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Apply MPC as Air-Conditioning Control

* There are two types of solver for MPC

* Computation time must be less than the sampling time

Objective

Compare the computation time

Calculate MPC
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Model Predictive Control (MPC)
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Horizon

I. Use the combination of the most recent of the states

II. Optimize the cost function for the horizon interval

II1. Only use the plant input of the first step
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Problem Setting
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- Parameters
Dynamics Matrix : A ¢ R
Teansfer Matrix : B € RY
Oupul Maurix : € € R

State Cl

Tnout Cost: B C Sl‘
Extimated Stale : & € 8?
Predicted Output : y & R®
Predicted Input - w € B
Roferenci: : grop € R?

Horizon : N
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Definition
Dimensions

+ feredict ion hori zon)
0; fioontrol horizon

paraneters
Aln,n) Hdvnamics matrix

;
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B(n,m) Htransfer matrix

Cln,n) Houtput matrix
0lr,n) osd fsste cost
0final(n.) psd

Definition

Code
Generation

Rinu) psd finput cost
[0](r) finitial state
y_ref (n) freference
wmee wmin udel min; wdelwox | oo ——oo o
end

Parameters

variables

xLi] (n), Hptl fstate

y[il (n)y Hetl foutput
ulil (0, §=0.Ho finput Problem
del_ulil(n), j=0..He fehanze of input

Optimal Input

Calculate

(RS
sunfi=1..He] (quadty[ 1]y _ref,0)) + sun[j=0. .H-1] (quad(del _uli],R)
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subject
yli+]
del He-t
«[iH] _Hp tdranics constraints ]

unin <= uli] <= wpex, j=0..He
u_del min <= ulit]-uli] <= u_del max, j=0..He-1
end
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Make M-File for CVXGEN

rll = 1; % Reference

Ts = 315 % Sameling Tine

parans.h = sysd.hs ¥ Dvnamics Matrix
params.B = sysd.B; ¥ Transfer Matrix
parans.C = sysd.C5 ¥ Output Matrix
parans.@ = eve(9,89); % State Cost
parans.f = 13§ Input Cost

parans.u_del_min = -2; % Gonstraint
params.u_del_max = 23 ¥ Constraint
parans.u_max = B; ¥ Constraint
params.u_min = -3; % Constraint
params.x_0 = [0.58933; 0.7700;
-0.0733; 0.11503
0.1017; 0.08170;
-0.0133; -0.0133;

parans.y_ref = [rO;r0;rd;r0;rd
rO;r05r05r0]5 % Reference

0.2833 1; % Initial State

seltings.verbose = 0; % Switch of Display
settings.man_iters = 255 ¥ Max Iteration
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—— Set of System

Set of Constraint
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Make M-File for CVXGEN
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for t = 31:51:31+200
time = [tine,t];

[vars,status] = csolve(parans,sett ings); % CVEGEN Solver

T2
u2

[0,Ts];
[vars.u_0, wars.u_01;

[y.tt,x] = Isim(sysd,u2,T2,parans.x_0}; & Dynanical Systen

params.x_0 = x(2,:)7; % Initialize Initial State

[y_all; yisizely,1),:)]5 % Save Output
[u_alls ug(1}]; ¥ Sawe Input

voall =
wall =

counter = counter+l;

clear vars status % Initialize CYXGEN
end

Operation of CVXGEN
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Multi — Parametric Toolbox (MPT)

‘Tokyo Institute of Technology

State e

TFeedback —------- i)
| Cutl
1 )
'

MPT - =il
It Controller i 9 >
:_________‘ Soopel
Dynamical
System
> simost
To Verkenace

System: sysStruct = mpt_sys(source)

Solver: ctrl = mpt_control(sysStruct, probStruct, flag)
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Make M-File for MPT
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sysBtruct A = sysd A % Dynamics Matrix
sysStruct.B = sysd.B; % Transfer Matrix
sysStruct.C = eysd.C; % Output Matrix

¥ --Constraint

cysBtruct max = Infones(d, 15 ————— Set of sysStruct
sys3truct min = -Inftones(8,1);

syeStruct -umax
sysBtruct.umin = -3;
sysBtruct .dumax = 23
sysBtruct .dumin = -2;

probStruct N = 105 % Horizon
probStruct.Ne = 10; % Input Horizon
probStruct .norm = 25 % Horn
probStruct.Q = eve(8,8); & State Cost
probStruct R = 15 % Input Cost
probStruct .P_N = P; — Set of ProbStmct
profStruct -subopt _lev = 03

probSt ruct . Teonst raint
probStruct .t racking =0

probStruct.yref = [1515050515151515105 § Reference
probStruct .0y = eye(8,8);

0

x0 = [ 0.5833, 0.77, -0.0733, 0.1150,...
0.1017, 0.0617, -0.0133, -0.0133, 0.2633 1;

[F, P, E] = dlar( sysStruct.4, sysStruct.B, 0, R J ;

ctrl = mpt_control ( sysSiruct, probStruct, “online’ ); ——————— Operation Of MPT
A

[K,U,¥] = simfctrl,x0,1000;
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Compare MPT and CVXGEN
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