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1. Introduction: The Dawn of Integrated Sensing & Communication (ISAC) 

The evolution of wireless technology is entering a transformative phase. Beyond 
merely connecting devices, next-generation networks (like 6G and beyond) envision 
a paradigm where communication and sensing capabilities are tightly integrated. 
This concept, known as Integrated Sensing and Communication (ISAC), promises a 
future where the wireless infrastructure itself acts as a distributed sensor network, 
providing rich, real-time information about the physical environment alongside 
seamless communication. 

Reconfigurable Intelligent Surfaces (RIS) are poised to be a key enabler for ISAC. 
These passive or semi-passive surfaces, composed of numerous low-cost elements, 
can intelligently manipulate electromagnetic waves. When integrated into ISAC 
systems, RIS can not only enhance communication links but also improve sensing 
resolution, coverage, and accuracy by directing or focusing sensing signals. The 
potential applications are vast, from hyper-accurate localization and tracking in smart 
factories and autonomous vehicles to enhanced environmental monitoring and smart 
city management. 

However, realizing the full potential of ISAC and RIS faces significant hurdles. While 
hardware development progresses rapidly, a critical, often underestimated, 
challenge lies in managing the unprecedented volume, velocity, and variety of data 
generated by these integrated systems. 

2. The Data Bottleneck: Fragmentation in Next-Gen Wireless 

The complexity of ISAC systems, especially those incorporating RIS, leads to a 
fragmented data landscape. Unlike traditional communication networks that primarily 
handle user data and control signals, ISAC systems generate a confluence of 
disparate data types: 

• Communication Data: User traffic, control plane information. 
• Sensing Data: Raw radar-like data, extracted features (e.g., range, velocity, 

angle), environmental parameters. 
• RIS Control Data: Configuration states of individual RIS elements, 

optimization parameters. 
• Environmental Data: Information from other sensors (cameras, LiDAR, IoT 

devices), contextual data (maps, weather). 
• Network State Data: Channel conditions, interference levels, user location. 

These data streams originate from heterogeneous sources – base stations equipped 
with ISAC capabilities, distributed RIS controllers, various external sensors, and 
network management systems. Each source often employs proprietary formats, 
inconsistent metadata, and isolated storage solutions, mirroring the fragmentation 
challenges seen in other data-intensive fields. 

The root causes of this fragmentation include: 

• Vendor Silos: Different hardware and software providers offer closed 
ecosystems. 



 
 
 

• Lack of Universal Standards: While some standards exist for specific data 
types (e.g., certain sensor protocols), a cohesive framework for 
integrating all ISAC-related data is nascent. 

• Project-Specific Solutions: Data architectures are often built ad-hoc for 
specific ISAC use cases or research projects, lacking scalability and 
interoperability. 

• Dynamic Environment: The data generated is highly dynamic, reflecting 
constant changes in the wireless channel, object movements, and RIS 
configurations, making static data handling insufficient. 

This fragmentation creates a significant bottleneck. It prevents the holistic view 
necessary for true ISAC optimization, inhibits the training and deployment of 
sophisticated AI/ML models that require correlated sensing and communication data, 
slows down the development of new ISAC applications, and hinders collaboration 
across different domains (e.g., telecom operators, vertical industries, researchers). 
The "goldmine" of ISAC data remains scattered and inaccessible. 

3. Fijishi Aeterna: An Architecture Proven for Complex Data Ecosystems 

Solving the ISAC data fragmentation challenge requires a robust, flexible, and 
intelligent data architecture. While Fijishi Aeterna was initially developed to address 
the complex, diverse, and fragmented data landscape within biotechnology – 
handling everything from genomics and proteomics to experimental and clinical data 
– its core architectural principles and capabilities are uniquely suited to manage the 
heterogeneity and dynamic nature of ISAC data. 

Aeterna is not merely a data lake or storage solution; it is designed as a central 
nervous system for data. Its architecture is built upon: 

• Sophisticated Ingestion: Handling diverse data formats and streams, 
regardless of origin. 

• Rich Metadata Management & Ontology Services: Providing standardized 
context and meaning to disparate datasets, making them understandable and 
linkable. 

• Open Standards and Interoperability: Breaking down proprietary barriers 
and enabling seamless data exchange between different systems and tools. 

• Championing FAIR Data Principles: Ensuring data is Findable, Accessible, 
Interoperable, and Reusable – foundational for unlocking its value. 

• Data Governance and Provenance: Tracking data lineage and ensuring 
compliance and security. 

This proven capability in integrating incredibly diverse biological data makes Aeterna 
a powerful candidate for tackling the equally, if not more, complex data environment 
of ISAC and RIS. 

4. Aeterna for ISAC/RIS: Enabling Data Fluency and Intelligence 

Applying the Aeterna architecture to the ISAC/RIS data challenge provides a clear 
path to overcoming fragmentation and unlocking collective intelligence: 



 
 
 

• Unified Data Ingestion & Standardization: Aeterna can ingest the disparate 
streams of communication, sensing, RIS control, and environmental data. Its 
metadata and ontology services normalize this data, applying consistent tags 
and structures that allow a sensing measurement to be directly linked to the 
communication beam used at that moment or the RIS configuration applied. 

• Creating a Connected Data Graph: By linking related data points across 
different sources (e.g., correlating the Doppler shift detected by sensing with 
the expected velocity from tracking data, and the required beam adjustments), 
Aeterna builds a comprehensive data graph. This allows for a holistic, real-
time understanding of the network and its environment. 

• Enabling Data Fluency for Optimization: With data standardized and 
interconnected, network controllers and AI algorithms can access the 
necessary information seamlessly. This "data fluency" is crucial for optimizing 
RIS configurations in real-time based on sensing feedback and 
communication demands, a key challenge in dynamic ISAC environments. 

• Accelerating AI/ML for ISAC: High-performance ISAC relies heavily on 
AI/ML for tasks like channel prediction, object recognition from sensing data, 
joint beamforming, and resource allocation. Aeterna provides the clean, 
integrated, and FAIR data lakes required to train and validate these complex 
models effectively and efficiently. 

• Fostering Collaboration and Innovation: By creating a shared, 
understandable data foundation using open standards and FAIR principles, 
Aeterna facilitates collaboration between different teams (e.g., sensing 
experts, communication engineers, application developers) and accelerates 
the development of new ISAC-driven services and applications. 

5. A Connected Future: Accelerating ISAC/RIS Deployment & Innovation 

The adoption of a robust data architecture like Fijishi Aeterna is not merely an 
operational improvement; it is a strategic imperative for accelerating the deployment 
and realizing the full potential of ISAC and RIS. By transforming scattered data into a 
connected, fluent, and intelligent ecosystem, Aeterna empowers: 

• Improved Performance: More accurate sensing, more reliable 
communication, and truly adaptive RIS optimization. 

• Faster Development Cycles: Scientists and engineers spend less time on 
data wrangling and more on innovation. 

• New Use Cases: Enabling sophisticated applications that rely on the tight 
coupling of sensing and communication data. 

• Reduced Costs: Streamlined data management reduces operational 
overhead. 

• Open Ecosystems: Adherence to open standards promotes competition and 
compatibility across vendors. 

6. Conclusion 

Integrated Sensing and Communication, empowered by technologies like 
Reconfigurable Intelligent Surfaces, holds the key to unlocking unprecedented 
capabilities in future wireless networks. However, the inherent data fragmentation 
poses a significant risk of hindering this potential. The principles and architecture 



 
 
 

proven effective by Fijishi Aeterna in managing complex, heterogeneous data in the 
biotech domain offer a compelling solution for the ISAC data challenge. By providing 
the architecture for data fluency, standardization, and connectivity, Aeterna can help 
transform the promise of ISAC and RIS into a tangible reality, accelerating innovation 
and building a truly connected and intelligent future. 
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