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Introduction

The mapping of MODAPTO production processes to BPMN workflow models represents a
critical transformation from traditional manufacturing process documentation to dynamic,
executable production schemas. This mapping process requires a deep understanding of
both manufacturing operations and BPMN modeling principles, creating a bridge between
physical production capabilities and digital process orchestration.

The mapping process begins with the identification of production modules and their
capabilities. Each MODAPTO module, whether at the stage, cell, or individual equipment
level, must be analyzed for its specific functions, input requirements, output capabilities,
and operational constraints. BPMN examples tailored for manufacturing processes showcase
key BPMN 2.0 objects such as events, gateways, and activities, providing a detailed approach
to modeling workflows that capture essential components like material procurement,
production scheduling, assembly, and quality control with precision.

The core mapping methodology involves translating physical production steps into BPMN
activities. Each manufacturing operation, such as welding, assembly, quality inspection, or
material handling, becomes a distinct BPMN task with specific properties and characteristics.
The task properties include not only the operation type but also the required resources,
expected duration, quality parameters, and success criteria.

Sequence flows in the BPMN model represent the logical progression of materials and
information through the production system. These flows must accurately reflect both the
physical constraints of the manufacturing environment and the logical dependencies
between operations. For example, a welding operation cannot begin until both the
components to be welded and the welding equipment are available and properly positioned.

Gateway elements play a crucial role in representing decision points and parallel processing
opportunities within the production process. Exclusive gateways model quality control
checkpoints where products may be routed to different paths based on inspection results.
Parallel gateways represent opportunities for concurrent operations, such as simultaneous
assembly of different product components.

The integration of AAS references within BPMN tasks creates the unigue MODAPTO
characteristic of linking process models with digital twins. Each task contains embedded
references to specific AAS submodel elements that describe the capabilities and current
status of the corresponding physical assets. This integration enables real-time process
monitoring and dynamic adaptation based on current system conditions.

Event modeling within MODAPTO production schemas encompasses both planned and
unplanned occurrences. Start events represent production triggers such as order receipt or
material availability. Intermediate events capture process milestones, quality checkpoints,
and exception conditions. End events signify completion states, including successful
production completion, quality rejection, or process termination due to errors.
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The mapping process must also account for resource allocation and scheduling constraints.
BPMN lanes are used to represent different resource types, such as specific machine groups,
skilled operators, or quality control stations. This representation enables clear visualization
of resource utilization and identification of potential bottlenecks.

Data objects and artifacts within the BPMN model represent the information flow that
accompanies the physical production flow. This includes production orders, quality
specifications, process parameters, and measurement data. The integration of these
information elements ensures that the production schema captures both the physical
transformation process and the associated information management requirements.

Exception handling and error recovery mechanisms are embedded within the BPMN model
through the use of boundary events and exception flows. These elements represent the
system’s ability to respond to unexpected conditions, such as equipment failures, quality
deviations, or material shortages. The mapping process must anticipate these exceptional
conditions and provide appropriate response mechanisms.
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