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INTRODUCTION 

Human machine collaboration refers to humans directly working together with machines on the 
same workpiece and in the same workspace. In self-organising production lines, humans and 
machines determine their location of collaboration based on different parameters individually. Thus, 
cycle time estimation is not trivial, as it depends on order sequence, availability, distance to other 
collaboration partners, motion parameters and obstacles on the path [1]. In this sense, there is a need 
for a simulation model, predicting cycle time for this kind of production lines. 

MAIN IDEA AND RESEARCH FIELDS 

Even though, digital machine and human models already exist to do feasibility, cycle time and 
ergonomic analyses, they are not used for a consistent planning process in terms of cycle time 
estimation of collaborative tasks [2]. State-of-the-art simulation tools consider humans and 
machines separately when it comes to cycle time estimation [3]. One of the main reasons is the 
different approach regarding motion modelling [4]. As digital human models are also considered as 
multi-body systems, the high complexity of human motion modelling leads to a lack of performing 
tasks on moved objects [5]. Furthermore, models mapping malfunctions of the control system or the 
psychophysiology of humans are not existent and integrated in such consistent process planning 
tools [6]. 

 

Picture 1: Extended model parameters for human machine systems 



RESEARCH ACTIVITIES AND RELEVANCE 

In this sense, influencing factors of cycle time in collaborative tasks are analyzed [7]. A simulation 
model is developed, considering not only motion models but also a logical model of the control 
system including malfunctions as well as a psychophysiological model of collaborative partners. 
Based on an analysis and classification of collaborative tasks, requirements for modelling human 
machine collaboration are defined. The collaborative system is then modelled as a simulation-ready 
hybrid model [8], which is optimised by a multi-criteria optimisation considering production 
requirements and constraints. Even though, design parameters for collaborative tasks are often in 
conflict with cycle time and productivity, there is an optimal set of collaborative parameters 
meeting this trade-off. Based on multi-criteria optimisation an optimal set of physical, 
psychophysiological and operational costs can be determined for each step of production. The 
application of the model is shown on different use-cases. 
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