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Executive Summary

The content described in this document Stdtesof part o
the artanalysiso f r om WPI . Tddcenesis;m of t hi s

1 To collect related research works and implemented practical applications in the field of
digital human motion modelling. In this objective, existing theories and practical
implementations in either lab or industrial level are collected using data collection tools.

9 To cluster papers according to the respective topics and motion modelling taxonomies.
Here, strong keywords are identified and used to group literatures and application
scenarios according to their relevance to the topic.

1 To conceptualize and analyze the state of the art according to MOSIM work packages

I To summarize and conclude the literature analysis

The document is structured as follows:

Section 1 Introduction: This section describes the overview of the document, the scope and
the methodology.

Section 2 Overview of work packages: This section provides the relationship of MOSIM work
packages and the state of the art analysis. Additionally, the proposed MOSIM framework is
presented.

Section 3 State of the art analysis: In this section, literature analysis is presented in five
categories. These categories are created by considering theoretical and practical relevance of
digital motion modelling.

Section 4 Summary and Conclusions: This section briefly summarize the overall document and
concludes the state of the art.

The primary conclusion includes the following:

1 There are different approaches for the requirement of human movement simulation. These
are useful to analyze; design and arrange workplaces, human factors and the wellbeing of
individuals, and to easily animate human motion.

1 Human motion simulation is considered from two perspectives. There are digital human
models, i.e. DHM is represented by two approaches for a specific domain. There are two
dimensional motion planning and full body motion generation and motion synthesis
approaches, i.e. these are data driven or example-based motion synthesis approaches that
rely strongly on reference and example datasets, which are predominantly realized by
means of motion capture. They are characterized by features such as motion blending,
motion graphs, statistical models and artificial intelligence.

1 Exchange of simulation models and functional mock-up interface format is one of the
desired targets by many researchers. The standard FMI tools include xml-files compiled in
C-code. Currently, there exists no interoperable motion generation algorithm format. It is
solely possible to exchange instances of the generated motion itself, which, however,
cannot be directly manipulated. For exchanging motions between different simulation tools,
two of the most frequently utilized formats are Biovision Hierarchy (bvh) and Filmbox (fbx).

1 A unified language that entertains behavior theory and simulation techniques is hecessary
to integrate multi-domain systems into interchangeable simulation engines. These
approach includes multi environment CAD models integration, control algorithms, graphic
computation and simulation, scene definition, behavior characterization, sensor data,
system model and in some cases multibody models.
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1 Introduction

1.1 Overview

The aim of the deliverable is to analyze the state of the art for simulating realistic and modular
human movements in different applications for defined scopes such as ergonomics,
musculoskeletal, biomechanical simulation and animation systems. However, in order to
overcome the challenge of data collection and handling approaches, systematic approaches
are used to search, filter, archive, and cluster information according to their scope. For this
matter, marketing hubs, project databases such as ITEA, European projects and National
funding agencies, research databases such as link springer, Elsevier, science direct, ACM
libraries, IEEE and others are considered. The management of the literature is handled by
Zotero which is an open source tool.

Depending on the main keywords and human motion modelling taxonomies, five main sections
are presented, as it is described on table of contents. These categories include:

1 Simulation approaches for human movements

1 Exchange formats for simulation algorithms

9 Simulation of human motion Automated reasoning and behavior modelling
1 Sequencing, co-simulation and constraint models

Based on the relevance of literature against five categories, literature clustering, data
extraction and interpretation strategies are applied. This analysis is conducted based on data
collection methods and tools which are capable to process text, image, hyperlinks, videos, and
audios.

Furthermore, the overview of MOSIM work packages in relation to the state of the art are
presented. The reasoning technique (WP4), MMU framework (WP2), MMU library (WP3) and
co-simulation (WP5) are structured within the respective topics and sections. Thereby, the
proposed MOSIM approach is presented. Finally, this document provides a summary and
conclusion of the state of the art analysis.

1.2 Scope

The features of modular based natural human motion synthesis, modelling and simulation are
covered in this document. Systematic literature analysis is conducted to derive the state of the
art analysis. Literature is analyzed into five categories as it is presented in section 3. Governing
digital human motion taxonomies such as behavior modelling, motion characterization, model
constraint, sequencing and co-simulations are applied to cluster the literatures for implicit
analysis. In general, the scope of this document is limited to behavior, motion and co-simulation
approaches in different domains of applications.

1.3 Methodology

The methodology employed to conduct a literature analysis has two approaches. These
approaches include theoretical knowledge about modular motion modelling and the illustration
of motion modelling and simulation with practical use cases. In both approaches, relevant
taxonomies such as motion synthesis, analysis, generation, blending, ergonomics, co-
simulation, game animation, mock-up units, behavior modelling, process sequence, and
workflow optimizations are identified to cluster papers. In general, for this document, 84
research papers and 25 websites are filtered and considered as potential reference to conduct
the state of the art analysis particularly in this project.
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A data collection tool such as searching and filtering tools are used to extract information from
different sources such as Google, Google scholar, Springer link, IEEE portal, ACM library and
YouTube. Content information from texts, numbers, images, audios and videos is extracted
and sorted according to the defined taxonomies. This include the set of methodological
procedures to identify, record, understand, interpret and transmit information or data among
the different work packages of the MOSIM project.

2 Overview of work packages

The project MOSIM is structured in eight work packages (WP). This deliverable document is
part of the first work package (WP 1) which is responsible to define the goal and scope of the
project for all subsequent tasks. Based on these results, the requirements and the concept for
both, the MMI pre-standard and the modular simulation framework will be investigated within
WP 2. Next, the technical work packages 3 to 5 will introduce a generic tool-set for generating
the respective demonstrators. Figure 1 illustrates the relation between these three clusters.
WP 3 will develop a use-case independent MMU library, which can be used within a wide range
of domains. Using this database, WP 4 will present approaches to automatically generate MMU
sequences based on a high-leveltask-inthi s c¢c as e f dr-oralpurdlydobical leiveh
Being executed sequentially, this list of motion units would logically fulfill the desired task,
however, would lack of realism due to discontinuities (e.g. the end and start pose of two
consecutive MMUs might be different). Moreover, humans tend to perform multiple tasks in
parallel (e.g. reach and walking), which is also not covered by this list. WP 5 will solve these
problems by exploring sequencing algorithms and transition models, ultimately leading to a
continuous, plausible and realistic motion (refer figure 1). WP 6 will build multiple
demonstrators (one for each use case) using this generic framework.

“Fasten Part A and Part B”

WP 4: REASONING WP 2: MMU FRAMEWORK WP 3 MMU LIBRARY
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Fig. 1: A Proposed MOSIM approach overview
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3 State of the art analysis

3.1 Simulation approaches for human movements (WP1)

During the last decades, an exhaustive number of tools for simulating human movements have
been developed for various scopes of application ranging from ergonomics-, over
musculoskeletal- and biomechanical-simulation to animation purposes. Even though offering
a great potential to virtually plan, design and analyze a wide range of aspects related to the
human body, the predominant proportion of solutions being available both, on the market and
in academia solely focuses on their specific use-case. In particular, the approaches can be
classified according to their respective scope of application:

3.1.1 Ergonomics

This important domain focuses on the analysis, design and arrangement of workplaces,
products and systems with regard to the abilities and limitations of the people using them.
Depending on the respective use-case, the tools utilize DHMs comprising of varying level of
details, in combination with specialized motion generation approaches. However, the
simulation of complex and extensive workflows induces uneconomical manual efforts, since
postures and processes have to be predominantly modeled by hand. A representative
overview of associated tools and their digital human model comprises of following solutions:
DELMIA [1], Dynamicus Alaska [2], Ramsis [3], IMMA [4], Siemens Jack / Jill [5], Santos [6],
3DSSPP [7] and Sammie [8]. Moreover, the virtual human simulation provided by Fraunhofer
IAO [9] and Smart Virtual Worker from TU Chemnitz [10] are prominent tools for workplace
and ergonomic assessment.

Fig. 2: Digital simulation of natural human motions (image: MOSIM official webpage [11])

3.1.2 Musculoskeletal and biomechanical modelling

This cluster of simulation approaches, being related to ergonomics, utilizes high-detailed
DHMs including a fine-grained representation of musculoskeletal- or organ-system. These
tools precisely model and analyze motions of the human body, however, at the expense of the
real-time capability. Wide-spread tools within this group are AnyBody [12], LifeModeler [13]
and OpenSim [14].

3.1.3 Workflow optimization

Besides analyzing human factors and the wellbeing of individuals, others present approaches
and tools, focusing on the optimization of workflows - such as the simulation of an assembly
workplace including the order of assembly tasks or the position of racks (see IPO.log [15]). In
general, these approaches are holistically covering overall-workflows on a rather abstract level,
however, neglecting important factors (e.g. muscle forces, cognitive load or the reachability of
points) to a large extent due to the use of algorithms, only roughly simulating human motion
(see EMA [16]).

7122































