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Research Title: Saving building energy: model predictive classroom temperature control
Researcher: Sungwan Boksuwan

Faculty:  Engineering Department: Measurements and Control Engineering

ABSTRACT

HVAC control system using Model Predictive Control, or MPC, to save building energy is widely used. The
control performance depends on the system itself and a nature of disturbance. Each of building has its own
properties. In Thailand, University’s classrooms mostly have the air conditioner which is not an inverter system. The
control mechanism is on and off which is not efficient enough. Thus, the excellent control of the air conditioner will
lead to energy saving. The classroom with on-off air conditioner is considered as a hybrid system since the
compressor has only two positions. In addition, the compressor cannot change its own state simultaneously. All
stage changes require at least 5 minute. Those constrain the design of control system, which the traditional
controllers like PID or LQG are not a choice. In this research, the Explicit Model Predictive Control, or EMPC, is
used because it is suitable for the implementation in an embedded system. The experimental results reveal that the
temperature reaches the desired value 25 degree Celsius within 10 minute and keeps fluctuating between 23 and 26
degree Celsius. The working time of compressor is reduced 33.33 percent. The EMPC is considered very useful for

the control of the temperature in the classroom with on-off air conditioners.

Keywords : Energy saving, HVAC, Model Predictive Control, Explicit Model Predictive Control
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TumanamansdmsueTuieiomaana

T(n+ 1) = 0.00497T (n) — 3.182844u(n) + 0.83692w(n)

¥

Tsunsumseonuuvamsomou ldaatl

Ts = 900;

At = 0.004871702218272;

Bu = -3.182844667379395;

Aw = 0.836924487818905;

Ag = 1;

Ad = [At Aw Ag;0 1 0;0 0 11;

Bd = [Bu;0;0];

Cd =[1 0 0];

Dd = [0];

sys = LTISystem('A',Ad,'B',Bd, *'C',Cd,'D', Dd,'Ts',Ts);
sys.x.min = [0;0;0];

sys.x.max = [45;50;40];

sys.u.min = [0.34];

sys.u.max = [0.65];
sys.y.with('referencs
sys.y.reference H
sys.y.penalty = QuadFunction(l);
sys.u.penalty = QuadFunction(0.1);
N = 4;

Mympc = MPCController(sys,N);
empmpc = Mympc.toExplicit ()
empmpc.optimizer.toMatlab ('E m', 'primal', ‘obi'):;

a { 4 ] < o a
naansh ldne EMPC Funululvd EMPC.m Faamsori ludaaihuniuna1dTaoase 959 9 uds

m3nugu EMPC 1iufine mstlounduaoius
u(k) =Kix(k)+F;,, x(k)ell

a3 [T naneils awes (K, Fy) stanuaiuies aniudwodunisauiu dedamves X(K) Jegiiu

uazidonan (K;, F;) iaeandes vhnguiu sdee Iddaanuniugy u (k)
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= 900; sysC = ss(0K);
= CliniclB80816.0utputbata;
= Clinicl80816.InputData(:,1);
= Clinicl80816.InputData(:,2);
,c] = size(T);s = max(r,c);
t = 30*%[0:8-1];
Uw = timeseries(w,t);
Uu timeseries (u,t);
Tt = timeseries (T, t);
X0 = T(1,1);
sysC_T = sysC;
Cc = sysC.c;
sysC T.c = 1;
sysC_T.b = Cc*sysC.b;
K = Cc*OK.k;
sysC = ss(sysC_T.a, [sysC _T.b K],sysC T.c, [sysC_T.d 0]);
sysD T = c2d(sysC,Ts);
Atd = sysD T.a;
Btd = sysD T.b(1,1:2);
Ctd = sysD_T.c;
Gtd = sysD T.b(1,3):
Htd = [0]; ytVar = 0.814201766096338;

s
T
u
w
[&

[rAtd,cAtd] = size(Atd);
[rBtd,cBtd] = size(Btd);
[rCtd,cCtd] = size(Ctd);
[rDtd,cDtd] = size(Dtd):
[rGtd,cGtd] = size (Gtd);
[rHtd,cHtd] = size(Htd):;

gtd = 1;

Atg = [Atd gtd;zeros(l,cAtd) 1];
Btg = [Btd;zeros(l,cBtd)];
Ctg = [Ctd 0];

Dtg = [Dtd 0]:

Gtg = blkdiag(Gtd,1);
Htg =

inputs = T Twg'l);
states = {'T" '«

outputs = {*yt'
modeltForKalman ss (Atg, [Btg Gtg],Ctg, [Dtg

Htgl,Ts, 'inputn: Yelnputsy o .
me',states,
QtN = diag([0.01,0.01]);
REN = 0.01;3E{vv"T] me

-

', outputs);

ST UNE

[kalmft,i,P,M] = kalman (modeltForKalman,QtN,RtN) ;
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