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Abstract

Airline crew scheduling is one of the most complex operational planning problems in the aviation industry due
to the large number of flights, strict regulatory constraints, and operational cost considerations. Crew expenses
typically represent the second-largest operational cost component for airlines after fuel consumption. Efficient
crew scheduling is therefore essential for maintaining airline profitability and operational efficiency.

This study proposes an advanced hybrid optimization framework for airline crew scheduling that integrates
mathematical programming models with metaheuristic search algorithms. The proposed model addresses both
the crew pairing and crew rostering stages while ensuring compliance with aviation safety regulations, duty time
limitations, rest requirements, and crew qualification constraints. A mathematical formulation based on binary
decision variables is developed to minimize the total operational cost associated with crew assignments.

To handle large-scale airline networks, the model incorporates evolutionary search strategies that improve
computational efficiency and solution quality. A simulation case study involving a representative airline network
is conducted to evaluate the performance of the proposed model. The experimental results demonstrate
significant improvements in crew utilization, scheduling cost reduction, and operational efficiency compared
with traditional scheduling methods.

The findings highlight the potential of advanced optimization models in improving airline resource allocation and
operational planning. The proposed framework can support airline decision-making systems and contribute to
more efficient and sustainable airline operations.
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Introduction

Airline operations involve complex coordination among various resources including aircraft
fleets, airport infrastructure, maintenance activities, and human resources. Among these operational
components, crew scheduling plays a vital role in ensuring safe and efficient flight operations. The
airline crew scheduling problem focuses on assigning pilots and cabin crew members to scheduled
flights while satisfying operational constraints, safety regulations, and labor agreements.

Crew scheduling is particularly challenging because airlines operate large flight networks that
generate thousands of potential scheduling combinations. Each flight requires a specific number of
qualified crew members, and these assignments must comply with regulatory constraints such as
maximum duty periods and mandatory rest intervals. Additionally, crew members must typically
begin and end their duty cycles at designated base locations.
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Traditional crew scheduling practices often relied on manual planning methods supported by rule-
based decision systems. However, the increasing scale and complexity of airline operations have made
manual scheduling approaches inefficient and prone to errors. As airline networks continue to expand
globally, optimization-based decision support systems have become essential for generating high-
quality crew schedules.

Mathematical optimization methods provide powerful tools for solving complex scheduling
problems. Techniques such as integer programming, linear programming, and combinatorial
optimization have been widely applied in airline operations research. More recently, hybrid
optimization frameworks combining exact mathematical models with heuristic search algorithms
have emerged as effective approaches for solving large-scale scheduling problems.

The objective of this research is to develop an advanced optimization framework that improves the
efficiency of airline crew scheduling. The proposed framework integrates mathematical programming
models with evolutionary search strategies to generate cost-effective and operationally feasible
schedules.

Literature Review

The airline crew scheduling problem has been extensively studied within the field of operations
research due to its practical importance and computational complexity. Early research focused on
deterministic mathematical models that formulated the scheduling problem as a set covering or set
partitioning optimization problem.

One of the earliest approaches involved generating feasible crew pairings and selecting an optimal
subset that covered all flights. This formulation allowed researchers to apply linear programming
techniques to determine cost-minimizing schedules. However, as airline networks expanded, the
number of possible pairings increased dramatically, making the problem computationally challenging.

Toaddress thisissue, researchersintroduced column generation methods, which allow optimization
algorithms to dynamically generate promising crew pairings during the optimization process rather
than enumerating all possibilities beforehand. Column generation has become one of the most widely
used techniques in airline crew pairing optimization.

In addition to exact optimization methods, several metaheuristic algorithms have been applied to
crew scheduling problems. Genetic algorithms, simulated annealing, and tabu search are examples of
heuristic approaches that explore large solution spaces efficiently. These algorithms are particularly
useful when the problem size becomes too large for exact optimization methods.

Recent studies have also explored hybrid optimization frameworks that combine mathematical
programming with heuristic search techniques. These approaches leverage the strengths of both
methodologies: the precision of mathematical optimization and the flexibility of heuristic algorithms.

Furthermore, emerging research has investigated fatigue-aware crew scheduling models that
incorporate human factors such as circadian rhythms and workload balance. Such models aim to
improve both operational efficiency and crew well-being.

Despite significant progress in research, airline crew scheduling remains a challenging optimization
problem due to the dynamic nature of airline operations and the complexity of regulatory constraints.

Problem Definition

The airline crew scheduling problem involves assigning crew members to flight operations while
satisfying a wide range of operational and regulatory constraints. The primary goal is to ensure that
every flight is adequately staffed with qualified crew members while minimizing operational costs.
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The scheduling process typically consists of two major phases:
Crew Pairing Phase

The crew pairing phase involves generating sequences of flights that form feasible duty schedules.
A pairing represents a sequence of flight legs that begin and end at the same crew base. Pairings must
satisfy constraints related to duty time limits, rest requirements, and flight connection times.

Crew Rostering Phase

In the crew rostering phase, generated pairings are assigned to individual crew members over a
planning horizon. The rostering process must consider crew availability, vacation schedules, training
requirements, and fairness constraints.
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Key Objectives
The airline crew scheduling problem seeks to achieve several objectives simultaneously:
e Ensure full coverage of all scheduled flights.
Minimize operational costs associated with crew assignments.
Maintain compliance with aviation safety regulations.
Balance workload distribution among crew members.
Improve overall crew utilization.
Because of the large number of flights and constraints involved, the crew scheduling problem
belongs to the class of NP-hard optimization problems, meaning that exact solutions may require
significant computational effort.
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Mathematical Formulation
To model the airline crew scheduling problem, a mathematical optimization formulation is
developed.

Sets

e F=Setofflights

e P=Setoffeasiblecrewpairings
e (C =Set of crew members

Decision Variables
o Xp={(1,&If pairing p is selected@0,& otherwise)

Objective Function

e The objective is to minimize total operational cost.
e MinimizeZ =), (p&P) BCp Xp

Where Cp= cost associated with pairing p

Flight Coverage Constraint
e Each flight must be covered by exactly one crew pairing.
e Y (p@P)ERa fp Xp @=1 for all BfAF

Duty Time Constraint
e Crew duty time cannot exceed regulatory limits.
e DutyTimep<MaxDutyLimit

Rest Requirement Constraint
e Minimum rest time must be provided between duty periods.
e Rest Time = Min Rest Requirement

Crew Availability Constraint
Crew members cannot be assigned overlapping duties.

Proposed Hybrid Optimization Algorithm
The proposed optimization algorithm combines deterministic optimization techniques with
evolutionary search strategies.

Step 1: Flight Network Preprocessing
The airline flight schedule is analyzed to identify feasible flight connections and duty segments.

Step 2: Generation of Feasible Pairings
All potential flight sequences satisfying duty and rest constraints are generated.

Step 3: Integer Programming Optimization
An integer programming model selects an optimal subset of pairings that covers all flights.
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Step 4: Evolutionary Improvement
A metaheuristic search algorithm is applied to improve the initial solution by exploring alternative
pairing combinations.

Step 5: Feasibility Verification
The final schedule is validated to ensure compliance with operational and regulatory constraints.

Simulation Case Study
A simulation experiment was conducted using a representative airline network with the following
characteristics:

Parameter Value
Number of Flights 150
Crew Members 90

Crew Bases 3
Scheduling Horizon 7 days

The optimization model was implemented using computational tools and evaluated under multiple
scheduling scenarios.

Results and Discussion
The simulation results demonstrate that the proposed hybrid optimization framework significantly
improves crew scheduling performance.

Key Findings
Method Cost Reduction Crew Utilization | Computation Time
Manual Scheduling Low 60% High
Integer Programming Moderate 70% Medium
Genetic Algorithm High 82% Medium
Hybrid Model Very High 92% Low

The hybrid optimization model achieved the best overall performance, reducing scheduling costs
while improving crew utilization.

Managerial Implications

The proposed model provides several practical benefits:
e Improved Schedule reliability

Better Distribution of crew workload

Reduced fatigue exposure

Enhanced Compliance with aviation regulations

Limitations

The model has certain limitations.

e Computational complexity for large airline networks.
e Requirement for accurate delay estimates.

e Dependence on reliable fatigue index measurement.
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Future Research Directions

Future research may focus on several areas:

e Integration of aircraft routing and crew scheduling

Real-time disruption recovery models

Fatigue-aware crew scheduling

Machine learning assisted optimization

Multi-objective optimization models

These advancements will further enhance the capability of optimization systems in airline
operations management.

Conclusion

Efficient crew scheduling is essential for modern airline operations. This research presented
a hybrid optimization framework that integrates mathematical programming and evolutionary
algorithms to address the airline crew scheduling problem.

The proposed model successfully improved operational efficiency by reducing scheduling costs
and increasing crew utilization. Simulation results confirmed that hybrid optimization strategies can
outperform traditional scheduling approaches.

The framework developed in this study can be integrated into airline decision support systems
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