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1)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 

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.

Keywords : UAV, Drone, Real-Time, Power, Scheduling

실시간 드론 서비스를 위한 전원 충전 스케쥴링과 

충전 배터리 할당 알고리즘

Mehedi Tajrian†⋅김 재 훈††

요     약

무인항공기는 사물인터넷 분야에서 중요한 발명중의 하나이며 많은 응용에서 사용되고 있다. 특히 소형 무인항공기(드론)는 배터리로 동작을 

하기 때문에 서비스 도중 또는 서비스간에 충전소에서 배터리 충전과 배터리 교체가 필요하다. 배터리 충전소가 제한된 상황에서 먼저 충전할 

드론을 스케쥴링하고 충전된 배터리를 할당하는 문제는 중요하다. 본 논문에서는 효율적인 드론의 배터리 충전 스케쥴링 알고리즘을 제안하였다. 

드론을 위한 배터리 충전 스케쥴링 알고리즘의 기본 아이디어는 실시간처리 환경에서 마감시간을 만족하기 위하여 마감시간을 고려함(EDF)과 

동시에 대기시간을 줄이기 위해서 충전시간을 동시에 고려(SJF)하였다. 즉, 마감시간이 짧을수록 그리고 충전시간이 짧을수록 높은 우선순위를 

부여하여 마감시간 준수율을 높이고 평균 대기시간을 줄임으로서 결과적으로 마감시간 준수율향상과 대기시간 단축이라는 두가지 측면을 동시에 

만족할 수 있는 기법을 고려하였다. 이미 충전된 배터리의 할당에서는 충전시간이 길수록 높은 우선순위를 배정하므로서 평균 대기시간을 줄일 

수 있다. 시뮬레이션 결과 제안 알고리즘을 이용하여 마감시간 준수율과 평균 대기시간 측면에서 기존 알고리즘(EDF와 SJF)과 비교하여 좋은 

성능을 보임을 확인하였다. 시뮬레이션 결과를 바탕으로시스템 파라메터와 사용자 요구사항에 따라 배터리 충전 스케쥴링과 배터리 할당 알고리즘

을 합리적으로 선택할 수 있다.
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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):

• 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.

Parameters Definition

Deadline Time to finish service

Charging Time Time to battery charging

Transportation Time Time to drone moving for service

Laxity
Deadline – (Charging time + 

Transportation time)

Table 1. Definition of Parameters

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 

waiting time but miss deadline of drone C. 

Preemptive LST (Least Laxity Time First) charging 

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 (SJF and LST) as shown in Table 3. 

drone
Deadline

(min.)
Charging

(min.)
Transportation 

time (min.)
laxity
(min.)

A 110 10 20 80

B 100 30 30 40

C 120 50 40 30

Table 2. Parameters of Three Drones

Algorithms
(scheduling)

Average waiting time 
(min.)

Deadline meet ratio

SJT (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)

Table 3. Performance Comparisons

We can expect that: 

• 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 (LJF) 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. 

• 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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• LJF: 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. 

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

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.

Fig. 3. Describing the Transportation Time

Every drone has its deadline for delivery of service 

defined by the client and service provider.

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



280  정보처리학회논문지/컴퓨터 및 통신 시스템 제8권 제12호(2019. 12)

Fig. 4. Describing the Deadline Time

There are following steps:

• Step one: take input parameters (charging time, 

deadline time and transportation time).

• 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.

• 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.

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 

charging to achieve better performance (high 

deadline miss ratio and/or short waiting time).

Fig. 6. Illustration of the Situation of Drones  ̀Arrival at the Charging
Station and Allocation of Fully Charged Battery

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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• (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

• 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.   

• 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 – 
(charging_time + transportation_ time 

+ waiting_time)

• 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: FCFS for charge ready battery allocation and 

EDF 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.

• 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.   

• After this, the priority list will be created 

depending on the shortest laxity_time for battery 

charge scheduling

• 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.   

• After this, the priority list will be created 

depending on the shortest charging_time for 

battery charge scheduling.

• Compute and compare the performances.

Case 4: EDF for charge ready battery allocation and 

SADPC for battery charger scheduling

• The priority list will be created depending on 
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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 (laxity_time = 

deadline_time – ( charging_time + transportation_ 

time)) will be calculated for all drones. Then, 

priority = (laxity 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.

• 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

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.

Table 4. Calculation of Laxity time and Priority in SADPC
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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 = Earliest 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

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.

Fig. 7. Illustration 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. 

(E)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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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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