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Bachelors Degree, 1981
• Electronic Engineering



Graduate Studies – PhD 1985
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Graduate Studies – PhD 1985
• Mechanical Engineering
• Manufacturing Automation

Real-Time
➢ Software 
➢Hardware
➢ Sensors
➢Machine Control



Mid 1980’s / Early 1990’s
Early academic career

Robotics
• Field Robotics
• Space Robotics

Artificial Intelligence
• Neural Networks
• Symbolic Reasoning



A CATALYST
(1989)

Jon Peck



Late 1980’s / Early 1990’s
Initial introduction to Mining

Surface Blast-Hole Drills
• Control
• Monitoring-While-Drilling

Electric Rope-Shovels
• Diggability Monitoring

Underground
• LHD Monitoring
• Diamond-Drill Automation
• Reliability & Maintenance 



Mid-to-Late 1990’s 
Entrepreneurial Phase 

First-To-Market
Commercial Products

Surface Blast-Hole Drills
• GPS
• Control
• MWD

Electric Rope-Shovels
• GPS
• Diggability Monitoring
• Fault Detection



Mid-to-Late 1990’s 
Entrepreneurial Phase 

First-To-Market
Commercial Products

Surface Blast-Hole Drills
• GPS
• Control
• MWD

Electric Rope-Shovels
• GPS
• Diggability Monitoring
• Fault Detection



My Experience in Mining Technology
over the past 35+ years

Technology hasn’t been a Panacea…

Lots more Data
+

Lots more Computing Power
…

But often the results are
NOT USEFUL

or
NOT USED
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Industry 4.0
The advent of Industry 4.0 is commonly placed in the early 2010s onward, characterized by 
accelerating trends toward

• pervasive computing

• affordable data storage

• robust connectivity

• inexpensive sensor technologies

Taken together, these have resulted in

•  “co-engineered interacting networks of physical and computational components”  —
otherwise known as cyber-physical systems (CPS),  smart systems, or  embedded systems. 

The power and potential of CPS has in turn been magnified via ever increasing connectivity to 
yield the Industrial Internet of Things (IIoT) leveraged via cloud computing to enable more 
widespread industrial application of recent advances in machine learning and artificial 
intelligence technologies.
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Industry 3.0
• Made possible by availability of more widely accessible digital computing from the late 

1940s onwards.

• Leading to fundamental changes to fundamental aspects of manufacturing in the 1950s 
through development of computer numerical control (CNC) for machine tools commonly 
used in manufacturing, such as lathes and milling machines.

• Advent of computer-aided design (CAD) and computer-aided manufacturing (CAM) in the 
1960s onward. 

• Resulting in ability to rapidly reprogram CNC machine tools, and transformation of 
manufacturing processes—now known as computer integrated manufacturing (CIM). 

• The development and widespread deployment of the programmable logic controller (PLC) 
from the 1970s onward, enabled cost-effective and flexible automation of industrial 
processes and systems beyond manufacturing. 

• PLC capabilities have continued to evolve in tandem with the decreasing cost of computing 
power, and they are still widely used for monitoring and control purposes in most industrial 
sectors.



Industry 3.0
Initial Drivers – Aerospace Manufacturing

→ → → Computer Aided Design
& Computer Aided Manufacturing (CAD/CAM)

Cold War

• Extremely high demand for production of aerospace parts with 
• Challenging Part Design

• Complex Shapes
• Extremely Tight Tolerances

• Materials
• High Cost of Scrapping parts

• Shortage of Skilled Machinists



Industry 3.0
to get to 
CAD/CAM

~ 25 years

Government Funding
($$$$$$$$)

Standardization
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to get to CIM
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Standardization



Industry 3.0
to get to CIM

~ 25 +10 years

Government Funding
($$$$$$$$)

Standardization

Involvement of broad 
spectrum of stakeholders
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Digital Transformation

Digital transformation is about change at the macro level. The business is digitally 

transformed, enabling the strategic modification of business processes. Some 

other common terms used regarding digital transformation are:

• Digitization: the processes and technologies which enable the digital 
representation of information and its digital processing.

• Digitalization: the processes and technologies which enable physical systems 
to capture their own state and operating context and share that information as 
required. (Digitization and digitalization are about digital technology; that is, 
information is digitized, processes are digitalized.)

• Industry 4.0: the technological paradigm shift within which digital 
transformation has become possible.



Mining 4.0 (my personal definition… debatable!)

The appropriate (better?) information

   To the relevant people/systems

 At the right time

    To make better decisions

Leading to better outcomes
(safety, economic, environmental, social, …)





WHERE ARE WE TODAY IN THE MINING INDUSTRY?   
(At the Equipment Level)
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WHERE ARE WE TODAY IN THE MINING INDUSTRY?   
(At the Equipment Level)

Industry 1.0                            Industry 2.5???





GMG’s Mining Automation Maturity Model



GMG’s Mining Automation Maturity Model - Examples
• Level 0: an old-fashioned “dumb” Load-Haul-Dump (LHD) with little or no sensing or computing 

capabilities built into it.

• Level 1: an LHD with a rudimentary level of sensing and computing capabilities – e.g. measuring 
the weight of the load of material in the LHD bucket and displaying it to the operator, potentially 
also initiating alarms for excessive load and even possibly disabling hauling until the bucket load 
was reduced.

• Level 2: an LHD that can perform the “haul” portion of its function without human operator 
intervention under certain conditions (e.g., a well-maintained haulage route, with no falls of rock 
or other obstacles).

• Level 3: an LHD that can perform all three aspects of its function (load, haul, and dump) without 
intervention of a human operator under specified operational condition, in a specific area 
designated for autonomous operations—and determine when to request human intervention - 
e.g. if the fragmentation of the rock in the muck pile is beyond the bounds of specified operation 
conditions, such that the autonomous loading function would fail to load the bucket.



GMG’s Mining Automation Maturity Model - Examples

•Level 4: an LHD that could perform all three aspects of its function (load, haul, 

and dump) without intervention of a human operator under a broad range of 

operating conditions, in a specific area designated for autonomous operation, 

and adapt how it functions in response to operating conditions (e.g., adjusting its 

loading algorithm in response to variations in rock fragmentation).

• Level 5: an LHD that could perform all three aspects of its function (load, haul, 

and dump) without intervention of a human operator under a broad range of 

operating conditions, in any area, and adapt how it functions in response to 

operating conditions (e.g., adjusting its loading control algorithm in response to 

variations in rock fragmentation).



GMG’s Mining Automation Maturity Model

WHERE ARE WE TODAY IN THE MINING INDUSTRY?
(At the Equipment Technology Level)



GMG’s Mining Automation Maturity Model

WHERE ARE WE TODAY IN THE MINING INDUSTRY?
(At the Equipment Technology Level)

Spanning a broad range
depending on
- equipment type
- mining method



WHERE ARE WE TODAY IN THE MINING INDUSTRY?
(At the Equipment Technology Level)

Lack of integration between
• technology vendors and OEMs

Lack of integration within OEM

FOUR screens
3 from OEM
1 from 3rd Party
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Conventional Drill-To-Mill Vision
 - focused on Equipment / Physical Assets
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(Macro-Level – Value-Chain)



Conventional Drill-To-Mill Vision - Local Optimization, at best
 - focused on Equipment / Physical Assets

WHERE ARE WE TODAY IN THE MINING INDUSTRY? 
(Macro-Level – Value-Chain)



AI/ML 
TERMINOLOGY

from:
FOUNDATIONS OF AI

A FRAMEWORK FOR AI IN MINING, GMG 
Whitepaper



MATURITY LEVELS – AI-Enabled Mine
from: FOUNDATIONS OF AI A FRAMEWORK FOR AI IN MINING, GMG Whitepaper
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Current 
State of the 

Mining 
Industry
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WHERE CAN WE GET TO IN THE MEDIUM TERM?
(At the Equipment Technology Level)

Shift the balance towards Industry 3.0
- Automation of more types of equipment

Coupled with innovations in
- mining methods
- equipment designs

GMG’s Mining Automation Maturity Model



WHERE CAN WE GET TO IN THE MEDIUM TERM?
(At the Equipment Technology Level)

Innovations in equipment 
designs
• Some concepts developed 

by OEMs
Need more
• radical thinking
• early adopters
• risk taking

This was showcased
9 years ago!!!



WHERE CAN WE GET TO IN THE MEDIUM TERM?
(At the Equipment Technology Level)

Innovations in mining methods 
can
• drive equipment design 

innovations 
• radically transform value-

chain

Needs tight coupling between
• equipment designers
• mine designers
• mine operators

e.g. slot-borer coupled with
reef-coring mining method 
(Epiroc + Anglo-American)



WHERE CAN WE GET TO IN THE MEDIUM TERM?
(At the Equipment Technology Level)

Lack of integration between
• technology vendors and OEMs

Lack of integration within OEM

FOUR screens
3 from OEM
1 from 3rd Party

GOAL
• Interoperability
• Standardization
Has to be DEMANDED by end-users
(Money talks!)



Data-Driven Drill-To-Mill Vision
      - focused on Sensing & Information - Global Optimization

WHERE CAN WE GET TO IN THE MEDIUM TERM? 
(Macro-Level – Value-Chain)



Data-Driven
Drill-To-Mill Vision

Bridging the Gaps

WHERE CAN WE GET TO IN THE MEDIUM TERM? 
(Macro-Level – Value-Chain)





MATURITY LEVELS
 – AI-Enabled Mine

from: FOUNDATIONS OF AI A 
FRAMEWORK FOR AI IN MINING, GMG Whitepaper

Abbreviations: 
proof of concept (POC), proof of value (POV)

LONG TERM 
TARGETCurrent 

State of the 
Mining 

Industry



LONG TERM TARGET

LEVEL 4:
DECISION SUPPORTED
        MINING

from: FOUNDATIONS OF AI A 
FRAMEWORK FOR AI IN MINING, GMG Whitepaper
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The Transformational Opportunity of AI
   ADAPTED FROM: AI Transformation in Mining, 2024 Mining Industry White Paper, Microsoft Corporation, March 2024
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Generative AI – the Opportunity
   ADAPTED FROM: AI Transformation in Mining, 2024 Mining Industry White Paper, Microsoft Corporation, March 2024



Generative AI – the Opportunity
   ADAPTED FROM: AI Transformation in Mining, 2024 Mining Industry White Paper, Microsoft Corporation, March 2024

The mining industry faces Herculean challenges with respect to its workforce. 

• In general, mining is not perceived as an employer of choice. 

• Mine sites are most often located where the talent base is quite small to non-existent, and where 
educational attainment, literacy, and digital fluency may be lacking. Work at mine sites is usually difficult, 
dirty, and dangerous compared to other industries.

• as the baby boom generation retires, the talent pool is shrinking. “Fewer people will be working by the 
end of the decade—and employers need to brace for a ‘forever’ labor shortage.” 

To remain profitable and productive, mining companies and their partners must revolutionize the very 
nature of work and the workplace.

• They must accomplish more with fewer people while constantly developing and reskilling their employees.

• They must accomplish more, in terms of dealing with new data and information streams, while coping 
with a finite pool of human resources, often with lower skill levels, and limited capacity for constant 
reskilling their employees.

AI, especially generative AI, can propel this revolution.



Going to the next level - AGENTIC AI
   https://kms-technology.com/emerging-technologies/ai/agentic-ai-the-next-evolution-in-intelligent-automation.html



Going to the 
next level - 
AGENTIC AI

Learning
        &
Knowledge 
Refinement
  

https://kms-technology.com/emerging-
technologies/ai/agentic-ai-the-next-evolution-in-
intelligent-automation.html



Going to the 
next level - 
AGENTIC AI

Learning
        &
Knowledge 
Refinement

Example:
Nvidia’s Agent-Driver
 

httpshttps://usc-gvl.github.io/Agent-Driver/
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Adopting a 
HOLISTIC SYSTEMS APPROACH
to
Technology Development
& Deployment is CRITICAL

e.g.
for Underground 
Hard Rock Mining



Successful 
TECHNOLOGY
DEPLOYMENT
does NOT
necessarily lead to 
better outcomes

e.g.
for Underground 
Development Drilling
- more powerful, efficient, mechanized drills
- yielding to lower advance rates



Successful 
TECHNOLOGY
DEPLOYMENT
does NOT
necessarily lead to 
better outcomes

e.g.
for Underground 
Development Drilling
- more powerful, efficient, mechanized drills
- yielding to lower advance rates

Have to maintain (and often 
enhance) core competencies of 
work force
• Operators
• Maintainers
• Supervisors
• Planners
• Managers
in order to unlock value…



Choice of Approach
for
Technology
Implementation
           / Deployment

GMG (Global Mining Guidelines Group). 2019, Guideline 
for the Implementation of Autonomous Systems in 
Mining. https://gmggroup.org  

https://gmggroup.org/


Change 
Management!

GMG (Global Mining Guidelines Group). 2019, 
Guideline for the Implementation of 
Autonomous Systems in Mining. 
https://gmggroup.org  

https://gmggroup.org/


QUESTIONS?


	Diapositiva 1: MINING 4.0 - A Journey
	Diapositiva 2: Overview
	Diapositiva 3: Overview
	Diapositiva 4
	Diapositiva 5
	Diapositiva 6
	Diapositiva 7
	Diapositiva 8
	Diapositiva 9
	Diapositiva 10
	Diapositiva 11
	Diapositiva 12
	Diapositiva 13: My Experience in Mining Technology over the past 35+ years
	Diapositiva 14: Overview
	Diapositiva 15
	Diapositiva 16: Industry 4.0
	Diapositiva 17
	Diapositiva 18
	Diapositiva 19: Overview
	Diapositiva 20: Industry 3.0
	Diapositiva 21: Industry 3.0   Initial Drivers – Aerospace Manufacturing     → → → Computer Aided Design               & Computer Aided Manufacturing (CAD/CAM)
	Diapositiva 22: Industry 3.0 to get to CAD/CAM  ~ 25 years  Government Funding                   ($$$$$$$$)  Standardization
	Diapositiva 23: Industry 3.0 to get to CIM  ~ 25 +10 years  Government Funding                   ($$$$$$$$)  Standardization
	Diapositiva 24: Industry 3.0 to get to CIM  ~ 25 +10 years  Government Funding                   ($$$$$$$$)  Standardization  Involvement of broad spectrum of stakeholders
	Diapositiva 25: Overview
	Diapositiva 26: Digital Transformation
	Diapositiva 27: Mining 4.0 (my personal definition… debatable!)
	Diapositiva 28
	Diapositiva 29
	Diapositiva 30
	Diapositiva 31
	Diapositiva 32
	Diapositiva 33: GMG’s Mining Automation Maturity Model - Examples
	Diapositiva 34: GMG’s Mining Automation Maturity Model - Examples
	Diapositiva 35
	Diapositiva 36
	Diapositiva 37
	Diapositiva 38: Overview
	Diapositiva 39
	Diapositiva 40: Conventional Drill-To-Mill Vision  - focused on Equipment / Physical Assets
	Diapositiva 41: Conventional Drill-To-Mill Vision - Local Optimization, at best  - focused on Equipment / Physical Assets
	Diapositiva 42: AI/ML TERMINOLOGY  from: FOUNDATIONS OF AI A FRAMEWORK FOR AI IN MINING, GMG Whitepaper
	Diapositiva 43: MATURITY LEVELS – AI-Enabled Mine  from: FOUNDATIONS OF AI A FRAMEWORK FOR AI IN MINING, GMG Whitepaper
	Diapositiva 44: MATURITY LEVELS  – AI-Enabled Mine    from: FOUNDATIONS OF AI A  FRAMEWORK FOR AI IN MINING, GMG Whitepaper   Abbreviations:  proof of concept (POC), proof of value (POV)
	Diapositiva 45: MATURITY LEVELS  – AI-Enabled Mine    from: FOUNDATIONS OF AI A  FRAMEWORK FOR AI IN MINING, GMG Whitepaper   Abbreviations:  proof of concept (POC), proof of value (POV)
	Diapositiva 46: Overview
	Diapositiva 47
	Diapositiva 48
	Diapositiva 49
	Diapositiva 50
	Diapositiva 51: Data-Driven Drill-To-Mill Vision       - focused on Sensing & Information - Global Optimization
	Diapositiva 52: Data-Driven Drill-To-Mill Vision    Bridging the Gaps 
	Diapositiva 53
	Diapositiva 54: MATURITY LEVELS  – AI-Enabled Mine    from: FOUNDATIONS OF AI A  FRAMEWORK FOR AI IN MINING, GMG Whitepaper   Abbreviations:  proof of concept (POC), proof of value (POV)
	Diapositiva 55: LONG TERM TARGET  LEVEL 4: DECISION SUPPORTED         MINING       from: FOUNDATIONS OF AI A  FRAMEWORK FOR AI IN MINING, GMG Whitepaper 
	Diapositiva 56: Overview
	Diapositiva 57: The Transformational Opportunity of AI    ADAPTED FROM: AI Transformation in Mining, 2024 Mining Industry White Paper, Microsoft Corporation, March 2024
	Diapositiva 58: The Transformational Opportunity of AI      ADAPTED FROM: AI Transformation in Mining, 2024 Mining Industry White Paper, Microsoft Corporation, March 2024
	Diapositiva 59: Generative AI – the Opportunity    ADAPTED FROM: AI Transformation in Mining, 2024 Mining Industry White Paper, Microsoft Corporation, March 2024
	Diapositiva 60: Generative AI – the Opportunity    ADAPTED FROM: AI Transformation in Mining, 2024 Mining Industry White Paper, Microsoft Corporation, March 2024
	Diapositiva 61: Going to the next level - AGENTIC AI    https://kms-technology.com/emerging-technologies/ai/agentic-ai-the-next-evolution-in-intelligent-automation.html
	Diapositiva 62: Going to the next level - AGENTIC AI  Learning         & Knowledge Refinement          https://kms-technology.com/emerging-technologies/ai/agentic-ai-the-next-evolution-in-intelligent-automation.html
	Diapositiva 63: Going to the next level - AGENTIC AI  Learning         & Knowledge Refinement  Example: Nvidia’s Agent-Driver    httpshttps://usc-gvl.github.io/Agent-Driver/
	Diapositiva 64: Overview
	Diapositiva 65: Adopting a  HOLISTIC SYSTEMS APPROACH to Technology Development & Deployment is CRITICAL   e.g. for Underground  Hard Rock Mining
	Diapositiva 66: Successful  TECHNOLOGY DEPLOYMENT does NOT necessarily lead to  better outcomes   e.g. for Underground  Development Drilling - more powerful, efficient, mechanized drills - yielding to lower advance rates
	Diapositiva 67: Successful  TECHNOLOGY DEPLOYMENT does NOT necessarily lead to  better outcomes   e.g. for Underground  Development Drilling - more powerful, efficient, mechanized drills - yielding to lower advance rates
	Diapositiva 68: Choice of Approach for Technology Implementation            / Deployment  GMG (Global Mining Guidelines Group). 2019, Guideline for the Implementation of Autonomous Systems in Mining. https://gmggroup.org   
	Diapositiva 69: Change Management!  GMG (Global Mining Guidelines Group). 2019, Guideline for the Implementation of Autonomous Systems in Mining. https://gmggroup.org   
	Diapositiva 70: QUESTIONS?

