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Model Predictive Control

s axlgs oBls JgnalS 5 (3 (owikins

&

a2




/

MPC

(UModel Predictive Control Toolbox

Several linear MPC design features available:
explicit MPC
time-varying/adaptive models, weights, constraints

stability/frequency analysis of closed-loop (inactive constraints)

dGraphical User Interface
JSimulink library
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MPC simulink

e

MPC Simulink Library
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MPC simulink

MPC Simulink Library

% Function Block Parameters: MPC Controller
MPC (mask) (link)

The MPC Controller block lats you dasign and simulate & model predictive contralier
dadined in tha Model Predictive Condrol Toolboo.

Paramealers

MPC Controfar  mpoaby) Dhasign

Initial Contro®ar Stata [ Raview

Block Opticns
Omiine Faatures Cithers
Additional nparts

Measured deturbance (med)
~ Extarnal manipulated varigble [medtmy)

Addtional Cutports
Optimal cost {cost]
Optimal control sequence (me.seg)
‘Optimization status {gp.status)
Estimated plant, disturbance and noise model states (ast state)

State Estmation

\\° Liza cuntom estimated atates instead of measuwad cutpats (x[kdk])
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MPC simulink

MPC Simulink Library

*a Function Block Parameters: MPC Controller
MPC {mask) {irk)

ﬂmhtPGGarmﬂabhﬂ:IEEymﬂﬂ?mﬁmmanndalpmdmmdhr
defined in tha Model Predictive Conirol Toolbo:,

Parameinrs

MPC Controliar  mpcob) Design

Initial Contrader Siate [ Feview

Block Options
Ganeral Dihers
Congiramnis
Plant input and oulput limits {umin, umax, ymin, ymax

Waights

Weights an plant outputs (y.wi)

Weights on manipulated variables (wwt)
Waights on manipulated variable changes (du.wi)
Weight on overall consiraim softening {ecrwi)

M Targeis

e Targets for manipulsted variables (v targe)
N
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MPC simulink

MPC Simulink Library

L

*» Function Block Parameters: MPC Controller
MPC (mask) {link)

The MPC Confraller block 1els you design and simuiate a model predictive contraller
defined in the Modeal Fmdh:umﬁmhwl‘?;alhm

Parametars
MPC Confroller  mpooty Design
Initial Coniroller State [ Raviaw
Block Optians
Gienaral Online Features

Signal Attnbutes

Biock Data Type | double e

Sampla Time

Inheril sample bme (mest be the same as oonirober sample time]

Optmization Ssttings
Lise extermal signal 1o enable or dsable optimization (switch)
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MPC simulink @

MPC Graphical User Interface
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>> mpcDesigner (old version: >> mpctool)

\\e See video on Mathworks' web site (link)
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MPC simulink

Example:
H
o 1l
Ve
2
Symbol Value (MKS) Meaning
Lg 1.0 shaft length
dg 0.02 shaft diameter
Jg negligible shaft inertia
Jar 05 motor inertia
Bas 01 motor viscous friction coefficient
R 20 resistance of armature
kT 10 motor constant
o 20 gear ratio
feg 1280.2 torsional rigidity
Jr 50.F pq nominal load inertia
B 25 load viscous friction coefficient
Ts 01 sampling time

Gy i
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7% 1)
bz
>> mpcmotor

see also
linear/dcmotor.m

(Hybrid Toolbox)
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MPC simulink

Example:
L2 & B pe
_ ke _ 8L kg 0
Jr JL pdL 0
r = () 0 0 1 s 0
o kr
kg n __k Bm+tkp /R L Ras A
L pJ g o= Iag Jpg .
6. = |1 0 0 {J]i
T = [Lﬁ 0 ke u]:r

>> [plant, tau] = mpcmotormodel;
>> plant = setmpcsignals(plant,'MV',1,'MO',1,'U0',2);
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Example:

o Theinput DC voltage V' is bounded withing the range
V| <220V

e Finite shear strength 7,4,, = En;“»ff-:r'c.m? requires that the torsional torque T
satisfies the constraint
|T| < 78.5398 Nm

» Sampling time of model/controller: T, = (.15

>> MV = struct('Min',-220, 'Max',220);
>> OV struct( 'Min', {-Inf,-78.5398}, 'Max’',{Inf,78.5398});
>>Ts = 0.1;

o p
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MPC simulink

Example:

min
AL

>> Welights
>>p = 10;
> m= 2:

>> mpcobij

p=1

S IW Y (i — ) + W Bk |* + pee”

k=0

subj. to0 AUmin < Aur < AlUmax, E=0,.... m—1

Aup =0, k=m,...,p—1
Umitn = Uk < Ymaxy B =0,....m—1
Ymin — 'ET";Iuin E Yk E Ymax - Eb‘;—nax-. k= 1e R L

= gtruct('Mv',0, 'MVRate',0.1,'0OV',[0.1 0]);

= mpc(plant,Ts,p,m,Weights MV ,0V);
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MPC simulink
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Example:

Angular Position
T

y y T Closed-loop simulation using
00 - . - :
i i) Y | the simcommand

>> Tstop = 8; % seconds
>> Tf = round(Tstop/Ts); % simulation iterations
>> r = [pi*ones(Tf,l) zeros(Tf,1)]:

\\@ >> [vl,tl,ul] = sim(mpcobj,Tf,r);
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{MPC simulink
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Example:

o
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raf

o ar

Copyright 1290-2014 The MalhWerke, Ing

>> mdl = 'mpc_motor';
>> popen_system(mdl)

>> sim(mdl)

Closed-loop
simulation in
Simulink
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