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Power Charge Scheduling and Charge-Ready Battery Allocation
Algorithms for Real-Time Drones Services

Mehedi Tajrian’ * Jai-Hoon Kim'"

ABSTRACT

The Unmanned Aerial Vehicle (UAV) is one of the most precious inventions of Internet of things (IOT). UAV faces the necessity to
charge battery or replace battery from the charging stations during or between services. We propose scheduling algorithms for drone
power charging (SADPC). The basic idea of algorithm is considering both a deadline (for increasing deadline miss ratio) and a charging
time (for decreasing waiting time) to decide priority on charging station among drones. Our simulation results show that our power charging
algorithm for drones are efficient in terms of the deadline miss ratio as well as the waiting time in general in compare to other conventional
algorithms (EDF or SJF). Also, we can choose proper algorithms for battery charge scheduling and charge ready battery allocation according
to system parameters and user requirements based on our simulation.

https://doi.org/10.3745/KTCCS.2019.8.12.277
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1. Introduction

Unmanned Aerial Vehicles (UAVs), or drones are opening
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better opportunities to today world to have several
applications in surveillance, disaster management [16],
search and rescue [14], tour [17], environment monitoring,
deliveries [15, 18], photography, agriculture, security
[19], networks [20, 21], and more [1].

When drones provide its services to the destination,
they may need to power up itself from the charging
stations [2-5]. As a constraint device, drones have

power consumption [6] for which they also have

% This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/ licenses/by-nc/3.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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chance to have delivery latency. At the situation of
having only one charging station, it is difficult to
manage and decide which drone should get charged
first among many drones [7, 13]. It is a critical
situation to make order of priorities for drones to
getting charged sequentially.

We are introducing an algorithm SADPC (scheduling
algorithms for drone power charging) using which
drones can have a priority set to decide which drone
can get charged earlier among many other drones
from a charging station and can have a sequential
order of priority list to get charged earlier one by
one depending on their priority to get charged. Early
version of our basic idea was appeared in [13]. We
extend the early version and add charge ready batter
allocation scheme in this paper.

There are two steps in SADPC (parameters are
defined as shown in Table 1):

e In the first step, it will calculate laxity time
based on deadline time, transportation time and
charging time of a drone:

Laxity = Deadline — (Charging time +
Transportation time)

¢ In the second step, priority will be decided by
the scheduler depending on shortest laxity time
and charging time (small value has high priority):
Priority = (Laxity time + Charging time) / 2.

Table 1. Definition of Parameters

Parameters Definition

Deadline Time to finish service

Charging Time Time to battery charging

Transportation Time Time to drone moving for service

Deadline - (Charging time +

Laxit . .
¥ Transportation time)

For an example, performances (deadline miss ratio
and an average waiting time) with three drones
(Table 2) are shown in Table 3. SJF (Shortest Job
First) charging algorithm can minimize an average
of drone C.
Preemptive LST (Least Laxity Time First) charging

waiting time but miss deadline
algorithm is the optimal algorithm to miss the
deadline for all drones. We use non-preemptive LST,
as non-preemptive algorithm seems more reasonable

in battery charging to reduce physical context

switching time (replacing drone from a battery

charger). Moreover, in many cases, an average
waiting time is also important like soft real-time
applications. Our proposed algorithm (SADPC) is
expected to increase a deadline meet ratio while
reducing an average waiting time by combining two

algorithms (S§JF and LST) as shown in Table 3.

Table 2. Parameters of Three Drones

drone Deafiline Char.ging Trénsportgtion lax.ity
(min.) (min.) time (min.) (min.)
A 110 10 20 80
100 30 30 40
C 120 50 40 30
Table 3. Performance Comparisons
([:iizgﬁlﬁgs) Average(xia;.t)ing time Deadline meet ratio
SIT (A—B—C) 50/3 2/3 (C misses)
EDF (B—A—C) 70/3 2/3 (C misses)
LST (C—B —A) 130/3 2/3 (B missed)
SADPC (B—C—A) 110/3 1 (All meet)

We can expect that:

e SADPC is more efficient than the existing SJF,
EDF and FCFS algorithm in many (or some) cases

® waiting time can be saved (or moderate)

¢ deadline miss ratio can be increase (or moderate).

2. Scheduling Algorithms

There are many priority algorithms like First come
first serve (FCFS), Shortest job first (SJF), Longest job
first (IJF) and Earliest deadline first (EDF) [8] and
many more [9, 10, 11]. Let us assume two drones A
and B where B has a big battery which needs more
time to get charged compared to A. But B comes
little earlier than A and B has short deadline than A.

e SJF: According to Shortest Job First (SJF) algorithm

[8], drone A will get charged first. In this case, B
have to wait until drone A finishes its charging.
It is the optimal in terms of an average waiting
time. But B can have short deadline to deliver its

work. So, B may miss the deadline.
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e [JF: According to Longest Job First (LJF) algorithm,
drone B will get charged first. In this case, A
have to wait until drone B finish its charging.
LJF is not reasonable as it will increase an
average waiting time for battery charging
scheduling algorithm. But LJF is good for ready
battery allocation as it will decrease an average
waiting time for battery charging by allocating
pre-charged battery for drone with a long
charging time battery.

® FCFS: According to First Come First Serve (FCFS)
and Earliest Deadline First (EDF) algorithms [8],
drone B will get charged first. In this case, it is
going to be very large waiting time for A which
is injustice to it as it has small battery and need
less time to get charged. So, A can have longest
waiting problem.

® SADPC (proposed algorithm): Scheduling algorithms
for drone power charging (SADPC) can solve the
starvation and longest waiting problems by
introducing the efficient priority algorithm by
which charging station can priority queue for
drones depending on their deadline for delivery,
transportation time to reach the destination and
charging time needed for power up their
battery. The simulation result shows that SADPC
can have less chance to miss the deadline time
and has less turnaround time compared to other

algorithms.

3. Proposed Drone Power Charge and Charge
Ready Battery Allocation Algorithm

3.1 Scheduling Algorithms for Drone Power Charge

Assuming there are some drones in a service area.

Destination 1

& Destination
Charging
<> < P~
vl station m'
Destination =3 Destination

Fig. 1. A Scenario of Many Drones, Their Destination
and One Charging Station

Some of them may have deadline for service
delivery, some may have not. Some can have a far
destination for service delivery, some may have near
destination. Some may have large battery so they need
more time to get charged comparing other. So, the
drones which have small battery have to wait which is
the killing of its time and there is only one charging
station from where drones can charge by itself.

We indicate an algorithm SADPC, by which drones
would have priority to decide among many which
drone can get charge earlier from a charging station
depending on their battery size, delivery destination
and deadline. We set up our algorithm only for the
delivery drones with delivery order and may need to
get charge during moving the delivery path, not for
the drones which do not have any order of delivery.

Drones can vary in their battery capacity [12].
Battery charging velocity can differ from drone to
drone depending on their battery type, battery capacity
and some other factors. Charging time is proportional
to the used battery capacity as the charging time is

needed to fulfill the used amount of battery.

Used battery capacity = Total battery capacity -
Remain battery capacity

05

Used capacity Or  Total capacity Remain capacity
Charging time

Fig. 2. Describing the Charging Time Which is Equal
to used Battery Capacity

Transportation time is measuring based on the

destination distance from the charging station.

m Charging
Transportation time station

Fig. 3. Describing the Transportation Time

Every drone has its deadline for delivery of service

defined by the client and service provider.
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Service Provider
Deadline time
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Fig. 4. Describing the Deadline Time

There are following steps:

e Step one: take input parameters (charging time,
deadline time and transportation time).

e Step two: checking and calculating the summation
of charging time and transportation time,
subtracting the summation result from deadline
time for each drone. The calculation result is
the laxity time for each drone. Shortest laxity
time will get highest priority to power up.

e Step three: calculate the priority, where
Priority = (laxity time + Maximum charging

time - charging time) / 2

Then the scheduler will finally have the highest
priority drone which has the smallest value for this
calculation. So, after calculating the priority
scheduler will have a queue of highest prior drones
for powering up. We are considering transportation
time only from the charging station to delivery
destination, not the total distance from the original
service starting point. So, the transportation time in
SADPC is the time to cover the distance from
charging station to delivery destination. As we know
a drone have to complete its delivery service before
the deadline, it's transportation time and charging

time should not more than deadline time.
Charging time, transportation time { deadline time

Fig. 5 showing the time limits for charging time,

transportation time and deadline time.

Charging time Transportation time

Total deadline time

Fig. 5. Imagination of the Time Limits for Charging Time,
Transportation Time and Deadline Time

The pseudo code of SADPC is given bellow:

SADPC -ALGORITHM
1. Take input

max_ndrone
(taking the limit of maximum number of drones)

2. Take random charging_time, deadline_time,
transportation_time for each drone
(charging time + transportation time < deadline
time)

3. Calculate laxity_time = deadline_time —
(charging_time + transportation _time )

4. Calculate priority = minimum of {(laxity_time +
maximum_charging time - charging time) / 2 }
(creating the priority queue of drones
depending on the smallest value holding drone

among all)

3.2 Scheduling Algorithms for Drone Power Charge with
Charge Ready Batteries

We are introducing a solution for overcoming the
situation when there are lots of drones waiting to get
charged from the single charging station by
replacing the charged battery. There can be some
charge-ready battery besides battery charger in the
charging station. In this case, some drones have high
probability can replace their battery with the charge
ready battery and others are scheduled for batter
better performance (high

charging to achieve

deadline miss ratio and/or short waiting time).
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Fig. 6. lllustration of the Situation of Drones' Arrival at the Charging
Station and Allocation of Fully Charged Battery

Battery replacement

Now, we describe two stage algorithm (an algorithm
is selected for each stage); charge ready battery
allocation algorithm and batter charge scheduling
algorithm.
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o (first stage) charge ready battery allocation: one
of SADPC, FCFS, EDF, and LJF algorithms

® (second stage) batter charge scheduling: one of
SADPC, FCFS, SJF, and EDF

LJF (Longest Job First) can be used for charge
ready battery allocation. We can save more average
waiting time by using LJF as the longest charging
time battery is firstly replaced with charge ready
battery. A waiting time of drones replaced with
charge ready battery becomes zero. Also, a drone
schedule in the first for a battery charger does not
wait.

For examples, due to lack of space, 4 cases are
described out of 16 cases (product of 4 cases of
charge ready battery allocation algorithms and 4

battery charging algorithms).

Case 1: SADPC for charge ready battery allocation
and SJF for battery charger scheduling

e The laxity_time will be calculated for all the
drone. After this, the priority list will be created

depending on the laxity time and charging time.

laxity_time = deadline_time - ( charging time +
transportation_ time)
priority = (laxity time + maximum charging time-

charging time) / 2

® Then the drone which has the smallest value for
priority would get the charge ready battery.
Then the charging time, waiting time, turnaround
time will become 0 for the drones who are
getting charged ready battery.

e The priority list will be created depending on
the shortest charging_time for battery charge
scheduling

® Then for comparison with other algorithm again
the waiting_time will be calculated for all the
drone depending on their (ahead on the priority
queue) charging time. Then turnaround_time
will be calculated for all the drone and at the
last the average turnaround_time will be calculated.
In next function the remaining_deadline_time

will be calculated for all the drone.

turnaround_time = waiting time + charging time
remaining deadline_time = deadline time -
(Cbargfng_ time + transportation_ time

+ waiting_time)

e After this, the deadline miss_ratio will be
calculated depending on how many drone has

missed their deadline.

deadline miss ratio = Number of drone missed

deadline / Total number of drones

Case 2: ECFS for charge ready battery allocation and

EDEF for battery charger scheduling

¢ How many drones are initially on the charging
station will be taken as input (max_ndrone) what
is taking in the main function of the code. Then
the charging_time, transportation_time and deadline_
time will be taken randomly.

e A drone arrived earlier get the charge ready
battery. Then the charging time, waiting time,
turnaround time will become 0 for the drones
who are getting charged ready battery.

e After this, the priority list will be created
depending on the shortest laxity_time for battery
charge scheduling

e Then compute and compare the performances

as described in Case 1.

Case 3: LJF for charge ready battery allocation and

SJF for battery charger scheduling

¢ The drone with the longest charging time would
get the charge ready battery. Then the charging
time, waiting time, turnaround time will become
0 for the drone who are getting charge ready
battery.

e After this, the priority list will be created
depending on the shortest charging_time for
battery charge scheduling.

e Compute and compare the performances.

Case 4: EDF for charge ready battery allocation and

SADPC for battery charger scheduling

e The priority list will be created depending on
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Table 4. Calculation of Laxity time and Priority in SADPC

time + Transportation

Priority = ( Laxty time
+ Maamum Charging time -
Charging time ) /2

(minutes)

853-(231+74) = 548
891- (59 + 112) = 720
867 - (136 + 346 ) = 385
260- (115 + 82 ) = 63
965 (379 + 18 ) = 568
563 - (179 + 297 ) = 87
541- (93 + 19) = 429
643 - (286 + 293 ) = 64
368 - (25 + 38) = 305

Drones Charging Transport Deadiine  [aagty time =
ome ation bime Deadline time -
(minutes) n‘nfe (minutes) ( Charging

(minutes)
time ) (minutes)

A 231 74 853

B 59 112 891

¢ 136 346 867

b 115 82 260

E 379 18 965

F 179 297 563

G 93 19 541

H 286 293 643

! 25 38 368

J 85 32 524

524 -(85+ 32) =407

(548 + 300 - 231 )/2 = 3085

(720 + 300 - 59 /2 = 4805
(385 + 300- 136 )2 =
(63 + 300 - 115 2 = 124

(568 + 300 - 379 /2 = 2445

(87 +300-179 )/2 =104
(429 + 300- 93)/2= 318
(64 + 300 - 286 }/2= 39
(305 + 300 - 25 \/2 = 290
(407 +300 - 85)2 = 311

2745

the shortest laxity_time. Drone with the smallest
laxity_time would get the charged ready battery.
Then the charging time, waiting time, turnaround
time will become 0 for the drones who are
getting charged ready battery.

® In the next step, the laxity_time (axity time =
deadline time - ( charging time + transportation_
time)) will be calculated for all drones. Then,
priority = (]aXfty time + maximum charging time-
charging time) / 2 will be calculated for all
drones. After this, the priority list will be created
depending on the smallest priority in the battery
charge scheduling.

e Compute and compare the performances.

Due to lack of space, only two (2) cases are
described out of 16 cases to demonstrate how the

performances have been obtained.

Case 1 calculation:
Scheduled for get ready battery by SADPC:

When there are 3 charged batteries, Drone H, F
and D will get the charged battery.

Scheduled for charging by SJF:
Priority = Shortest Charging time

Drones except D, F, and F are sorted according to
the short charging time. Drone D, F, and H do not need
to charge as they have already get the charged battery.

Table 5. Calculation of Waiting time, Turnaround time and
Remaining Deadline time in SJF when there is
3 charged ready battery

Drones Waiting Turnaround Remaining deadline time = Deadline time -
tme Time (Chargingtime + iting time + Transp 7
(minutes) ome)(minutes)

| 0 25 368-(25+ 0 + 38) = 305

B 25 84 891-(59 + 25+ 112) = 695

J 84 169 524-(85+84+32)=323

G 169 262 541-(93 + 169 + 19) = 260

C 262 398 867 - (136 +262 + 346) = 123

A 308 629 853-(231+398+74)=-150

E 629 1008 965-( 379 + 629 + 18) = -61

D 0 0 260-(0+ 0+ 82)=178

F 0 563-(0+ 0+ 297) = 266

H 0 0 643-(0+ 0+ 293) =350

Average turnaround time = 2575 / 10 = 257.5
Deadline miss ratio = 2/10 = 0.2

Case 2 calculation:

Scheduled for get ready battery by FCFS:

Table 6. Calculation of Waiting time, Turnaround time and
Remaining Deadline time in FCFS.

Drones  Charging i 7 Transp Jonb| 7 Deadline tme(minutes)
A 231 74 853
B 59 112 891
c 136 346 867
D 115 82 260
E 379 18 965
F 179 297 563
G 93 19 541
H 286 293 643
! 25 38 368
J 85 32 524
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When there are 3 charged batteries, randomly
chosen 3 three drones (assuming they arrived earlier

than others) will get the batteries.

Scheduled for charging by EDF:

Priority = FEarliest deadline

Drones except A, B, and C are sorted according to
the earliest deadline. Drone A, B, and C do not need
to charge as they have already get the charged
battery.

Table 7. Calculation of Waiting time, Turnaround time and
Remaining Deadline time in EDF when there is 3
charged ready battery

Drones Waitng Turnaround Remainingdeadline tiime = Deadline

tme Time vme - ( Charging tme + Waitingtime +
(minuteg Transportation time)(ninutes)
D 0 115 260 -(115+0 +82) =63
! 115 140 368 - (25 + 115 + 38) = 190
! 140 225 524 - (85 + 140 + 32) = 267
G 225 318 541 -(93 + 225+ 19) = 204
F 318 497 563 - (179 + 318 + 297 ) = -230
H 497 783 643 - (286 + 497 + 293 ) = -433
A 0 0 853-(0+0+74) =779
c 0 (] 867 -(0 + 0 + 346 ) =521
8 0 0 891-(0+0+112)=779
t 783 1162 965 - (379 + 1162 + 18 ) = -594

Average turnaround time = 3240 / 10 = 324
Deadline miss ratio = 3/10 = 0.3

4. Simulations

Consider an isolated system consisting of a
charging station and many drones need to get
charged. Drones come up to this charging station at
random times, wait their turn for charging, are

charged and then leave.

Toeede e -

Waiting queue

ﬂ Departures ~

Charging station

Fig. 7. lllustration of the Situation of Drones' Arrival at
Charging Station and Departure After Charging

We calculated Deadline miss ratio depending on

how many drones are missing their deadline.

Deadline miss ratio = Number of drone missed
deadline / Total number of drones.

Turnaround time is the total time between the
entry in queue of drones waiting for charge and

completing the charging. That mean,
Turnaround time = Waiting time + Charging time.

The drone which has highest priority, will get
charged battery first and will not have any waiting
time. Then it's turnaround time is only it's charging
time. So, when there is only one drone the turnaround
time will be same for all the algorithm.

In this simulation, we assume that charging time
and transportation time is not more than 300 units
(evenly distribution between 0 and 300) and deadline
time is less than 1000 (evenly distribution between 0
and 1000). Deadline miss ratio and turnaround time
for all the algorithms after combining two stage
schemes (charge ready battery allocation and power
charge scheduling algorithms) are shown in (Fig. 8)
and (Fig. 9) by using 10 drones and 0 to 5 charge
ready batteries.

Even though preemptive EDF is the optimal
algorithm in a real-time analysis, it is not so good as
shown in (Fig. 8) if feasible scheduling (meeting all
deadlines) is not exist. LJF for charge ready battery
allocation and SJF for battery charger scheduling
algorithms are expected to reduce turnaround time
by minimizing waiting time. However, these algorithms
also show good performance in terms of deadline
miss ratio as it can reserve more laxity time by
replacing long charging time battery in LJF and
charging the short charging time battery first in SJF.
(F)SADPC shows not so good performance in terms
of deadline miss ratio as we expected when the
number of charge ready battery is small.

As we expected, LJF for charge ready battery
allocation and SJF for battery charger scheduling
algorithms show the short turnaround time by
minimizing waiting time as shown in (Fig. 8).
However, EDF algorithm is not good in terms of a
turnaround time as it is focusing on deadline meet
ratio. Combined algorithm ((E)SADPC) shows good

deadline meet ratio comparing to others as the
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When the maximum charging time and transportation time <300 unit and deadline time <1000
When there are 10 drones

'3

lj

Deadline miss ratio —

“l] ||| ||I||||||| Il I||I|||I|u nl .al.lﬂ

Number of ready battery R

m Combined EDF and SJF

Fig. 8. Deadline Miss Ratio (10 Drones, 0 to 5 Charge Ready Batteries, Charging Time,
Transportation Time { 300 Units, Deadline Time { 1000)

When the maximum charging time and transportation time <300 unit and deadline time <1000
When there are 10 drones

N ||‘|||’|“ ||I|I| Il ||||“| ||| |||||||||| ||| |||i| I |||||I||I1

Number of ready battery

1000

Tumn around time ee————

Fig. 9. Turnaround Time (10 Drones, 0 to 5 Charge Ready batteries, Charging Time,
Transportation Time { 300 Units, Deadline Time { 1000)

number of charge ready battery increases. We think
that it (system parameters with low deadline miss
ratio) is more common case in real-time applications.

Based on these performance comparisons, we can
choose proper algorithms according to system
parameters and user requirements. For an example,
we can choose LJF charge ready battery allocation
algorithm and SJF battery charge scheduling when a

short turnaround time is required.

5. Conclusion

Drones are opening new horizon as a major
Internet-of-Things (IoT) player which is a network of
objects. There should be a well-organized queue to
decrease deadline miss ratio as well as turnaround

time when there is a limited number of charging
station for drone power charge scheduling. Also,
charge ready battery allocation is important issues
when a limited number of charge ready battery
exists. SADPC combining with other algorithms like
SJF, LJF, and EDF provides a simple solution of these
problems. Simulation results show that we can
choose proper algorithms for charge scheduling and
battery allocations according to system parameters
and user requirements to obtain a better deadline

meet ratio and a turnaround time.
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