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Abstract: The number of charging stations is smaller than the number of electric vehicles (EV) now. Efficient
scheduling algorithms for charging EVs are necessary in smart grid cities like Jeju Island in South Korea. Thus,
there have been a lot of research works on charging scheduling methods so far. However, we have rarely found the
system that can reserve chargers for EVs as well as manage the chargers for efficient charging. In this paper, we
propose a preemption-based reservation algorithm for charging EVs. Especially, our algorithm considers the
chargers at tourist spots in Jeju-do. In order to achieve our research objectives, we implemented an Android-based
App for the tourists. With our App, the tourists can easily reserve the charging stations by recommending the better
chargers in terms of the waiting time and the amount of charging. Finally, we evaluate the performance of the
reservation allocation algorithm with execution time and the number of missing requests.
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1. Introduction the EV charging stations in a designated city and the
Since Jeju-do became a smart grid city in brief information about the EV charting stations.

2009, many researchers in Korea have performed their In addition, unlike the existing reservation
research about the technologies related to smart grid. methods such as hotels and flights, our reservation
Among the research works, the technologies for algorithm permits preemption during service period
electric vehicles (EVs) have attracted the researchers’ and partial service. This means that for a restaurant,
attention especially in Jeju-do because Jeju Special hotel, and rent-a-car reservation system, a customer’s
Self-Governing Province has devoted huge amount of service does not allow any interruption and partial
energy to EV proliferation that is one of the main service. However, the property of electricity such as
themes in the smart grid city, Jeju-do, since 2012. discontinuity allows service interruption and partial
Among the components of an EV, battery charging is service in the aspect of the amount of the requested
the key component for operating the EV. Thus, charging.

various types of battery charging mechanisms have — — @
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- .
4 lif

works related to this topif: (Gerding et al., .201 1), EiSsipam,

(Clement et al., 2010), (Stein et al., 2012). Unlike the gufDodu 2 dong, Jeju-si, Jeju-do)
previous works, our paper developed an App for EV
drivers to reserve a specific charger by recommending
a set of the most desirable charging stations. Since the
circumference of Jeju-do is approximately 253kms.
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Thus, if a tourist wants to drive the whole distance in a 0 9, i . g

day with an EV, s/he has to charge his or her EV more T\ Lt  y—rn———
than once. Also, we provided a web-based reservation { 835?3‘3]"";')3 Quas Qsizu }
management system for the drivers’ reservations. As :

shown in Figure 1, we can find a few of applications Figure 1. Electric vehicle charging information system
for charging EVs. However, most of them are quite provided by Korea Environment Corporation
simple because they only provide the locations of all (https://evcis.or.kr)
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Thus, we proposed a new algorithm for
calculating the number of charging amount and the
availability of each charger located in a certain
distance from a driver. The proposed algorithm allows
the preemption of charging. And then, we developed a
reservation management system that can add, cancel,
and update reservations of the customers. The
functions of our system are shown in Figure 2. Finally,
we evaluate our algorithms performance in terms of
the execution time and the number of missing requests
for a certain amount of charging requests.

To check the availability for each charger by
using the proposed algorithm
sl

To recommend a set of charging stations in terms
of the charging amount and minimum waiting
time
ol

To select a specific charger

ol

To reserve a charger

sl

To manage the reservations {(cancellations and
updates)

Figure 2. The functions and the sequence of our
reservation management system

Our paper is composed as follows. In the
following section 2, we present the assumptions of the
paper and describe the flows how our system works
with a sequence diagram. Also, we describe the
reservation allocation algorithm briefly. In section 3,
we show the implemented results of our App and the
results of performance analysis of our allocation
algorithm. Finally, we conclude our paper in section 4.

2. Assumptions and the Proposed Algorithm

In this section, we firstly describe our
algorithms’ assumptions, and then explain our
proposed algorithms. We assume that if there is no
previous reserved request, then a newly arrived
charging request start at its starting time immediately.

For our system, we also assumed that

®  our reservation algorithms work well within
one day.

®  the default searching distance = 20kms
the driving speed=60 km/hour
the maximum distance to drive with one full
charging = 90kms

= the total time for full charging with normal
speed = 6 hours
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= the total time for full charging with high
speed = 0.5 hours

Next, we describe our reservation allocation
algorithm in Algorithm 1. For the reservation, we
divide 24 hours into 144 time slots, which means that
we assume that the minimum charging time for an EV
is 10 minutes. Then, we can calculate a specific time
into the corresponding time slot number. The
information about the idle time slot is maintained by
the database for each charger.

Step1) To find a set of reserved requests’ allocation information, which
are over-lapped with thenewly arrived request for charging,

Step2) If there is no reserved user’s request, then announce that this
charger i can beallocated to the newly amived user’s request,
full charging is possible, and the waiting time is zero.

Step 3) Ifthere exist some overlapped reservat-ion request, calculate the
number of the idle slots between the amrival time and the
finishing time of the newly amived user’s requiest for each
charger.

Step 4) Also, it calculates the waiting time of the newly ammived user’s
request.

Step 5) To calculate the possible amount of the newly arrived user’s
charging request by using the number of available time
slots. At this point, we divide the new request’s charging

Step 6) Toretum theresults tothe user.

Algorithm 1. Reservation allocation algorithm

For the recommendation process, let N; be
the total number of the idle time slots between the
arrival time and the deadline of a driver’s request. And,
let N, be the requested number of time slots for
charging of the driver. Let T¢ be the deadline of the
driver’s request. Let T,, T., and Ty; be the arrival
time, the charging time, and the waiting time of the ith
charger respectively. The following process will occur
for the alternative chargers that are located within a
default searching distance. For the ith charger, if N; >
N;, then the driver can charge fully. However, if N; <
N,, then we can calculate the amount of charging by
using Ty, Ty, and Tr. We can get the waiting time of
the ith charger from Algorithm 1. After we get the
waiting times and the amount of charging for all the
alternative chargers, we recommend the chargers
based on the combination value of the biggest
charging amount and the shortest distance time to the
driver. In other words, unlike the existing
recommendation methods of navigation systems, in
our algorithm we rely not only on the shortest distance
but also other factors such as the biggest charging
amount and the smallest waiting time at the same time.

Figure 3 describes the 3 possible situations in
detail when two charging requests have some
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overlapped period in their service time. Figure 3 (a)
represents that a newly arrive request requires an
earlier starting time. But it requires a certain amount
of the reserved time slots at the end of its charging
time. In this case, the new request should be
preempted during the period of the reserved request’s
charging time. If the deadline of the new request is
long enough to charge, then it can restart charging
after the reserved request finishes. Figure 3 (b) shows
that a newly arrived request wants to charge before the
reserved request finishes. In this case, the new request
waits until the reserved request finishes charging if the
deadline of the new request is long enough to wait.
Figure 3 (c) is the combination of Figure 3 (a) and
Figure 3 (b). According to the deadline of the new
request, the amount of charging is determined.

overlapped overlapped overlapped
FLW | f_‘j
teserved reserved i
reserved B Jol T
requested
Tbeu Th:gin+Tc Tbcgjn Tbegin+Tc Thegm Tbegm+Tc
¥ A 4 ¥
feserved reserved 7

reserved T, [Tios slos | f

feserved
T 1| slots Tci
A g | +— 1
requested —pees T —I k ’i}rime il

Tugn Oompetligs ToT, /i T Ty Ty frommed) 41T,
il et Tl Ty
(a) case 1 (b) case 2 (c) case 3
Figure 3. Three overlapped cases between a new
charging request and the reserved ones

waiting

In Figure 4, we explain our algorithm with an
example use. In Figure 4 (a), the user, phm, requests a
charging from 60(10:00 am) for 40 minutes. The
deadline is 72(12:00 pm) and its slack time is 80
minutes (8 time slots). Since there is no previous
reserved request, phm can charge the full amount
without any waiting time. We assume that pim selects
this charger, 052001. In Figure 4 (b), the user, khw,
requests a charging from 70(11:40 am) for 2 hours.
Since phm’s charging finishes at 64 (10:40 am), there
is no conflict between two requests. In Figure 4 (c),
the next driver, ymb, requests a charging from
62(10:20am) for 30 minutes. At this time, due to the
phm’s reserved request (charging time : 60 ~ 64), ymb
should wait for 20 minutes until pim finishes (Figure
3 (b) case).

Finally, the user, ¢jp, requests a charging
from 56(09:20am) for 80 minutes. At this time, c¢jp
can start charging at 56. However, due to phm’s
request, the new request temporarily stop at 60. After
64, since ymb’s request reserved from 64 to 67, ¢jp
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should wait until 67. The ¢jp’s request resumes the
charging at 67, but it should be finished before 70 due
to khw’s request. As a result, ¢jp waits for 70 minutes
and charges for 70 minutes (partial charging) if ¢jp
selects the charger 052001.

Thenumberof | Thenumber of
ChargerID | UserID |Starfingtime| Deadline chargingtime | slack time slots
slots
052001 phm 60 n 4 §
(a) First request
D The number of
- Starting time 5 The number of 2
ChargerID | UserID o Deadline e ) slack time slots
052001 phm 60 7 - §
052001 khw 70 84 12 2
(b) Second request
The number of
Starting time . The number of .
ChargerID | UserID dot Deadline TrRme slack time slots
8
052001 ( ]
052001 ymb 62 67 3 2
| | ) | | 4
052001 ymb 64 67 2} 0
(c¢) Third request
oty T - The number of
tarting time u e number of slack time slots
ChargerID | UserID st Deadline P ——
§
AV o5 :
052001 cin. 56 n ]
052001 cip, 56 \ 6 4 0
052001 BE 6 R 1} 0

(d) Fourth request
Figure 4. An example use of our time slot allocation
algorithm
3. Implementation Results and Performance
Evaluation

In this section, we firstly describe the
component of our proposed system. Next, we also
show the figures how our App works for EV
reservations. Finally, we present the result of the
performance evaluation in terms of the number of
processed requests and the number of missed requests.

Our system is divided into two parts. The
first part is the guidance and the reservation App of
EV charging. The second part is the server for
managing reservation information for charging
stations. The first part consists of 3 sub-parts: (i) to get
drivers’ information , (ii) to show the map that
contains the recommending charging stations obtained
from Algorithm 1, and (iii) to request, to retrieve, or to
cancel reservations. When we show the map, drivers
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can choose three alternatives such as the map based on
distance, the map based on the brand name of battery,
and the map based on the charging cost. The second
part consists of 3 parts: (i) to select the set of
alternative, (ii) to recommend the chargers selected in
Algorithm 1, and (iii) to manage reservations.

As shown in Figure 5, when a driver inputs
the remained amount of battery, and the charging
amount he or she wants (Figure 5 (a)), the App shows
the locations of the best charging stations the driver
can charge as much as and as cheap as the driver
wants within the default distance (Figure 5 (b)). When
the driver clicks one of the charging stations (Figure 5
(c)), he or she can get the information about the
charging station such as distance, charging starting
time, possible charging time, and so on (Figure 5 (d)).
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Figure 5. Electric vehicle charging guidance and
reservation App

Slack Time: 0 hour & mins
Possible Charging Amount:2.083

The driver can reserve one charging station
by clicking the button showed in the dashed box. Then,
the driver can see the list of reservation status and
withdraw the reservation he or she did. Besides, these
figures, drivers can retrieve their reservation
information as well as cancel their reservation
requests. Our development environment is as follows:
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Programming language : Java, JSP
Web server : Apache Tomcat

App : Android

Toos : Eclipse

Next, we evaluate the performance of our
reservation allocation algorithm. Table 1 shows the
parameters of the simulation environment.

Table 1. Environment for performance test

Parameters Value
OS Windows 7
Processor Intel® Core™i5-2500 CPU 3.3GHz
Ram 4GB
No. of 50 ~ 150
Transactions
No. of ports per 1
charger
No. of c‘harglng 515
stations
No. of time slots 144

Figure 6 (a) shows the number of missed
reservation requests and Figure 6 (b) show the total
execution time for all transactions. When the number
of chargers increases, the number of missed requests
rapidly decreases. Next, due to the number of missed
requests decreases by increasing the number of
chargers, the total execution time increases. And, the
time complexity of our algorithm is O(n). This
experiment was performed in (Yang et al., 2014).
However, based on the experiment, we expanded our
performance analyses further.
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(b) The total execution time for all transactions
Figure 6. Performance Evaluation I
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Next, we should consider the peak time
people usually want to charge. Also, we should
develop more efficient charging time allocation
algorithm for the later reservation requests. Currently,
the later reservation requests have higher possibility to
be preempted than the earlier requests.

Figure 7 shows the average number of the
missed requests (transactions) and the average
execution time of a given number of requests
(transactions). We repeated the experiment three times
for each case. Figure 7 (a) represents when the number
of requests increases, the number of missed requests
also increases linearly. Figure 7 (b) represents when
the number of requests increases, the execution time
also increases linearly.

80
70
60
50
40
30
20
10

68.67

No. of
=@ missed
requests

911

50 100 ! 150 (MNo. of Transactions)

(a)The average no. of missed requests

L Execution
Time

50 100 150 (Mo. of transactions)

(b)The total execution time

Figure 7. Performance Evaluation II

4. Discussions

There have been a lot of research works
related to EV charging scheduling methods so far (Qin
and Zhang, 2011)(Gan et al., 2011)(Lee et al., 2011).
In addition, many of the research works have not
considered tourist places but big cities. Also, we rarely
found the applications for EV drivers. Many of them
are for charging stations. The existing apps for EVs
are quite simple.

In this paper, we developed an Android-
based App to reserve EV chargers for drivers. Unlike
the previous services, our App did not only consider
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the distance from an EV to a specific charger but also
give the alternatives the EV driver can choose the best
charging station with the best amount of battery and
the cheapest charging cost with preemptions. Also,
our system maintained the information all chargers at
Jeju-do in fact and it can show the status of chargers
drivers want to check.

However, we must extend our algorithm in
many respects in the near future. Firstly, we should
consider the multiple charging ports per chargers.
Secondly, we use the Euclidian distance when we
calculate the distance from the current location of a
driver to the destination the driver wants to get.
Thirdly, we excluded the various types of parameters
that can affect the battery consumption in real
environment such as temperature, altitude, road shape
and so on. We should develop more sophisticated
algorithm to calculate the distance and the time that an
EV can get to a specific charging station. Next, our
reservation time allocation algorithm is very
straightforward, and works well within one-day
reservation systems. In our algorithm, we did not
consider the delay of the reserved requests. We only
consider the preemption of the newly arrived request.
Also, we should consider many aspects in the near
future.
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