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A Route Search Method for Electric Vehicles
in Consideration of Cruising Range and Charging Time
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Abstract: In this paper, we propose a new route search method for electric vehicles (EVs), which calculates a
optimal route going through charging stations to recharge its battery if current state of charge is not sufficient
to reach the destination. In this method, firstly we prepare a directed graph consisting of charging stations
as nodes based on the EV’s cruising range and locations of charging stations. The weight of each link consists
of not only travel time among nodes but also charging time required to arrive the next charging station. And
we search a least-time route by Dijkstra’s method on this graph. We implemented this method to evaluate
reduction travel time of the route by comparing travel time including charging time of some routes calculated
by this method with that calculated by the method which uses only travel time for weight. Through the
evaluation, it was confirmed that travel time between the departure point and destination calculated by
proposed method was 62% shorter than that by conventional method.
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Table 1 Input/output data in proposed method.

Data Parameter Symbol

Input State of Charge BLy (kWh)
Battery Capacity BLg (kWh)
Cruising Range with CRg (km)
Current State of Charge
Cruising Range with CR; (km)
Fully Charged Battery
Electric Mileage EM (km/kWh)

Charging Stations CS,, CS,, ..., CS;

(Location Information)

Charging Efficiency of CS; | CE; (kW)
Departure Point Dep
Destination Des

Output | Search Result of EV Assist | EVR(Dep, Des)

Route

Travel Distance EVD(Dep, Des) (km)

Travel Time including EVT(Dep, Des) (h)

Charging Time

Stopover Charging Stations
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Fig. 1 Search area for potential stopover charging stations, (a)
In case of CRr > L/2, (b) In case of CRr < L/2.
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Fig. 2 Example of “Charging-Station-Graph” consisting of

Destination

departure point, destination and charging stations as

nodes.
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(Travel Time(min))| 80(80) &

Km2 '-“

Route 2

Departure Point Destination

Eu Normal Charging Station U Rapid Charging Station

3 220U EDOTEASY ¥ FEEHT S EV 72 A Mb— MERH]
Fig. 3 Example of EV assist route search with two or more

stopover charging stations.
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4. FHAEER

4.1 FERIRIE

WREFEDSTEBRER % & O BERM % & ORS¢
LW RHERT B0, KBEOFER Y » FiE L FTLERHE
HWT, V= MEREREZ N EIORT VAT L B FELE
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AHMliERR T o7, B, FFEIBTLEHTERAY 2 F
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AT HALEOL AL 2kW, SURTEOYE1d 48kW

LEREL, MAEICLERIFRZ 220 12 B, 30 5
EEF L. EREREEICBITAKREMER 2 IIRT.
PERE L7232 A7 223 LT, BARMGISHET 2 EO8
114 & x50, BB L CHWLE 2R FILEDE
BELTIV— bR M-ICFEAT L7, B, BT
FIEST HFEA Y » FOFHIE, FEIEIC 745 B, 838 i,
LOT4 ¥ CTHh 5. FATORE, TEAY ¥ e 1 EL R
B9 50— MERERZH 10,000 -5, F720EkT8
LLT, TEAY Y FOMBIZERE LR, ThbEAD
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FUORERFEENZNIZOVTRIBFTEZ Y ~ FOBIZIG
U7-BE M o2 b 2R L7z,
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Table 2 Parameters in evaluation experiment.

Parameter Value
Battery Capacity 24 (kWh)
State of Charge 12 (kWh)
Electric Mileage 5 (km/kWh)
Charging Efficiency of 48 (kWh)
Rapid Charging Station

Charging Efficiency of 2 (kW)

Normal Charging Station

# of Charging Stations
(Rapid/Total)

300/2500 (in 2010),
500/3000 (in 2011),
1000/4000 (in 2012)

28 1+ B Total Charging Time

24 : 1 Total Travel Time

# of Stopover Charging Stations

4 NI HHEASY ¥ PRI - BEIER - FTLERRH (2010
). PIRETEICLDHEMR, O IERTHEICL DHE

AR
Fig. 4 Travel/charging time according to # of stopover charg-
ing stations (in 2010). P: Proposed method, C: Con-

ventional method.

B, ERL7:Y AT ATRIERBAY ¥ FEOZRKEIZHE
BICHERL, ZO/RREETF—FN— 2R LT, F
HHERON R E R ITBAY  FOMEEDOEMLEE LT
X, TEAY v FEIOBEIEEEL 320km LN TH A Z &
LEF L. FLTEV 7YX Mb— MERFHIIL, #5%E
SN2 FEERFO M ] BERERE (ARFHHZEER Tld 120 km)
DF O CRBEMELTLEAY v FIIZOWTDA, &
AN EAMBEERLAHLTYS, &8, ZO&MF0H
2, HALENC 3,000 TR ¥ >~ FEEUR L -B5EICB
JAHEAHRRON G L R 2 FEAY v FOMESEKIE, ©
60 i ThHI L EHIELTNA.
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M Total Charging Time

24 | ™ Total Travel Time

# of Stopover Charging Stations

5 #MT2HEASY VMG U BB - FeEREH (2011
F). PIRETEICLDHEEMRE, CIBRTHICL HEE

RS
Fig. 5 Travel/charging time according to # of stopover charg-
ing stations (in 2011). P: Proposed method, C: Con-

ventional method.

32

30

28 | mTotal Charging Time
26 -

24 1 Total Travel Time

# of Stopover Charging Stations

6 MHTLHRBWA S~ FEIIE U7z BERER - TR (2012
F). PUREFEICL BHHIGER, CIERFEICL 2R

GRS
Fig. 6 Travel/charging time according to # of stopover charg-
ing stations (in 2012). P: Proposed method, C: Con-

ventional method.

4.2 ERBEREER

X 4 TlF, 2010 EEFETOFTREREA Y ¥ FE LKL TIC
BB, REFELICRFELWThORERM 2 &£ 72
W B & FEEFOTFH 2R L T 5. BERRHB X
OREREMOFIE, BETALERAY v ML ICHEE
LTWwa, 4R TEBY, I—REFEIERTE & i
LT, BEIFEM2 10 45 ~20 SR < & 2 @257 &
N7z, Lo Lads, REERICOWTIIRETEOH A
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Travel Distance (km)

7 GEATHEBEICIE U2 BRI - FEERER. P ARRTEIC L BRI, C L IEBRFEICL

DIRFEHR

Fig. 7 Total travel/charging time according to travel distance. P: Proposed method,

C: Conventional method.
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Fig. 8 Display example of EV assist route.
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