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Smartization?

* Monitoring

Measurement mmmp Action

Model of System?
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Smartization?
* Monitoring

 Automatic Control?

Disturbance

: Controlle Manipulate
Set-point Error d Signal d Variable
or
Reference
input

Actual
Output
—>

~ Controller .

Feedback Signal ﬁ
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Smartization?

* Monitoring

. Automatic Control? Model Based Control?

Disturbance

Feedback Signal
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' Smartization?
* Monitoring
 Automatic Control?

e Automatic Fault Detection?
Data based ==y Al, Machine Learning
Model based
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' Smartization?
* Monitoring
 Automatic Control?

o Automatic Fault Detection?

» Use of new digital tools in .... s Digitalization
Terevaran o
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Digitalization Solutions for Monitoring,
Controlling, and Modeling the System

J

Ij Information management system
L% Digital twin
& Robotic Cell
Process control system

fﬁ- Internet of things (loT)

f‘\
L A

VAVAV, j VAVAVA

g;r;\

C Vision and imaging equipment
if % Sensors and smart devices
ii:_f@ Machine vision

" Machine learning

Nad, Alona, et al. "Digitalization Solutions in the Mineral Processing Industry: The Case of GTK Mintec, Finland." Minerals 12.2 (2022): 210. %—”_a] AVATAN com
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For controlling

» strongly disturbed,

* poorly modeled,

« and difficult to measure processes,

such as those involved in the mineral processing industry, the peripheral tools of the
control loop are as important as the controller itself.

» fault detection and isolation system,
« data reconciliation procedure,

* observers,

* soft sensors,

* optimizers,

* model parameter tuners

Hodouin, Daniel. "Methods for automatic control, observation, and optimization in mineral processing plants." Journal of Process Control 21.2 (2011): 211-225. %” alavaran.com



(IR0 90 (559138 30 Wiow g J jiS 9 (b s

Metallurgical
or economic

objectives Control d
model
Optimization l Mea- Fault |
model »| Steady-state Set-points u y sure- Raw detection
Optimizer | ysp_" Controller »| Process [ ment Measu-. and
block | rements isolation
4 4 - >
xY
>
Observers  —
Estimated time - Signal filtering
averaged - Data reconciliation
variables for i - Soft sensors
optimization - Image processors
Observation
model

Hodouin, Daniel. "Methods for automatic control, observation, and optimization in mineral processing plants." Journal of Process Contro/ 21.2 (2011): 211-225. %” alavaran .com
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Phenomenological Modeling
_ Water level
o AV= Av At
) K~ AV= = —B Ah
I
@ Ah A A
h(t) e T 20k
A B v B 0.600V 2gh(r),
R u(f) = 0.600\V2gh(n (Torricelli’s Law)
Data Outflowing
dh A
N = ~2656 5 V, =)

— —_ 2 <
# hp(t) - (15'm O'Ow332t) . i W]avaran.com




e e Empirical Modeling
" Water level
A | attimes N
_J 250
¥ / 200
c.zom | 150
h(t)
| L ‘ 100
. v A ‘ 50
—y— o “” _Y- % 10000 30000 50000 ¢
QOutflowing
r water
| h(t)=at?+bt+c
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Joining of
wholes

Formation of
a whole

Connection
of parts

Gathering
of Parts

Context

Phenomenological Modeling

Understanding o

Researching Absorbing Doing Interacting Reflecting
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