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ABSTRACT
Over the last ten years there has been a significant increase in the number and type of remote monitoring systems used to measure a range of natural and man-made environmental parameters. Initially developed as
stand-alone systems that required a field technician to down load the data, these monitoring units are now web
enabled allowing for the centralised storage of data in repositories. The data is as diverse as it is detailed and
the quantity of the data is both challenging to manage and challenging to interpret. The increase in the number
of monitoring systems has coincided with an increase in the requirement for the timely notification of changes to
environmental parameters. The current trend is to use 'dashboard' and 'traffic light' systems that incorporate
alarms using email and SMS notifications which result in reactive management strategies. This paper provides
an overview of the research behind Situation Awareness and Data Visualisation that can assist in the integration
of monitoring data from a range of different data streams. The research indicates that the user’s perception and
awareness of the situation is enhanced when they are provided with appropriate data visualisation. Furthermore, the increased situation awareness results in decision-making that can be pre-emptive rather than reactive.
1 CONTEXT
Over the course of two weeks I met with each of the mines open cut examiners (OCE), the men and women
responsible for the day-to-day operation of the mine. The roles of the OCE are dictated by statutory rules and
laws that govern the safety and health of people working in and around the surface excavations during mining.
Typical activities include the daily management of the workforce, the organisation of machines and manpower
required to achieve the production schedule, and the implementation mine’s environmental controls and safety
requirements. Every meeting was accompanied by the incessant chatter from a two-way radio carried by the
OCE. To me, the chatter from the radio was garbled and incoherent and I had to concentrate to make out even
the simplest sentence. At each meeting I felt I had the OCE’s full attention, but every now and then the OCE
would reach for the radio and say something like “Joe, can you run that load around to the B12 RL 65 dump”. I
can only assume that someone else was talking on the radio about the load of rock Joe had on his truck and
that the OCE could interpret the garbled static coming over the radio. Even while talking to me the OCEs were
fully aware of what was happening in the mine and could respond to the situation in a timely fashion. I was
there to talk to the OCEs about adding to their workload, or was it to simplify their workload? It seemed to me
that they already had a really good understanding and awareness of what was happening within the mine. My
objective was to streamline one aspect of their job; facilitate the interpretation of the monitoring data from their
continuous noise monitoring network to enable them to better manage the noise emanating from the mine.
2 BACKGROUND
EU Directive 2002/49/EC defines environmental noise as unwanted or harmful outdoor sound created by human
activities. Major sources of noise include road and rail traffic, aircraft, industrial activity and power generation.
The challenge with measuring, assessing and reporting environmental noise has been the subject of numerous
research articles over the millennia. In recent years the deployment of permanent monitoring networks (Vincent
& Lambert 2005, Mioduszewski et al. 2011, Parnell 2015, Aumond et al. 2017) has resulted in the development
of techniques for the dynamic interpolation (tuning) of noise maps using continuous noise monitoring data (Mioduszewski et al. 2011, Wei et al. 2016, Aumond et al. 2017), the development of pattern classification algorithms to separate target and interfering noise sources recorded by continuous noise monitors (Maijala et al.
2018), the assessment of uncertainty in monitoring data (Morillas & Gajardo 2014, Liguori et al. 2016, Ruggiero
et al. 2016, Shilton 2017) and the development of innovative methods for communicating and presenting the
monitoring data to the public in real time (Vincent et al. 2011, Kenny & Manvell 2014, Gasco et al. 2017).
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Manvell (2015) proposes that environmental noise standards and legislation were typically structured around
principles of noise monitoring (after the fact) rather than noise management. To wit, over the last 18 years the
mining industry in New South Wales, Australia, has installed over 60 continuous noise monitors either individually or as part of a continuous noise monitoring network. The data from the different proprietary units is reported
in a number of different formats using a range of different media and access protocols. In addition to this, the
quantity of raw data recorded by a single noise monitor can be in excess of 330 Mbytes per day.
Our a priori is that the installation of continuous noise monitoring networks facilitates the move away from an
operational framework based around monitoring to one that enables the strategic management of the noise
source(s). However, to facilitate this, these systems need to collate, analyse and report on the real-time noise
monitoring data, and the accompanying meteorological conditions and operational parameters associated with
the noise source(s). To augment the OCE’s awareness of their complex surroundings, this information needs to
be presented in a format that enhances their perception of the current environment, improves their comprehension of the data in relation to the stated aim, objective or goal of their role, and enables them to identify potential
future actions and outcomes. All these elements are encompassed by Endsley’s 1995 theory on Situation
Awareness (Endsley 1995) and the research into Data Visualisation (Aigner et al. 2008, Aigner et al. 2011,
Franklin et al. 2017, O’Neill et al. 2017).
3 SITUATION AWARENESS, VISUALISATION AND DASHBOARDS
The theory of situation awareness has been described as comprising three levels: the perception of the environment, both element and event, with respect to time and space; the comprehension of the meaning of these
elements and events as it relates to a specific goal; and the projection or anticipation of what is to occur (Endsley 2015, Franklin et al. 2017). Endsley (1995) states that situation awareness is distinguished as a state of
knowledge as opposed to the process that is used to achieve that state, and that these processes vary widely
among individuals and contexts. In a dynamic environment a person’s situation awareness is being updated
constantly through the meaningful integration of all the available information. However, maintaining situation
awareness is challenging and, as Franklin et al. (2017) note, “it’s not enough to simply thrust all the available
data at an individual”.
Technological developments, system automation, data overload, poor integration of information and the complexity of hard-to-spot patterns make developing a system to support situation awareness challenging (Franklin
et al. 2017, O’Neill et al. 2017). When developing a system to support situation awareness Franklin et al. (2017)
promotes that visualisations conceived with an understanding of the work environment and users requirements
can improve the perception and comprehension of the available information. The development of such a system would also need to address factors including: the time criticality of making decisions in a complex and dynamic environment; an individual’s experience and the cross-disciplinary nature of the users; and physical factors such as colour blindness (Randel et al. 1996, Sohn & Doane 2004, Pauwels et al. 2009). In addition to this,
Pauwels et al. (2009) notes that when developing systems for data visualisation it is important to reduce comprehensive sets of metrics to a manageable number and even delete metrics that show little variation over time
and metrics that are too volatile to be reliable or don’t add to the situation awareness of the user.
As a tool, visualisations in the form of graphics, maps, charts and dashboards can identify trends and patterns
that are not obvious from the raw data. Visualisations can screen out ‘the noise’, analyse from multiple perspectives and then display data that has greater relevance to the situation. Shneiderman (1996) notes that the visualisation of abstract information can reveal patterns, clusters, gaps and outliers that could go unnoticed. The
resulting increase in awareness of the situation can then have a positive impact on decision-making (Franklin et
al. 2017).
Choosing the appropriate techniques to analyse and present the data are essential to expressive and effective
visualisations. The integration of analytical and visual methods requires firstly an understanding of the data type
and associated data attributes such as the difference between time points and time intervals for temporal data.
Techniques for integrating analytical and visual methods include: filtering the data to eliminate unwanted information; curve fitting to manage outliers and suppress noise; temporal data abstraction that can be used to derive qualitative values and patterns; clustering of data into subsets that exhibit similarities; dynamic queries using Boolean expressions; and the interaction of different data sources/sets (Shneiderman 1996, Aigner et al.
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2008, Franklin et al. 2017, O’Neill et al. 2017). Shneiderman (1996) notes that the display of data visually enables relationships to be identified due to proximity, containment, connected lines and even colour.
As a warning: visualisations are open to manipulation and misinterpretation; and techniques developed for one
type of data should not necessarily be applied to data that exhibits different attributes (Aigner, et al. 2008,
O’Neill et al. 2017). In addition to this, Keys (2017) notes that expertise gained through experience facilitates
the build-up of an accurate description of situational elements that are tactically important. Randal et al. (1996)
reports that experts place a greater emphasis on correctly assessing the situation while the majority of novices
are deciding on the course of action to take. In short, expressive and effective visualisations are not a substitute
for experience but experts base their decision making on the situation assessment.
A well designed data visualisation system reduces the need to obtain information from others sources and enables the user to grasp, at a glance, the current status of the situation. To achieve this, the data visualisation
system needs to reduce complexity but not at the expense of cohesion and context. Other features of a well
designed data visualisation system include the differentiation between alerts, the aggregation and integration of
disparate information, being visually salient, and maintaining an expression of the quantitative measures
(Gröger et al 2013, Hugo & Germain 2016). The goal is to make the visualisation system simple without using
simplistic indicators (Allio 2012).
Alarms are used to indicate a deviation from normal operating conditions and are the simplest form of indicator.
Red-yellow-green traffic lights, while universally understood, are a form of alarm prioritisation that includes an
intermediate indication of a quantitative measure. In both cases alarms or traffic lights promote reactive user
intervention and generally require the users to obtain information from other sources before taking action (Mehta
& Reddy 2014). Brazil et al (2013) found that information presented in a traffic light without any quantitative visualisation was the hardest to understand and least influential of the visualisation tools available to knowledgeable users.
On the other hand, a well designed data visualisation system can be monitored at a glance, where the most important information is easily and correctly interpreted by the user. The system should be based around a consistent visual vocabulary with succinct analytical text. In many cases the system would include temporal instances of the quantitative measure that provides context on what has happened in the past, enabling the user
to infer what might happen in the future. The objective is to provide information in an uncluttered form, that is
easy to comprehend and promotes understanding that leads to better, often pre-emptive, decision making (Few
2005, Allio 2012).
4 CONCLUSION
Based on the research outlined above, our goal was to develop a suitable visualisation of the noise monitoring
and weather data to support the OCE’s situation awareness of the noise impacts and associated management
requirements for the mine. Ideally the resulting visualisation would provide the information in a way that could
be “readily perceived, easily recognised and processed expeditiously into inferences” (Franklin et al. 2017). By
enhancing situation awareness through appropriate data visualisation the inferences drawn from the information
by the OCEs should result in decision-making that is pre-emptive rather than reactive.
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