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Abstract—The problem of maintaining the temperature parameters of a multi-zone object is considered by the example of heating control in the Smart Home. The task of modeling and researching a system with several sources of heat energy is being solved. The aim is to improve the quality of maintaining temperature parameters. The possibility of transition from oscillatory mode to stationary is explored.
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I. Introduction
Solving the problem of control under conditions of uncertainty plays an extremely important role in both automatic and automated systems. The variety of objects of control, types of uncertainty, conditions and objectives of management make this problem inexhaustible. One of the most important areas is the control of thermal objects. The problem of maintaining the temperature parameters of a distributed object has not lost its relevance for many years. A variety of thermal objects pushes to highlight the general principles and features of their application in specific conditions.
II. ACTUALITY
Recently, much attention has been paid to the control of heat supply in Smart Home systems [1, 2]. Predictive control systems [3, 4], situational, systems with elements of intellectual control [5] and others are considered.

The main tasks solved in researches of thermal objects are aimed at improving the energy efficiency and quality of maintaining the required thermal conditions [5, 3]. Consideration is also given to the control features of the multi-source heating system [6, 7].

Systems for maintaining the required thermal conditions in multi-zone objects are considered mainly for small objects with distributed parameters (glasses, boards, crystals, etc.), although there is a small amount of mainly applied work on air conditioning systems [8].
One of the important features of thermal control systems is the uncertainty of the initial data and model parameters [9, 10].

Many studies emphasize the need to predict the control of the thermal regime, due to the inertia of the thermal object [11]. 
The authors in their previous works investigated the relay control of thermal objects. In [12], it was shown that when using heat sources in the relay mode, temperature fluctuations occur (Fig. 1), which amplitude and frequency depend on the characteristics of the relay, the power of the heat source and the dynamic characteristics of the object. The presence of self-oscillations reduces the quality of maintaining thermal conditions and the amplitude values of temperature with some combinations of factors can go beyond the permissible limits. Reducing the amplitude of self-oscillations is possible by increasing their frequency, but this leads to a decrease in the reliability of the system.
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Fig.1. Stationary process of temperature change in the relay heating 

system [3]
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In [13], a model was developed and the energy efficiency of smart control based on situational models was researched on the example of maintaining thermal conditions in a multi-room house. Multi-zone (in the example considered, multi-room) and the use of the situational-statistical approach smooths out the transients and saves energy. But at the same time, the task of reducing the amplitude of self-oscillations under the condition ща their frequency did not increase was not considered.

III. AIM OF THE RESEARCH
The aim is to improve the quality of maintaining the temperature parameters of a distributed object in a control system with several heat sources.

To achieve the objective, it is necessary to solve the following tasks:
· development of a model of a thermal facility management system with several heat sources using the example of a Smart Home;

· simulation of a system with different types of sources of thermal energy;

· analysis of the results of modeling the effectiveness of a system with multiple sources of energy.

IV. Solution
Let the distributed thermal object have M temperature zones, each of which has its own heater, as shown in Fig.2. In Fig.2 it is marked: 
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 is the vector of measured temperatures in the given zones of the distributed object; 
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mM

 is the vector of parameters of the situation; 
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 is the parameter of the external situation (external temperature); 
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 is the temperature vector of local heaters; 
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 is the minimum allowable temperature of the object; 
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 is the maximum allowable temperature of the object; 
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 is the desired temperature of the object; 
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 is the inlet temperature of local heaters - the result of the combined action of energy sources.
The object is been controlled is affected by a perturbation with a differential distribution law that satisfies the smoothness condition. The perturbation is characterized by polymodal spectral density. The inertia of the object satisfies the condition
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where 
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 are the circular frequency of the last and first modes respectively, 
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 is the object’s time constant.

The thermal regime of the object is provided by several heat sources with different dynamic characteristics. Let consider the processes in the system with two heat sources:

· Heating Source 1 (HS1) with relay characteristics;

· Heating Source 2 (HS2) with continuous response.

The presence of the second source of heat energy allows to take into account the change in the parameter of the external situation 
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, while in the model [13] only relay HS1 was used and only the change in the internal parameters of the situation 
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 and its effect on energy loss 
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 was considered.

The power 
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of HS2 is chosen to ensure the balance of incoming and lost energy
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Since the source of thermal energy and the object have a large inertia, to ensure the stability of the system and the accuracy of maintaining the thermal regime, it is necessary to control it on the basis of prediction of the external situation. Based on the energy loss model [13], the prediction equation is
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Fig. 2. The control of distributed object heating with multi-source 

system.
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 is the prediction of the external temperature for the interval 
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 is the regression of external temperature; 
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 is the regression of the external temperature derivative. The use of the derivative in the prediction equation is due to its presence in the energy loss model. The prediction interval is selected as 
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The amount of thermal energy entering the object from two sources: 
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. When the balance of incoming and lost energy, self-oscillatory mode is absent (section 
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 in Fig. 3,a). However, when the external situation changes, the energy losses change and the balance is violated. If the power of HS2 does not change, the balance is restored by HS1. Since HS1 has a relay 
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 in Fig. 3,a). When using only one HS2, there are no self-oscillations, however, the system slowly responds to changes in the external situation (section 
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 in Fig. 3,b).

The object model and algorithm for a fuzzy Controller based on the situational approach is described in [13] but in contrast to the system considered in [13], the presence of HS2 with a continuous characteristic makes it possible to quickly achieve a steady state with no self-oscillations. The power of HS2 is set according to the required average source power, which is given by a fuzzy controller.

V. SIMULATION AND SYSTEM OPTIMIZATION

Simulation of the multi-source system was carried out in the Scilab-5.4 package with Fuzzy Logic Toolbox. A fuzzy control is formed using the Mamdani method. The fuzzy controller of the model forms two independent controls: control of the relay HS1 [13] and control of continuous HS2.
Antecedents of the rules for controller HS2 are the parameters for predicting the desired average temperature
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. The fuzzy inference are typical seasonal and daily trend; the power of HS2 
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 in the inference rules are obtained from condition (2), where losses
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 are calculated on the basis of model [13] and forecast equations (3). Given the number of antecedents and the number of terms, the rule base is must contain 144 rules. The view of the start base of rules of a fuzzy controller is shown in Table I (data of temperature trends are given for Vinnytsia from [14]). 
TABLE I.  Base of Rules of a Fuzzy Controller

	Antecedents
	Consequense
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	<-10
	<-10
	<-10
	m
	sp
	0
	0
	0.8
	1

	(-10,10)
	<-10
	<-10
	m
	sp
	0
	0
	0.7
	1

	>10
	<-10
	<-10
	m
	sp
	0
	0
	0.6
	1

	…
	…
	…
	d
	sp
	0
	5
	…
	1

	…
	…
	…
	e
	sp
	0
	0
	…
	1

	…
	…
	…
	n
	sp
	0
	-5
	…
	1

	…
	…
	…
	m
	su
	10
	9
	…
	1

	…
	…
	…
	d
	su
	10
	15
	…
	1

	…
	…
	…
	e
	su
	10
	9
	…
	1

	…
	…
	…
	n
	su
	10
	2
	…
	1

	…
	…
	…
	m
	au
	0
	0
	…
	1

	…
	…
	…
	d
	au
	0
	5
	…
	1

	…
	…
	…
	e
	au
	0
	0
	…
	1

	…
	…
	…
	n
	au
	0
	-5
	…
	1

	…
	…
	…
	m
	wi
	-10
	-5
	…
	1

	…
	…
	…
	d
	wi
	-10
	-15
	…
	1

	…
	…
	…
	e
	wi
	-10
	19
	…
	1

	…
	…
	…
	n
	wi
	-10
	-2
	…
	1


Note: m is month; d is a day; e is an evening; n is a night; sp is a spring; su is a summer; au is an autumn; wi is a winter.

To reduce the number of rules, decomposition of the base into a two-level output tree has been performed.
In the process of setting up a fuzzy output system, the values 
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 and weight 
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 were changed.
The simulation results are shown on Fig. 4. Simulation was performed at a constant (Fig.4,a) and with a changing (Fig. 4,b) internal situation.

When the internal situation is constant i.e. when the internal situation variable is 
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 is the time constant HS2; 
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 - the time interval between changes in the internal situation, the process of establishing the required thermal conditions takes no more than 1 period of self-oscillations. 
Condition (1) assumes such an operation mode of a thermal object in which external influences most strongly affect its thermal processes. If 
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, i.e. the cut-off frequency of the object's frequency response is less than the perturbation frequency, then the object filters such disturbances and the disturbances do not affect the thermal mo
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, then the inertia of the object is insufficient for filtering, however, it does not allow to maintain the thermal mode only due to HS2 with a continuous characteristic. With high inertia HS2 i.e. when 
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, using HS2 does not affect the mode of self-oscillations, but increases the energy cost.

VI. CONCLUSIONS
The model of the process in a thermal object control system with multiple heat sources using the example of Smart Home with a fuzzy controller makes it possible to formulate recommendations on the choice of the number and characteristics of thermal energy sources in order to reduce self-oscillations, increase system reliability and reduce energy cost.

Further research is expected to focus on the development of methods for analyzing the stability and quality of intelligent control in multi-loop control systems for thermal modes of multi-layer objects.
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Fig. 3. The process of temperature change: a) with two sources 

without changing the power of HS2; b) with one HS2 and changing 

its power.
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Fig. 4. The process of temperature change with two sources and a 

change in the power of HS2: a) with a constant internal situation, b) 

with a changing internal situation 
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