LCeci nest nas une fufe.



MODEL!

"There is nothing so practical as a good theory."
Ludwig Boltzman S(Z) =k, InW(U,V,N)



Orbit(t) = n a. sin(wt)

=0

@nlinear Data Fitting



Physics >

« Kepler's Laws
e Newton’s Laws



Galileo Before The Papal Tribunal



IFAC World Congress Helsinki, Suomi-Finland 1978



15 lines
of MATLAB
code

Pitt

a I
4756 lines

of assembly
code







Adaptive Control Modifications:

 sigma modification
e parameter projection
e deadzone
* relative deadzone
» forgetting factor
* variable forgetting factor
 square root factorization
* normalization
* leakage
» ehc
* gmv
°gpc
o Igr
* pole-placement
* minimum variance control
* stochastic control
 simulations
» experiments
* theory
 Stochastic
* Robust
» Deterministic






So-What Went Wrong?

Theorem (IEEE TAC 1992).

ly- y¥|, =e|y*|, +eld],

2—6’0




What is Process Control?

Control System

Output (y)

_—————>

—

‘ l Product out

Cooling water In

Cooling water out



The Transfer Function

Control System N
: A
Input (u) | : \
' ' Outp
I l
|
" : dX_ R
u — input (deviation variable) —=f(x)+g(xd,u)
y — output (deviation variable) dt
d —disturbance (deviation variable) | <=5 y:h(x)
e — deviation (deviation) \_ -
r — setpoint (deviation)
G(s) —linear transfer function

e Step response
* Impulse response
Cool| « Frequency response

s — Laplace operator I l Data fitting

Cooling water In



Control System
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‘ l Product out

Cooling water in Cooling water out



Control System

Output (y)

Input (u)

2

Feed

N |

©)

>

‘ l Product out

Cooling water in Cooling water out



Control System

Output (y) Input (u)

N |

€ = = e .

Feed

)
U

‘ l Product out

Cooling water in Cooling water out



Control System

A '
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Output (y)

|
|
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C Input (u)

Feed

‘ l Product out

Cooling water in Cooling water out



Control System

[s7]

Output (y)

A
|
|

Input (u) ;
|
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|
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Feed

l Product out

)

Cooling water in Cooling water out



Control System

Output (y)

El

-——=---

Input (u)

Feed

‘ l Product out

Cooling water in Cooling water out






Thermodynamics (lrreversible) and
Process Control



Passivity Theory

Process

out

Two types of variables:

V(t)3 0

Storage

V(1) £V (0) + ;uxy

supply

Dissipation

inequality

<

U.

N

>
e Extensive

]
I .
| y . Intensive

Current(flow) : u
Force(effort): vy

Power(supply): uxy




Passivity Theory and Thermodynamics

S(2) =k, INWU,V, N)

u | y
>|Process | —
Extensive Intensive
V(t)3 0
Storage

V(1) £V (0) + ;uxy

supply

Dissipation inequality

<??? >

S(t)3 0

S(t) 3 S(0) +

2

1

1
=

dQ

Clausius-Planck




Keenan’s Availability

Theorem:
A(Z1,Z2) is
positive if the
Intensive
variables
correspondin
g to states Z1
and Z2 are
different.



NETWORKS OF PASSIVE PROCESSES:
SIGNALS AND SYSTEMS

Information flow

Theorem (J. Proc. Control 2007, Jillson)

A Fp+ XTf+

dt Processes Connectios Terminals




Why Is Passivity so Precious?

o~ s X
e L
C [(—Oc— "

Passivéystem % £uxy
dv, =) |y, £, +[no],
ISPController: dtC £yxu- ey

Theorem (Automatica 2001, Alonso):
All Chemical Processes can be Controlled using PID Control



PPG Glass Process



Temperature Control



MODEL!

The “Sargent Program”

The Temp)é of Chemigal Engineering (Paul Sides)

dx
dt

y =h(x)

State
(Entropy:

— = T(x)+g(x,d,u)

Z(x)=(U,V,M,A.)
S(Z) =k; INWZ) )

. . . S
Intensivevariables w=1 /‘HZ

e Conservation Laws
* Dissipation

Dissipation and
nvariants
Process
Systems

and Process
Networks






Solar Grade Silicon
Christy White, G. Zeininger Fluor, P. Ege ReacTech

Particle F----"- T T 0 -\I/
_ —1 5
Population Size Plug flow Computational
balance ¢ Granular | reactor Bed temperature ' fluid dynamics
yield Bed density
Particles are well- Gas and powder are Control fluidizatio
mixed plug flow regime
Integrate over time Integrate over height Simulate once t# obtain
for particle size for granular yield model i

distribution

{SiH;I —>‘
\\_4

Slow =






This i1s not my research group



Trust is Good But Control is Better
Viadimir Lenin



