


Combining Models for a deeper understanding
Example from a Glencore Surface and Underground  Mining Vehicle Interaction Technology 

Implementation Project 

Human Factor Interaction Model

EMESRT Nine Layer Model of Control Effectiveness

Mica Endsley Model of Situational Awareness 

Glenore Alloys



Journey to Collision Avoidance – Level 9

Jan 2015  
Supplier 

Identification

Feb – July 2015

Technology Tests

Aug – Sep 2015  
Tender Process

Oct 2015 
Award and 

Trial Kick Off

Oct 2015 – Apr 
2016 Installation 

Process

Apr – Dec 2016 
Commissioning

2017

Operation of 
Avoidance on 
Trail Site and 

Roll Out- Top 20 
Dashboard

Jan – Apr 2018

UG > 400 TMM’s: L9

Surface > 150 TMM’s: 
L8,L9

2018 Onwards –
Operation, 

Periodic Review 
and Continuous 

System 
Improvements

2019 – No Go 
Beacon and 

Digitally 
connecting 
machines

2020 –
Machine 

Learning and 
Reporting

2021 – Fatigue 
Monitoring

2001 
Installed 
Collision 
Warning 
Systems

Glenore Alloys
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LHD'S VS BRAKE UNITS

YEAR QTY LHD Brake Unit

2014 - 2020

Brake Unit Analysis



PVDS - Interactions

8

• Interaction or Event Management:

• Daily reporting on events

― Proximity events

― Warning events

― Critical proximity events

Continuous improvement and 

employee management by Supervisor’s

• Monthly review and reward for sections with:

– Best improvement

– Lowest overall events

• Target:

― Reduce unwanted interactions completely 

― Change in employee behaviour

― Prevent complacency – Operator and Pedestrian

• Current results:

― Reduction in events by 46%

― Clear change in employee behaviour

― Employees instinctively avoid TMMs

― Traffic management rules are enforced

― Safe behaviour becomes second nature

― Quality of Repairs
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Improvement since Jan 2017 :

• Proximity events – reduced by 46%

• Critical proximity events (stops) – reduced by 64%

(Note – proximity events also take into consideration 

when TMM is already stationary and does not reflect 

physical emergency stops)

How?

Top “20” 
Infringement



Traffic Management - Surface
• Flow and 
• Analysis

Key Notes:
• Proper Understandable signage 
• Fit for Purpose
• ALL AREAS
• Training Training Training - Repeat

Glencoe Alloys



Traffic Management - Underground
• Flow and 
• Analysis

Key Notes:
• Proper Understandable signage 
• Fit for Purpose
• ALL AREAS
• Training Training Training - Repeat

Glencoe Alloys

Working Areas including Tipping points

Workshop’s – Crawl Mode



Dynamic Zoning 

Stop Zone

Crawl Zone

LSC/EIQ



L9 Intervention Zone Distances
10 km/hr

Sp
e

ed

Distance

9m

10km/hr

3 km/hr safe braking

Gap 2m

L9 
Slowdown 

& Stop

Stop
0.4 m

Cont
0.5s 
1m

IF
0. 5s
1m

PDS
1 s
3m

Slowdown?%

1.6m6m
Brake ?%

PDS

Delay

Operator

Delay

Interface

Delay

Controller 

Delay

Transition 

Delay

Total

Delay
Speed Speed

PDS

Delay

Operator

Delay

Interface

Delay

Controller 

Delay

Transition 

Delay

ISO 3450 

Stopping 

Distance

Gap
Total

Distance

s s s s s s km/hr m/s m m m m m m m m

Alarm 7 1 2 0 0 4.0 7.0 10 2.8 3 6 0 0 11 2 2 23

Stop 8 1 1 0 0 2.0 4.0 10 2.8 3 3 0 0 6 2 2 15

Stop 9 1 0 0.5 0.5 2.0 10 2.8 3 0 1 1 0 2 2 9

PDS

Action

6

L9 Critical

Total L9 Delay 
Distance

From The Distance Specification 
Table with all Lags and Gap zeroed

Total Distance same as Distance 
Specification Table

From The Distance Specification Table

Transition Delay to spread the zones

= Previous Total Delay

UP/Glencore



• Chart represents data 
collected from a LHD 
over a period

• Y-Axis is scaled in 
mm, as you would 
read with a depth 
gauge Vernier on the 
brake assembly

• X-Axis is scaled in 
Date / Time, Each cluster of measurements represents the samples taken during a single  SHIFT

BRAKE ON POSITION: 45 to 46mm

BRAKE OFF POSITION: 42 to 43mm

Technology “Brake Wear Solution” – TMM’s

NeroSpec



Data can be inspected live and historically from within 
any of the following user interfaces:
• Operators Screen (if installed) 
• Tablet Device Machine Side
• Web Interface
• HUB Analysis Software
• Email report

All records are permanently 
recorded in the HUB database.

Dashboard Display 

Previous

Improved 
View

NeroSpec



Improved OEM Brake Hubs
• OEM brake hub with thicker plates
• Increased wear range

Improving method of brake application
• Hydrostatic braking then Mechanical braking to reduce stress on mechanical components

OEM designed valve block – to provide effective crawl
• Valve block limits pilot pressure to joystick to provide pull power at reduced speeds

Hydrostatic Drives – Different Approach

17
RHAM



The Digital Mine Map

LSC/EIQ



Digital Mine Map - Benefits

LSC / 𝜋4𝑠



𝜋4𝑠LSC /



𝜋4𝑠LSC /



LSC / 𝜋4𝑠



Connecting Machines

• Real Time Data
• Analysis
• Predictive Maintenance 

Glenore Alloys

2021/Nerspec Dashboard


“We expect safe work, if it is not safe stop work”

“No more fatalities”


