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  Abstract 

This article delves into the realm of collaborative mission planning involving both 

manned and unmanned systems, leveraging the Artificial Bee Colony (ABC) Algo-

rithm. In the context of current challenges in intelligent decision-making, especially 

the effective coordination of manned and unmanned entities in complex systems, 

this research focuses on the principles and evolution of the ABC algorithm and its 

role in intelligent decision-making scenarios. The study begins with a detailed anal-

ysis of the ABC algorithm's basic principles, examining its potential to facilitate 

collaborative planning between manned and unmanned systems. This examination 

leads to the construction of a specialized mission planning model tailored to the 

unique dynamics of such collaborations. The paper then progresses to an optimiza-

tion of the ABC algorithm, aiming to heighten the efficiency and effectiveness of 

task planning. Anticipating a breakthrough in task planning methodologies, the 

study proposes a system capable of achieving optimized resource allocation and 

heightened decision-making efficiency in environments that involve both manned 

and unmanned elements. A key highlight of this research is the comprehensive anal-

ysis of the ABC algorithm's applicability in complex systems. This serves as the 

foundation for introducing an innovative solution, addressing the nuanced chal-

lenges faced in contemporary intelligent decision-making. This innovative ap-

proach promises to advance the field by offering new perspectives and methodolo-

gies in orchestrating collaborative missions. 
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1. Introduction 

In today's era of rapid technological development, intelligent decision-making and task planning play an important 

role in many fields. Especially in the collaborative operation of manned and unmanned systems, effectively planning 

and making decisions have become key challenges. This research focuses on exploring the application of Artificial 

Bee Colony (ABC) in collaborative mission planning between manned and unmanned systems, aiming to provide an 

efficient intelligent decision-making mechanism. The ABC algorithm, as an optimization algorithm that simulates 

bee colony behavior in nature, has shown its excellent search capabilities and the application potential in many fields 

[1]. Its application in the field of intelligent decision-making, especially when dealing with task allocation and 
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planning problems in complex systems, shows unique advantages. The article aims to provide theoretical guidance 

and practical solutions for efficient and intelligent collaboration between manned and unmanned systems, and at the 

same time contribute a new perspective to the development of intelligent decision-making theory. 

2. Theoretical basis of the ABC Algorithm 

2.1 Basic principles of the ABC algorithm 

The artificial bee colony algorithm is an optimization algorithm that simulates the foraging behavior of bees. Its 

design is inspired by the intelligent behavior of bees in the process of searching for food sources. The core of this 

algorithm is to imitate the division of labor and information exchange mechanism of bee society, so as to effectively 

explore and utilize the search space. In the ABC algorithm, bee colonies are divided into three categories: scout bees, 

hired bees, and follower bees. The scout bees are responsible for randomly searching for new food sources, that is, 

potential solution space areas; the hired bees conduct local searches around known food sources to optimize the 

current solution; the follower bees select food sources for further processing based on the information provided by 

the hired bees [2]. During the execution of the algorithm, the position of a group of bees in the search space is first 

initialized, representing different solutions. Scout bees randomly explore new areas, while hired bees and follower 

bees conduct detailed searches within these areas [3]. The quality of each food source represents the quality of the 

solution. Bees will decide whether to continue searching in this area or move to a new area based on the quality of 

the food source. In addition, when a food source has not been improved within a certain period, the scout bees will 

abandon the food source and search for new areas. This mechanism promotes the algorithm to maintain a balance 

between global search and local search, effectively avoids falling into the local optimal solution, and enhances the 

global search capability of the algorithm. 

The distinguishing features of the ABC algorithm are its simplicity and powerful global search capabilities. By 

imitating the social behavior of bees, the algorithm can effectively explore and exploit the solution space to find the 

optimal solution or a near-optimal solution. This optimization method based on swarm intelligence shows significant 

superiority in dealing with complex multi-peak optimization problems and is suitable for optimization tasks of various 

complex systems [4]. Therefore, the ABC algorithm not only has important value in theory but also shows broad 

application prospects in practical applications. Figure 1 shows the basic framework of the ABC algorithm. 

 

Figure 1. The basic framework of the ABC algorithm. 
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2.2 Evolution and development of the ABC algorithm 

The ABC algorithm has experienced significant evolution and development since its introduction and has become an 

important branch in the field of intelligent optimization. Originally proposed by Karaboga in 2005, it was designed 

to simulate the foraging behavior of bee society. Since then, the algorithm has gradually developed from a simple 

proof-of-concept to an optimization tool with wide applications. In the early stages, the ABC algorithm mainly fo-

cused on the exploration of basic principles and empirical research on simple applications. With an in-depth under-

standing of algorithm performance, researchers began to work on improving and optimizing the algorithm to make it 

more suitable for complex practical problems. During the evolution process, the key improvements of the ABC al-

gorithm include the optimization of the search mechanism, the improvement of parameter adjustment strategies, and 

the combination with other optimization techniques. In order to improve the convergence speed of the algorithm and 

the quality of the solution, researchers have introduced a variety of heuristic rules and adaptive mechanisms [5]. For 

example, by adjusting the number ratio of scout bees and hired bees, or introducing a local search strategy, the global 

and local search capabilities of the algorithm can be enhanced. In addition, the integration with other optimization 

algorithms such as genetic algorithm and particle swarm optimization algorithm has also been proven to effectively 

improve the performance of the algorithm. The development of the ABC algorithm is also reflected in the continuous 

expansion of its application scope. From the initial function optimization problem, it has expanded to many fields 

such as machine learning, image processing, and network optimization. In these applications, the algorithm has 

demonstrated its ability to handle complex problems, especially in multi-objective optimization and optimization in 

dynamic environments. These studies not only verified the effectiveness of the ABC algorithm but also further pro-

moted the development of its theory. 

2.3 Application of the ABC algorithm in intelligent decision-making 

The application of the ABC algorithm in the field of intelligent decision-making has shown its unique advantages 

and wide applicability. Intelligent decision-making, as a method that relies on models, data, and algorithms to opti-

mize the decision-making process, puts forward efficient, accurate, and reliable requirements for optimization algo-

rithms. In this context, the ABC algorithm has become an important tool for solving complex decision-making prob-

lems due to its excellent global search capabilities and adaptability. In various decision-making problems, such as 

resource allocation, scheduling optimization, path planning, etc., the ABC algorithm has demonstrated its ability to 

optimize complex systems. For example, in supply chain management, the ABC algorithm can effectively optimize 

costs and balance supply and demand. In terms of network design and management, the ABC algorithm is used to 

optimize network layout and traffic control to improve network performance and efficiency. In addition, in the field 

of machine learning, the ABC algorithm is also used in feature selection and optimization of model parameters to 

improve the accuracy and generalization ability of the learning model. The key is that the ABC algorithm can effec-

tively handle high-dimensional, nonlinear, and multi-constraint complex situations when dealing with these decision-

making problems. The adaptability and flexibility of the algorithm enable it to find optimal or near-optimal solutions 

in uncertain and dynamically changing environments. This is particularly important in rapidly changing market en-

vironments and complex system decisions. Furthermore, the parallel processing capabilities of the ABC algorithm 

also make it particularly effective in handling large-scale problems, which is particularly critical in today's data-

intensive and computing-intensive decision-making environments. 

3. Collaboration theory between manned and unmanned systems 

3.1 Definition and classification of manned and unmanned systems 

Manned systems and unmanned systems represent two different modes of operation in modern technology. Manned 

systems refer to those systems that are directly controlled by a human operator or have significant human intervention. 

These systems are characterized by relying on human intuition, experience, and decision-making capabilities, such 

as traditional aviation control systems. In contrast, unmanned systems are those that rely primarily or entirely on 

automation technology and artificial intelligence to operate, such as driverless cars and autonomous drones. The 

classification of both systems is based not only on the degree of automation of operations but also on their level of 

autonomy in decision-making, control, and execution of tasks. Unmanned systems often show advantages in highly 
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complex or dangerous environments, while manned systems excel in scenarios that require human intuition and cre-

ative decision-making. 

3.2 Theoretical framework of collaborative task planning 

The theoretical framework of collaborative mission planning refers to a methodology for effective planning of task 

allocation, decision-making, and execution processes when manned and unmanned systems jointly perform tasks. 

This framework involves many aspects, including the identification of task types, allocation of resources, definition 

of roles, and coordination mechanisms during execution. Collaborative task planning needs to consider the interaction 

and impact between systems to ensure that tasks can be completed efficiently and reliably with limited resources. 

The theoretical framework also needs to include adaptive considerations for uncertainty and environmental changes, 

as well as assessment and response strategies for various potential risks. Effective collaborative task planning not 

only improves the efficiency and success rate of task execution but also plays a key role in ensuring coordination, 

consistency, and stability between systems. 

3.3 Challenges and opportunities of manned and unmanned collaboration 

Manned and unmanned collaboration face a series of challenges and opportunities when executing complex tasks. 

The challenge is mainly reflected in the interaction and coordination between the two systems, such as how to ensure 

the accurate transmission of information, consistency of decision-making, and synchronization of operations. In ad-

dition, technical compatibility, system reliability, and security are also important considerations. For example, the 

autonomy and predictability of unmanned systems need to be combined with the flexibility and adaptability of 

manned systems to handle unforeseen situations. The opportunity lies in the complementary advantages that the 

collaboration of the two systems can bring. For example, unmanned systems can perform high-risk tasks, while 

manned systems can perform complex decision-making and supervision. In addition, collaborative operations can 

improve efficiency, reduce resource consumption, and achieve more efficient and precise task completion in complex 

environments. 

4. Application of the ABC algorithm in manned and unmanned collaborative mission planning 

4.1 Analysis of the applicability of the algorithm 

The key to the applicability analysis of the ABC algorithm is to evaluate its effectiveness and efficiency in different 

types of collaborative task planning. Suitability analysis usually involves the convergence speed, solution quality, 

and stability of an algorithm when dealing with a specific problem. For example, considering the application of the 

ABC algorithm to a multi-objective optimization problem, its suitability can be evaluated by the algorithm's ability 

to find Pareto optimal solutions. Specifically, it can be done by comparing the difference between the optimal solution 

set found by the algorithm and the known Pareto front. In addition, the performance of the algorithm under different 

scale problems also needs to be considered, for example, by evaluating the time complexity and space complexity of 

the algorithm on small-scale and large-scale problems. The applicability analysis also includes the sensitivity of the 

algorithm to different parameter settings, that is, the stability of the algorithm performance when parameters change. 

4.2 Construction of mission planning model 

When building a mission planning model, the problem can be formalized as an optimization problem. For example, 

if the goal is to minimize the total time to complete a task, the objective function can be defined as: 

1

min
n

i

i

Z t
=

=  

Among them, n is the total number of tasks, it  is the completion of the i-th time required for each task. In this 

model, the decision variable can be the assignment matrix of tasks, indicating which tasks are assigned to manned 

systems and which to unmanned systems. Constraints can include resource limits, time windows, etc. The application 

of the ABC algorithm in this model is to optimize the above objective function by iteratively searching for different 

task allocation schemes. 
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4.3 Algorithm optimization and performance evaluation 

When optimizing and evaluating the performance of the ABC algorithm, it usually involves adjusting the algorithm 

parameters and measuring the performance of the algorithm on a specific task. For example, a key parameter of the 

algorithm is the number of bees, N, which can be adjusted to observe the impact on performance. Performance eval-

uation can be performed by calculating the difference between the optimal solution found by the algorithm and the 

known optimal solution: 

( ) ( )algorithm optimal

.Δ f x f x= −  

In addition, the convergence speed of the algorithm can be measured, that is, the number of iterations required to 

achieve a certain solution quality. Through these methods, the application effect of the ABC algorithm in specific 

task planning can be comprehensively evaluated and optimized. 

5. Conclusion 

This study conducts an in-depth discussion on manned and unmanned collaborative mission planning based on the 

ABC algorithm. By analyzing the basic principles, evolution, and development of the ABC algorithm and its appli-

cation in intelligent decision-making, this article establishes a complete theoretical framework. Furthermore, based 

on the theory of collaboration between manned and unmanned systems, we discussed the construction method of the 

mission planning model and the optimization application of the ABC algorithm. The findings of this study show that 

the ABC algorithm shows significant advantages when dealing with complex collaborative task-planning problems, 

especially in optimizing resource allocation and improving decision-making efficiency. Future research can focus on 

further optimization of the algorithm, such as combining machine learning technology to improve the adaptability 

and intelligence of the algorithm. At the same time, exploring the performance of algorithms in a wider range of 

application scenarios, especially in dynamic and uncertain environments, will be a direction worthy of attention. 
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