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Transforming construction safety and efficiency 
through digital hazard mapping and geolocation

How combining two well-proven technologies – excavator hazard mitigation and 

global geolocation systems – can deliver transformative benefits in site safety, 

improved operational efficiency and reduced costs for operations on the railways, 

highways, ports and waterways and construction sites of all sizes.

According to UK Labour Force Survey data, 0.4 million working 
days were lost due to construction sector workplace injuries 
between the survey years 2014/15 and 2016/17, representing a 
cost to society of £0.5 billion
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Each satellite continuously 
broadcasts its location 
and time

GNSS 
user

Ground based GNSS users 
determine their position from 
at least four satellites

Latitude, longitude and altitude of the 
user are determined by comparing 
signal received time with broadcast time

Digital terrain site models developed from LIDAR 
scans or any survey data are loaded directly into the 
excavator control system, identifying on-site hazards

Global Navigation 
Satellite System

For the first time, the PMX range of products allow hazard  
definitions to be automatically expressed in terms of their global  
position in such a way that protected equipment can change work 
location and still respect safe working limits and envelopes.

How GNSS technology works

GNSS systems such as GPS and Galileo use a constellation of 
satellites on controlled orbital planes. Commercial receivers in 
everything from ships and airliners to satnavs and smartphones, 
can determine their location by receiving signals from these 
satellites. GNSS satellites are equipped with highly accurate 
rubidium clocks, synchronised via an even more accurate caesium 
clock in the ground-based control system. They continually 
broadcast their precise location and time, and by comparing the 
received satellite time signals with its internal clock, a receiver can 
calculate the distance that each has travelled. The electronic clock 

of a receiver is far less accurate than those of the satellites, but 
by automatically advancing and retarding its time and comparing 
the predicted distances from at least four satellites, a single 
calculated position can be converged upon.  Further refinements 
available in commercial receivers, including multipath filtering and 
technologies such as real-time kinematic (RTK) antennae, enable 
GNSS positioning accuracy to within one centimetre. While 
smartphone and satnav GNSS is comparatively approximate, 
safety-critical systems such as the provision of positioning 
and hazard mitigation for construction sites, can make use of 
significantly more accurate receivers which are both reliable and 
comparatively affordable for commercial applications.

GNSS is a mature and 
available geolocation 
technology

Enables work site 
hazards to be defined 
in terms of an accurate 
global frame of reference

Prolec’s PMX system 
combines machine 
hazard mitigation with 
GNSS 

PMX benefits can 
be extended even to 
locations beyond the 
reach of GNSS signals 
using Total Station 
Theodolites 

PMX integrates with the 
latest digital construction 
technologies such as 
DTM and BIM for even 
greater efficiency

Cost of 
sub-surface 
hazard strikes 
in a recent  
four-year period

£35m
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The system thus increases productivity, accuracy, and safety 
through reduced operator workload while also enabling multiple 
PMX equipped machines to work on the same site-wide map of 
hazard locations.

At an individual machine level, PMX relies upon two real time 
kinematic (RTK) antennae fitted to the cab, providing a continuously 
updated and highly accurate global location of the machine and 
its angular orientation. PMX identifies the location of hazards and 
continuously monitors the machine’s location and proximity to 
them, calculating the necessary movement restriction based on the 
geometry of the machine to create a safe working envelope, which is 
automatically re-established if the machine moves to a new location. 

The system thus provides hazard mitigation for the machine and 
its tools – as in the manner of PME500 – but on the basis of 
global geolocation as opposed to a cab-based reference. This 
can also extend to hazard mitigation for the machine chassis. For 
example, if working on a dockside, a hazard for the wheels or 
tracks of the equipment might be defined as a safe limit from the 
edge, enabling the tools to be used beyond this while maintaining 
the safety of the vehicle machine as a whole. 

3  PMX: Combining geolocation and equipment protection technologies

The new Prolec PMX system delivers a suite of tools which provide the capability to automatically set 
height, reach and slew limits for machine envelope control, with minimal operator involvement.

Integration with other digital mapping technologies

PMX enables a sophisticated digital representation of hazards 
that is fully independent of the machine location, and such hazard 
definitions may be derived from a number of different sources. 

In some instances where an accurate Building Information 
Modelling (BIM) approach has been used, there may already be 
a 3D CAD representation of the site and associated risk locations 
that can be applied directly. However, as the actual site geometry 
may evolve during construction, owing to changes made after 
the initial design and planning stage, more direct survey data may 
also be used – including a full digital terrain model developed 
from LIDAR scans. Within any such pre-existing and accurate 3D 
digital models of the site, hazard walls can very easily be defined 
for PMX use.  
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With the machine in its intended working location, hazards are 
defined in order to establish the safe working envelope within 
which the equipment is allowed its full range of movement.
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Construction

In general, building construction sites are less predictable than 
railways or highways. Even on a greenfield site, there may be 
overhead or underground services that need to be protected, 
and as work progresses, the site in itself will present a multiplicity 
of hazards that can be built into a PMX hazard model. It is 
usually possible to keep the public at a safe distance from 
such operations, which, of course, lessens risk; however, the 
key advantage for PMX technology in this environment is one 
of improving operational efficiency and avoiding the cost of 
unintended damage to materials and infrastructure.

Ports and waterways

Dredging around jetties and docks, and river or seabed 
excavations for new pipelines and cables offers the prospect of 
a particularly powerful application for PMX technology. When 
working from land, it can be used to ensure that equipment 
retains a safe distance from the bank or dock edge.  And when 
excavations are being conducted from a vessel, the exactitude 
of the positioning information on offer – including altitude data 
– can provide extremely useful benefits in siting the equipment 
accurately, irrespective of the state of the tide in an estuary 
location or the depth of flow in a river. 

Once such instance where such accuracy could be available 
is in the excavations for a new pipeline alongside existing sub-
seabed or riverbed services. Providing that accurate survey data 
is available, work can be carried out using virtual hazard walls that 
serve to protect the existing infrastructure. Similarly, with hazard 
walls defining the dockside and other harbour infrastructure, this 
too can be protected dynamically, irrespective of vessel location. 
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PMX has been signed-
off by Network Rail – an 
industry first, offering 
safety and compliance for 
ALO working

On highways, PMX has 
particular advantages 
for road improvement 
schemes where work is 
carried out adjacent to 
live traffic lanes

In construction, PMX can 
protect machines against 
a multiplicity of overhead, 
surface or underground 
hazards

In ports and waterways, 
PMX’s global reference 
frame can provide unique 
safety and accuracy 
benefits for dredging and 
quayside work
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Prolec’s new PMX concept delivers this innovation in a very 
practical and cost-effective package. The system builds on the 
proven machine protection technology of the company’s market-
leading PME500 product, but links this to robust and well-proven 
GNSS geolocation systems, providing extended reach beyond 
satellite signals through the use of TSTs. PMX thus enables the 
benefits of hazard mitigation to be delivered across a much wider 
range of construction applications, with greater accuracy and 
efficiency than present safety systems.  
 
With interfaces to DTM and BIM solutions, PMX also provides 
an excellent fit with digital construction site information systems 
that are increasingly used across larger projects.  In addition, 
it provides a gateway to the implementation of IoT based 
monitoring of machine protection across large sites, or across 
multiple sites, or equipment hire fleets, for maximum operational 
efficiency. 

As we have outlined, the benefits of PMX have already been 
recognised by UK rail network operator, Network Rail. There 
are clearly many other potential early adopter applications, from 
highways and general construction to port and terminal dredging 
operations. 

This, we believe, is just the start of a new revolution in site safety 
and efficiency that PMX can deliver once the technology is 
available to end users across the global construction industries.  

5  Conclusion

The combination of state-of-the-art machine protection technology with GNSS based geolocation 
systems, has the potential to deliver transformative benefits in terms of construction site safety, 
hazard mitigation, and operational efficiency. 

About Prolec 

Prolec is a member of the James Fisher 
and Sons plc group. With over 30 years’ 
experience, and as the only company to 
offer both safety systems and machine 
control, Prolec has set the benchmark 
for smart and compliant construction 
machinery solutions to support its 
customers’ complex operations. 

For more information visit: www.prolec.co.uk 
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PMX enables the benefits of hazard mitigation to be delivered 
across a much wider range of construction applications, with 
greater accuracy and efficiency than present safety systems
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Manual surveying using the PMX Pencil

Alternatively, at a more simple and pragmatic level, hazards can 
also be defined in terms of their global 3D position using the 
handheld Prolec ‘PMX Pencil’. This very simple but effective tool 
comprises a hand-held shaft with an RTK antenna and point 
on opposite ends, with sensors to determine orientation. By 
positioning the point of the device at the location of a hazard, the 
system will provide the precise location of the tip. A quick survey 
using the device enables the definition of hazard walls and ceilings 
as 3D boundaries representing the precise shape and location 
of the areas of risk to be avoided. Using the PMX Pencil can be 
a very simple process that does not require the expertise of a 
qualified surveyor. 

Provided hazards remain unchanged during the course of 
construction they only need to be defined once, but if changes 
are required they can easily be updated with further survey data 
using the PMX Pencil or other information sources such as DTM 
or BIM representations. 

Beyond the reach of GNSS
      
In construction locations that are beyond line-of-sight reach of 
at least four GNSS radio signals – for example, work in cuttings, 
deep urban canyons or in tunnels – PMX can be extended using 
Total Station Theodolites (TSTs).  The initial positioning of the TST 
may be established over a short period of time using GNSS, but 
once this is accurately defined, the location of any linked devices 
can be precisely determined in real time.  As such, using a TST 
provides a similar level of high accuracy geolocation service as 
does GNSS in these more difficult to reach locations, and allows 
the full efficiency, digital integration and safety benefits of PMX to 
be similarly extended.

For full site PMX integration, the system can utilise a range of 
off-the-shelf technologies to monitor and review all the PMX 
data collected in a portal as an IoT based solution. This enables 
a site supervisor to view asset operations and performance, to 
the extent that monitoring can extend across multiple assets 
and contractors across a given site, or across multiple sites for 
plant hire companies. Within this system, additional layers of 
live information can be added from a range of sensors including 
machine level CCTV, to monitoring personnel and operators with 
RFDI tags.
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PMX enables all hazards 
to be defined on a global 
frame of reference

Protection can be in 
terms of physical limits on 
chassis movement and 
on tool use both above 
and below surface

Hazard data may be 
extracted from BIM, 
digital terrain models, or 
manual surveys using the 
PMX Pencil

PMX can be extended 
beyond the reach of 
GNSS signals using Total 
Station Theodolites
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In addition to the potentially profound human costs to those 
involved, construction sector accidents represent a significant 
financial burden for the site operator. This is not restricted to the 
direct costs of an incident, but also that of consequential project 
delays and disruption, and any associated third-party liabilities. 
According to UK Labour Force Survey data, 0.4 million working 
days were lost due to construction sector workplace injuries 
between the survey years 2014/15 and 2016/17, representing a 
cost to society of £0.5 billion.

Over the years a number of construction equipment hazard 
mitigation technologies have been developed, from the earliest 
rated capacity indicators to current systems which define hazard 
walls, ceilings and floors relative to the machine’s chassis. By 
applying proximity warnings as hazards are approached, and 
automatic movement prevention when they are reached, hazard 
mitigation systems provide a significantly improved level of safety 
in comparison with unmodified equipment, as well as delivering 
considerable operational efficiency benefits. 

Despite the advantages of these current systems, they also come 
with some fundamental limitations which restrict their application. 
Firstly, the process of hazard definition can be both time consuming 
and labour-intensive, representing a cost to the machine operator 
against which the benefits must be measured. Moreover, as 
hazards are defined with reference to the machine rather than their 

true physical location, the moment a machine is required to move 
during use – even over a comparatively short distance – the hazard 
definitions are no-longer valid and need to be updated, with a 
further consequential commitment of time and cost. 
 
Such limitations can be overcome, however, and significant 
further enhanced safety and operational efficiency benefits 
delivered, through combination of hazard mitigation and 
geolocation based on global navigation satellite system (GNSS) 
technologies. Some of the most radical and beneficial innovations 
arise when existing technologies from disparate domains are 
combined to deliver completely new capabilities. Prolec’s PMX 
concept is such an innovation, enabling the accurate global 
definition of hazards and hence the universal protection of 
machines equipped with the system.  As such, it raises the bar in 
terms of hazard mitigation, site safety, and operational efficiency, 
in a robust and reliable solution.  

Executive summary

Construction sites are dangerous places, both for those who work there and the public in adjacent spaces.

This paper sets out the case for this new innovation,  
concluding with a range of practical examples of  
PMX application in railway, highway, general and civil  
construction and port and terminal dredging 
operations, where its safety and operational efficiency 
benefits are likely to be significant.
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