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HISTORIA

J ARC: los inicios

The notion of putting
machines to work for us to
perform routine tasks on
command can be credited to
great thinkers like Aristotle
(384-322 BC).




HISTORIA

d ARC: los inicios
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nas E‘dison used a condensed

= 1898: Nikola Tesla,
ai ";‘,f_jcaus inventor,




HISTORIA

d ARC: los inicios




HISTORIA

J ARC: Los inicios

Maxwell recognized, but
could not solve, the
general stability
problem.




HISTORIA

J ARC: los inicios

= 1921: The first reference to the word robot is made in a play by
Czech writer Karel Capek (1890 - 1938) - R.U.R (Rossum's Universal
Robots). The word comes from the Czech “robota” which means serf
‘or one in subservient labour.

= In the play, the Czech
robot is defined as "a
worker of forced

labour”". After this

Hlay,

po i A




HISTORIA

J ARC: los inicios

= 1940: Westinghouse Electric Corp. creates
two of the first robots that use the electric
motor for entire body motion. Elektra could
dance, count to ten and smoke, while his

| ' dog companion Sparko,
could walk, stand on its
hind legs and bark.

B\ j
a 1941: Isaac Asimov first uses the
term robotlcs to describe the

technology of robots. He predicted
the rise of the robot industry.



HISTORIA

d ARC: los inicios
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J ARC: los inicios

1968: The General

HISTORIA
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HISTORIA
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HISTORIA

d ARC: Tecnologia digital
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Control de Procesos

Sistemas de Control
Distribuidos (DCS),

I tccnologia ethernet

1995
1987 ; 3
Foxboro IA Series: APC de 4% generacion
Primer sistema en
adoptar sistema

operativo UNIX y

de paneles TDC2000 de Honeywell 2003
1960 Experion de Honeywell
Primeros 1970 basado en ethernet
instrumentos Xerox desarrolla o 1988 tolerante a falla 'y
electrénicos la primera version Control predictivo basado Tecnologia plataforma Windows
miniatura experimental de en mode_lp (MPC) de 12 Fieldbus
Ethernet usando generacion 1993
Control adaptivo Profibus DP
‘ en Los Bronces | |
1960 1970 1980 1990 2000
1972 | \ 1988
PDP8 en Sistema Experto
planta Coldn 1982 en El Soldado
TDC 2000 en , 2004
1959 1968 .
Computador RW-300 Controlador Légico Salvador . 1985 .Irr:sltgl:nng)?ir;tgcmon
controla en linea un Programable Modicon TDC 3000 en '( a'lr less) de 17
proceso en la refineria 084 Teniente V:niracién
de Texaco en Port 9
Arthur, Texas
2007
Instrumentacion
1985 inalambrica 212
Estandar generacion
ANSI/IEEE 802.3

1983

Primer
transmisor digital
inteligente con
salida 4-20 mA

IEEE ETHERNET

para ethernet




. ARC: Lo actual

PRESENTE
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PRESENTE

 ARC: Algunos sectores

= Faster and more energy efficent aircraft
Transportation || = improved use of airspace

= Safer, more efficent cars
Energy and * Homes and offices that are more energy
Industrial efficient and cheaper to operate
Automation = Distributed micro-generation for the grid
Healthcare « |ncreased use of effective in-home care
and » More capable devices for diagnosis
Biomedical * New intemal and extemnal prosthetics
Critical » More reliable and efficient power grid

» Highways that allow denser traffic with
Infrastructure increased safety

16



PRESENTE

1 ARC: Aeronautica

outside the bounds of
existing classical theory,
and/or existing
computational tools

17
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PRESENTE

(1 ARC: Medicina

« Control, communications and computer
devices in medicine:

Cardiac Pacemaker:

Many pacemakers
are adaptive.

Some contain a
defibrillator.




PRESENTE

 Intelligent Field Devices

.
New technology enables ... ﬂac,“:;a&:
- ) o
Standard Communications 6&@ @(\?ﬁg&ﬁ
The ability to interact with a device and know & a® i{\a‘“
the process better d;&":’ @
t Distributed intelligence \ 9
Reduced cost per function
oy
= More values
= Multi variable
2 High resolution
2 Diagnostic data
35 Quality signal
i Status
Dﬁ-n;irgml L:L::ncﬂnnls
' » 5 Liter Ontro
Traditional P | Bi.directional
s -y Value Asset Optimization
@ ? =3 Device Graphics
a Value m Parameter
— » Time

4-20mA SMART Fieldbus



(1 Controladores

PRESENTE
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PRESENTE

d PLC: Programmable Logic Controllers
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REMOTE SITES

CENTRAL SITE

Reset
Transducers
RF Power
Security
Temperature
Pressure
Flow

Level

RPM

Contral

AC Power
Fuel Level

=y

Analog

Analﬂq w

Remote

Termninal

w

Unit

Remate
Terminal

wunr

Dlgital

=

Digital

Remote
Terminal
Unit

PRESENTE
1 SCADA: Supervision Control and Data Acquisition

Database
Server

5

Internet
Server

!ﬁ
\B

\'\
Modem -
Handphone: S
[Monitoring
\Setting |
Corfiguration
Alarm
Messaging

PDA:
Monitoring
JSetting
Configur ation
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E-mail

Server

‘ ﬁ Internet Explorer:
. Maonitaring

. Alarrn Massaging

Ethernet TCP-IP

Intelligent
Remote Office
Monitoring
System

Pager:
. Maonitoring
. Alarm Messaging

Plants / Sides

Seheduling
NT4 Sarver LIOﬂOH Relation
Domain Contral Database [ODBE)
SQL Transter From
SCADA Nodes
CORPORATE
INTRANET
Wiaw Client Station
Located in Area 2
Metallurglsts Office
Casting Contral
Sy‘s.tem
SCADA Server N
Various View CHant Stations Located in .llrea 2
(Read Only) Located in Gonirol Room
Productions Offices
View Client Station [Read Only)
Located in Area 2
Team Leaders Offico
Process Model
Data Link

Processing Modelling Software



Processing
Industries
(Continuous)

DCS,
Motion Control

PRESENTE
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Hybrid
Industries

(Continuous/Batch)
+ Discrete)

DCS + PLC,
Motion Control

Manufacturing
Industries
(Discrete)

PLC, CNC,
Motion Control




PRESENTE

d Arquitectura

Business Planning & Supply Chain Management Businuss
| Waork
Processas

Business
Functions

1SA-95 Definitions

Production
Management
Functions

Real-Time
Control
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PRESENTE

800xA de ABB

d DCS




PRESENTE

(1 DCS: PlantPAx de Rockwell

PlantPAx

Process Automation System

Powered by Integrated Architecture Technology

O
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PRESENTE

O DCS: Experion de Honeywell
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d Arquitectura

MNon-Linear Control
& Plant-wide Optimization

Model Predictive Control
& Unit Optimization
Soft Sensor Technology

Advanced Regulatory
Control

PRESENTE

Integrated & Scaleable
Optimization Solutions
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PRESENTE

Arquitecturas de Control Descentralizado

Profit Profit Profit
Controller Controller Controller

Controller Controller Controller




PRESENTE

30

 Control Predictivo Basado en Modelo (MPC)

MPC made simple...

MPC is a model-based control strategy using models in 2 ways:

Uses a reliable meodel to predict effect of past control
moves on P future outputs, assuming no future moves.

Uses the same medel to compute the optimal M controller

moves. Implement first move and repeat procedure.

past Prediction horizon, P

-

target o
= -l--l--il'-""""I—\

E
Control horizon, M

oL >

|

o
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PRESENTE

d MPC: Analog to Chess Playing

T il - —
F ":.__ \ s x\
N s,
ol ™
my move \
T :
o= his move |
'y “_‘\ i
EEEI b ,%___:\ my i~ Sl : _
“ = T %] move Y ~
/,—f’-f’. Wi \\~ -'I . < v I:"mn .
I o [ ] : ___{'{ : S ]
I ! e b R
o | RRASPAROY
- "4
&
-

\
T, -
‘EEEE s
% | e ol

L

e %

My
Move

Opponent
(The Plant)

The Opponent’s

Move

I

(The Controller) New State




32

PRESENTE

d MPC

SPECIFICATION OR LIMIT

Operating Region APC
Economic
/’ Steam Demands Optimum

Power Demand

1
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Reserve Requirements

Temperatures Condensate Supply

\EQ.lipment Constraiy{



PRESENTE

O OCS Expert System, Metso CISA

Plant via DCS
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APLICACION

1 VisioFroth, Metso Minerals
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APLICACION

d FrothMaster™ 2, Outotec

4-20md signals
* Speed

® Bybble size

= Stahility

Set point
* Grads
* Recovery

PLC/
DCs

Concentrate slumry

D54 Assays
* Grade
* Recovery
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APLICACION

(1 Control con Sensores Visuales

SP Aire P vSEEidg.g _ﬁ\
0CS 5P ==
__6 ] @
i w [ BY Velocidad l
N e
\di11) \o11L)
b

Escondida: Instalacion en la Flotacion
Primaria Lineas 1,2,3,4,5,6

54 Cameras
! ._g N : rﬂ'ﬁ*ﬁg—ﬂmﬂ

-3 ¢ .ﬂl_.
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APLICACION

(1 MPC en Molienda SAG de Minera Pelambres

Weight Setpoint

Feedar Feed Rate H “%%Finas or Ore
Speed Setpoint SRR, Hardness
E— WS ":": oo ennaeed m:c: .-eeee FF2
\ J 4 4 et FR3
Feeders '1|| f ' Feed Rate . Weight
\_J @ @
o I
o Y
Belt SAG

o Mill =

Rotation |  \Al
Speed | ‘;Snund

P Sound
FF2 ccuueep 3 Selpoint




APLICACION

(1 Control Predictivo de Flotacion

r — — Bubbier FHow
: r — — Bubbler Fow
copl . : r = = Bubbler Flow
- Y :
EHMNWAUE " p y
e ol e
EHMNWAHE :
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Call Laval

Call Lowal
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APLICACION

d MPC para Horno Flash, Codelco Norte

Oxidacion de Carga:

- Calcopirita : CuFeS,(s) + O,(g) ==> FeS{l) + Cu,S(l) + SO4g) PRODUCTOS
= Pirita : FeS,(s) + O5(g) ==> FeS5(l) + SO,(g)
|' = Bornita : CuFeS,(s) + Os(g) === FeS5(l) + Cu.5(1) + SO4(g)

Formacion de Magnetita:

EJE
ESCORIA

= FeS(l) + O-(q) === FeO(l) + SO5(q)
= FeO(l) + O4(g) === Fea04(l)

Reduccion de magnetita y formacion de fayalita en el bafio :
- 3Fe,0,(1) + FeS(l) + 5Si0,(s) ==> 5Fe,Si0,(l) + SO,(g)

Sulfatacion de Polvos Metalurgicos:
- CU,S(s) + 30,(g) + SO,{g)==> 2CuSO,(s)

POLVO METALURGICO

GASES
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APLICACION

d MPC para Horno Flash, Codelco Norte

|pq )
IP2* !
IP3
P4
IP5
Variables Manipuladas: Variables Controladas:
Flujo de Oxigeno de proceso Temperatura del gje
Flujo de aire de proceso Ley de Cobre en el Eje
Flujo de alimentacion Concentracion de Magnetita en escoria
Adicion de polvo Ennguecimiento de Oxigeno

Razon alimentacion Si0O, Presion de Oxigeno
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APLICACION

d Robust MPC on SAG Mills, Codelco Teniente

—_—

Controlled Variables —*
(CV) —

—

Actml and desired
economic variables

RRR

Optmization of the product
value

EMPCT Algorithm

} $iba

Manipulated Variazbles
M)

A

*+— Dismmbances
a— o
—

Controlled Variables (CV)

= Bearing Pressure
= Power
» Pebbles Produced

Manipulated Variables (MV)

» Fresh Feed
= SAG Mill Speed

Disturbance Variables (DV)
« Percentage of coarse feed ore

Optimization Objective:

Maximize fresh feed whenever
possible

Restrictions:

« Maximum engine power of the

SAG mill.

= Maximum capacity of pebbles

strap produced




PRESENTE

d Manipuladores Roboticos

Sistema de manufactura flexible

Juntura rotatoria.

Notebook PC g

WIA Mini-ITX
Mainboard

802.11
Wireless
LAN

Roboteq .4
Controller  °

USE Joystick
Video

Componentes de un Suburu — Sistema Manipulador
vehiculo robotizado



PRESENTE

d Robotica en la Industria Automotriz

One of the most important
partners in the development
of robotic technologies

<+ Welding robots

< Robustness and precision of
the assembly of pieces

< Manipulate very heavy loads

< Found in painting rooms

< Used for places that are hard
to reach
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PRESENTE

(1 Robotica en Centrales Nucleares

Nuclear generator installations are
places where we can find a large
number of robotic applications.

Used for maintenance of nuclear
reactors.

Used for the replacement of
radioactive fuel tubes.

Seal off radioactive leakages in
contaminated zones.

Cleaning and decontaminating
radioactive areas without
compromising the health of
workers was also necessary.

44



PRESENTE

d Robética en Exploraciéon Espacial

Spatial probes sent for many years to explore
and discover our universe

Like the Viking I and II probes sent to
explore Mars 1n 1976,

TE]cmanipulntor used to collect samples of
soil

The famous Canadian spatial manipulator
Canadarm mounted on Amencan
spaceships and the new space station remote
manipulator system (SSRMS) that is used to
assemble the international space station.

Mars Rover in 1998 explored the neighbor
planet while being teleguided from the
Earth

Prowvided an incredible amount of new
mformation about this unknown
environment




PRESENTE

d Robotica en Entretenimiento

“playing” with sophisticated toys dedicated
for funny applications.

% Robots that are supposed to do house
cleaning

¢ AIBO, built by Sony, that have all the
nice characteristics of a real dog but
without its obvious disadvantages.

*» Remotely controlled robots used to do
fun pamnting

Considered as a very positive and
innnovative way of evolution in
robotics.
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PRESENTE

J Robotica en Medicina

The idea of
robots

47




PRESENTE

J Robotica Personal y de Servicio

Mobility, Perception (Vision), Computation, HRI, and Autonomy are key

:',H. 'ﬂ."

Rescue Robots

Level of Autonomy

Manufacturing
Low Robots

Highly Structured Semi Siructured Loosely Structured Deconstructed

Operating Environment
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PRESENTE

d Noémade, Carnegie Mellon University, exploro la
Antartida y el Desierto de Atacama
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APLICACION

» Limpieza de Horno de Tostacion de Molibdeno,
Codelco Norte

50



APLICACION

J Robotizacion de la Toma de Muestras de
Concentrado de Molibdeno, Molymet
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APLICACION

d LHD y Vehiculos Autobnomos

52



APLICACION

d Camiones Auténomos, Komatsu

where's
Ehe driuer?
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APLICACION

1 Remote Control System

Located at the West Angelas more than 1000 kms from the Remote
Operations Center in Perth

# \West Angelas R i ROC Perth =
& Video | [
e R
: ———Frowrg - - . o s -
‘ Slereo
. Sonsars [CAN}———B c"clﬁ‘“"’*“"lswfﬂ -
H':'I:l'HI.HE F'ﬂ'}'lﬂf
Gunbial Pack
& S| FLE L —
Locsi RG : p i
FRigcoisar S

Y Commance——  Elheret D e-
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d The Eng

FUTURO

ineer of 2020: Context

. il |

> Breakthroughs in technology
» Demographics
> Challenges

» Economic/socletal forces
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FUTURO

d The Engineer of 2020: Context

Microelectronics/
telecommunications

iﬁtechnologyi
nanomedicine

Logistic

Manufacturing
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FUTURO

 The Engineer of 2020

g’ .
A Al
J ki |

&> Demographics

> 8 billion people; a 25% Increase since 2000.
> Balance tipped toward urbanization.

» Youth “bulge” in underdeveloped nations while
developed nations age.

> If the world condensed to 100 people:
>56 in Asia > [ in Eastern Europe/Russia
>16 in Africa > 4 in the United States
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FUTURO

 The Engineer of 2020

> Fresh water shortages
> Aging infrastructure

> Energy demands

> Global warming

> New diseases

> Security
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FUTURO

 The Engineer of 2020
Economic/societal forces

> High speed communications /
Internet
» Removal of trade barriers

> Terrorist attacks; wars in Iraq,
Afghanistan

> Emergence of technology-
based economies in other B
nations

» Sustained investment in
higher education in countries
like China, India
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FUTURO

d The Engineer of 2020: Highlights

> Emphasis on innovation.
» Systems approach.

» Larger context for engineering
and technology.

» Non-engineering career tracks.
» Global perspective.

» Market forces, macroeconomics.

» Sense of urgency.
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FUTURO

 The Engineer of 2020

ENG Research and
Education Themes

* Cognitive engineering: Intersection of
engineering and cognitive sciences

* Competitive manufacturing and service
enterprises

* Complexity in engineered and natural systems
* Energy, water, and the environment

* Systems nanotechnology
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FUTURO

d The Engineer of 2020

{ r':wfra-'ﬁ-.r'

r@f@ﬁ Cognitive Engineering

ff i,

';

* |nvests in improving
understanding of the brain
and nervous system to
enable the engineering of
novel systems and
machines

Multi-Site
Electrode Amay =~

* Examples include:

— Devices that augment the

senses
H1|1pm amptis

=)

— Intelligent machines that
analyze and adapt

A neural prosthesis restores cognitive function lost due to
darnage or degenerative disease. Credit: Biomimetic
MicroElectronic Systems ERC, Univ. of Southern California
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FUTURO

1 The Engineer of 2020

Complexity in Engineered
and Natural Systems

» Addresses unifying principles that enable
modeling, prediction, and control of
emergent behavior

* Examplesinclude:

— Improving structural performance during
disasters through advanced materials

— Advancing quantum
information processing

— Making infrastructure more
resilient and sustainable

Design of sustainable distributed
energy systems relies on

modeling diverse waveforms. Credit
(T to B): Microsoft; Computational
Science & Engineering, LLC
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FUTURO

0 Sistemas Complejos

overwhelming

biological
system
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FUTURO

0 Sistemas Complejos
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FUTURO

1 Sistemas Complejos
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FUTURO

1 Sistemas Biologicos

Biological structures and
capabilities may inspire
mimicry:
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FUTURO

Desarrollos Tecnolégicos en Codelco

mmERi_A
SUBTERRANEA
CONTINUA

MINERIA CIELO
ABIERTO

MINERIA

AUTOMATA

TECNOLOGIAS
INFORMACION,
COMUNICACION &
AUTOMATIZACION

®

CODELCO
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FUTURO

d Real-time Business Decision Making

Real-time Business
Decision Making

« the set of activities performed by
humans and assisting process
operation support technology

« to manage a manufacturing 4

site,
enterprise

plant,

__ packaged

unit

process f RS e

+for profibability E - A -

and agility

unit, group
of units

increasing
degree of
automation
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FUTURO

O Real-time Business Decision Making: Manufacturing in the future

synchronous or asynchronous
rolling window prediction adaptation

the plant as part of
the supply chain

performance

indicators

1 :
the disturbances T ﬂ ﬁ_. the requirements

delivery on demand flexible production
varying quality specs smooth dynamics
fluctuating prices lean inventories
time-varying environment high capital productivities
corporate strategy sustainable production

advancing technologies
saturating global markets
tightening legal regulations




FUTURO

1 Life-cycle optimization: The next loop

Sensing & Economic life-cycle

Reference Actuatio Estimation cost estimate

| T e —

Context, e.qg. market price,

l weather forecast
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FUTURO

d Real-time Business Decision Making

continuous continuous
inputs * | states
binary | binary
inputs | states

desired behavior

constraints
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FUTURO

1 Hybrid systems

X

Computer
Science

Finite
state

machines

73

Continuons
dynamical
systems

Hvbrid sysfe@J

MO, system s
{ "J‘i':' = Ax(t)+ Bult)
yit) = CE(t)+ Du(t)

reR . v R”
Y

z R’



FUTURO

d Hybrid Systems: Mixed Logical Dynamical

MLD model z(t +1) = Az(t) + Byu(t) + B20(t) + Bs(t)
y(t) = Cr(t) + Dyul(t) + Daolz) + Dyz(t)

Eq0(t) + Fi2(t) < Eyx(t) + Eu(t) + £

Controller Hybrid System
Reference Input -' Output
r(1) we) (0)
Measurements

« MODEL: use an MLD (or PWA) model of the plant to predict
the future behavior of the hybrid system

- PREDICTIVE: optimization is still based on the predicted
future evolution of the hybrid system

« CONTROL: the goal is to control the hybrid system
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FUTURO

d Hybrid Systemas: Peacewise Affine Systems

discrete
Event Te(k)
Generato
b (k) .
=1 / . AT NG
ot ATiRe] |
s Shiste
ue(k) i -E'ml :
Finite State b v {1
Maching Lo b agwe(k)
,—l]f_“\lh\ = m el b SR 3
r.r,{k) (<_)’ il caunter s
O—"0 e
ug(k) Tk

continuous

The affine dynamics depend on the current mode i(k):

-

........

......
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FUTURO

d Hybrid MPC: Applications

 Traction control (Ford Research Center &)

* Gas supply system (Kawasaki Steel § )

* Hydroelectric power plant ( s rittmeyer)

* Power generation scheduling (ABS)
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FUTURO

d Hybrid MPC: Supply Change Management

manufacturer A inventory 1
= v11(k)

/7



FUTURO

d Hybrid MPC: Combined Cycle Power Plant

Simple plant:
Ef'EﬂI"I"I e 1 Yy
(paper milll—= > mm ——— DOWEI
L) : TLIE'JEHE

Y fuel
Consumegtion
1I
— 5 pOWer

* Two turbines and two binary mputs (on/off commands)

Other plants:

 Several gas/steam turbines. firmgs ...



FUTURO

d Hybrid MPC: Traffic Control

Motivating examples

e Traffic control systems

dynamic speed limits” T

ramp metering hs_intro.8
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APLICACION

1 Nuevas Tecnologias para el Convertidor Teniente

Actuadores:

» Desarrollo de sistema mecatronico para la apertura y cierre de
las compuertas.

Sensores:

» Desarrollo de sensores en linea para la medicion de los niveles
de fases liquidas.

Control:

» Satisfactorios resultados con la técnica de control predictivo
multivariable tradicional.

» Desarrollo de herramientas basadas en Scheduling.

i Es posible integrar estos desarrollos ?
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APLICACION

(1 Modelo hibrido del Convertidor Teniente

" 1L+
e i'l I'#'l}‘
E—3 E=a 4
Modo 4 % ‘ I _
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ua Hh
Modo 6 a:h; <, :}
H &




(1 Control Predictivo Hibrido del Convertidor Teniente

Carga de escona

APLICACION

-l P: - = s

. Madicidn - - i

o Procesno
|_+ Atiuadores (== Ug Converlicor _/ T Sk
I »| i, Teniete Y > Y
| -
| =1 U o
i
. v
i
: Sansores vissan
|
|
: b < 1
| W T - 1
I Modelo ¥l
I hibeido -
+——-_—-—" + Ud ¥ &
p
|
i
|
I —l L
- Cantrotador L
predictivo

I hibrida >
I {HMPC) ‘rm:
L-_ ______ - Ulj ;

I 3 t
Canverlidorss Pairce-Smith

Hormos de limpieza de escora
Grias puentes

} Restrictiones
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d World Wide Robotics Market Growth

FUTURO

Personal and Service Robotics Markeis Drive Growih

Market Size (s1.000s)
$70,000,000 -

$60,000,000 -
$50,000,000 1
$40,000,000
$30,000,000 1
$20,000,000
$10,000,000

50 -

Sonrce: Japan Robotics Association

1995 2000 2005

M Home*
$66.4B

Medical’'Welfare |«

Service & Personal
Robotics Markets
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FUTURO

d Challenge: Computer Vision
Steady Weather Effects:

Mist B ‘ ¥

Fog

Snow
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FUTURO

d Challenge: Information-intensive surgery

I ______________________ I

I Patient
 Computers and networks :_"' s ineae

| | ———— -
: Image & sensor processing, ! =
: anatomical modeling, surgical| | Rastomic

| planning and control, ... | 4=>| atiases and

I surgical task

__________________ 1

isi models

Images & other Command & Decision ~— o
trol support &

o commands §W

: Imagers Robotic Human- :

I and other devices machine I

: Sensors interfaces :

|Interface technology |
[ 3

patient surgeon



FUTURO

d Challenge: Grand Unified System
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APLICACION
O Mining: Advanced Operator Assist

* (perator positions vehicle, Digging
1s automated (AutoDig)

» Available on Wheel Ioaders
(surface mining) and LHDs
(nnderground mining)

* Excavator version in R & D

* Recent versions can adapt

automatically to variety of soil
types and conditions

* Operation rivals expert operator

P m-""* ""v-u

‘--zﬁ-r—‘ -
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APLICACION

d Mining: Autonomous Excavator Truck Loading

¢ Accomplishment: prooi-otf-concept
excavator autonomously loading
hundreds of trucks at rate comparable to
expert human operator

¢ Unsolved problem/challenge: surface
mines are complex with mamny types of
machimes and operational scenarios

Fully Autonomous Excavator Truck Loading:
Caterpillar/CMU

¢ Goal: find the best way to marry
autonomous control with human control
i1 an integrated surface mine




APLICACION

d Mining: Network of Autonomous Vehicles

Future concept:
integrated autonomous
systems for

+ Dozing
¢ Loading
+ Excavating
+ Dirilling

+ Grading

Concept from Caterpiliac
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CONCLUSIONES

Una extensa trayectoria de conceptualizacion y materializacion, acelerada
drasticamente con el surgimiento de la electronica digital, han permitido que la
Automatizacion, la Robética y la Ingenieria de Control se transformen en
elementos centrales del progreso humano.

Estas tecnologias han llegado también a convertirse en componentes
fundamentales para el desarrollo de la industria minera, si bien ello ha
ocurrido, en general, con retraso en relacion a otros sectores.

Actualmente las empresas mineras han reconocido el potencial que las
tecnologias de automatizacion, robdtica y control poseen para aumentar la
seguridad, reducir los costos y mejorar la operacion de sus procesos.

Proveedores con extensa trayectoria en la mineria han potenciado su oferta y
propuesto nuevas formas de hacer negocios, para lo cual estan invirtiendo en
desarrollar o adaptar tecnologias para el sector.

Como consecuencia, la oferta de productos y servicios para la aplicacion de estas
tecnologias esta creciendo significativamente.
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CONCLUSIONES

Las proyecciones muestran que en los anos siguientes se fortalecera la
actividad cientifica y tecnoldgica que buscara explicar fendmenos de gran
complejidad, frecuentemente encontrados en la naturaleza y en el propio ser
humano.

Estas investigaciones permitiran incorporar cada vez mas inteligencia en los
componentes de la Automatizacién la Robdtica y el Control, mejorando
significativamente las capacidad de percepcion, modelacion y prediccion.

Resulta aconsejable poner atencion a estos avances, pues varios de ellos
pueden ser transferidos directamente a la industria minera, sirviendo de base
para enfrentar los desafios que la misma industria se ha planteado.

Como elementos que aun requieren mayor elaboracidén se encuentran: una
vision mas integrada de los procesos y de las soluciones, una mejor
interaccidon hombre-maquina, y una capacitacion del recurso humano mas
acorde con las nuevas tecnologias que estan surgiendo.



