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From man power 

to machine power 

Industry 1.0 

1780s 

From unit production 

to mass production 

Industry 2.0 

1870s 

From analogue processing 

to digital processing 

Industry 3.0 

1970s 

But what will be happening next? 



From automated 

to autonomous 

Industry 4.0 

2010s 



Sensing and understanding 

complex environments 

Ability to make decisions, 

autonomously and independently 

Complex: dynamic, unexpected, instantaneous 

= Fixed sensors and calculations don’t suffice 

Decisions: acting on changes in the environment 

= If/Then is not feasible in the real world 



Sensing and data integration. 

Trusted layer of cross-checked data 

from the core processes. 

Analytics and decision making. 

Smelter objectives and realtime 

information is used to create orders. 

Autonomous operations. 

Automated guided vehicles work 

safely and reliably in mixed traffic. 

Sensing and 

understanding complex 

environments 

Ability to make 

decisions, 

autonomously and 

independently 



Sensing and understanding complex environments 
How machines can learn from real data 

Classical statistics: 

DATA 

RULES 

Processing 
OUTCOME/LABELS 

Machine learning: 

DATA 

OUTCOME/LABELS 

Processing 
RULES 

vs 

You have to give explicit rules, which can be quite hard. 

“If it has four wheels, a mechanical arm, and carries a crucible…” 

“If it has two legs, two arms, is between 1.60m-2.20m high…” 

You give data and labels, and let computer deduce the rules. 

“Here’s some photos of operators, go learn how to detect them.” 

* Image courtesy of Hencon B.V. 

** Image by Province of B.C. 



Sensing and understanding complex environments 
How machines can use existing data to understand new examples 

* Image courtesy of Li, F.-F. (2015). How we’re teaching computers to understand pictures. 

“These are all cats” 

Processing 
RULES 

DATA 

OUTCOME/LABELS 

“Triangular-ish ears, triangular 

nose, round eyes, small mouth” 



Sensing and understanding complex environments 
How this can be used in mixed traffic environments such as potrooms 

DATA 

* Image courtesy of Quanergy Systems Inc. 

OUTCOME

/LABELS 

Vehicle 

Barrier 

Person 

Crucible 

Pot 

PROCESSING 

RULES 

Detects objects  

and people 

Sees deviations in the 

environment 

Learns/classifies 

continuously with new 

information 



We now understand how we can translate real life data into 

interpretable information. 

But how can we use this information to really make 

autonomous decisions? 



Sensing and data integration. 

Trusted layer of cross-checked data 

from the core processes. 

Analytics and decision making. 

Smelter objectives and realtime 

information is used to create orders. 

Autonomous operations. 

Automated guided vehicles work 

safely and reliably in mixed traffic. 

Sensing and 

understanding complex 

environments 

Ability to make 

decisions, 

autonomously and 

independently 



Ability to make decisions autonomously and independently 
Reinforcement learning using the environment 

When we start out, we do not have much data. 

We do, however, have an environment to interact with. 

This is where we can use reinforcement learning. 



Ability to make decisions autonomously and independently 
Reinforcement learning using the environment 

Child stands still. Child starts cycling 

without hands. 

Child moves 

down the road 

for a few 

meters… 

Child falls down. 

Child has pain and cries 

(negative reward). 

Conclusion: 

cycling without 

hands has a 

negative reward. 

Try with hands 

next time. 



Ability to make decisions autonomously and independently 
Reinforcement learning using the environment 



We have seen how we can use our data to gain knowledge 

with which systems can make autonomous decisions. 

What are some practical cases for the primary aluminium 

industry? 



Sensing and data integration. 

Trusted layer of cross-checked data 

from the core processes. 

Analytics and decision making. 

Smelter objectives and realtime 

information is used to create orders. 

Autonomous operations. 

Automated guided vehicles work 

safely and reliably in mixed traffic. 

Sensing and 

understanding complex 

environments 

Ability to make 

decisions, 

autonomously and 

independently 



Autonomous operations 
Three cases to get started 

Smart Logistics 
Autonomous work order creation, 

scheduling and execution 

Energy Efficiency Improvement 
Autonomous pot control based on energy 

pricing and output demand  

Anode Paste Optimization 
Autonomous calibration of anode 

mixing process 



Autonomous operations 
Some final remarks to get things done 

Welcome new models of 

partnership. 

Business first, technology 

second. 

Don’t replace human 

intelligence – augment it. 

As you need continuous guarantees 

on reliability, safety and (IT) security, 

think in terms of Service Level 

Agreements instead of traditional 

requirements. 

Technology is becoming increasingly 

cheap and modular, but your 

challenges are not. 

Artificial intelligence is an amazing 

tool to maximize understanding, 

transparency and bottom-line control. 

But in the end, it serves the goals that 

we as humans define. 



Thank you. 

www.quantillion.io 
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