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Time-sensitive tasks

Multi-UAV task 
scheduling system

Limited-capability single UAV
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Limitations

river

Task node
Flight route

Slack time before deadline
Required execution time Fixed number of UAVs

Excessive UAVs 

Insufficient UAVs

No work focuses on minimizing 
UAVs for deadline-constrained tasks

Task failure

Resource waste

Our contribution
Scheduling deadline-driven tasks with a 
minimum number of UAVs (SLIM):

Deadline-driven tasks

The number of UAVs minimization
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Challenges

How to minimize the required number of 
UAVs while meeting all tasks' deadlines?
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Challenges

How to minimize the required number of 
UAVs while meeting all tasks' deadlines?

How to decide task execution decisions, even 
when the number of UAVs is known?
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Challenges

How to minimize the required number of 
UAVs while meeting all tasks' deadlines?

How to decide task execution decisions, even 
when the number of UAVs is known?

How to design an optimal task schedule, 
even for a single UAV?

river

Task node
Flight route

Slack time before deadline
Required execution time
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UAV set

Task set

Slack time Required timeDeadline

Decision variable

Task attributes

Dummy node Dummy node
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Task constraints

Dummy node Dummy node

Dummy node constraint

In-out-degree constraint

Task execution constraint

Task deadline constraint

Execution time constraint
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Decoupling task scheduling and UAV flight durations

Energy constraint

Constraint transformation 

Dummy node Dummy node
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Dummy node Dummy node

Constraint transformation
SLIM problem is NP-hard, even when no task 
deadline and execution order constraints.

Energy constraintTask constraints

Subject to 

Objective 
schedule tasks with the minimum number of UAVs 

Problem Formulation

no idle intervals 
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𝑝# 𝑝$UAV workload sorting set

Indicator for the first 𝑘 tasks 
completion using these UAVs

State transition equation

Boolean optimization function
(𝑞", 𝑞#)

(𝑞$, q" + 𝑞#)

(q#, q" + 𝑞$)

𝑝"task(𝑊",𝑊#)

DP computing table
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UAV workload sorting set

Indicator for the first 𝑘 tasks completion using all UAVs

State transition equation

Boolean optimization function

Bisection search for 
the minimum number
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Sort tasks based on slack 

Case 2: Deadline violation
Case 1: Good sequence violation

Using new UAV due to

ALG(U) for SLIM-U Problem : UAVs have unlimited energy, removing the energy constraint.
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ALG(S)

New UAVs for fractions

ALG(F) for SLIM-F Problem : allows fractional task execution.

A task can be executed by at most two UAVs, and a UAV 
can provide fractional execution for at most two tasks

Divide workload by 

SLIM-AP
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ALG(S)

New UAVs for fractions

ALG(S) for SLIM Problem

Reassign tasks with fractional execution 
in ALG(F) to new UAVs 

SLIM-AP produces a              approximation 
performance of solution within          steps

SLIM-AP
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Simulation setting

Baseline
ü NF-NoNei [1]: assigning tasks without considering deadlines, with iteratively reassigning deadline-

violating tasks to new UAVs.

ü GBF [2]: sorting tasks by non-decreasing deadlines and schedules them sequentially,  with moving 

sequence-violating tasks to new UAVs.

A path length of 10 km

Power function of UAV

Varying and default parameter table

2026/6/12
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Simulation results

UAVs used with different number of tasks

SLIM-AG shows near-optimal performance in small-scale 
scenarios, achieving 85% of the optimal SLIM-DP, while 
outperforming NF-NoNei and GBF in large-scale scenarios by 
reducing the average number of UAVs used to 27.1% and 45.4%. 

UAVs used with different total energy of UAV

SLIM-AG maintains a performance gap with SLIM-DP that 
narrows as total energy increases, and it outperforms NF-NoNei
and GBF in large-scale scenarios, requiring fewer UAVs as 
energy increases.
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Simulation results

UAVs used with different required time of task

UAVs used with different minimum deadline of tasks

SLIM-AG continues to show strong performance, achieving 
88.5% of SLIM-DP's performance in small-scale scenarios and 
significantly outperforming NF-NoNei and GBF in large-scale 
scenarios, especially as task durations increase.

SLIM-AG has a performance gap of only 5.6% higher than the 
optimal SLIM-DP in samll-scale scenarios, while reducing the 
number of UAVs by 39.6% and 28.9% compared to NF-NoNei
and GBF, respectively.
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Simulation results

Task completion time with different required time of task

Algorithm performance in real scenario, Jakarta bus transportation system
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ü Consider the SLIM problem that scheduling deadline-driven tasks with a minimum

number of UAVs.

ü a DP-based algorithm that provides optimal solutions for small-scale scenarios, and

an efficient approximation algorithm with theoretical performance guarantees for

large-scale task distributions.

ü Extensive simulations demonstrate that our approximation algorithm achieves about

85% of the optimal solution's performance, while reducing the average number of

UAVs by 21.8%-39.9% compared to state-of-the-art approaches.
ü Future work could explore extensions to handle dynamic task arrivals and consider

additional constraints like UAV collision avoidance.
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