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Electric vehicle path planning and charging navigation strategies considering
the impact of traffic accidents

HUANG Bo, HU Bo, XIE Kaigui, SHAO Changzheng, LIN Chengrong, HUANG Wei
(National Key Laboratory of Power Transmission Equipment Technology (Chonggqing University), Chongqing 400044, China)

Abstract: The current state of research reveals a lack of comprehensive exploration of the impact of sporadic traffic
accidents on the driving and charging experience of electric vehicle users. Thus a path planning and charging navigation
strategy is proposed to mitigate the adverse effects of traffic accidents on users. First, guided by the two key metrics of
energy consumption and travel time, which are of paramount importance to electric vehicle users, this paper establishes a
comprehensive road impedance model for the transportation network based on real-time traffic information, thereby
achieving a dynamic representation of traffic congestion levels. Then, considering the interplay between traffic flow and
road topology, this paper formulates a consequence assessment model based on the dynamic process of traffic accidents.
This encompasses the phases of “occurrence-sustenance-dispersion” for precise quantification of traffic accident consequences.
Lastly, an optimization model for path planning and charging navigation, targeting the enhancement of the EV user
experience, is established. To expedite the solution, a rolling optimization algorithm based on the Dijkstra algorithm is
proposed. Case studies are carried out on a coupled system of power distribution and traffic networks. Results demonstrate that
the proposed method can effectively reduce the overall costs of electric vehicle users and alleviate traffic congestion.
This work is supported by the National Natural Science Foundation of China (No. 52107072).
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Fig. 1 Traffic network topology model diagram
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Fig. 2 Changes in traffic congestion due to traffic accidents
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Table 1 Remaining traffic capacity coefficient of the road
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Fig. 3 Illustration of traffic accident-induced

congestion evolution
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considering traffic accident
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HUR LA 3 AN PR R, 3ol b T A R 6. 8
111 R, ARSCRH i A ALS], ILR SR A R A2,
Hemh A5 S WSTR[ 1]

=2 ZEMSH

Table 2 Traffic network parameters

T T T L
fiJ ] /min

1 TI—T2 18 8000 6

2 TI—T3 20 13333 10

3 T2—T6 17 8667 6.5
4 T1—T4 9.8 6667 5

5 T2—T5 7.9 7333 55
6 T3—T4 8.5 8000 6

7 T4—T5 13 16 000 12

8 T5—T6 8.2 8667 6.0
9 T3—T7 19 13 600 10.2
10 T4—T8 14 15333 11.5
11 T5—T9 13 16 667 12.5
12 T6—T10 20 14 000 10.5
13 T7—T8 8.9 7733 5.8
14 T8—T9 13.2 14 667 11

15 T9—T10 9.15 7867 59
16 T7—T11 17.5 8400 6.3
17 T8—T11 9.76 7600 5.7
18 T9—T12 8.9 7733 58
19 T12—T10 18.2 8133 6.1
20 TI1—TI12 20 13 067 9.8

#* 3 OD MFHEE
Table 3 OD pairs and expected values

OD X} ¥ {H/pu. | OD X HE{E/pu. | OD X HAE{H/p.u.
1—9 10 2—12 10 5—12 8
1—10 12 3—9 10 7—9 8
1—12 14 3—10 14 7—10 10
2—10 8 3—12 12 — —
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ES .
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RIE R 10 76 08: 08 I %] Kk A=Ak, BE
WUEBFF SRS L 0 D, =2/3L,,« BEES R
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At =5min , FHAEEFERRIN A Az, =10 min . THE
H F RS 8] d = 39.7 min .

D S AV S 7 5 TR Vab i = N 1 ¥ g vk e
WHEV AN 1. 5508 12, HARRZI 08: 10,
(1) FE TR B AR R S 10 S S0

Z FEAZ I H IR, M R B2 A TR
BN 1371112, LEE AN 21.42 70, HH
RERERUAS N 13.24 76, B[R SAS A 8.18 TG,
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MR BN S SRR N 1—4—>8—11—12,
LRE AR 40.92 6, HAREFERCA N 13.12 JT, I
[ B A A 27.80 TG
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Fig. 5 Number of vehicles on roads affected by traffic accidents
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Fig. 6 Alighting volume affected by the accident of road 20
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Fig. 7 Number of vehicles on roads affected by traffic accidents
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ROR RIS TR] s DA R S R BT ) A S A
FRIsHE G0 5.2 5 ATiR

1) A EHE T EVs 78 S0

TEASIB MR AR BV (78 BB AR BT 4
B, BLACH 1. &R 12, 08: 10 I ZI M AR .
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1112, EFRAETT A 8 FIFeH b3 T 7

TR 2: FIHLEEEBEDT, H br ek HON M fi
70 HL TR SR M AT I A B M A AT, kAT
FRESHTA 1371112, EHRAET A 11 MR
FEL 3 1R AT 7R HL

J7 % 3: ARSI SRS T e B SN
1>2—>6—>10—12, FEFAET A 6 BRI TR,

F 4TRSS RIHIH T 3 FhSRATHME T e H e
RIEMI BRSO, B R A N R EANME 2 -

MRS B ST R RERAN 77.19 78, HHR
2 WA 61.10 TG, 77 3 AN 56.96 TG.

[l AR s AL R AR T 6
UHEIN A 0.049 s, fESEILEE A SN IR o
®4 TRIFRTRMEFREBIHTERFTRMBEA
Table 4 Cost of traveling to charging stations

with different schemes

JG
A
HE TN BR HEBA FH FEH -
I ] REAE I ] I 18] WH
1 2367 677 3.54 975 2399  66.72
2 5.67 9.23 231 10.75 2645 5441
3 4.13 6.77 1.26 975 2399 4590

*5 FEIFRTERFTEREL[HAA
Table 5 Cost of traveling to the destination after charging

completion with different schemes

JL
S Wk
I B B it
1 4.11 6.36 10.47
2 2.67 4.02 6.69
3 4.25 6.81 11.06

7S HLE B 7R IR AT, R @
RO 78 L 74T (1) 5

s — AELIBHEB TR T IR,

Y TN IS R S TSI,

B 8(a) A i 2 fix 5 B 42 78 HL 5 i O s 1) 2R 0}
btb, fEAC @S HUORA S, 7o bl R kA g,
DRI T8 B A HEBN , EV's 1F S5 00 4647 3508 5 A 18
FIAF G R BN ZIEIR, FeEAA N, BEEF
WV EL,  AEEHEA B AL R IR AT B ) EVs
JLEFE RS, SEe R S Xt . X
PR R AR AS S RO LN T L AT, (RIS 258 E
FICF BT DR T B KN 600 kW, 47 faf T 2 4
Bk 780 kW

Bl 8(b) A S T #i2 S ) 78 HL 5 i 5 S T = 0t
b, @SR A, 7o H A A b R A B,
MIhZEZE AT, e bR e e D S R, xT b
RARAEASBEHE LT 78 e, [FI %) A0 3
WA B AT THER R B RN 180 kW, iy Ty %6488 i
9240 kW FHE T B B R AT 70 FL SRS, A&
STV I S SR S S I, (R e i
oA I S A, S NUE R R IR
ZEHN

[, FRA 70 H ST SRS T A28 S MO 78 HEL A
T fISEMARESE T 151 ming FEA SO SERS 78 FE S0
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Fig. 8 Influence of traffic accidents on charging power
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Fig. 9 Impact of charging load on distribution network

after traffic accidents
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Table 6 Navigation results and various costs under

different unit time costs

HA /T

S AN

e —

MOAGEN) MR R R it
1-2—6—

18 10.06 13.58 36.95 60.59
10—12
1-2—6—

15 8.38 13.58 35.00 56.96
10—12
1-2—6—

12 6.70 13.58 33.05 53.33
10—12
1-2—6—

9 5.03 13.58 31.55 49.20
10—12
1-2—6—

6 3.35 13.58 28.39 4532
10—12
1-4—>8—

1 1.85 13.58 23.60 38.85
11—-12

W 6 Frow, 2B i 0] A TE[6,18]7G/h PI7AE
ol , HBREEFEPESAT, BT HMOER, 1T
WERRAE, RAEATIURS ). HEBAES[A]. AR HAES%
I TE] AR A BT X 0 o 24 B BN (8] AR IR 22 1 7t /h,
TR B AT IEIIE R =BT G B[] AR
BEI 72 32 A R B AT R AR 1 >4—>8—11—12,

3) ZEATHEHE N EVs 76 ST

N T BRAIE 2 25 T8 % (R I R AR A8 I T ALK
i 78 HE USRS B, A A 35 S 59
S5 TH I P A2 30 O AR VL [ N A 2 YRAS I S AT
. XA BV (7 BB AIE BT 0T, A
N3y &N 33, ZIEM S SCRR[13].
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Table 7 Travel costs with different schemes

JC

IS - LEs
A7 30 ] it FEHLI ) T B
1) 13.98 15.30 8.34 34.01 71.63
2) 25.76 27.96 10.55 33.43 96.71
3) 16.45 26.66 9.26 37.79 90.16
4) 14.55 23.35 9.39 38.07 85.36
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Table A1 Vehicle reduction ratio
I B 25 B 1) % S EL A5
flisgay 00:00—06: 00 0.19
LA 06:00—07:00. 22:00—24:00 0.475
07:00—08:00. 10:00—11:00.
rpige 0.713
13:00—17:00. 20:00—22:00
e 08:00—13:00. 17:00—20:00 1.0

F A2 SYRTEEMN
Table A2 Time-of-use tariffs

By B FL/(JG/kWh) PAT I B
[ 1.025 10:00—15:00, 18:00—21:00
07:00—10:00. 15:00—18:00-
FE 0.615
21:00—23:00
iK% 0.365 24:00—7% H 07:00

OF:f 5T
B s
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Fig. A1 Topology of the 12-node traffic network
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Fig. A2 Path selection for different charging navigation schemes
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