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Abstract  

This paper proposes a novel Transformer-based multi-task learning framework—UCM-Transformer (Unified 

Cross-Domain Multimodal Transformer)—that integrates forecasting, control, and anomaly detection for energy 

systems across Earth, Space, and Atmospheric domains. Addressing the lack of unified architectures capable of 

transfer learning between terrestrial smart grids and extraterrestrial microgrids, our model combines temporal 

sequences, weather patterns, and grid topology into a joint transformer encoder. A novel Task-Adaptive Switching 

Module dynamically routes outputs to forecasting, control, or classification heads depending on real-time 

operational context. Using domain-specificem beddings and a cross-domain fine-tuning layer based on adversarial 

regularization and MMD, UCM-Transformer enables scalable, hardware-free deployment for spaceborne, 

atmospheric, and terrestrial energy systems. Benchmark results indicate enhanced accuracy, robustness, and 

generalization for cross-domain deployment in smart grids, UAV fleets, and spacecraft subsystems. 
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I. Introduction 

UCM-Transformer: AUnifiedCross-Domain 

Multimodal Transformer with Task Adaptive 

Switching for Smart Grid and Space-Based Energy 

Systems 

 

II. Motivation and Related Work 

The shift toward intelligent, resilient energy systems 

for Earth-based smart  grids, unmanned aerial 

vehicles (UAVs), and spaceborne microgrids has high 

lighted the need for unified AI models capable of 

operating across domains [1, 2].  Most existing 

Transformer-based models are optimized for single-

domain, single 

task environments—often limited to forecasting or 

classification alone [4, 3] 

 

 
Figure 1: 
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Despite recent advancements in applying deep 

learning for power forecasting and control [7], there 

are significant limitations in current approaches:  

• Lack of Multi-Task Adaptability: Traditional 

transformer architectures focus on either load 

forecasting or fault classification but do not jointly 

optimize forecasting, control, and protection within 

one unified system [1].  

• NoCross-Domain Generalization: Models trained for 

terrestrial grids cannot be directly deployed in 

spacecraft or UAV environments due to domain-

specific variance such as gravity, thermal flux, or 

topology [5].  

• Absence of Context-Aware Task Switching: Few 

models dynamically adapt their output objectives 

based on system state (e.g., transition ing from normal 

operation to fault response) [3].  

• Limited Multimodal Input Integration: Real-time 

grid decision making involves multiple streams—

weather forecasts, graph topologies, sensor signals—

yet many Transformer models rely solely on time 

series [6] 

 

III. Our Novel Contribution: 
UCM-Transformer Wepropose UCM-Transformer—a 

Unified Cross-Domain Multimodal Trans former that:  

1. Integrates structured graph topology, temporal 

signals, and weather conditions for enhanced 

prediction, diagnosis, and control.  

2. Utilizes a Task-Adaptive Switching Module that 

dynamically selects among forecasting, control, or 

anomaly detection heads, depending on operational 

context.  

3. Enables cross-domain transfer learning from Earth-

based smart grid datasets to extraterrestrial microgrid 

simulations using domain embedding and adversarial 

regularization techniques.  

4. Requires no physical hardware adjustments—only 

software-based retraining—enabling scalable, 

lightweight deployment for edge devices, satellites, 

and drones.  

 

This approach builds on concepts from multi-task 

learning [1], graph neural networks for grid modeling 

[3], federated energy AI [4], and cross-domain 

generalization in renewable energy [5]. To our 

knowledge, this is the first architecture that unifies 

these elements into a single transformer-based energy 

framework deployable across terrestrial, atmospheric, 

and space platforms 

 

IV. Introduction  

Smart energy systems in terrestrial, space, 

and atmospheric platforms face growing demands for 

unified AI control, anomaly detection, and forecasting. 

Traditional transformer-based models address these 

tasks independently and are rarely adapted across 

domains. We propose UCM-Transformer, a modular 

architecture that fuses multi-modal energy data and 

supports multi-task operation with context-aware 

decision making and cross-domain transfer 

capabilities 
 

V. Model Architecture 
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