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Abstract ;

Electric vehicles (EVs) have become one of the most o ant me sportatlon
recently. So far, the research related to EVs has m used 0 tery charging
technique and battery management. Since the mfra Vv s S in Jeju is in the
inchoate stage, more various kinds of research Wor |ng services should
be performed. In this paper, we propose new rese ation reco datlon algorithms for

charging EVs while traveling, especially in Jejy- to prep or EV charging reservation
systems in the near future. In our proposed hms, WeN charging stations based on

distance and route. When we recommen tive chd@ing stations, we provide 3 possible
stations such as (i) the desired amoun ery iting time, (ii) the desired amount
of battery with waiting time, and iimo imited al of battery with waiting time. We also
describe how to manage the time r sche g the EVs which want to reserve charging.
Keywords: Electric Veh| Battery @Reservaﬂon Recommendation, Smart Grid

1. Introductlon

After a sm3 Q est- bed ﬁually launched at Jeju-do in 2009, the concern for
electric vehi s) ha reased more and more recently [1, 2]. In addition, Jeju
Provincial Goverfiment the Division of Smart Grid, and the Division has developed
various kinds of policj helped the research centers and the corporations in Jeju-do. One
of the Division’s in IS smart transportation, and the Division tries to lay the foundations
for expanded dis@;on of EVs. Thus, many corporations in Jeju-do have been developing
various typesgof teéchniques and products for EVs since 2009. So far, the research works
related to p%&!’lave mainly focused on technologies for battery management, navigation
system@énonitoring system. However, there have rarely been the research works on the

se r the tourists who want to use EVs in Jeju-do while their traveling. The only one is
t% or the EV charging stations in Jeju-do [3].

necessity for charging while traveling was described in the Lee et al.’s, research [4].
According to the research, the total trip distance is about 195 km in Jeju-do and the average
distance for one full charging is about 100 km [4]. Thus, EVs should be charged at least once
while traveling. Also, a reservation system should be considered for the charging efficiency.
However, unlike other reservation systems such as accommodation [5] and rent-a-car, the
reservation recommendation system for charging the EVs allows the interruption while
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servicing. For example, when a tourist reserves a hotel room for 1 night, the tourist can use
the room (the reserved object) without other people’s interruptions. However, there is no
reservations system which allows service suspensions for scheduling the reservation requests
after reservations.

Thus, in this paper, we develop algorithms for reservation recommendation for charging
EVs, especially while traveling. Also, we provide the time slot management method for
reserving a specific charger. In the following section, we present how the tourists (drivers)
can find the charging stations they want and how they can choose the charger they want to
reserve. In section 3, we also describe data formats for our algorithms and processing steps
between our reservation recommendation application and our server. Finally, we conclude our
paper in section 4.

2. Background ?\

In this section, we present the previous research works related to char@i heduling
methods for EVs. In order to reserve efficiently, we firstly xamine arge EVs
efficiently in terms of waiting time, charging time, and ch cost. t of the previous
research works focused on the minimum waiting tiﬁg f 8harge f V. In Qin and

Zhang’s research [6], they proved that the over
charging demands are balanced for all charging stat' ]. In Sa d et al.’s, research [7],
since load balancing was considered together harglr@ uting service was provided.
Even though they gave availability of chargl ons ands ved a time slot for charging
at an available charging station, their idea table forsurban area. One of their important
factors was traffic condition. In our p rlst spots, the moving distance is
quite long compared with urban CItI

For travel efficiency, an intel ched at an minimize waiting time of charging
without disrupting the travel is requw the research proposed by Lee et al., [4],
battery charging was combiped with to e because most of the tourist spots in Jeju-do
have EV chargers. Thu ding to t hedule we can easily predict which charging
station will be used H?ropose estimation model for waiting time for some specific
isiti estlmatlon model for finding the optimal schedule to
g waiting e. However, in their paper, there is no reservation
ctiondo t charging stations.

If we combine’the alg or reservation recommendation with tour schedule generation,
our tourists can move t disrupting the travel plans and being worried about their battery
shortage. In sun;@ r algorithm is difference in a few respects. Firstly, our algorithm

focuses the man nt of the time slots for reserving a specific charger. Next, the main goal
of our algoﬂt“m lies in the disruption of tourists’ travel but in the minimization of the waiting

time of cI‘@
3%@/ation Recommendation Algorithms

is section, we firstly describe how our reservation recommendation algorithms search
a desirable set of charging stations based on distance and route. We assume that our
reservation algorithms are on daily basis. For our reservation process, we require the current
location, the remained distance to drive, the hopeful finishing charging time of an EV which
wants to reserve a charger. Also, we require the desirable distance from the EV or the
destination of the EV. And then, we require a preferred selection method to choose a charger.
After a selection method is determined, the alternative charging stations are selected from our
database. The first algorithm, Algorithm 1, is for describing the way how to find a set of
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chargers from our database according to distance and route. For efficiency, we use the
locations of charging stations instead of those of chargers because there can be several
chargers in a charging station.

Algorithm 1. To determine a set of possible charging stations for an EV from our database.

Step 1)
case 1) To search charging stations based on the shortest distance from an EV

= By using the locations (pairs of latitude and longitude) of charging stations stored in
our database, we find out the alternatives within the default searching distance.

case 2) To search charging stations based on the preferred route the EV driver chooses

= By using the belonged routes of charging stations stored in our datab nd
out the alternatives within the default searching distance.

Step 2) Commonly, we calculate the searching distance with the cyrrent locatig V and the
desirable distance from the EV or the destination of t B&/ %

Step 3) Also, we sort the alternatives with the gap betwe
stations in an ascending order.

f the alternative

to the selected charging stations. We assume e nun the chargers is N. Then, in
Algorithm 2, we calculate the arrlvmg tlme he char e, Tc;, and the slack time, Ts;,

for each charger i, where 1< i AIgozN\ we assume 5 variables have the
values described in the following

1. default_searching_ dlstanci— m,
. default_driving_speed= /hour (=

2

3. the_maximum_dist to_drive
4. the_total_timg_f@r N\ i
5. the_total_ti \ full_

Next, after we get the alternative charging stagns we consi \he chargers which belong

inute)

ne_charge = 90km
h_normal_speed = 6 hours
with_high_speed = 0.5 hours

We also a - the a ountvof battery consumption is constant according to a specific
driving dista nd et the charging time, Tc;, for the normal speed because the
calculation algorithm for h speed is the same as for the normal speed. Then, we can
define the maX|mum t|me with one full charge is 1 hour and a half (90/60=1.5 hours).

Algorithm 2. @ulate the arriving time, Ta;, the charging time, Tc¢;, and the slack time,

Ts;, of the i;h Ehar r, where 1<i<N.

Ste r‘each charger i,
6 1. The_required_distance_for_charging = RDc; =

A. 90 - the remained distance to drive — the distance to get to the charger i,
when the driver wants to charge fully

B. the input value from the driver
2. The charging time Tc; = (90 - RDc;) * 360 minutes /90 kms = RDc; * 4
minutes/km
Step 2) For each charger i,
1. The_required_time_to_arrive = RTg;
= (the distance from the current location to the charging station i) * 4
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minutes/km
2. Taj=now + RTg;
Step 3) Let the hopeful finishing charging time be T;. Then, for each charger i,
1. fT¢>T;-Ta, Ts;=0
2. T <Ti—Ta, Tsi=Ts—Ta—Tg

After we get the arriving time, Ta;, the charging time, Tc;, and the slack time, Ts;, for each
charging station i (where 1< i < N), we get the information about the idle time slot between
Ta; and T¢ for each alternative charger. In our algorithm, we divide 24 hours into 144 time
slots (6x24 slots), where we assume that the minimum charging unit for an EV is 10 minutes.
Each charger has 144 time slots. Algorithm 3 describes the recommendation method for
reserving an appropriate charger. After we find a charger, we can replace the chargerwith he

charging station where the charger is located. ?\
Algorithm 3. To list up the promising chargers. 0
o a \ * p3
Step 1) For each chargers, calculate the waiting time TwI talwr ng time Tc;

with Ta; and T¢by using the following Algo

Step 2) Sort the alternative chargers in the ascendlng of the T

Step 3) Provide the list generated by Step 2. In tr@ there are 2 d nt types of alternatives
such as :

1. Twi=a and Tc; < T; Ta.,wfxd > 0.
2. Twi =B and and Tc; > T @ TIQ\ vailable, where Tlimited; < Tg;

nd g > 0.
: dB ° 4 D‘

So far, the proposed algori re descr @)m users’ point of view. From now on, our
algorithm is described from_chargers’ pei view for time slot allocation management.
From Algorithm 1 and AlgGpithm 2, f selectable chargers is determined. For the
chargers we have to ca the waiting time and the actual possible charging time. In order
to do so, the tim anag r a charger reservation is required. As we already
mentioned abo e vide 24 h into 144 time slots. We make a formula (1) to define a
time slot nu a specifig’time. For example, when the arriving time is 10:30 am, then
the slot_| num 10*6 0 = 63. We also assume that all the data in the time slot table
are some slot number 0 and 143.

slot_number = hour * 6 + minute/10 ............................ @

reservati gorithm 4 and Algorithm 3 interact with each other to calculate the possible
time s@ﬁI iciently for users. Our algorithm works on one-day-based reservation. At this
P eed a user ID who wants to reserve a specific charger newly. Let us a user ID be
us there exists the intersection of time slots between any pairs of two users’ requests,
then one of the requests should be delayed or be served limitedly.

AlgorithSE describes the management of the time slot allocation table for a charger

Algorithm 4. To manage the time slot allocation table of a charger

Step 1) Calculate the slot_number, s;, for the arriving time of a user; by using the formula (1).

Step 2) Examine if there is any user; whose reserved starting time Tb; and Th; + Tc; have the
following conditions; (i) Th; < s+ Tc; < Th; + T¢j or
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(if) Th; < s; < Th; + Tg;j or
(iii) sy < Thj and Th; + Tc;< s; + Tg;,
where the user;s reserved the same charger as user;. (* It means that some user’s
charging schedule intersects with user;’s charging schedule. *)
1. If there is no user,
1.1. Set the waiting time Tw; to 0 (zero) and full_charging; to true for user;.
1.2. Return the results (Th; = s;, Tc;, Tf;, Tw;, and Ts; = Tf; - Th; - Tc¢;) to the user;.
1.3. Exit
2. Otherwise, go to Step 3. (* It means there are some users who already reserved the
time user; wants. *)

Step 3) For each of user;s who are selected in Step 2, repeat until there is no user; to examine.

1. User; satisfies the condition, (i) of Step 2.

= If (Th; + Tg;) - si < Ts;, (* user; can wait until user; finishes his/her char |
(1) Set Tw; = (Tb; + Tg;) - s; and full_charging; = true. ®
user;.

(2) Keep the result, Th; = Th; + Tc;, Tc;, TF;, Tw;, Tsi=T —Tb Tc;

(3) For the rest of the user;s, go to Step 3.

= I (sj+ Tci) — Th;< Ts;j and user;’s change do féct an sers’
reservations, (* user; can wait until user e hrs/

har
(1) SetTw;=(s;+ Tc;) - Th;and full char als true V
(2) Keep the result, Thj= s+Tc.,Tc,, Ir TsJ c. - Tg;, for user;.
(3) Keeptheresult, Th;=s;, Tc;, T Si= Tf c. for user ;.
v 3

(4) For the rest of the user;s, go

= Otherwise, full_charging; e Kee t Thi=s;, T¢;=Tci-(si+Tc-
Th;), Tf;, Ts=0 for use en, go tg .

2. User; satisfies the% (i) Qr (i fStep 2,
= If(Thj+Tc) =S <Ts;, (* alt *)

(1) Set Tw; = @ Tc—sia _chargmg, = true.
t

(2) Keep t Thi=s\+ Twj;, Tc;, Tf, Tw;, and Tsi= Tf-Th;-Tc;-Tw; for user;.
(3) Fo t of the oto Step 3
Ci ) Th; <Wsj for some user; and user;’s change does not affect any other
res (* user; can wait *)
et TwI ci) - Th; and full_charging, = true.
(2) Keep It, Thi=Tb; +Tw,,Tc,,Tf,,TsI Tf-Th;-Tc-Tw;, for user;.

) result, Tb =s;,Tc;, Tf;, 0, Tsi=Tf-Th;-Tc;, for user;.
(4) @ rest of the user;s, go to Step 3.
t

N l herwise
O ) User; satisfies the conditions (ii) of Step 2, full_charging; = false. Keep the result
Tbi=s;, Tci=Tci-(Thj+Tcj-s;), Tf;, Ts; for user;. And then, go to Step 3.

Q: (2) User; satisfies the conditions (iii) of Step 2, full_charging; = false. Keep the result
S

tep 4) Set Thi=Tbi_ which means the last Th; among the Th;s we get from the above procedures.
Set Tc; to the shortest Tc;, Tcis, among the Tc;s we get from the above procedure. Set the
waiting time Tw; to Thi_ —s;. If the original Tc; equals to Tci, then full_charging; = true,
else full_charging; = false. Return the values to user;.
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Finally, the user selects one among the recommended chargers which provides the best
charging service. Then, the starting time for charging, the actual charging time, the slack time
are store on the selected charger’s time slot allocation table.

In summary, our time slot table allocation algorithm for reservation is similar to the
existing reservation algorithms. For example, in the existing reservation algorithms for hotel
reservation and airline reservation, since the request is accepted and arranged in the time slot
allocation table, then the request cannot be aborted even though other requests have earlier
deadlines. However, our algorithms are more flexible because charging schedules can be
modified by schedulers without users’ permission. The proposed algorithm is based on the
slack time for each charging schedule, and do not permit preemption among user’s requests.

4. Data Formats for the Reservations of Chargers \/’
In this section, we describe how we design the data format for providing @Rvices we
igrg 1 (b), the

want. Figure 1 shows the whole data structures for our algorithms. In th
belonged route ID represents in which routes the charger &%ated. Tde IDs can be
multiple if the charger is located in a crossroads. The tot Xm Jeju-do is 22.

r of rou
We assign each ID to each route. By using the route can re OW charging stations
near a specific route users want. \\/

NN P
. . Location I&enNice flage [Q City No
gﬁl—:)%% ste(ljt?c?rr\grlxggne Address | (altitude,, “in_service, \\ Ino E?ig:pgg (1:Jeju,
safion 10 longitude) %, \avhot availalste) 9€TS | 2: Seogwipo)
(a) The rat fcgz\\MnJ stations
o \
Charger \Cminq N S!oe_ed Belonged
ID “Jation ID ryType | (LHIGh | B eiD
- \\ O:Low) | —
@ (b) T%aﬁormat for chargers
Q7
N . : The number | The number
Charger | Char userlD a time Deadline of charging of slack
1D st EE— t fumber (slot number) - .
time slots time slots

r time slot allocation management table for reservation

Figure 1. Database Design

ot ID is ranged from 1 to 144. 1 means 00(hour):00(min), 2 means
144 means 23(hour):50(min). If a desired charging time is 2 hours

the finishing time slot is set to 61 + 120/10 (=73). For each charger, the
lot is unique.
e describe an example how our time slot allocation table works on users’ charger
ion requests in Figure 2. In the first request, since there is no reservation record, phm
can reserve the charging station 052001-01 without waiting time.

In the second request, khw’s request does not conflict with any other requests because
phm’s 60+4 = 64 < khw’s 70 (s;). there is no intersection between the two requests.

In the third request, ymb’s request is conflict with phm’s request. Their situation belongs to
Step 3. Thus, to ymb’s request can wait until phm’s charging is finished.

In the fourth request, jsh’s request is conflicted with phm’s, khw’s, and ymb’s requests.
However, jsh, khw, and phm do not have enough slack time to delay their starting time. In
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case of khw, the number of time slot occurred by intersection is 1 (one). And khw’s number of
slack time is 2. Thus, khw delayed one unit in the time slot allocation table. Anyhow, jsh
cannot start at 66. Instead, jsh waits until ymb finishes the charging. Thus, jsh only charges 4

instead of 5.

Charger Charging Starting . The num_ber The number
D station 1D User ID time Deadline of_ charging _of slack
- = - time slots time slots

052001 01 phm 60 72 4 8

(a) 1* request
. . The number | The number ¢

Chf Er)qer s(t::t?;(r]ll Tg User ID %’m Deadline | of charging of slac
- = - time slot timgsslot

052001 01 phm 60 72 4 (s

052001 01 khw 70 84 | \12 R

b) 2™ request \\
(b) q o\

Charger Charging User ID Starting T?e m_be?\/l'hefnrmlli)er
1D station ID ser time slot ° % ofsfac

e time time slots

052001 01 phm 60 72 J ot 8

052001 01 khw 7 84 N /12 2

052001 01 ymb [ 67| ° 3 2
J { J %\ N ¥ j ] J J

052001 01 ymb o ) 3 0

\ N (c) 3 reqhest
y 4
- N.C The number | The number
Chlalgqer Chgrqmq ﬁ ID Starll Deadline of charging of slack
1D station | t . .
time slot time slots
052001 phm . 72 4 8
052001 | * W ® khw‘l\ 70 84 12 2
J AN J J J {

052001 o1 ‘Q A 84 12 1

05 01 b ym 64 67 3 0

052Q01 01t jsh 66 71 5 0

J J { J J J {

052001 jsh 67 71 4 0

(d) 4™ request
Figure 2. An Example Scenario

5. Conc@ S

M aper, we proposed the reservation recommendation algorithms for charging EVs.
o provided two ways such as the shortest distance and the best preferred route to
choose charging stations. And then, we calculated the arriving time, the charging time, the
slack time, and the waiting time for each selected charging station. Finally, we recommended
the chargers based on the shortest waiting time and the maximized charging time. In this
paper, we assumed the one-day-based reservations and proposed the method that divided one
day into 144 time slots.

In fact, unlike other reservation systems such as accommodation and rent-a-car, the
charging schedules are adjustable according to their slack time. However, our algorithms are
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some limitations. Firstly, we do not consider the peak time for reservations. In other words,
since our algorithms work well when users’ requests occur evenly for 24 hours, if the users’
requests occur heavily during some time period, then many of the requests cannot reserved
for charging. Next, we do not consider the preemption of charging process. In fact, charging
can be stopped for some reason. However, it can be resumed without any loss unlike other
services such as hotel, restaurant, and airline reservations. Thus, if we consider the
preemption of charging process, we can serve much more EVs than now. Also, we can use
the real-time scheduling algorithms by using deadlines and slack times.

Apparently, the charging algorithms with preemption is different the basic real-time
scheduling algorithms. If some users’ reservation requests are already assigned some amount
of time slots, they should never be aborted regardless of their deadlines. Thus, the preemption
criteria and the abortion criteria should be different in our algorithms. In the near f
reservation algorithms can be combined with the real-time scheduling alg for
scheduling EV charging. Finally, we consider only one-day-based reservati %n the
future, we should extend the possible reservation period. 6
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