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Introduction

The integration with MODAPTO Digital Twin Manager represents the cornerstone of
transforming static MODAPTO Modules definitions into dynamic, intelligent manufacturing
systems. This sophisticated integration process encompasses multiple architectural layers,
from basic digital twin instantiation to complex orchestration and coordination mechanisms
that enable seamless operation of modular production systems.

The MODAPTO Digital Twin Manager architecture follows a hierarchical, service-oriented
approach that mirrors the modular nature of the production systems it manages. MODAPTO
aims to develop a toolkit for modular production using interoperable digital twins and
distributed intelligence, with Fraunhofer IOSB contributing to DT standardization,
interoperability, and realization using their open source DT implementation FA3ST.

At its core, the architecture consists of multiple interconnected layers: the Digital Twin
Registry, the Asset Administration Shell Manager, the Communication Interface Layer, and
the Orchestration Engine.

The Digital Twin Registry serves as the central catalog for all digital twin instances within the
MODAPTO system. Each registry entry contains metadata about the digital twin, including its
unique identifier, associated AAS model reference, communication endpoints, and
operational status. The registry provides discovery services that enable dynamic system
configuration and runtime adaptation.

The Asset Administration Shell Manager is responsible for creating, maintaining, and
managing AAS-compliant digital twin instances. During the export process, the manager
instantiates digital twins based on the AAS models referenced in the production schema.
MODAPTO standardizes the module’s interface via AAS to enable coordination with other
modules and systems.

Each digital twin maintains its complete AAS structure, including all submodels, properties,
and operations defined in the original specification.

The Communication Interface Layer provides standardized communication protocols and
data exchange formats that enable interoperability between different digital twin instances
and external systems. This layer implements multiple communication protocols, including
HTTP/REST for web-based interactions, OPC UA for industrial automation integration, and
MQTT for loT device communication. The layer also handles protocol translation and
message routing between different communication domains.

The Orchestration Engine coordinates the interactions between multiple digital twin
instances to achieve the overall production objectives defined in the schema. This engine
implements workflow management capabilities, resource allocation algorithms, and
synchronization mechanisms that ensure coordinated operation of the complete production
system. The orchestration engine continuously monitors system state and adapts operation
patterns based on current conditions and objectives.
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Digital twin instantiation involves creating virtual representations of physical production
modules based on their AAS specifications. Digital twins are commonly divided into subtypes
including digital twin prototype (DTP), digital twin instance (DTI), and digital twin aggregate
(DTA), where the DTP consists of designs, analyses, and processes that realize a physical
product, and the DTl is the digital twin of each individual instance once manufactured.

The instantiation process includes loading the complete AAS model, initializing all submodel
elements, establishing communication connections, and configuring operational parameters.

Configuration synchronization ensures that all digital twin instances are properly configured
and coordinated. This process involves distributing configuration parameters, establishing
communication channels, and initializing system state. The synchronization mechanism
handles both initial system setup and runtime reconfiguration scenarios, enabling dynamic
adaptation to changing requirements.

State management capabilities maintain consistent system state across all digital twin
instances and system components. This includes maintaining current operational status,
tracking resource utilization, monitoring performance metrics, and managing system
configuration changes. The state management system provides both centralized monitoring
capabilities and distributed state consistency mechanisms.

Service binding mechanisms connect digital twin operations with external services and
systems. During the export process, the Digital Twin Manager establishes connections with
external services defined in the MODAPTO Service Catalogue, enabling digital twins to invoke
specialized functions such as optimization algorithms, simulation services, and analytical
tools. These bindings are dynamically managed and can be reconfigured during runtime.

Event management systems handle the generation, distribution, and processing of events
throughout the Digital Twin Manager. Events represent state changes, operational
milestones, exception conditions, and coordination signals that enable responsive system
behavior. The event management system supports both synchronous and asynchronous
event processing patterns.

Security and access control mechanisms ensure that system integration maintains
appropriate security boundaries and access restrictions. This includes authentication and
authorization of system components, encryption of sensitive communications, and audit
logging of system activities. The security framework supports both internal system security
and integration with external security infrastructure.

Scalability and performance optimization features enable the Digital Twin Manager to handle
large-scale production systems with hundreds or thousands of digital twin instances. This
includes load balancing capabilities, distributed processing architectures, and optimization
algorithms that maintain system responsiveness under varying load conditions.
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