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Who is a Control Engineer? What does he do?
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Who is a Control Engineer? What does he do?

Implementation

Mathematical Model
Real Plant

Set point Error | cONTROLLER

|
|
I Control
— — | .
j | | action
|
|

Feedback



Advanced Control System: a case study

De-manufacturing pilot plant — ITIA CNR, Via A. Corti 12, Milan (Italy)
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Control Systems Design
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System Modelling
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Buffer Zones and control Sequences

Sequences

N

A
2 3 I
| seta ] <>
The generic pallet transport module oV
Stacker
< ¢ Crang ¢

Buffer Zones 4

Sequences:|

e+ S2: - fromStackercrane#l- - -  to-Piston-lock

e+ 53: + fromPistonlock -~ - -+  toNext-Moduleq

® » 528: » fromExternal-Right:(Setback-Right) - toStacker-crane#1:(Setback:-Left)q
e + 527: + from<External-Left:(Setback-Left)*” -+ toStacker-crane#l-(Setback-Right)q
e+ 56: » fromStackercrane#l- - -+  toExternal-Rightq

e + 526: + from<Stacker-crane#1-(Setback-Right)-“to-Externalleft(Setback-Left)q

¢ + 519: + fromPreviousModule+ - -+ toSetback-Rightq]



The Sequences technique implementation

Module#19]
A
1 2 3
[| | Setback ¢ N
] @
: : Stacker
¢ ° ' : Crané
[el; i

| Setbagj [l

v 1
Sequences:
o+ S2: + fromStacker-crane#l+ +  toPiston-lockq]
e+ 53: -+ fromPiston-lock - - -+ toNext:-Moduleq —p

e » 528: - fromExternalRight:(Setback-Right) - toStacker-crane#1:(Setback:Left)q
® -+ S27: » fromExternalleft-(Setback-Left)”® - toStacker-crane#1-(Setback-Right)q

* -+ S6: + fromStackercrane#l+ -+ -+  toExternalRRightq o—Pp
® -+ 526: - fromStacker-crane#1-(Setback-Right)-“toExternalleft:(Setback-Left)q —Pp
* -+ S19: -+ fromPrevious'Module- -+ - toSetback-Rightq *—Pp

36 different
Sequences

Finite State Machines — Automata

(Hybrid systems course — Prof. Prandini)

Seq 2: Stacker Crane 1 - Piston lock

Start_Seq 02==1

Evw_Sc1_Down = 0On

[.]

Sx_Sci_Down==1

3
"'! 52 ntemal_Timer_Seq 02 = Intemal_Timer_Seq 02 + Delta_t

Intemial_Timer_Seq 02 == Delay_Time_base bf act

Intemal_Timer_Seq 02 < Delay_Time_base_bf act

]l 0ol
T=
B
i
e
Q:
£
151

Sw_P Ps==1

Internal_Timer_Seq 02 = intemal_Timer_Seq_02 = Delta_t

"
,

Intemal_Timer_Seq_ 02 < Delay_Time_bf stop_Piston ntemal_Timer_Seq_02 >= Delay_Time_bf_stop_Piston
M_Tr_F = Off
=5 Ev_S&1_Down = OF
Int=mal _Tirmer_Seq 02 =10
True
=5 Intemal_Timer_Seq 02 = Intemnal_Timer_Seq 02 + Delta_t

ntemal_Timer_Seq_02 >= D T base_bf_act
Intemnal_Timer_Seq 02 < Delay_Time_base_bf act 2 Timer_=eq_ SSy_lime_hese LA

=7 Intemal_Timer_Seq 02=0
True

A. Cataldo, M. Taisch, B. Stahl, Modelling, simulation and evaluation of energy consumptions for a manufacturing production line, TECON 2013 - Wien



The Sequences technique implementation

SIMIO simulation platform The methodological aspect Transport line shop floor

// = Arc-Tra

$eq 2: Stacker Crane 1 - Piston lock

. .
77~ *g Modueii1g l l t l l t t
A e i - Low level control implementation
1
-+ case-0-:°{1 +N
-+ =+ //From'state'0 ‘to-State 1
+  » if-(FIC_In-=—-true) (% [ I
- - -+ M4 FSM variable state'=-1;9 | I
SRL : | stacter
~+ ) break;q — : b e
€ | i
+ caserl:-{d j H !
- -+ From-State-1-to- o} h
-+ -+ if-(Drilling-processe [
- - - M4_FSM variable Setbde_)
EERER !
~ ) ‘break;q 1
1 i
& ease-2eiig Sequences:]
+ -+ From'state 2 ‘toState 0%
~ =+ if-(FIC_Out-— -true) {1 —
+ » -+ M4 _FsM variable state-=-0;4 —
R !
-+ } ‘break;% —
1
. —
}//switchd =
1
//outputy

ggggggg
switch- (M4_FSM variable state) {I
1

-+ case-0-:-{%
~+ = //output-state -0
1

-} break;1

1
-+ case‘l-:{1
~+ = //output-state ‘1%
~+  ~ start-drilling '—-true;I
-} break;1

1
-+ case-2:{1
~+ = //output-State -21
P |
-} break;1

1

}//switchy

C# Sw code

IEC 61131-3 standard
(Sequential Functional Chart)

PLC

Dynamic Discrete Event simulation model (Isagraf - Rockwell)

(SIMIO)



The Buffer Zones model
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The transport line abstract description
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The High Level Control System design: main concepts
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Input: pallet Target

Output: Transition

Propositional calculus /

(t+1) = Az(t) + Biu()+B20(t) + Baz(t) + Bs |
y(t) Ca(t) + Dyu(t)+D26(t) + D32(t) + Ds | L
E56(t) + E32(t) < FEax(t) + Equ(t) + Es

Continuous and  z € R™ x {0, 1'}”5, u € R™ x {0,1}™
binary variables y € RPr x {0,1}, § € {0,1}", z € R

The transport line Mixed Logical Dynamic (MLD) model

The transport line Model Predictive Controller (MPC)



From the manufacturing plant to the MPC design: main concepts
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Elements to be considered in order to build the ML.D model

Pallet movement (Target to be reached)
Physycal system and control constraints
Target distance

Performance index and constraints

Load/unload

board (M1) | N2




Pallet movement (Target to be reached)
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Tp,(k +1)|=Tp,(k) + ZTpi(k) 'uj,i(k)' ZTpi(k) 'ui,j(k)si =1,..,31
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Physycal system and control constraints

X, ()" T, k) — X, (k+1) =0 U (k)+U, (k) <1

Vi€l i

Load/unload
board (M1) | ™32

v32f Jus21

Discharge board|

Target distance ol |

Tp,; (k) Xi(k) 1?8 ]E(E'[Tg-igtlgr)])c'ex.(k) A

(Linear function - H. Paul Williams, pag. 182; Sherali 2001) | EREIER RN ®

Performance index

Pallet distance from the Target | R ¢ i
yi(k) =C; -x,(k) // ) EEE T o | i
» | L]
RH [] [B5 35 0 i i :
J=1B@Q, -yi(k+h))|+Z(Qx x(k+h)+ 2Q, u (k+h-1)p L
=[] 2 i=32 (i,))el, [ : | !
s e
® } } ; ? >
x(k+1) = Ax(k)+ Byu(k) + Bauaw(k) + Bayy
y(k) = Cux(k)+ Dyu(k) + Dayzw(k) + Dayy
E x(k) + Eyu(k) + Equaw(k) < Egfy




The de-manufacturing transport line: MILP formulation

By re-arranging into the canonical form it comes:

J =min C x

IP problem formulation

Ax <b :l—x' :[x'zx,;]T €Z! + min{ cx :Ax <b,x €7’}

Xllp c {0,1} u(t) :Vt*(o)

Optimal solution

(Receding horizon philosophy)




The MPC algorithm: Basic formulation
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The MPC algorithm: Output quadratic term

Reworking %
(M3) RH |:| 35 35 I:I
U12,33 — 2
u33,12 , J = S' -y.(k+h)) ¥ x.(k+h
2 e, et by H 2, (Q, -y;(k+h) _Z (Q, xi( ))H
BZ6,1 h= U= i=32
u12,13 U10,11 Us,9 33
N8 12 10 9
BZ5,2 11
13,17 ui1,14 T 14 8
T -
BZ8,1 19 16 7
—_—
U17,18 U14,15 U7,8
N18 N1S Deadlock if Receding Horizon (RH) < 6
N34 BZ9,2 BZ8,2 R
U181 U15,16 - (Receding Horizon reduced by 2 steps)
L -
Testing — NN U}',ﬂ—
(M2) | y19,3a634 AN A 38 —
\ m 16,7 \BZ4.1 12 10 9
e 11
O 16,20 U6,7
U34,19 14 8 Load/unload
15 board (M1) | N32
\ \ | 19 16 7
> U1,32 U32,1
U22,23 u20,21 Us,6 al
u2,3
\ Us3,25 l
U23,35
U35,23 4
N21 u21,24 [ N24 \Y24,25
Discharge board BZ10,3 BZ12, :
N35 (m4) U23,24
Passi 1 2 3 4 8 9
Nodi 19 16 19 7 16 8 7 15 33 16
Obiettivi M3 M2 M3 M2 M3 M2 M3 M2 M3 M2
Valori distanze dai Target 7 1 7 7 6 7 5 6 4 5 3 4 2 3 1 2 0 1
Valore calcolato nella J Lineare 8 9 13 11 5
Valore calcolato nella J Lineare (con deadlock) 8 8 8 8 8 8 8 8 8
Progressivo valore J Lineare 8 17 30 41 50 57 62 65 66
Progressivo valore J Lineare (con deadlock) 8 16 24 32 40 48 56 64 72
50 53 85 61 41 25 13 5 1
50 50 50 50 50 50 50 50 50
50 103 188 249 290 315 333 334
50 100 150 200 250 300 400 450




The MPC algorithm: Integral control action
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MPC testing
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MPC testing
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