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Initiative for Cleaner Safer Vehicles

In October 2018, the ICMM launched the Innovation for Cleaner, Safer Vehicles (ICSV) programme. 

ICMM member mining companies and the ICSV ambition is that by 2025 vehicle interaction technology is 

available that supports industry operational practices.

Ongoing collaboration with EMESRT to develop practical resources that assist sites to integrate technology 

while supporting the development of Capable Solutions for global market uptake. 

Three year strategy (2023-25), will leverage this collaboration by asking “Leading Sites” to apply and adapt these 

resources and share lessons learned. 

ICMM
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Leading Sites Program - Capable Solution 

What is meant by a vehicle interaction ‘Capable Solution’ ready for global market uptake? 

• A capable solution delivers better vehicle interaction control 

performance by improving the quality of decision-making from task 

execution through to mine operations and design. 

• A capable solution considers relevant aspects of the operating 

environment, production requirements and equipment design. 

• Where technology is a part of a capable solution, it is operationally 

integrated with existing controls

ICMM
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Working with industry since 2006

Introducing EMESRT Role

▪ A mining industry body set up in 2006 to influence 

how Original Equipment Manufacturers (OEMs) design 

and build their products

▪ It presents a common industry voice and is focused on:

- Reducing health and safety risks from operating and 

maintaining mining equipment

▪ It delivers practical outcomes by:

- Connecting a community of; end users, OEMs, researchers, 

and third party suppliers

- Setting industry level goals and then coordinating their 

delivery, project by project 



EMESRT VI Project Timeline

Controls at Levels 1-7 
▪ ICMM Collaboration 
▪ Enhanced problem definition including 

functional performance requirements
Controls at Levels 8-9 
▪ ISO 21815 interface protocol support  

Third party proximity detection 
suppliers (PDS)
Vehicle Interaction “burning 
platform” established  
1. Clearly define the problem 
2. Understand the scenarios 
3. Build a set of performance 

requirements for evaluation

PDS Suppliers VI Control Improvement Project  

Establishment 

Fully funded industry entity 
Common voice engagement 
process
OMAT beyond standards
Design philosophies 
▪ Access & Working at Heights 

for surface mobile 
equipment 

Evaluation of OEM 
Design

Design evaluation linked to 
procurement through 
OMAT/EDEEP
14 members of EMESRT
▪ EMESRT nine level control 

model

OEM and PDS Interoperability
Control Levels 7-9 Focus 
▪ Performance requirements PR-5 developed to  

supplement DP‐5
▪ One‐on‐one briefings with OEMs
▪ One‐on‐one briefings with PDS
▪ 1st OEM‐ PDS workshop to initiate 

development of interoperability protocol 
▪ 2nd interface workshop
▪ 3rd interface workshop

1. Surface Mining
2. Exploration Drilling
3. Underground Hard Rock 
4. Underground Coal & Soft Rock
Eight design philosophies 
Some work on Tyres and Rims 
with ACARP

Focus areas 

EMESRT Led 
▪ EMESRT Vehicle Interaction Control 

Framework (CFw) 
▪ EMESRT Knowledge Hub based on 

Journey Model navigation aid
▪ VI Self-Review Tool for review  project 

baseline
EMESRT Influenced 
▪ VI Functional Safety project 
▪ ICSV Workstreams 

Industry Project Collaboration 
▪ ICMM Technology Acceleration Summits 
▪ ICMM ICSV Collision Avoidance
▪ ICSV Maturity Framework 
▪ ICSV Knowledge Hub 
▪ Release of updated EMESRT PR5A 

(performance requirements)
Proximity Detection System Validation 
▪ ACARP C26028 PDS testing methodology 

validation framework project 
Working with industry since 2006

2011 2013 2015 2017 2018 2019 2020 2021 20222006 2009

▪ Review and update Design 
Philosophy 5: Machine 
Operation and Control

▪ With ICMM, deliver regular 
topic specific webinars to 
industry, e.g. 
developing/understanding 
your baseline (maturity 
framework)

▪ Delivery phase of the VI 
improvement strategy

▪ Functional Performance 
Scenario Storyboards

▪ PDS Validation Guideline

Project Next steps 

Project Next steps 



The EMESRT 9 Layer Model of VI Control Effectiveness – 2015 
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▪ Dynamic interdependence between control levels

▪ Control categories operate in different timeframes 
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CONTROL EFFECTIVENESS = Exposure to Unwanted Events

Higher ExposureLower Exposure



Key Concepts – The EMESRT Nine Layer Control Effectiveness Model
2019 Reframing our understanding of Vehicle Interaction Controls

• Dynamic interdependence 
between control levels

• Control categories operate in 
different timeframes 

• High dependence on real time 
human factor decision making

• To implement Level 8 and 9 
controls well, you need to first 
understand the effectiveness of 
your Level 1- 7 control baseline 

Design

Operate

React

A foundation concept to understand control effectiveness 



2020 EMESRT VI Controls Assessment Process

Establish the baseline effectiveness of  
existing VI controls for normal operations

Consider control interdependencies 

Start

Confirm and optimise existing VI controls 
Consider control level interactions and 

interdependencies 

Introduce and integrate design and 
technology controls that: 

• Improve current practice
• Replace current practice 

Consider control interdependencies 

Review Periodically  

Are there opportunities to 
reduce unwanted exposure? 

Is further unwanted 
exposure reduction 

required? Yes

Yes

No

No

Key Concepts

• Consider control level interactions 
and interdependencies 

• Introduce and integrate design, 
operate and react controls that 
leverage technology: 

ꟷ Improve current control practice

ꟷ Replace current control practice 



The EMESRT Control Framework Approach – 2017 Development 
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This ‘new control definition’ thinking is widely accepted and supported: 

▪ Multiple resource companies are attempting to make it work, and 

▪ It is influencing regulators across multiple jurisdictions

“If I am the person who can 

be harmed, is this a thing 

that will always stop 

something bad 

happening?”

A sector level refocus is taking place – ICMM 2015

It is based on a pivot from risk scoring to understanding control effectiveness

▪ Controls prevent or mitigate something bad happening

▪ Controls are specifiable, measurable and can be verified 

▪ Understanding how controls fail –design issues, poor implementation, non-
compliance, etc. is essential to improve their reliability

The challenge/opportunity is to practically deliver on its promise: 

▪ In ways that focus the business inputs that prevent fatalities are both well-
designed and being applied

▪ Using approaches that engage people and integrate with operations  

▪ To systematically remove ineffective controls while delivering other business 
benefits 



The EMESRT Control Framework (CFw) Approach 

Required Operating 
States (ROS)

For safe and productive operations, we must 

maintain these required operating states (ROS).

Credible Failure 
Modes (CFM)

Business Inputs 

These are the multiple ways that the 

ROS, can be compromised. 

These business inputs prevent or mitigate 

the CFM from compromising the ROS.  

• Specify

• Implement 

• Monitor

Validate and Verify 

Organising questions

1. What is our business 
purpose? 

2. What are the safe and 
productive operating 
states that deliver our 
business purpose? 

3. What can cause failure? 

4. What are the business 
inputs that prevent or 
mitigate failure? 

5. How are these business 
inputs

‒ specified

‒ implemented, and 

‒ monitored

“The Control Framework (CFw) approach was developed by EMESRT as a practical way to apply new control thinking.”



Functional Performance Requirement Development

Has it a 

Quantified/Qualified 

improvement ?
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Failure 
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Functional Statements - 2017

Function Requirement Related Control
Addressing Erosion 

Factor…
Control Sheet

Current Data 
Collection 
Method  

Current 
Data 

Collection 
Frequency

As a Heavy vehicle operator I want to be warned when my 
speed of operation is outside site requirements 
particularly on approach to down sloping ramps or cross 
grades so that I can slow the speed of my vehicle or 
change its operating direction.

Operators drive vehicles 
at speeds which meet 
site conditions

Operator not aware 
of correct speed

3 
Operators drive 

vehicles at 
speeds which 

meet site 
conditions

Self 
Observation

nil

As a vehicle operator I want to be warned when my speed 
of operation is outside site requirements so that I can 
slow the speed of my vehicle to meet requirements.

Operators drive vehicles 
at speeds which meet 
site conditions

Operator not aware 
of correct speed

3 
Operators drive 

vehicles at 
speeds which 

meet site 
conditions

Self 
Observation

nil

As a person responsible for people on site I want to be 
notified of non-adherence to speed requirements on site 
so that I can reinforce speed requirements with personnel 
who were not following requirements and notify others 
potentially affected by the quality of execution of the 
control

Operators drive vehicles 
at speeds which meet 
site conditions

Operator not aware 
of correct speed

3 
Operators drive 

vehicles at 
speeds which 

meet site 
conditions

Human 
Observation

Low

17



Control Effectiveness – Managing Change

• Step 1 – Truly understand your “Problem” not just the “Symptoms”

• Really challenging how effective are our current controls?

• Even if the controls were performed as specified, do they really address the failure modes?

• Step 2 – Using the failure modes, identify options to address the ineffectiveness 

• How can technology assist us?

•“Technology that helps us do better what we do now”  Levels 1-7

•“Technology that replaces what we do now” Level 8/9



Key Resources – EMESRT VEHICLE INTERACTION CONTROL IMPROVEMENT GUIDE

The overall objective of this procedure is to provide consistent 

structured guidance for operating sites, so that they can 

deliver projects that improve vehicle interaction (VI) controls

This resource is based on processes and approaches that have 

been applied at EMESRT & ICMM Member Company 

operations to systematically improve vehicle interaction 

controls. This includes the operational integration of new 

technology VI controls

Expected users are site and divisional leaders with the business 

knowledge and experience to plan and deliver complex 

business improvement projects

Working with industry since 2006



VI Control Improvement Project – WBS for Project Managers 

A Work Breakdown Structure 
with six objectives 

1. Project Management 

2. VI Control Framework Baseline

3. Existing VI Control Effectiveness

4. Existing VI Control Enhancement

5. New VI Control Implementation 

6. Mine of the Future Digitalisation 

Working with industry since 2006



A Work Breakdown Structure (WBS) breaks 

complex projects into work packages

This example WBS has these objectives:

1. Manage as a Project

2. Understand your baseline i.e. where are you starting 
from

3. Identify existing operational improvements – plug 
the gaps, return to name plate performance 

4. Identify and implement - iterative design and 
technology innovations

5. Identify and implement - step change design and 
technology innovations 

6. Fit the approach into your broader company 
strategic approach 

EMESRT Project Outputs - Work 
Breakdown Structure (WBS) Example 

Working with industry since 2006



Working with industry since 2006

VI Knowledge Hub 

▪ EMESRT has launched a beta version Vehicle Interaction Control Improvement Knowledge Hub 

▪ It provides curated access to tools, case studies, reference information, links to relevant websites 

and other resources 

▪ Navigation aids have been developed to assist a range of users to find relevant content

▪ Further resources will be updated for the “Leading Sites” workshop in April 2023

VI Knowledge Hub Navigation
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CONTROL EFFECTIVENESS = Exposure to Unwanted Events

Higher ExposureLower Exposure

Exposure to unwanted vehicle interactions is directly determined by the effectiveness of all your interrelated controls




