
International Research Journal of Multidisciplinary Sciences                               ISSN:AWAITED                             

VOL-1  ISSUE-5 May  2025 PP:1-7 

 

 

 

Meta-Learning Approaches for Adaptive and Dynamic Task Scheduling in Multi-Robot 

Systems 

1YazdaniHasan,2BhawnaKaushik,3PriyaGupta 

 1. yazhassid@gmail.com,NoidaInternationalUniversity  

2. priya.gupta@niu.edu.in,NoidaInternationalUniversity 

 3. bhawna.kaushik@niu.edu.in,NoidaInternationalUniversity 

 

 

Abstract 

Dynamic task scheduling in multi-robot systems (MRS) presents a formidable challenge due to the unpredictable 

nature of environments and the complexity of coordination. Traditional machine learning models often struggle to 

generalize across different scenarios. Meta-learning, or “learning to learn,” offers a promising solution by enabling 

models to adapt rapidly to new task distributions with minimal data. This paper explores the integration of meta-

learning techniques with multi-robot task scheduling to achieve enhanced adaptability, real-time decision-making, 

and efficiency in dynamic environments. We examine key meta-learning strategies, review existing work, present a 

conceptual framework for implementation, and evaluate performance through simulations, providing valuable 

insights into future research directions. 

 

1. Introduction 

Multi-robot systems (MRS) have emerged as powerful tools in domains such as search and rescue, warehouse 

automation, space exploration, and agriculture. These systems rely on task scheduling algorithms to allocate and 

coordinate tasks among robots efficiently. However, dynamic and uncertain environments pose significant challenges 

to static scheduling algorithms. As the environment or task requirements change, traditional learning algorithms often 

require retraining from scratch, making them impractical for real-time applications. 

Meta-learning, also known as few-shot learning or learning to learn, has gained traction for its ability to quickly adapt 

to new tasks using prior experience. This paper investigates the application of meta-learning to dynamic multi-robot 

task scheduling. We propose that meta-learning provides an effective approach for enabling robots to generalize 

scheduling strategies across a range of environments and tasks with minimal retraining. 

 

2. Background 

2.1 Multi-Robot Task Scheduling 
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In MRS, task scheduling involves assigning tasks to robots in a way that optimizes a given objective function—

commonly minimizing time, energy consumption, or cost. Task scheduling is generally classified into centralized and 

decentralized approaches. 

 Centralized Scheduling: A central controller assigns tasks to all robots. While this ensures global 

optimization, it suffers from single-point failure and scalability issues. 

 Decentralized Scheduling: Robots make independent decisions based on local information. Though more 

robust and scalable, it may lead to sub-optimal results due to lack of global perspective. 

2.2 Challenges in Dynamic Environments 

Dynamic environments exhibit characteristics such as: 

 Varying task arrival rates 

 Changing robot capabilities or availability 

 Communication delays or failures 

 Environmental unpredictability 

These characteristics necessitate adaptive scheduling mechanisms that can quickly respond to changes. 

2.3 Introduction to Meta-Learning 

Meta-learning aims to train models that can learn new tasks with few examples. It operates at two levels: 

 Meta-Level: Learning a general strategy across multiple tasks. 

 Base-Level: Applying the strategy to new tasks with minimal adaptation. 

Common meta-learning approaches include: 

 Model-Agnostic Meta-Learning (MAML) 

 Reptile Algorithm 

 Metric-based learning (e.g., Prototypical Networks) 

 Reinforcement Learning-based meta-learning 

 

3. Literature Review 

3.1 Traditional Scheduling Methods 

Classic scheduling methods such as auction algorithms, behavior-based allocation, and market-based methods have 

demonstrated utility in static settings. However, they lack the flexibility required for dynamic contexts. 

3.2 Machine Learning for Scheduling 

Recent efforts have incorporated machine learning to predict task durations, robot capabilities, and environmental 

changes. Yet, these models often need extensive retraining when task distributions change. 
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3.3 Meta-Learning Applications 

Meta-learning has shown promising results in robotics, especially in locomotion, control policies, and reinforcement 

learning. Research by Finn et al. on MAML demonstrated how a robot could adapt its behavior to new terrains with 

minimal data. However, little attention has been paid to applying meta-learning for multi-robot task scheduling. 

 

4. Methodology 

4.1 Problem Definition 

Given a dynamic environment EtE_t and a task set Tt={t1,t2,...,tn}T_t = \{t_1, t_2, ..., t_n\} at time tt, the goal is to 

assign these tasks to a set of robots R={r1,r2,...,rm}R = \{r_1, r_2, ..., r_m\} such that: 

 Task completion time is minimized. 

 Energy consumption is optimized. 

 Task success rate is maximized. 

4.2 Meta-Learning Framework 

We propose a meta-learning framework comprising: 

1. Task Distribution Modeling: Define a distribution over possible task sets and environmental conditions. 

2. Meta-Training: Train the meta-learner on a variety of simulated task scheduling problems. 

3. Meta-Testing: Adapt the trained model to new environments with few-shot adaptation. 

4.3 Algorithm Selection 

We employ Model-Agnostic Meta-Learning (MAML) due to its compatibility with gradient-based learning and 

flexibility across tasks. 

4.4 Task Encoding 

Each task is encoded as a vector incorporating: 

 Task location 

 Required capabilities 

 Deadline constraints 

 Environmental factors 

4.5 Reward Function 

The reward function used during training includes: 

 Positive reward for successful task completion within deadlines. 

 Penalties for energy overuse or failed tasks. 

 Bonus for task-sharing or efficient coordination. 
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5. Experimental Setup 

5.1 Simulation Environment 

We utilize a simulated warehouse environment with: 

 10 mobile robots 

 50 dynamic tasks appearing at random intervals 

 Variable environmental obstacles 

5.2 Baseline Models 

We compare our meta-learning approach with: 

 Static heuristic scheduling 

 Reinforcement learning-based scheduler 

 Rule-based decentralized system 

5.3 Evaluation Metrics 

 Average task completion time 

 Adaptation speed (measured in gradient steps) 

 Task success rate 

 Computational overhead 

 

6. Results and Analysis 

6.1 Adaptation Capability 

The meta-learned scheduler demonstrated the ability to adapt to new environments within 3-5 gradient steps, 

significantly faster than RL-based methods, which required hundreds of iterations. 

6.2 Task Completion Time 

Our approach reduced average task completion time by 18% compared to RL and 32% compared to heuristic 

methods. 

6.3 Scalability and Robustness 

The framework scaled effectively up to 30 robots and 200 tasks, showing consistent performance. In scenarios with 

partial communication loss, decentralized versions of our approach maintained robustness by relying on localized 

meta-policies. 

6.4 Ablation Study 
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We tested the impact of omitting meta-training and found that performance degraded rapidly, confirming the 

importance of the meta-learning component. 

 

7. Discussion 

7.1 Advantages of Meta-Learning 

 Rapid Adaptation: Minimal data required for retraining. 

 Transferability: Learned strategies generalized well across task domains. 

 Real-Time Performance: Suitable for deployment in time-sensitive applications. 

7.2 Limitations 

 High meta-training cost. 

 Requires task encoding general enough to span possible variations. 

 Real-world deployment may introduce noise not modeled in simulation. 

7.3 Future Work 

 Integrating unsupervised meta-learning to handle unlabeled environments. 

 Combining with federated learning for decentralized learning in physical MRS. 

 Using graph neural networks to model inter-robot interactions during task allocation. 

 

8. ConclusionMeta-learning represents a transformative approach to dynamic multi-robot task scheduling. By 

enabling rapid adaptation and generalization, it offers significant advantages over traditional and deep learning 

methods in dynamic, unpredictable environments. This research demonstrates the feasibility and effectiveness of 

applying meta-learning—specifically MAML—to MRS scheduling tasks. Future advancements in hardware and 

algorithmic efficiency will further enhance the applicability of this method in real-world scenarios. 
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