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Abstract 

The German network of waterways of some 7400 km 
with about 450 lock sites requires continuous attention 
and activities while ensuring high level of operational 
availability and occupational safety and health (OSH). 
With consideration of best practice standards for river 
locks of the future it should be possible to improve the 
quality of the network, to draw upon spare capacity for 
increasing freight transport volumes and to reduce costs 
across the life cycle. Standardisation in river lock design 
has been established referring to several lock 
components (e.g., gates, inspection safety closings, 
bollards). A project has been launched to strengthen the 
impact of OSH in the standardisation of river locks in 
their future contexts of use; referring to European 
Directives on machinery safety and on safety and health 
of workers at work.  
A virtual reality (VR) simulation model based on plans 
for a new river lock site will be used for assessing risks 
and for providing measures to reduce risks compatible 
with component standardisation and OSH requirements. 
The procedure of setting-up a VR model will be guided 
along (1) purposes for setting up a VR model, (2) the 
context of use, (3) scenarios, (4) relevant information 
and its sources, (5) model components (6) means to 
enable human-system interaction, (7) merging of model 
elements into a VR master model, (8) usability of the VR 
model, and (9) virtual river lock support for risk 
assessment. The procedure presented is specific, as it 
will result in a VR model for a standardised river lock in 
Germany; however, it is also generic as it can easily be 
adapted for model development of any other machinery 
or work system. 
Keywords:  
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Introduction 

The German network of waterways of some 7400 km 
with about 450 lock sites requires continuous 
maintenance, development and services while ensuring 
high levels of operational availability and occupational 
safety and health (OSH) [1]. Future river locks should 
consider best practice standards to improve the quality 
of the network, to draw upon spare capacity for 
increasing freight transport volumes and to reduce costs 
across the life cycle. Standardisation in the given context 

has given high priority and refers to several lock 
components such as gates, inspection safety closings, 
and bollards [16], to name but a few; being selected 
based on best practice, experience and expertise in river 
lock construction for inland waterway transportation. 
Risk assessments for river locks are mandatory with 
regard to the Machinery Directive (2006/42/EC) [18]. 
They are also required for operational acitivites 
according to the OSH Framework Directive 
(89/391/EEC) [24]. Although both types of risk 
assessments refer to design requirements and address 
risks with regard to human interaction with machinery, 
the first focusses on designing safe machinery and the 
latter focusses on machinery operation in the context of 
use. Integration of risk assessment in a process of 
component standardisation for river locks may therefore 
not only improve OSH but also has additional 
advantages. This is because re-design due to safety 
issues would be highly resource-demanding, if not 
impossible, when river lock construction has already 
been completed. As digital technologies become widely 
used in machinery design and in construction [Zhou et 
al. 2012], tools and processes for digital models are 
developed and improved to support collaborative 
activities in OSH such as risk assessments. 
The German Social Accident Insurance Institution of the 
Federal Government and for the Railway Services (UVB) 
launched a project to strengthen the impact of OSH on 
the standardisation of river lock components in their 
future context of use. The aim of the research is to 
perform risk assessments of river locks of the future, 
including standardised components and referring to 
European Directives on machinery safety and on safety 
and health at work (see also IFA5135 at 
www.dguv.de/ifa/sutave). The research issues 
presented here is to inform about the development of a 
dynamic virtual reality (VR) model of a future river lock 
with standardised components as a highly crucial step 
with serious consequences for the support of risk 
assessment and for recommendations on OSH design 
improvements in early stages of design.  
 

Development of a simulation model 

Risk assessments in practice often benefit from 
considering on-site operations and from accessing 
functional knowledge, experience with similar tech-
nology, mental simulation and imagination in order to 
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compensate for incomplete predictions of machinery in 
future contexts of use [31]. Increasingly, this is 
supported by model based animation and simulation 
methods for machinery components (e.g. 3D CAD), for 
whole machinery (e.g. mock-ups), in dynamic operations 
(e.g. operational states) and contexts of use (e.g. work 
system) [4, 14]. VR modelling and simulation has been 
considered an initial step for conducting risk 
assessments of a standardised river lock within specified 
future contexts of use and in line with [9]. This calls for 
an iterative multi-step procedure in model set up 
referring to systematic approaches and 
recommendations available from studies in similar 
contexts [11, 2, 14, 17, 19, 22]; as developed, agreed 
upon and presented in the following subchapters: 
 
1. Clarify and specify purposes for setting up a VR 

model 
2. Understand and describe the context of use 
3. Define and select scenarios 
4. Select all relevant information and identify the 

source of information 
5. Design model components and specify level of 

detail 
6. Specify and develop procedures/ means for human-

system interaction within scenarios 
7. Merge model components, environments, dynamics 

and interactions into a VR master model 
8. Evaluate the usability of the VR model 
9. Apply the VR model for risk assessment support 
 

Clarify and specify purposes for setting up a VR 
model 

VR models are used for different purposes such as 
visualisation of past, present or future design solutions 
or as interactive environments for testing, studying and 
controlling system design components or as training 
facility [13]. Unfortunately, it is not always possible to 
use one VR model for different purposes (i.e. testing and 
training). In the given research the VR model should 
primarily allow for risk assessment support based on the 
Machinery Directive (2006/42/EC) [18] as well as on the 
OSH Framework Directive (89/391/EEC) [24]. 
Performing the risk assessments should also be similar 
to real life situations with a range of different scenarios 
available for on-site inspections at the virtual river lock. 
The VR model is intended to assist and to support risk 
assessments by inspectors experienced in OSH 
assessments and in operational concepts of river locks. 
 

Understand and describe the context of use 

It is important to know how the overall system should 
work and what may happen during operation as well as 
who is involved and is doing what and when with 
technical system components. This is best specified in 
terms of the context of use [8], describing the users, 
tasks, equipment, and the physical and social 
environment in which a product is used [7]. 
Methodological support for task or activity analyses is 
provided by [6] and [10, see also 12]. 
In the given research, potentially relevant users of river 
locks could be seen as personnel working at the river 

lock for inspection, maintenance and control as well as 
others, such as personnel of river barges, crews of 
private boats and emergency services. All tasks, 
activities and potential incidents at a river lock should 
briefly be described, including normal operations (e.g. 
locking barges, maintenance of lock gates, 
transportation of floating debris) and abnormal 
operations (e.g. collision of barge with lock components, 
failures of technical system components). Since the 
given project refers to OSH assessments, it may even 
be relevant to identify contexts of use over the 
machinery life cycle from putting into operation, 
operation, maintenance, until demolition or recycling 
(see Figure 1). At this section no restrictions are 
required for context of use descriptions. Reasonable 
explanations for reductions should be given, however, 
when selecting and describing use cases and scenarios. 

 
Figure 1: River lock chamber during maintenance work 
[Foto: Nickel/IFA] 

 

Define and select scenarios 

Scenarios are seen as procedures of tasks or activities 
at work that should specifically be addressed during 
application of the VR model. Descriptions usually refer to 
all individual components and how they are related in 
static and dynamic situations. They include storyboards 
on documentation of sequences of events.  
In the given research this refers to scenarios relevant for 
OSH risk assessments at the virtual river lock using 
standardised components. Scenario specification and 
selection is required since not all variations in contexts 
of use will be represented in individual scenarios. VR 
modelling, however, allows for more different and 
flexible switching between scenarios than usually 
available at a time in reality. OSH assessments may 



225

 Poster session

require referring to systems design both before putting 
into operation and during normal and maintenance 
operations under various conditions. Unforeseen 
situations, however, as occurring in real life, cannot 
properly be modelled and simulated for lack of 
information about the sequence of events.  
Once the VR model is available for application, it may 
require some additional resources to include new 
scenarios due to lack of system components or 
functionality or interactivity.Therefore, a discussion 
about criteria for scenario selection is seen helpful to 
avoid disappointments about limitations of the VR model 
for risk assessment support. Relevant criteria could be 
(a) typical tasks, (b) accident prone situations or (c) core 
hazardous situations, (d) common tasks, (e) situations 
involving many operators, (f) situations that refer to 
many components or the whole system, (g) situations 
that refer to specific components of the machinery, (h) 
operational concepts, to name but a few.  
For risk assessment support of river locks a mixture of 
several criteria should be taken into account. As the 
most typical and common task, scenarios for upstream 
as well as downstream locking of ships will be included. 
In addition, draining dry of a river lock for maintenance 
work at lock gates should be available, since it is 
accident prone, includes many hazards, involves many 
operators and requires additional equipment at the 
worksite. Finally, several other scenarios will more 
specifically address standardised components during 
locking of barges and during maintenance procedures 
(see Figure 2). The VR model should therefore also 
comprise specific functionality and interactivity. 

      
Figure 2: River lock components. 

 

Select all relevant information and identify the 
source of information 

For modelling and simulation, virtual scenarios require 
digital data in a quality not always at hand in reality. 
Data required for a specific scenario will not be readily 
available for use; however, some data for components 
may. Identification of potential sources of relevant digital 
information therefore supports scenario composition and 
development. Since planning and construction of 
technical equipment nowadays often is processed in 
software, scenario components may be available from 
manufacturers or from vendors providing 3D CAD 
formats and solids. Scenarios can therefore be created 
based on 3D model components, complemented with 
components manually prepared using 3D CAD software.  
This is similar in the given project. The first river lock 
including several standardised components is still under 
planning. As far as accessable, 3D model components 
from the waterways and shipping administration would 

be suitable, however, for planning processes most often 
2D and electronic or paper drawings are seen sufficient. 
Besides, river locks in general consist of several 
components related to mechanical engineering (e.g. 
hydraulic jacks) or others related to construction 
engineering (e.g. pier or steel piling). Across domains, 
software programmes and data formats often are 
different. When engineering offices get a tender for 
developing planning information, they often internally 
work with 3D, but provide specific 2D format as required 
by administration. Model components not available or 
not suitable due to formatting therefore require redesign. 
3D CAD will then be used for development based on 
paper drawings or other information available from the 
waterways and shipping administration. 
 

Design model components and specify level of 
detail 

All model components need some editing before they 
can be integrated in a VR master model [30]. This refers 
to models in 3D CAD format and decisions about the 
level of detail required for VR application. It also refers to 
a VR software toolkit and decisions about functionality 
for animation and control to be integrated.  
A high quality data set with design components 
representing real planning data has been rated 
important in the given project. Therefore, all VR model 
components will initially be made available in 3D CAD 
(Solid Works, USA) format. This format is used for 
editing and redesigning components. Editing is required 
for adaptations of last minute changes with regard to the 
planning state, but it is also related to simplifying 
components and making them more suitable for the 
given VR applications. VR model components should 
require low processing resources and contain as few as 
possible polygons; i.e. CAD solids without inside 
information, if possible. In case movement of parts is 
required, some details need still be available to 
demonstrate mechanisms and movements (e.g. sliding 
panel in lock gate).  
The project refers to three sources for model 
components. The main source will potentially be 3D 
CAD already available. CAD files are divided into 
individual components and edited to get CAD solids. 
Another source is related to additional or environmental 
components (e.g. barges, cranes, trees, and buildings) 
that can be purchased and integrated from 3D model 
vendors or from former VR applications. The most 
labour-intensive components are those not yet available 
in 3D CAD format. Design and redesign of components 
based on 2D planning information available is required. 
All model components will be made available in Virtual 
Reality Modeling Language (vrml) format for import into 
the Vizard Virtual Reality Toolkit (WorldViz LLC, USA). 
 

Specify and develop procedures/ means for human-
system interaction within scenarios 

Another important issue in the development of a 
dynamic VR model is the specification of sequences of 
events and dynamics within scenarios and how to 
control them [27]. It is fundamental since it addresses 
requirements for appropriately performing risk 
assessments associated with machinery involved in 
work tasks and activities. Information about actions and 
processes are provided by the context of use analysis, 
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scenario descriptions and storyboards. VR programming 
also refers to physical processes (e.g. systems for 
moving or changing) and allows interactive simulation. 
Dynamics will be implemented into VR model 
components. Integration of controllers in terms of 
graphical user interfaces enable input and trigger 
events.  
Among the most complex scenarios is the locking of 
barges, because it includes the machinery as a whole 
and requires movements and changes of several 
components of the river lock (e.g. gates, bollards, 
signalling) as well as the environment (e.g. barges, 
sound, water). Variations of natural speed of movements 
would be helpful to support realisms while at the same 
time benefit from simulation systems. Options like 
speeding up or replaying sequences have been shown 
advantageous for effectively performing risk assessment 
[25]. They are considered a specific requirement for 
assessing risks associated with moving parts of 
machinery. 
Several tools in terms of preferably graphical user 
interfaces are required in VR to support risk 
assessments according to requirements. They should 
serve purposes such as  
 
 switching between points of view, changing 

inspection places and walking fast (e.g. predefined 
bird view, on the pier or under water, potentially 
hazardous areas),  

 triggering predefined movements of various moving 
parts of the river lock within a context of use (e.g. 
opening gate),  

 triggering procedures according to storyboards (e.g. 
do not switch to green signalling before gate is 
clear),  

 reviewing crane access on the river lock (e.g. space 
requirements for crane and material loaded),  

 viewing design alternatives (e.g. downstream gate 
collision protection by cable or bar),  

 taking pictures or videos for documentation (e.g. of 
identified hazard),  

 controlling wheather conditions at the river lock 
(e.g. sunshine, artificial lightning), and  

 taking 3D tape and other measures in the virtual 
environment (e.g. height of guardrails, width of 
emergency exits).  

 
In the present research, Python (Python Software 
Foundation, USA) and the Vizard Virtual Reality Toolkit 
are used for the development of procedures and means 
for human-system interaction including tools required to 
support interactions (see Figure 3). The software also 
implements kinetics and animations for moving parts of 
machinery (e.g. lock gates, water level). As a result all 
model components should be available in appropriate 
format and size to build a master model in VR. 

 
Figure 3: Modelling systems  and including control for 
dynamics of the virtual river lock. 

 

Merge model components, environments, dynamics 
and interactions into a VR master model 

The VR master model will be close to the virtual 
environment for conducting risk assessments of river 
locks with standardised objects. All model components 
available will be fed into a database with information 
about file name and location, coordinates and orientation 
within the virtual environment and settings for 
presentation and scenario control. Some of the 
components are available in different versions (e.g. 
downstream gate collision protection by cable or bar), 
some have different options for visualisation (e.g. 
caverns covered or not) and others are available with 
the VR toolkit needing adaptation and specification (e.g. 
environmental models for water, sky, lightning, sound, 
gravity).  
VR applications available also require coding for moving 
and navigating in the environment (e.g. walk on river 
lock, switch points of view), for taking 3D measurements 
at the virtual river lock (e.g. flexible tape measure), and 
for virtually manipulating and controlling components 
and scenarios (e.g. user interface for locking of barges). 
In addition, some functionality for documenting activities 
in the VR laboratory during OSH assessments has also 
seen useful (e.g. taking pictures and screen shots, 
videotaping sessions and logging of activities). 
 

Evaluate the usability of the VR model 

In general, design efforts in human system interaction 
including the concept of usability have undergone a shift 
from being computer-oriented and programme-oriented 
to being more focused on the actual context of use [3, 
29]. VR applications can suffer from severe usability 
problems such as disorientation and lack of manipulation 
functionality resulting in low external validity [28]. 
Therefore, a dynamic VR model including all options and 
tools (see Figure 4) should undergo a usability 
evaluation before conducting a risk assessment by a 
team of inspectors.  
Inspection methods such as cognitive walkthrough and 
heuristics have already successfully been used for 
evaluations of VR models [28, 15] and refer to analytical 
techniques in formative evaluations for improving 
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ergonomics design quality and human-system 
interaction [20]. In addition, design recommendations for 
conducting risk assessments in VR should be taken into 
account during model development [25, 22, 5, 26]. 
Ideally the evaluation should also consider the location 
for conducting the assessment (e.g. VR lab; see 
www.dguv.de/ifa/sutave).The evalution should be 
embedded in a design review for integrating VR 
functionalities and procedures in the design and 
verification process for model development. 

 
Figure 4: Taking 3D tape measures (green box) at the 
virtual river lock. 

 

Apply the VR model for risk assessment support 

After having successfully conducted a usability 
evaluation the VR model is available for application. In 
addition to decisions about media to choose for 
applications (e.g. computer monitor, VR lab, head 
mounted display) preparations are also required for 
conducting the risk assessment. Relevant issues are 
questions about what, who, why, when, how addressing 
among others scenarios, interactions, number of 
inspectors, basis for decision making, decision making 
process, tools required, time frame, and documentation.  
 

Discussion 

A procedure for setting up a VR master model to support 
risk assessments has successfully been developed and 
agreed upon. With regard to the project on OSH 
improvements for standardised river locks in early 
stages of design it has already been possible to initiate 
the process. The main purpose of the VR model has 
been specified as application for risk assessment 
support. The context of use within the given project is 
restricted to new constructions of river locks for inland 
waterway transportation that takes into account recently 
standardised components.  
Though there are potentially many scenarios relevant for 
risk assessments, the number of scenarios has been 
limited. It was important to provide scenarios to 
investigate requirements related to both the Machinery 
Directive and the OSH Framework Directive. As a rather 
generic scenario upstream and downstream locking of 
barges has been selected. With a view to Machinery 

Directive it was seen important to start with aft and head 
of the river lock and to concentrate on both the 
mechanical and construction engineering part of the 
machinery and their interactions. With a view to the OSH 
Framework Directive it was seen important to focus on 
maintenance operations with several operators involved 
(e.g. draining of river lock and gate maintenance) and on 
safety issues with regard to the lock superstructure (e.g. 
guard railing, maintenance for lightning and camera 
systems). With an emphasis on prevention through OSH 
design at river locks it is important to take a complement 
approach with regard to risk assessments and design 
requirements from both Directives. 
Further steps will build on experiences from former 
projects [23, 25] and from above mentioned sources. 
Some clear advantages of the presented approach have 
already been demonstrated. The procedure presented is 
specific, as it will result in a VR model for a future river 
lock with standardised components in Germany; 
however, it is also generic as it can easily be adapted for 
model development of any other machinery or work 
system. 
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