PS ZE
54 PB LD 79 PB LD
55 PBB LD 80 PBB LD
56 N ZE 81 N ZE
57 M ZE 82 M ZE
58 L PS ZE 83 L PS ZE
59 PB LD 84 PB ZE
60 PBB LD 85 PBB LD
61 N LC 86 N LC
62 M LC 87 M LC
63 ZE M PS ZE 88 PS M PS ZE
64 PB ZE 89 PB ZE
65 PBB ZE 90 PBB ZE
66 N HC 91 N HC
67 M LC 92 M LC
68 H PS LC 93 H PS LC
69 PB LC 94 PB LC
70 PBB LC 95 PBB LC
71 N HC 96 N HC
72 M LC 97 M HC
73 EH PS LC 98 EH PS LC
74 PB LC 99 PB LC
75 PBB ZE 100 PBB ZE
W% Avn,l 2’;; pt xn,z W% Avn,l ﬂ’:,ut p; xn,/
101 N ZE 116 N HC
102 M ZE 117 H M HC
103 EL PS ZE 118 PS LC
104 PB ZE 119 PB LC
105 PBB LD 120 PB PBB ZE
106 N ZE 121 N HC
107 M ZE 122 M HC
108 PB L PS ZE 123 EH PS HC
109 PB ZE 124 PB LC
110 PBB ZE 125 PBB ZE
111 N LC
112 ZE LC
113 M PS LC
114 PB ZE
115 PBB ZE

FT A3 BETHRELRATMNEVSE#E
Table A3 Base load and number of EVSE at each node

BT G e/AW  BIhfidei/kvVar  EVSE #it/& | AT B fim/kw X fimi/kvVar  EVSE HiE/ &
1 35 21 7 17 31 14 6
2 31 14 6 18 31 14 6
3 42 28 7 19 31 14 6
4 21 10 4 20 31 14 6
5 21 7 4 21 31 14 6
6 70 35 12 22 31 14 6
7 70 35 12 23 147 70 27
8 21 7 4 24 147 70 27
9 21 7 4 25 21 9 4
10 16 10 3 26 21 9 4
11 21 12 4 27 21 7 4
12 21 12 4 28 42 24 8
13 42 28 7 29 70 210 12
14 21 3 4 30 52 24 9
15 21 7 4 31 73 35 13
16 21 7 4 32 21 14 4
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