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Executive Summary

The project DEHEMS targets first the data collection of the electrical consumption in a
household, analysis of these data and offering the user some suggestions, the final target
being the reducing of the electrical energy consumption and implicitly the reducing the

carbon emissions.

This data collecting has to be realized in a manner less invasive thus the implementation
of the system has to be less costing. From this reason it's not prefigured the direct control
of the actuators but this thing has to be taken into account for the situation in which in the
future the project will be developed also with this component. As a consequence the
project has to propose the user the actions that have to be realized. Another important
component of the project is the realization of the household model (with thermal
components, electrical, lightening, air quality etc) and of a simulator that will permit the
evaluation and testing the different scenarios. The simulator will be useful in the
experimental phases of implementation in which has to be tested rapidly different
solutions. From this reason, in the simulator realization it was target the control
implementation in closed loop. The final aim is the understanding the control laws that
governs the consumer behavior and the way this behavior can be changed. The control
system law has to take into account also some important aspects like: energetic efficiency
in condition of the comfort (thermal, lightening, air quality etc) accordingly, to respect some
imposed constraints, robust and stability in functioning, implementation and comparison of
some different control laws (classical, intelligent, fuzzy, model-based, etc.).

In the first stage, based on ther structure of the thermal model realized, in the simulator
has been tested and implemented different control lows: bipositional (on-off), proportional

(P), proportional-integral (P1), model-based predictive control.
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Background

Reducing and optimization of the energy consumption in the residential sector is an
important issue in the context of the global warming effect. An essential step in this
direction is the implementation of a measuring system and monitoring of the electrical
energy consumption. This thing can lead to a better usage of the different electrical
consumers. In the same time are necessary strategies that take into account the changing
(optimization from the point of view of electrical consume) of the user behavior. In this
context, and of the DEHEMS objectives, it's necessary the realization of a simulator that
will permit the study of different strategies for reducing the electrical energy consume. As
it's known, the main part of the electrical consume of a house is represented by heating.
From this reason, although in the project it's not anticipated the measuring of the gas
consumption or thermal energy, a first step is realization of a thermal model of the house,

model that takes into account central heating.

In the control field there are typical simplified models using supplementary identification or
correlation. The necessary phenomena can be modelled by identification with
measurements. The system can then be represented as a state space model with the

parameters obtained by off- line or on-line identification.

Other type of model is lumped parameter model which have the advantage of a low
number of parameters. A set of a few parameters describes the system. A lumped
parameter model can integrate all layers of one envelope element (wall, floor, roof, etc.),
all elements of the envelope of a room or the whole room model (convection, conduction
and radiation in a room). The latter is currently used to simulate rooms in controller
studies. In the same way, one or more envelope elements can be modelled as a lumped
parameter model. This modelling permits fast simulations since the system is reduced to a

fist order system. The model can be described as by thermal-electrical analogy.

Philosophy of the control system is that if you provide better information to people then
they will make better decisions. The goal is to enable and encourage users to make better
judgements with regard to energy consumption and emissions. The output data from the
household sensors needs to be standardised to allow the control system to handle a

variety of household types. The control system needs to be generic in its design. A
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simulation model using Matlab/Simulink would enable various models to be evaluated and
tested. Research needs to be carried out to identify other examples of energy

management control systems.

Application for testing the models and control algo rithms. The variant of PI
(proportional integral) controller.

The main components of the application are:
- timer
- graphical user interface
- thermal model of the house
- control algorithms of the indoor temperature

Realization of such an application that permits the model testing and control algorithms is
extremely useful in the conceptual and initial stage of the simulator as well as later for
realization of optimization, maintenance stages, etc.

Timer is used to facilitate the diagnosis and testing of the application. With the help of
timer the simulation process can be easily interrupted, it can be noticed easily the different
variables from the program, that permits the decision taking for testing/diagnosis of
application and the decision to be taken for its optimization.

The timer programming is made like this:

%timer programming
t = timer( ‘executionMode' , 'fixedRate' , ' TimerFcn' ,@mycallback, ‘Period" , 0.001);

As a consequence, at each time interval from the chosen period (in case of the application
0.001 seconds) it's executed the function mycallback. The user can modify the time interval
at which is called the function mycallback by the help of the slider. Also, the timer can
stop/start by the help of two pushbuttons:

% pushbutton StartTimer

uicontrol( 'Style' , 'pushbutton’ , 'String' , 'Start Timer' -
'Position’ ,[1000,255,70,25], .
‘Callback’ J{@starttimer_Callback});

%pushbutton StopTimer

uicontrol( 'Style' , 'pushbutton’ , 'String' , 'Stop Timer'
'Position’ ,[1000,225,70,25],
‘Callback’ J{@stoptimer_Callback});

The way of defining of the slider as well as the function that permits the changing of the
time interval associated with the timer are presented below:

hslider = uicontrol( 'Style' , 'slider’
'Max' ,100, 'Min" ,1, 'Value' 1, ...
'Position’ ,[900,295,280,15],
'‘Callback’  {@slider_Callback});
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function  slider_Callback(source,eventdata)

% Slider can be used to increase or decrease time s imulation
slider_value=get(hslider, 'Value' );

stop(t);

t.Period=slider_value/1000;

start(t);

end

It was realised a graphical user interface that can be easily developed. This contains an
area for the graphics area and other for the dialog with user. The dialog with user is
realized by the means of the following elements: a slider and two pushbuttons associated
to the timer, three components of editing for data introduction (temperatures of the ground
and outdoor, indoor setpoint) as well as for the text components of type text (labels). Also,
there are used the components that permits the display of indoor temperature (Tindoor)
and the consumed heat quantity (Qrad). For example, the external temperature is used the
following code:

%edit Toutdoor (edit2)

uicontrol( 'Style' , 'edit’ , 'String' , =20
'Position’ ,[1000,165,70,25],
'‘Callback’ J{@edit2_Callback});

%label edit2

htext = uicontrol( 'Style' , 'text' , 'String’ ,'T_Outdoor=" , ...
'Position’ ,[940,170,60,15]);

function  edit2_Callback(source,eventdata)

%edit TOutdoor

TOutdoor=str2double(get(source, 'string’ );
end

Dialog area is presented in the figure 1.

o .
Start Timer
Stop Timer
T_Ground= Ll
T_Outdoor= -20
TIncoorsetPaoint= 21

T_Indoor= 209571
GRad= 93752364
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Figure 1: Introduction and display of data

For numerical display of some data is used the components of type text. For example, for
displaying the measured measured indoor temperature is used the following code:

%label measured indoor temperature
htext = uicontrol( 'Style' , 'text' , 'String’ ,'T_Indoor=", ...
'Position’ ,[940,60,60,15));

%measured indoor temperature
set(htemperature, 'String’ ,[num2str(TIndoor)]);

In similar way is realized the dialog programming for introduction of other data:
temperature of ground, indoor temperature setpoint (other components for introduction of
data that will be later added in the moment of application development).

The thermal model of the house is presented in D4.1 thus we’ll not present one more time
here.

The main part of the application is represented by the executed code regular at time
interval associated to the timer, respectively the function mycallback.

function  mycallback(source, eventdata)

%nT=60 ; T=1 ; result 1 minute for a step

%T is sample&hold period

for i=1:nT; %the new temperature

stepmodel; %a simulation step

%P control

sumerr=sumerr+(TSetPoint-TSensor);
u=k_rad_t*(TSetPoint-TSensor)+ki*sumerr;

%Limit the control signal

if u<0 u=0;

end

if u>k _rad_t max u=k_rad_t_max;

end

%control signal u = the percent of the valve openni ng
[Tsr TSensor QRad]=Thermostatic_Valve(TIndoor, TSetP oint,TSensor, Tsr, Tsf, T,u);
end;

% graphics

data_view;

end

For the realised application the sampling time is of 1 second but the refreshing of the
graphics is realized at one minute. From this reason it was used 2 variables (sample &
hold period) respectively nT (graphical refresh period), variables that controls the events
deployment. Application can be developed thus to permit the user the choice of these
parameters. The control signal is represented by u variables that represent the opening
percentage of the ventil of the supply radiator with hot water, thus0 u 1.

The valve simulation that permits the supplying of the hot water is realized by the
following function:

function [Tsr TSensor QRad]=Thermostatic_Valve(TIndoor,TSetP oint,TSensor,Tsr,Tsf, T,v1)

%Control with thermostatic valve: Ks, k_rad_t, k_ra t t max, Dpv, Tsf=55

TSensornew=TSensor+T*(TIndoor-TSensor)/Ks;
mm=100*(TCV(1+ceil(100*v1))-TCV(1+fix(100*v1)));
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NN=TCV/(1+fix(100*v1))-mm*fix(100*v1)/100;
vl=mm*vl+nn;
ms=DW(1+round(Tsr/5))*Kvs*v1/3600;

if Tsr>TIndoor %Tsr>TIndoor
glmtd=UA*((Tsf-Tsr)/(log((Tsf-TIndoor)/(Tsr-Tin door)))) radexp;

else qlmtd=0; %

end

g_fr=cp_w*ms*(Tsf-Tsr);
Tsrnew=Tsr+T*(cp_w*ms*(Tsf-Tsr)-qlmtd)/Cs;
Tsr=Tsrnew;

TSensor=TSensornew,

QRad=q_fr;

end

It is computed the value of the temperature indicated by the sensor. The sensor is
characterized by a time constant denoted Ks, the constant that permits delay in indicating
of the real temperature of the room. This time constant has to be as small as possible, in
the contrary case the control system may function not well, including entering in an
unstable situation.

Function of the opening percentage of the ventil (variable v1) is computed the quantity of
warm water that supply the radiator. Since the ventil characteristic is nonlinear, it was
implemented this nonlinearity by the help of a look-up table (TCV vector in application).
Also, in calculus it was taken into account also variation of the water density with
temperature by the help of another look-up table (vector DW in application).

The heat transfer is realized by the help of radiator is computed based on the log mean
temperature difference (LMTD) [9]. By T respectively T is denoted the temperature of
radiator circuit space heating forward/return.

Implementation of the PI controller (proportional-integral) is very simple:

%P1 control
sumerr=sumerr+(TSetPoint-TSensor);
u=k_rad_t*(TSetPoint-TSensor)+ki*sumerr;

For implementation of the integral component it's used the variable sumerr that counts the
sum of errors Indoor Temperature vs. SetPoint. The proportional factor was denoted with
k_rad_t. The user interface of the application will be developed such a way to permit
introduction by the user of the control parameters correspondingly to the components P, I,
D.

It has to be said that, based on the chosen thermal model, the results of the Pl controller
are very good, but the study of some control technique is needed for obtaining the
conclusions regarding the energetic efficiency specially in the case of the HVAC systems
(Heating, Ventilation and Air Conditioning). On the other hand, a large part of the used
equipments for the control of the temperature in the building it's used the simple controllers
of type on/off. Application permits simple implementation of such controller or some
variants more evolved (with hysteresis, tripozitional, etc.). For example, the use of a on/off
controller is realized simple, using the following code:

if TSetPoint>TSensor u=1;
else u=0;
end
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Use of application ,DEHEMS_Thermal Model_with_PI_Co  ntrol”

Application is implemented under the form of a Matlab file type .m. On the computer has to
be installed a minimal version of the product Matlab. Application doesn’t need instalation
of a toolbox or the Simulink product. Application can be lounched from Matlab from the
File/Open menu, and validation of the chosing window or directly as any other executable
file (case in which the Matlab product is activated automatically) as in Fig. 2.

Execution is realized by making a click on the button run or F5 and then click on the button
Start Timer. Before beginning of the simulation, the user can choose the temperatures of
ground and outdoor and also can set the desired value of the Tindoor temperature. In
exectution it can be displayed under the numerical values of temperature Tindoor and the
thermal power used (figure 3). Under the graphical form it will be displayed: Tindoor
temperature, values of the temperatures in wall layers, external temperature, and
temperature of radiator (Tg). Also, it's displayed separately the control signal values in
interval [0,1] and the used thermal power (Qrad). The user may use the buttons Start
Timer and Stop Timer for on/off simulation.

For ending the application it can be used the direct button of closing the Matlab application
but it's recommended that initial to be made the click on the button Start Timer.
In figure 4 is presented an assembly image of the application.

Figure 2: Loading the application in Matlab environment
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Figure 3: Display window for graphical results

Figure 4: Application for testing the models and control algorithms. Variant 1.
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Aplication for testing the models and control algor ithms. Variant with model based
controller.

There are situations in which a simpler controller of type Pl or PID doesn’t lead to good
sufficient results. In this case there can be used evolved control algorithms [10], [11], [12].
The evolved control algorithms can be used for example when it's asked the optimization
of the energetic consume in conditions of offering an adequate thermal comfort.

Comparatively with the variant in which a PI controller is used, in this case the computing
time is significantly and there are situations when this is not convenient.

In the same time it is studied also the possibility of usage of the control methods based on
model together with solutions of experimental identification. If this thing can be realized
then it may appear some evident advantages. This is the reason for which it was realized
an application control based on model presented in D4.4.

Application is in great measure similar with the first one. From the view point of the user is
asked some supplementary information. Thus the user can modify with the help of some
sliders the maximal and minimal values of the control signals (Fig. 5). Also, it can display
the value of control signal. Of course, in the future both applications will unify.

In figure 6 are presented the graphical results. Comparatively with Fig. 3, it can be notices
the fact that there are represented the prediction of the evolution of the output signal
(Temperature Indoor), in hypothesis of using some control signals. The algorithm uses
these predictions to compute the control signal considered optimal.

Figura 5: Introduction and display of the results. Variant 2.
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Figura 6: Display window for graphical results. Variant 2.

Graphical user interface (GUI)

A graphical interface was implemented to facilitate users’ interaction. The software
application was developed in the Matlab environment using m code. The interface permits
the visualization of the model behavior, displaying also graphically and numerically
different parameters, like: the indoor temperature variation, the outside temperature
variation, the control signal variation, the variation of heat losses and the heat emanated
from radiator (fig. 7).
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Figure 7: Graphical user interface

The application permits the update of different parameters from the model. The
parameters can refer outside elements, which can act on the house (the outside air
temperature, the ground temperature, the thermal agent temperature) or indoor
parameters (the initial temperature in the house, the desired temperature).

Also the application permits the definition of walls dimension, surface dimension in direct
contact with the ground, roof dimension and windows dimension.

Figure 8: Model Parameters. Outside Walls.
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In figure 8, the interaction window for updating the external walls parameters can be
visualized. The thickness, density, thermic transfer coefficient and thermic capacity of air
are defined for each of the four levels (the model presented in D4.1).

After the update of values by means of the button Set Param , the update of parameters
will be done also for the model. The initial values of the model can be restored by means
of the button Default Param.

a) b)
Figure 9: Control Simulation a) On simulare b) Off simulation

The simulation will be started by means of the Start button from the Simulation Parameters
window. The buttons Pause and Stop permit the temporary, respectively the final stop of
simulation. The neccessary computation time of a simulated step and the total simulation
time will be displayed during the simulation (fig.9.a).

The interface was developed taking into account its easy and intuitive utilization by
possible users, facilitating the acces to impotant model parameters. The user can follow
the system behaviour in different settings without being required to know in detail the
house thermic model.
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