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‘Anthills of Industry’ – a view around English China 
Clays mid1950s  Rudolph Helmut Sauter 1895-1977  



Engineering Images… 

We shall explore –  
•  ‘the divide’ between art,  

science & engineering 
•  why images are so important in creativity 

in art, science & engineering 
•  examples of importance of image-based 

information (related to the mineral 
industry) 



Is there a divide between art, 
science & engineering? 

London: 

Government School of Mines and of Science 
Applied to the Arts (1851) 

Royal School of Mines 

1851 



Is there a divide between art, 
science & engineering? 

http://www.leeds.ac.uk/mining/year125/display_gif/sld012.htm 

Leeds: 

Yorkshire College of Science 
(1874)  

Mining & Minerals School 

University of Leeds (1904) 

"to supply instruction in those sciences which 
are applicable to the Manufactures, 
Engineering, Mining and Agriculture of the 
County of York; also in such Arts and 
Languages as are cognate to the foregoing 
purpose".  

1904 



Is there a divide between art, 
science & engineering? 

Cornwall: 
 
Camborne Science 
and Art School 
 
later becoming the 
Camborne School 
of Metalliferous 
Mining  
 
before becoming 
the Camborne 
School of Mines.  

1883 

1974 



The World’s earliest known printed and 
illustrated technical book was on mining 

and environment (Agricola 1494) 



Is there a divide between art, 
science & engineering? 

My hypothesis - “the 
admixture of 

engineering, science 
and art is natural and 

that only recent 
decades has sought 

to divide the 
disciplines”  

 
 



Are creative thinking processes 
in different disciplines – art, 
science & technology – in 

different classes? 
“There exists a single creative activity, which is displayed alike in the 

arts and sciences..the scientist or the artist takes two facts or 
experiences which are separate; he finds in them a likeness which 

had not been seen before, and he creates unity by showing the 
likeness” Bronowski (1958) 

 

This implies that a a scientific theory  
can bear the stamp of its creator! 

 
 



Science is explaining or unveiling – 
revealing what is already there – 

whereas technology is making and 
building 

Creativity is important in both the 
unveiling process and the 

construction of the final result. 
Creativity is in the product and  

the path. 
 



Characteristics of creative 
individuals 

 • A willingness to accept vaguely defined problem 
statements and gradually structure them 

• A continued preoccupation with problems over 
considerable periods of time 

• Extensive background knowledge in relevant and 
potentially relevant area   (Simon, 1983) 

“the formulation of a problem is often more essential than 
its solution, which may be merely a matter of 
mathematical or experimental skills..to raise new 
questions..require creative imagination” Einstein  



Three types of creativity  
Holton, 1966 

•  Visual imagination – exemplified by history of 
astronomical observations 

 
Thomas Harriot (1560-1621)  
Galileon Galilei (1564-1642);  
Albert Einstein (1879-1955);  
Richard Feynman (1918-1988);  
David Hilbert (1862-1943);  
Werner Heisenberg (1901-1976) 
 



Three types of creativity  
Holton, 1966 

•  Analogical imagination –  
connection of seemingly unrelated subjects 
 e.g. light/sound analogy,  
Thomas Young (1773-1829), wave-particle  
duality etc. 



Three types of creativity  
Holton, 1966 

•  Thematic imagination – possibly the 
hardest to grasp, refers to the scientist’s 
willing suspension of disbelief in judging 
merits of two contrary themata leading to 
two conflicting viewpoints 

 [Robert Milikan (1868-1953)’ and experimental 
work on charge on an electron)] 



The results of creativity 

•  Creativity often seems magical because 
we don’t see the evolution  (we see the 
final picture not the perspiration!) 

•  This is especially true in science 
 



The results of creativity 
•  In art following the evolution to final picture 

is very much part of the formalised training 

Guernica, Picasso 

La grande jatte, Seurrat 

La danse, 
Matisse, Picasso 

Bull (series), Picasso 



Importance of Image Based 
Information in Mining and 
Mineral & Particle Processing 



Inspiring Mining Landscape - 
form and texture at a grand scale 

Courtesy Rio Tinto plc 



Inspiring Mining Landscape - 
form and texture at a grand scale 

Courtesy Rio Tinto plc 



Inspiring Mining Landscape - 
form and texture at a grand scale 



Inspiring Mining Landscape - 
form and texture at a grand scale 



Inspiring Mining Landscape - form 
and texture at a microscale scale 



Anthony Frost? 



Mineralogical Analysis of Ores 

Rock specimen (3d) 

Rock slice 

Photomicrograph of polished rock section (2d) 
x500 

www.leeds.ac.uk/speme/ipse 



Mineralogical Analysis of Ores 
Stereology - 100s years of 
effort have been expended 
on mathematics of 
“stereology” (predicting the 
reality of  3 dimensional 
properties from 2 
dimensional information). 

This knowledge is pre-
requisite for mineral process 
plant design 

 Analysis of mineralogical texture under 
microscopic examination 



Stereology applied to Art 

S Jerome 



Stereology applied to Art (2) 

Vermeer 

www.robots.ox.ac.uk 



Direct 3d Mineralogical Analysis 

X-Ray Microtomography 
Equipment 

Dennis Golchert showing virtual rocks 



Direct 3d Mineralogical Analysis 

Areas having different atomic number can be visualised directly, 
shown here by different colours (blue, green, lime) 

www.leeds.ac.uk/speme/ipse 



Direct 3d Mineralogical Analysis 



Behaviour of Granular Materials 
It is very difficult to 
predict how everyday 
(complex shaped) 
objects pack together! 
 
4 days computation 
time to predict how 16 
chess pieces fit in a 
box. 
 
(Cf. many millions of 
rock pieces in the truck  
shown earlier!) 



Behaviour of Granular Materials 

Mathematical 
equations fit 
contours 

Complex 
object made 
from spheres 

Composite particles made 
from spheres together 
recreate complex object 

www.oxfordmaterials.co.uk 

www.structurevision.com 

 



Behaviour of Granular Materials 

If we ‘digitise’ everything (the particles and the container there 
are in) we can undertake sophisticated simulations very quickly 



Raining Nails (‘DigiPac’ Simulation) 

Rain model, no rebounding, no rotation. 
Typical packing density: 0.39 

Heap building, 50% rebounding  
probability, with rotation. 

Typical packing density: 0.60 

www.structurevision.com 



Granular Flow in a Hopper 

Constituent 
particles 
exhibit a 
variety of 
complex 
shapes 



Granular Flow in a Hopper 



Flow Segregation 



Predicting Segregation 

Fibres/rods and pentagons Mineral particles (from micrograph) 

START 

AFTER 
SHAKING 



Predicting Segregation 

The ‘classic rising nut ‘ phenomena 



Four Methods of Obtaining 
Digitised Information 

Convert from CAD model 

Build directly using software 3D optical scanner 

3D X-ray microtomography 



Predicting Packing 

Shapes obtained by X-ray 
microtomography Packing of pasta (528 particles) 



Predicting Packing 

Bottled pasta (335 particles) – we can explore effects of bottle 
shape, filling method and composition of pasta pieces on packing 

www.leeds.ac.uk/speme/ipse 

www.structurevision.com 



Packing Prediction 
We can 
examine the 
distribution of 
shapes in the 
container and 
compute every 
point of contact 
– this can be 
used to enable 
modelling of 
heat transfer 
(cooking). 



Packing Prediction 
Alphabet Spaghetti  

– just for fun 



Packing of Catalysts in Columns 
- petrochemical processing 

CAD design converted to digital form with a 
resolution of 119x119x108. The above is a 3D 

rendering (visualisation) of the converted 
piece. 



Pellets still being dropped… different views of packed column 

Packing of Catalysts in Columns 
- petrochemical processing 



Samples of constituent 
particles scanned using 
X-ray microtomography 

Example of packed powder 
for a  given blend of 

constituents 

Cross sectional slice 

Packing Prediction – detergent 
powder 



Comparison of simulated and measured packing density for 
8 different powder constituents (only the 3d predictions 

match reality) 

Packing Prediction – detergent 
powder 



Packing Prediction- roadstone 
aggregate 

Effect of 
shape and mix 
of rounded 
and angular 
aggregate on 
packing and 
cement or tar 
requirements 



Other Packing Problems 

Other major interests outside the 
minerals industry have been in land fill 
design, scrap recycling, food packaging, 
paper/printing 



Mineral Industry Examples 
•  Prediction of packing 
•  Prediction of process properties and 

behaviour as a result of the packing 
configuration 

•  Consider dynamic (rather than static) 
conditions 

•  Utilise on-line measurements 
•  Apply these methods to audit and control 

real operations. 



Mineral Belt Conveying 

Packing on a conveyer belt 



Bottom view 

Mineral Belt Conveying 

Top view 

Side view 



Mineral Belt Conveying 

Automated mass and shape measurement using capacitance tomographic 
imaging 

Dielectric profile image 

Model of particle packing 

Sensor ring around belt 



Fill and Segregation in Haul Trucks 

Side view 

Bottom view 



More than 800 particles are being coated onto a short fibre 

Predicting Coating – reuse of 
minerals and wastes 



Predictions for Heap/Dump Leaching 



Predictions for Heap/Dump Leaching 

    3d lattice Boltzman 
simulation of fluid 
flow through porous 
media 



Small laboratory scale test bed to test packing algorithm (left) and 
prediction of fluid ingress, also measured using electrical 

tomography (right) 

Predictions for Heap/Dump Leaching 



Electrical Tomographic Flow Imaging  

(above) 3d dynamic electrical resistance tomographic 
visualisation of a two phase pipeline flow 

(left) 2D visualisation of 
two phase flow  from the 
side through a 
transparent wall 
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Electrical Tomographic Flow Imaging  
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Electrical resistance images sequence with time from one sensor 
plane 

Electrical Tomographic  Imaging  



Laboratory mixing tank 

Pilot plant intensive mixer, 2 m3 

Pipelines 1mm – 1m diameter 

Electrical Tomographic Flow Imaging  



1s 2s 3s 4s

3d mixing measurement in a stirred tank 

Electrical Tomographic Flow Imaging  



Resistance tomography validates computational fluid dynamics - air core 
evolution in separator (work undertaken at Imerys and Rio Tinto) 

      

Centre Wall 

Radial 
conductivity 
measurement 

Electrical Tomographic Flow Imaging  



Electrical impedance tomography applied to highly swirling 
flow 

Three planes of 16 electrode sensors,  particulate slurry (2mm, SG = 
1.45) installed at University of Nottingham 

 

Swirl pipe 

ERT sensor 

Electrical Tomographic Flow Imaging  
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Effect of flow 
velocity on particle 
distribution 
downstream (L/D) of 
swirling section 

Electrical Tomographic Flow Imaging  



Axial swirl       Angular velocity  Radial velocity  2d vector profile (b,c)   3d velocity 
vector            (a,b,c) 

(a)   (b)   (c)   (d)   (e)
  

Air/water swirling pipe flow, imaging at very high rates (1000 
frames a second achieved in mid 2004) 

(Additional slide to original IMPC presentation, added Marc 2004) 

Electrical Tomographic Flow Imaging  



10m
m  

Electrical Tomographic Flow Imaging  

10
mm 



Electrical Tomographic Flow Imaging  

Tracking features as they move – looking for ‘good behaviour’ 



First 
max 

First min 

Sec max 
Controlled 
variable 

Set-point 

Controller 
output 

Real time control based on bubble structure/flow regime parameters 

Electrical Tomographic Flow Imaging  



Linear electrode array 
within a glass probe 
inside a reactor 

Close up of a 
laboratory probe 

Precipitation monitoring 

Electrical Tomographic Flow Imaging  
A ‘dip in’  imaging stick 



Electrical Tomographic Flow Imaging  

Mapping process internals/features into the moving picture 



Electrical Tomographic Flow Imaging  

Mapping 3d objects into the scene 



•   Art belongs with science & engineering - it was inherent to 
foundation of all three UK Mining Schools 

•  Creativity is enhanced by drawing on skills and process within 
each discipline. This is at last recognised by recently announced 
new funding government research funding and should be an 
engine for growth.  

•  Image based intelligent sensors will play an increasing role in 
society and engineering 

•  Image based processes were utilised in earliest mineral 
processes and today provide a tool for significant process 
improvement and monitoring (hydro- and bio- metallurgy in 
particular) 

•  In-process visualisation tools coupled with intelligent 
interpretation algorithms are a rich area for cross-coupling 
between the arts and engineers. 

•   

Final Remarks 
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