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Current technological advancements have enabled the achievement of excellence in
design of training simulators. This work highlights the challenges faced by operators in
extreme environments and harsh conditions in an attempt to underpin the necessary
features of extreme training simulators.
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1. Introduction

The use of training simulators have gained extensive attention in recent years. The possibilities
of simulating various scenarios, enabling the operators to learn, practice and acquire skills, the
reduction in cost of training simulators, and the ease of availability are some of the attributes
towards the increase in use of training simulators. When it comes to operator training simulators
(OTS) it is rather common to find software tools devoted to Control Room Operators (CROPs)
by the industrial or maritime workers. Training of Field Operators (FOPs) is less frequently
addressed, as it requires immersive environments where 3D representations of the working site
allow reproducing the real in-the-field experience. Usually, OTS for FOPs feature virtual reality
augmented virtual reality, 3D spatial sounds, and stereoscopic vision (Manca et al., 2013). All
the same, even advanced plant or vessel simulators lack important features related to both
extreme work environments and harsh conditions.

The term “extreme environments” identifies working sites and conditions that are severe
and dangerous for operators or may affect their health. Most extreme environments are given by
weather conditions mainly linked to very hot/cold temperatures, and intense humidity.
Similarly, extreme environments are also those featuring high altitude, lack of gravity,
positive/negative accelerations, deep depth, lack of light, high wind velocities, etc.

The term “harsh conditions” identifies characteristics also found in conventional/normal
environments where loud noise, presence of toxic components require the operator to don
individual protective devices that may significantly impact on their performance by impairing
their movements, reduce their breathing capabilities and in general be a detrimental point for
their activities.

Both extreme environments and harsh conditions call for a new generation of OTS
capable to cover those issues. Once the ETS is designed, programmed, and deployed a new
problem arises, which is about the critical points of training with ETS. The trainers should be
aware of the challenges and modifications of performance, capability, and situation awareness
that FOPs/seamen encounter in extreme environments. For instance, training period should be
inversely proportional to the low/high temperatures faces by the FOP. Lack of proper lighting
conditions impairs the operator efficiency. Loud noise may reduce the capability to exchange
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information with CROPs. Remote instructions may also be misunderstood or misinterpreted in
case of problematic communication between operators.

The paper is provided into 4 sections. Firstly, an introduction of operator training
simulators is provided which is followed by brief details on extreme environment as well as
harsh conditions within the context of process and maritime operations. Some insights are
provided into the performance assessment methodology for ETS before conclusions. On
account of limitation of space, this paper provides insights to the concept of ETS, which will be
followed by a comprehensive journal paper.

2 . Operator Training Simulator
The Operator Training Simulator (OTS) is a replication of parts or all of the screen-based
control system and the safety system in the control room. The safety system provides to levels
of protection against undesired events and hazard conditions (HSE risks), and is independent of
the control system (ISO, 2003). The alarm and communication system, including loudspeakers,
telephone and portable radios, are used to warn and guide personnel in the event of a hazardous
or emergency situation. (The Norwegian Oil Industry Association (OLF), 2008) The control
room operators communicate with the field operators using radio communication and monitor
the outside operations via CCTV cameras.

Many of the commercial OTS include automatic operator assessment tool based on pre-
made fixed scenarios. An overview of the largest operator training simulator vendors in the oil
and gas industry is listed in Table 1 (Abel & Avery, 2012).

Table 1: Largest operator training simulator vendors in the oil and gas market in alphabetical order (Abel
& Avery, 2012)

Vendor OTS product Website

ABB Symphony, 800xA www.abb.com
http://new.abb.com/control-
systems/service/customer-support/800xA-
services/800xA-training/800xa-simulator

AspenTech HYSYS Dynamics Run-Time, www.aspentech.com

aspenONE

DNV GL AS | Stoner Pipeline Simulator www.dnvgl.com

Emerson DeltaV OTS WWW.emersonprocess.com

Energy PipelineTrainer www.energy-solutions.com

Solutions

International

GSE systems | EnVision, JPro WWW.gses.com
http://www.gses.com/training-simulations

Honeywell UniSIM www.honeywellprocess.com

Kongsberg K-Spice, LedaFlow http://www .kongsberg.com/en/kogt/

Mynah MiMiC www.mynah.com

technologies

RSI IndissPlus www.simulationrsi.com

Schlumberger | OLGA www.software.slb.com

Schneider- SimSci DYNSIM http://software.schneider-electric.com/simsci/

Electric

(Invensys)

Siemens SIMIT www.industry.siemens.com

Yokogawa VMmaster, Omegal.and www.yokogawa.com

When a virtual reality environment is connected to the control room part of the operator
training simulator, the field operator can play her/his part into the simulation scenario. The
(control room) operator training simulator can be connected to the virtual reality environment
for example through a TCP/IP-link, thus, transferring data on control room operator actions and
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process measurements from the OTS to the VR environment, and the field operator actions from
the VR to the OTS environment. Nazir and Manca (2014) have covered the technical details of
training simulator with immersive environment. The effectiveness of such training simulator
was experimentally verified by Nazir et al. (2015), where they have compared the performance
of participants based on distinguished training.

Extensive academic studies in virtual reality environment have been conducted related
to safety and assessment (Manca, Brambilla, & Colombo, 2013; Nazir, Sorensen, @vergard, &
Manca, 2015), and learning transfer between VR environment and work situation (Ganier,
Hoareau, & Tisseau, 2014). In recent years, applications of virtual reality simulator to operator
training have appeared in the petroleum and power industries (Coppin, 2013; Keldenich, 2015).

3. What are Extreme Environments?

The term extreme environments (EE) entail places where living organisms can survive after
some adaptation. However, those places call for quite a difficult survival and may bring
organisms not yet adapted to a short if not ephemeral existence. High/low temperatures and
pressures, low oxygen contents (for aerobic organisms), high exposure to radiation,
acid/basic/salty conditions, water deficiency, and presence of polluting/toxic substances are just
a few examples of EE.

EE may include work on the Earth in outer space or in the depth of the ocean space. The
exposure of such operators to EE may be reduced to few seconds/minutes and usually does not
go beyond 8 hour shifts even if a fraction of the conditions characterizing EE may be suffered
for longer periods (for instance operators living and working at high altitudes for prolonged
time). These operating conditions may induce short to medium-term adaptation of workers (i.e.
weeks, months), where long-term adaption is the one that occurs to living species over ages (i.e.
human evolution). However, there are a number of places/conditions where no short-term
adaptation is achievable (e.g., very low oxygen content, extremely low/high temperatures,
radiation exposure, extreme wind velocities, toxic concentrations beyond safety thresholds).
With respect to living organisms, human beings have developed the capability of temporarily
adapting to environments by donning protective measures that make their survival less hard.
Indeed, EE conditions may be somehow mitigated by specific clothes and wearable devices
(e.g., overalls, helmets, protective shields, earplugs, air bottles), which all the same, may also
play a hampering/coercing role with respect to normal operating conditions. Temperature and
pressure are probably the most important variables that hamper the work of operators with
further elements such as wind, noise, gravity, external forces, radiation, humidity, lack of
oxygen, and lighting conditions playing a synergic role in increasing exposure, inconvenience,
stress, fatigue, and weakening.

4. What are Harsh Conditions?

The term harsh conditions (HC) can somehow be put beside extreme environments. This paper
refers to HC as either artificial environments or artificially induced conditions that take the
operator far from nominal/standard working conditions. Instances of HC can be:
* the engine room of a ship where temperature, humidity, and noise can be heavily in
excess of comfort thresholds;
* mining operations where temperature, humidity, noise, darkness, and air properties
usually do not meet standards or work at the surface
* abathysphere where extreme silence broken by sudden and unexpected cracklings,
darkness, and the angst of mechanical risk can distract the attention and concentration
of operators;
* (non)periodic alternation of light and dark with possible flashes as in welding activities,
or flashing environments;
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* external operations in airports with loud noises, flashing lights, high wind speeds from
engine turbines;

* (petro)chemical sites with loud noises, variable lighting conditions, odours, and toxic
atmospheres;

* Ocean-going chemical tankers with isolation from the outside world, cramped spaces,
and restricted areas where breathing masks and protective overalls must be donned
independent of the alert level.

It is worth pointing out that this paper does not focus on workplace health and operator
safety. Rather, we are interested in highlighting how discomfort, nuisance, unease, affliction,
distress, and pain can modify the working capability of operators and limit their ordinary ability
to carry out specific tasks. These elements of inattention diminish the situation awareness (SA)
of operators and can impact on their efficiency and skill by inducing fatigue or bodily
discomfort. In addition, fatigue and discomfort may lead to slips and unintentional erroneous
actions, which are among the highest causes of abnormal situations, near misses, and possible
accidents in industrial, maritime, and military/space environments. For this reason, we will
emphasize the discomforts and disorders produced by short (i.e. acute) exposure to either EE or
HC and overlook long (i.e. chronic) exposure to hazardous sources. Our target is to stress the
importance of being concerned about those elements to improve the preparedness of operators
by suitable training methods and tools.

The aforementioned points highlights some of the many challenges realted to EE and HC which
shall be considereted during the development of ETS.

5. Assessment of ETS

The success of any training simulator should be judged by the transferability of training
(Grossman and Salas, 2011; Manca ef al., 2014). The evaluation of training can be conducted by
using well-defined performance indicators. Such performance indicators can be developed in
accordance with the tasks, conditions, and challenges faced by operators/seamen in extreme
environments. Even though the advancements in training simulators can be seen in recent years,
little is done on the assessment methodology of the training simulators. Therefore, we will like
to consider the assessment feature in the development of ETS rather than considering it after the
development. Thus performance assessment will be achieved by developing suitable
performance indicators, which can be conceptually represented in Figure 1. The details of
development of performance indicators, their categorization, and implementation in training
simulators can be found in Manca et al., (2015).

Indicators

/ AN
Physical l with SOPs
Performance
Logger — | Assessment | +—
Module

Internal

Figure 1 Conceptual framework for Performance Indicators (PIs) for ETS
As ETS is focused on skills required in extreme environment, therefore, it would be essential to
conduct detailed task analysis before devising the performance indicators. Experts may collect

‘ Performance J
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the data regarding Pls through questionnaires and interviews. While, the weighing criteria can
be developed by using well established mathematical tools (for instance Analytical Hierarchal
Process; Saaty, 2008).

6. Discussion

In recent years the gap between how the work is designed and how the work is performed
has been a topic of interest for researchers as well as for practitioners. Unfortunately, the
challenges faced by operators/seamen in extreme environments have been under the shadow of
Human Factors research. That technological revolution has dramatically changed the roles and
goals of operators. Nevertheless, certain extreme environments (e.g., intense temperature,
climate, noise, vibrations, sea waves, heights, etc.) are unavoidable. Evidently on-the-job
training is not a viable solution for such conditions. Current technological advancement
provides the possibility to simulate extreme environments, where operators can be acclimatized,
trained and assessed before embarking those tasks, and where safety procedures and drills can
be trained to reduce the dangers of accidents and injuries on the job. This paper has provided
some insights into extreme environment and harsh conditions with the hope of encouraging
more research on this area which may result in advance Extreme Training Simulators (ETS).

References

Abel, J., & Avery, A. (2012). Operator Training Simulation - Global Market Research Study (pp. 208).

Birnbaum M. H. (1993). Optometric Management of Nearpoint Vision Disorders. Butterworth-
Heinemann, Reed publishing Inc. Boston.

Coppin, D. (2013). Video game technology transforms operator training. Hydrocarbon Processing,
92(12), 53-56.

Ganier, F., Hoareau, C., & Tisseau, J. (2014). Evaluation of procedural learning transfer from a virtual
environment to a real situation: a case study on tank maintenance training. Ergonomics, 57(6), 828-
843. doi: 10.1080/00140139.2014.899628

ISO. (2003). Petroleum and natural gas industries - Offshore production installations Basic surface
process safety systems (Vol. 10418, pp. 116). Switzerland: ISO.

Keldenich, M. (2015). Utilizing 3-D Virtual Reality Visualization for Efficient Power Projects and
Training. Power, 159(1), 39-42.

Lie, I. and Watten, R. (1994). VDT work, oculomotor strain and subjective complaints. An experimental
and clinical study. Ergonomics, 37(8), 1419.”

Lie, I, Fostervold, K. I., Aaras A & Larsen S. (1997). Gaze Inclination and Health in VDU-operators. In
Seppéld, P. Luopajarvi, T. Nygard, C. H. and Mattila, M. (Eds): From Experience to Innovation,
1EA'97 (vol. 5), Helsinki: Finnish Institute of Occupational Health, 50-53.

Manca, D., Brambilla, S., & Colombo, S. (2013). Bridging between Virtual Reality and accident
simulation for training of process-industry operators. Advances in Engineering Software, 55, 1-9. doi:
10.1016/j.advengsoft.2012.09.002

Manca, D., Nazir, S., Colombo, S., & Kluge, A. (2014). Procedure for automated assessment of industrial
operators. Chemical Engineering Transactions, 36, 391-396.

Nazir, S., & Manca, D. (2014). How a plant simulator can improve industrial safety. Process
Safety Progress, n/a-n/a. doi: 10.1002/prs.11714

Nazir, S., Kluge, A., & Manca, D. (2014). Automation in Process Industry: Cure or Curse? How
can Training Improve Operator’s Performance. Computer Aided Chemical Engineering, 33,
889-894. doi: http://dx.doi.org/10.1016/B978-0-444-63456-6.50149-6.

Nazir, S., Sorensen, L. J., Overgard, K. 1., & Manca, D. (2015). Impact of training methods on
Distributed Situation Awareness of industrial operators. Safety Science, 73, 136-145. doi:
10.1016/j.ss¢i.2014.11.015

Saaty, T. L. (2008). Decision making with the analytic hierarchy process. International journal
of services sciences, 1(1), 83-98.

The Norwegian Oil Industry Association (OLF). (2008). Norsok Standard Technical safety S-
001. Lysaker: Standards Norway.

NES2015 C5-20



	NES2015
	Sponsors, exhibitors, and contributors
	Creating Sustainable Work-environments
	Organiziers
	Welcome to NES2015
	Program NES2015
	Key note speaker presentation NES2015
	Oral Sessions
	Osvalder, A.L.,  Andersson, J., Bligård, L.-O., Colmsjö, A.  
Ergonomic features of control room environments for improved operator comfort and support

	Schlacht, I., Ceppi, G., Nazir, S. 
Sustainable quality: from the Space station to everyday contexts on Earth
	Rolfö, L., Eklund, J. 
Examining Office Type Preference
	Raanaas, R.K., Bjørnstad, S. Patil, G. 
Nature contact at office work places and organizational support: benefits on stress reduction, subjective health complaints, and sick leave
	Aalmo, G.O.  
Enhancing safety and productivity in fully mechanized forest operations; workload influence on operator performance
	Øvergård, K.I., Paulsen, M., Nazir, S. 
Differences in the perception of normative and descriptive accident narratives
	Bligård, L.O., Berlin, C., Österman, C. 
Comparing the 2D and 3D models as tools for evaluation of workplace
	Calogiuri, G., Evensen, K., Weydal, A., Andersson, K., Patil, G., Ihlebæk, C., Raanaas, R.K. 
Green exercise as a workplace intervention to reduce job stress. Results from a pilot study
	Thatcher, A., Chunilal, H. Development and validation of a workspace layout survey for use in green building certifications
	Johnsen, S.Å.K.
Developing an environmental organisational climate concept, a few lessons from research on safety climate
	Ahlgren, F., Österman, C. 
A social sustainability perspective on an environmental intervention to reduce ship emissions
	Hemphälä, H., Zetterberg, C., Lindberg, P., Heiden, M., Nylen, P. 
A method for assessing risks in visual ergonomics
	Helland, M., Long, J. 
Spending too much time looking at digital screens? How to avoid visual problems!
	Lindegård, A., Norlander, C., Jakobsson, H., Arvidsson, I. Prismatic glasses reduces neck pain in dental personnel
	Glimne, S., Seimyr, G.Ø., Brautaset, R. 
Effect of three-dimensional central visual stimuli on vergence control
	Kwak, L., Wåhlin, C., Stigmar, K., Hermansson, U., Jensen, I. 
Development of occupational health practice guidelines: a Swedish model
	Johansson, M. 
New legislation in Sweden regarding the organizational and social work environment
	Petersen, G. 
User involvement – a way to successful implementation of new methods
	Carlsson, R., Wersäll, M. Liljefrost, E. 
The Organization Makes the Difference
	Johansson, M. 
An approach in the field of cognitive work environment
	Wiberg, V. 
Review of the knowledge concerning the digital working environment and cognitive loads 
	Johansen, T., Helland, M., Schiøtz-Thorud, H-M. 
Children’s use of handheld digital devices – how to prevent eyestrain and musculoskeletal complaints?
	Mork, R., Fostervold, K.I., Schiøtz-Thorud, H-M.
Visual and Psychological Stress during Computer Work
	Nguyen, P., Volden, F. 
One-handed use of large smartphone screens. -An EMG study of ergonomically challenging interfaces
	Oblakoff, K., Forsman, M. 
Activity in four muscles during email work with computer, smartphone and smartphone with ergonomic recommendations
	Ekstrand, M. 
Social Interaction in Activity Based Workplace Concepts
	Nilsen, V., Koren, P.C. Destructive leadership behavior – prevalence and consequences
	Jensen, M.G. 
Mobbing and Conflict - On Irrational Critique an the Ethics of Intervening
	Power, F.P. 
Ergonomics Risk Management in the Irish Workplace: An Evolving Process
	Nazir, S., Manca, D., Øvergård, K.I. 
The Impact of Trainer on Training Transferability
	Eliasson, K., Lind, C., Nyman, T.
Facilitators for the implementation of ergonomic interventions
	Rolander, B., Wåhlin, C., Johnston, V., Wagman P., Lindmark. U 
Organizational aspects of work load and health among occupational groups in a Swedish public sector dentistry
	Osvalder, A.-L., Colmsjø, A. Design features of an office chair promoting health and performance upon sedentary work
	Tobiasson, H., Gulliksen, J. Movement in Mind – exploring bodily approaches in Office work
	Hägg, G.M., Sødersten, M. 
Voice ergonomics – an area for collaboration between speech language pathologists, ergonomic practitioners, and acousticians
	Jakobsson, M., Wiberg, V.  
How can future patient safety and work environment at expedition with advanced medical equipment be noted as important factors during the design and procurement phase in the perspective of an earlier serious accident? 
	Lange-Morales, K. 
The Use of Medical Devices in Healthcare Institutions: Understanding Compatibility in Operating Room (OR) Technology
	Heikkilä, J., Viitanen, K., Levasluoto, J., Tuovinen, J. Challenges in complex adaptive healthcare systems
	Khalid, O., Caliscan, D., Ore, F., Hanson, L. 
Simulation and evaluation of industrial applications of Human-Industrial Robot Collaboration cases
	Øvergaard, K.I. 
Human Error: Causality and the Confusion of Normative and Descriptive Accounts of Performance
	Nilsson, R., Bligård, L.O. 
PU2B-model, connecting Human Factors and Systems Engineering for effective Product Development
	Nazir, S., Manca, D., Komulainen, T.M., Øvergård, K.I. 
Training Simulator for Extreme Environments
	Rydstedt, L., Devereux, J. 
A longitudinal study of the impact of age and job demands on wellbeing for younger and older white-collar workers
	Blomé, M., Hansson, C., Odenrick, P., Rydenfält, C. 
Stimulating innovation through small business and university collaboration
	Watten, R.G., Fostervold, K.I., Rydstedt, L.W. 
Stress hormones in the hair: A new method for investigation of stress and work-load
	Yung, M., Wells, T. 
Responsiveness and Reliability of Selected Neuromuscular Fatigue Measures for Workplace Use
	Forsman, M., Rhén, I.-M., Eliasson, K., Lindberg, P., Palm, P., Nyman, T., Balliu, N., Kjellberg, K. 
Reliability in ergonomic risk assessments by observation
	Ericsson, P., Wahlstrøm, J., Forsman, M. 
Reliability of 25 ergonomists’ ratings of risks with QEC and RULA
	Yazdani, A., Wells, R. 
Key informants’ perspectives on possible barriers and challenges for successful prevention of Musculoskeletal Disorders (MSD) in organizations
	Yazdani, A., Wells, R. 
How organizations address Musculoskeletal Disorders (MSD) prevention within their management system framework?
	Veierstedt, K.B., Hanvold, T., Lunde, L.-K., Koch, M., Wærsted, M. 
Hypotheses on causation and latency of neck and shoulder pain in low-level effort jobs
	Hägg, G., Schmidt, L., 
Specific risks for musculoskeletal disorders at professional window cleaning
	Van Leeuwen, W., Jepsen, J.R., Barnett, M., Åkerstedt, T., Kecklund, G. 
Long term sleep, fatigue and working conditions at sea: a field study among seafarers
	Linder, M., Tegbrandt, K. Implementation of RAMP method at Scania
	Zhao, Z., Jepsen, J., Chen, Z. 
Work fatigue and occupational health of seafarers – case studies in European and Chinese shipping industry
	Lind, C., Forsman, M. 
Accuracy of a posture measurement system for practitioners
	Falck, A.-C.., Andersson, L., Mattsson, S., Karlsson, M., Rosenqvist, M., Søderberg, R. Comparison of two methods for assessment of assembly complexity - what are they good for?
	Yang, L., Forsman, M. Development and validation of a novel iOS application for measuring arm inclination
	Poster Session
	Lindmark, U., Wagman, P., Wåhlin, C & Rolander, B. Evaluation of workplace health among dental care employees in a Swedish county council - a salutogenic perspective
	Gudding, I.H. Workplace description – a useful tool in reducing sickness absence.
	Kekkonen, P. & Väyrynen, S. Towards optimal task distribution between the nursing staff and the support services by a resilient, reliable and easily accessible comprehensive support service system
	Ahonen, H., Rolander, B & Lindmark, U. Patient’s perception of quality of care in Swedish dentistry
	Björklund, A. Better working environment with recurrent ergonomics rounds
	About Lillehammer

