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Abstract—This paper presents a model predictive control
(MPC) algorithm applied to the temperature control of
building. Thermal model of building is obtained using system
identification method, that by this method almost all types of
buildings can be modeled. Simulation results show that using
the proposed algorithm, the energy consumption while
providing thermal comfort of residents has greatly decreased.
Applied algorithm compared with the common control
system of typePI.
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|. INTRODUCTION

Today, natural gas as a clean and environmentally
friendly fuel, and one of the important factors of
production in the energy basket of the world has opened
its. The increasing demand for natural gas as an energy
carrier it has to be considered the twenty-first century
energy. Natural gas is considered as an environmentally
friendly clean fuel, offering important environmental
benefits when compared to other fossil fuels. Of course
this does not mean that this fuel is not polluting the
environment. Based on the results, the world natural gas
consumption in residential and commercial sectorsin 2008
was 38% contribution [1]. In Iran, this share was 57.07
percent. The obtained information show that the
residential and commercial sector have most share in
production of CO, (25.7%).Also contribution of natural
gas in production of CO, (that 55 percent of global
warming is result of this gas production) is 50.6% [2].
Also in the household sector, about 71% is used for
heating buildings.

Therefore According to above datistics, can be
concluded that by reducing natural gas consumption in
households and commercial sectors and in the field of
building heating specialy, very big steps to reduce
pollutants and as a result, growth in global warming can be
taken.

Recently many studies were performed in order to
optimize the energy consumption of heating systems. In
[3] sef-tuning PID-type fuzzy adaptive control for an
HVAC (Heating, Ventilation and Air Conditioning)
system was designed. The magor problem of therma
systems is their slow dynamic, usually with time delays
[4]. Using optimization methods have been proposed in
many articles. In [5,6] use of genetic algorithms (GAs) for
operating standard HVAC systems in order to optimize

performance was described. In [7,8] neural networks and
in [9], [10] fuzzy logic for HVAC system optimization
have been proposed.

In recent years researcher proposed model predictive
control to optimize building heating systems in order to
reduce energy consumption and providing thermal
comfort. In [11] a model based control agorithm applied
to nonlinear systems of building that obtained from
thermodynamic laws was presented. In [12] different
strategies based on model predictive control have been
proposed. In [13] model predictive control to reduce the
energy consumption without decreasing the thermal
comfort during the occupation have been used. And [14]
presents model predictive controller applied to the
temperature control of real building model predictive
control.

The paper is organized as follows. Section |1 introduces
the control problem in a single zone . In Section IlI,
Simulation results obtained by using an hourly weather
data of a cold week in the city of Gorgan, Iran. The
efficiency of the proposed control strategy isillustrated by
a comparison with common Pl controller.

Il. MODEL PrREDICTIVE CONTROL

Model predictive control (MPC) is the most successful
advanced control technique applied in the processes,
which nowadays tend to implement MPC systems in more
plant units. MPC originated in the late seventies and has
developed considerably since then . Model Predictive
Control does not designate a single control strategy but a
vast range of control methods which use an explicit model
of the process to obtain the control signal by minimizing
an objective function [15]. In All the MPC agorithms first
an explicit model of process based on physica laws or
system identification methods is define. Then Cost
function defined by using the output prediction, the
reference signal and the control signal. this cost function is
optimized as a function of the set of future control signals.
In this step, constraints in output and output signals can be
added. and finally only the first control signal computed
from the cost function optimization is applied to the real
process and, in the next step time, all the algorithm is
repeated.

A. Thermal model of building
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As mentioned in previous section, the first step in
predictive control system design, identifying an explicit
model of process. In many literatures, examples of
modeling and simulation of building heating system is
shown. In  [11],[16]-[19] from physica and
thermodynamic relations for modeling of heating system
in Simulink/MATLAB environment were used. Also in
[12]-[14] system identification methods have been used.
several different approaches to system identification
presented in [20].In [12] A process model based on a
linear discrete time representation of the system
ARMAX (auto-regressive with exogenous input) form is
defined._Also in [13] alinear discrete time representation
of the system for a single room building ARX form was
used. and in [14] subspace method for model identification
have been used.

In this paper is used the model presented in [12].the
model is defined by a MISO (multiple-input/single-output)
ARMAX representation of a building heating system. The
manipulated input signal is which represents the signal
applied to a heating/cooling system and the disturbance
inputs are the outdoor temperature.

A@)y(k) = B(q)u(k) + Br () Tout (k) )
+ Bri (@) RH ot (K) + BsSraq (k) + C(a) (k)

Where u(k) is the control signal indicating the heating
power (KW) and y(K) is output that represents the indoor
temperature (°C) and the disturbance inputs are the
outdoor temperature, Ty (k) (°C), outdoor relative

humidity, RH(K) (%), and total solar radiation ,

Sg(K) (KW/m?). &(k) is arandom disturbance signal,

zero mean, variance 0. The models parameters are given
by the A(q),Bi(g) and C(q) which have the following form:

Ad)=1+aq ™+ +an g "
Bi(a) =byq " +-+by g7

C(q) =1+¢q 4 tcy g
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Figure 1. MPC Algorithm

B. Defining cost function
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Consider the following discrete-time LTI state-space
model .

R(k +1]K) = Ax(k) + Ba(k | k)

e ’ ®)
y(K) = Cx(K) + Du(k | k)

where u(k) is the real input to the plant; the controlled
variable is y(k), x(k) is the current plant state and
X(k +1| k) denotes an estimate of the plant state obtained
using Kalman filter. The cost function to be minimized is:

HP
J(k) = Z||9(k+i [K)—r(k+i |k)||é(i)
i=H,,

H,-1 (4)

L2
+ D JAdk+ T

i=0

The first term in (4) penaizes deviations of the

controlled variables from the reference trgjectory r(k + i)
and the second term penalizes changes in the control input

AU(K) = U(K) —G(k —1) .Hp and Hu are the output and
control horizons; Q(i) = 0 and R(i) = 0 are the weights on
tracking error . It is assumed that Hu < Hp and
AU(K +i|K) = Ofor i = Hu. The cost function can be
rewritten as:

309 =¥ 0 ~T (3 + AU () 2 ©)
where
[9(k+Hy 1K)
Y(K) = :
| I(k+H p 1K)
[F(k+Hy [K)
T(k) = : (6)
Fk+Hp 1K)
AG(K | K)
AU (K) =

Al(k+Hy —1| k)

Therefore, the control law is given by the following
optimization problem :

min Jg

subject to: (7
Au(k+i k) =0

Vi=Hy,....Hy—H,p

Uppnin < U(K+i | K) < Upgy
Vi=1..,H,
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Ymin < Y(K+i 1K) < Y
Vi=1..,Hy—H,

Only the first part of the solution is used in accordance
with the receding horizon strategy and the implemented
control input is therefore,

AU(K)opt =111,y -...0 JAU (K)opy €)
H,-1

That | is the number of inputs and state at the next time
instant x(k + 1) is measured and the process of setting up
the QP and calculating the new control action is repeated.

[11. SIMULATION RESULTS

In this section a predictive control system with observer
to control building temperature is shown. Then Control
system performance is reviewed by changing the cost
function weights during inoccupation periods. also the
effects of parameters on the control system are evaluated.
Finally predictive Control system performance is
compared with the usua control system of type PI.

In order to evaluate the performance of control system a
single-zone building used that identified ARMAX model
according [12] presented as follows:

(1-0.97q 1) y(k) = (0.08395q H)u'(K)
+(0.02527q YTy (K) + (0.2034 HRH 1 (K)  (9)
+(~0.072450 1) S o (K) + (1+ 0.6767q 1) &(K)

The sampling time is 5 minutes. In these model u'(k) is
given by :

U'(K) = u(k) + uy (K) .

Where u(k)is the control signal and u,(k)is a

disturbance representing the heating generated by the
building equipments and occupants.

The weather data, includes external temperature, external
relative humidity and solar radiation during 10 daysin cold
season for Gorgan city, are shown in Fig.1.
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Figure 1. The externa climate dataincluds external
temperature, external relative humidity and solar radiation
during 10 days in cold season for Gorgan city.

Predictive control strategy with observer explained in
section is shown in Figure 2. horizons have been chosen
to thisH,~=1,H,=land Hy=30.input power of heating
system O to 5kW. Also setpoint temperature is selected
23°C . As can be seen in Figure 2. Setpoint tracking is
very good and Energy consumption is greatly reduced.
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Figure 2. Building temperature control using
MPC agorithm
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In Figure 4 Performance of the PI controller used in
most existing heating control systems, is shown. To
implement of this controller, the Ziegler- Nichols
algorithm is used. Controller coefficients are selected such
that the reduced energy consumption, and indoor
temperatures was in the acceptable range of thermal
comfort. Comparing the proposed system and
conventional Pl control system shown that faster system
response time, better tracking the reference temperature
and energy consumption isless than.
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Figure 3. Building temperature control using Pl controller
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V. CONCLUSION

In this paper the model predictive control algorithm has
been applied to building temperature control. Proposed
control system in a single-zone building equipped with an
heating system in Gorgan city has been analyzed.

Simulation results have shown that using control
algorithm presented in this paper the energy consumption
while providing therma comfort of residents has greatly
decreased. Finally with comparing the proposed system
and conventional Pl control system has shown that MPC
algorithm has faster response, better setpoint tracking and
lower energy consumption.
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