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Process control

Manipulated variables (MV) are constrained

 Amplitude constraints -
. “ Actuator limitations
* Slew-rate constraints

Process variables (PV) need to be constrained

* Operational limits
“ Process operation
 Safety

Most used in industry: PID + Saturation blocks in MV + AWP

Use new ideas to improve PID AWP performance
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. Motivating example
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2. PID control review and wind-up Simulation
3. PID control with AWP — Proposed solution ] tool
4

. Conclusions

—
& 55 tool - X
Process Simulation Constraints
Step 1 input the plant P{s), the plant Step 2 select the parameters of the simulation,  Step 3: select the constraints of the process
model Pnis) and the sampling such as time length of simulation, step amplitude | Also it is possible to choose strategies to

timaTs. efe and load disturbance, and
Plant
(s+1)" exp(-1"s)
Plant model
1.1(s+1yexp(-0.9s)
Sampling
T 1005 Anti windup
Incremental i aigorithm

Step 4. select the controller
PID-TO

[ Constraints mapping

http://rodolfoflesch.prof.ufsc.br/cspstool

Performance and robustness
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Step 6 analyse the pedormance an d
robustness
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Delav Marain (DM}

CSPS - Constrained SISO Process Simulation tool .
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Step 5 simulate the closed-loop svstem
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Motivating example

waaunme EX1-Simple model with constraints

Conclusions

Simple model with delay

Several closed-loop simulations:

- PID tuning -

- No constraints Umax = 0.2 Umin =-0.2
- Constraints — no AWP

- Constraints — classical AWP Aumax=0.2

- Constraints — Improved AWP

Ymax =1
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Motivating example

waaunme EX1-Simple model with constraints

Conclusions

PID tuning PID (with saturations)

(without constraints) \
Oul:put
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PID tuning



Motivating example

wammnae UNified PID formulation

Conclusions

Process models: FOPDT, IPDT, UFOPDT

Kp —Ls %Q—Ls Kp _—Ls

PID form: Filtered derivative action

K; K
C(S):Kp il 1—|—iZ

PID tuning: low frequency approximation of the Filtered Smith Predictor

Tuning parameter = closed-loop time constant To (trade-off)

t To » t ROBUSTNESS l PERFORMANCE
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Motivating example

e DiSCrete controller

Conclusions

Discrete controller — proper sample-time selection Ts

Parallel form C(z) = K, + % 4+ _Kq

u(k) = up(k) + ui(k) + ua(k)

”U;p(k) — er(k)a
_ Ky e(k) —e(k—1)] 4+ auq(k —1)

a(k) o+ T
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Motivating example

e Discrete controller

Conclusions

Compact form C(Z) __ notMniz

u(k) = (14 pB)u(k — 1) — fu(k — 2) + noe(k) + n1e(k — 1) + nae(k — 2)
e 3,n,; are computed with the given K,, K;, K4, o, T

e 5 =0 ideal case (without derivative filter)

Incremental form:  Au(k) =u(k) —u(k —1)

Au(k) = BAu(k — 1) + nge(k) + nie(k — 1) + noe(k — 2)
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PID control with AWP



Motivating example
PID tuning

waana: SAturation problems

Conclusions

r(k e(k u(k — T, k
W rge NS pid(z)_&_ [P0 LS

real control action

e Saturation vahefl u(k) 7 ur(k) u; (k) K;Tse(k)

e Integral action increases
k) > 0
e wilk — 1) > u, (k) (k)

/ _______ 1 ui(k) only decrease when e(k)
: __—"™"|  changes its signal

/ !
"ol | 1 But, as ui(k) >> ur(k), needs some
B | time to go out from saturation

Causes WIND UP
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Motivating example

e AN Windup techniques

Conclusions

Incremental algorithm

Au(k) = BAu(k — 1) + nge(k) + nie(k — 1) + nae(k — 2)

Algorithm : Incremental algorithm

1 Compute Au(k)
2 if Au(k)+u(k —1) = u,(k) then

| u(k) = Au(k) +u(k — 1) No tuning parameter
a else
5 Au(k) = ur(k) —u(k — 1)

- u(k) = u,(k)

code update:  Au(k — 1) + Au(k)
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Motivating example

e AN Windup techniques

Conclusions

Back-calculation

_}Kz-—lT ud
d s
k E[k) * k Upnin f'k k
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— > P —:‘69;(.&)—
t
1
<
AWP action |T;

Tuning parameter
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Motivating example

e AN Windup techniques

Conclusions

Error Recalculation (ER)

Recalculate the error signal at every sample to maintain the
consistence between u(k) (computed) and u-(k) (applied)

u(k) =1+ B)u(k — 1) — Bu(k — 2) + nge(k) + n1e(k — 1) + nqoe(k — 2)
‘U,(k) > Umaz — ur(k) — Umax

Consider:
up(k) = (14 B)u(k — 1) — Bu(k — 2) + nge(k) 3 nie(k — 1) + noe(k — 2)

?
] Used in the code to

= : e(k) ur(k?@gu(’ﬂ update the error:

No tuning parameter e(k-1)=e*(k)
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Motivating example

o EX2- ANt Windup techniques

Conclusions

Comparing AWP methods

Simple example using the simulation tool

1
s+1

—8&

P(s) = e

« Simulation for a 0,95 step
* PID tuning with To=0,5
* Only MV saturation Umx=1, Umin =0.
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Motivating example

s lMProved AWP

Conclusions

Classical AWP works with
simple saturation —

U<ulk)<U Vk >0,

Typical process constraints consider other variables

u<uk)—ulk—1)<u Yk >0,
y<ylk)<y Vk=>0.

Solution: To map the constraints to the manipulated variable!

How? = Using some prediction ideas (MPC concepts)
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Motivating example

s lMProved AWP

Conclusions

Mapping constraints (Max case)
J;b(k) <U... ] Au(k) < Aumaz

Direct \

Au(k) = u(k) — u(k — 1) < Atmas

{ u(k) < Aupmae +u(k — 1) ]

y(k) < Ymaz Depends on past values of control action!
Using model y(k) — f(U(k — i), y(k — Z))

u(k) will affect the future values of y(k) ‘ Predictions!!!
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Motivating example

s lMProved AWP

Conclusions

Using prediction ideas Y(k+7) < Ymaz V j=1..N,

Horizon /

Predictions
AT SR
k +7)

Process delay

We do not know the future and we are going to apply only u(k) at t=KTs

wlk + ) = ulk \v’]»yk+d+3/k) k), y(k — i), u(k — 7))

The same idea in MPC , Control horizon N, =1
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Motivating example

s lMProved AWP

Conclusions

Problem to be solved Y(k+7) <Ymaz ¥V j=1..N,

f(j,U(]{),y(k o Z),’LL(IC o 7’)) < Ymax

¥

A set of inequations to obtain u(k) U(k) < Uy Vj

U(k) < minj [uj] = Uj A

Final constraint

u(k) < min{Upaa; Atmaz +u(k —1);U;} = Usqy

PID AWP control is then computed using this Usz:  (Repeat for min condition)
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Motivating example

e ae. EX3- IMproved AWP

Conclusions

Sample by b2 @y y(k) = ay(k — 1) + bu(k — d — 1)

0<u(k) <1l Vk=>0,
—0.1 <u(k) —ulk—1)<0.1 Vk >0,
—1.5<y(k) <1.2 Vk>0.

Max constraints
u(k) <1

Au(k) <0.1 - u(k) <0.14+u(k—1)

Cyk+d+5) <12 j=1,2

y(k+d) = :ady(k) +ba® tu(k —d) + ... + bu(k — 1)

Rnown past values
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Motivating example

e ae. EX3- IMproved AWP

Conclusions

y(k+d+j) = aly(k+d) +[(a = + a7 2+ ..+ )b |u(k)
K.

J

y(k+d+j) < 1.2 » u(k) < 1‘2_“%(’““ =12

U(l{f) S mln{l, 0.1 4 'U/(k o 1)’ 1.2—ay(k+d); 1.2—a2y(k—|—d)}

g

Past data

Min constraint

u(k) > max{0; —0.1 + u(k — 1); —1-5—%(%@; —1-5—c§Jy(k+d)}
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Motivating example

e EX3- IMproved AWP

Conclusions

Implementation equations for max and min values:

y(k+d) = a%y(k) + ba? tu(k —d) + ... + bu(k — 1)

Usger = min{1;0.1 + u(k — 1); 1'2_‘}?fk+d); 1'2_a12<?j.(k+d)}

max{0; —0.1 + u(k — 1); —1.5—;3;(k—|—d); —1.5—c;§39(k+d)}

sat —

Apply the AWP scheme for PID control with U 44 U

~ sat

Simulation Tool Example
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Motivating example

e CoNclusions

Conclusions

* Using MPC ideas PID performance can be improved for
process with constraints

* Improved AWP PID algorithms can be the solution in
modern real-time distributed control systems for simple
constrained systems

* Simulation tools are very important for analysis and design
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