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Abstract. The concept of a model of a building for laboratory
interdisciplinary experimental research to systems of a smart house is
offered. At the first stage, the principal provisions of the future experiment
are determined, the core of the system is constructed and its functional
capabilities are determined. As a result, the Arduino-based processor was
adopted as the core of the system, a circuit was built that reads data from
two sensors and outputs control signals. The principle of assembly of a
layout is developed, allowing to expand a control kernel and to connect any
number of modules a lot at home. The main modules of the smart house have
been determined, which will be experimentally investigated first. These are
energy management modules from solar and wind power plants and control
of the entire power system of the house, a coordination module with the BIM
model, a structural monitoring module, ventilation, air conditioning and
water supply modules, a dynamic layout module, and an Internet module for
things and object tracking.

1 Introduction
By now, there is widespread automation of buildings and their functionality. Since the 1990s,
such concepts as "smart buildings" and "smart cities" have appeared. At the same time, the
construction industry has not yet fully integrated these technologies [1]. Automation and
intelligent control systems the buildings functional designs projects separately from
architectural and constructive solutions and is installed in already constructed buildings. This
greatly limits the capabilities of such systems, and some of them cannot be realized at all. In
this regard, it is necessary to conduct complex automation systems with architectural and
planning solutions and building designs. This combination offers many opportunities for
expanding the functional and leads to a rethinking of the very concepts of residential and
public buildings. To explore such opportunities, it is necessary to conduct a large amount of
experiments with smart buildings. In conditions of real heights associated with the
determination of the high cost of structures, equipment and labour required work. Such
studies are advisable to carry out when adaptation of the developed tools to the behaviour of
people is required, in conditions of actual operation [2-10]. At the same time, such studies
can be carried out on reduced scale models of buildings with full preservation of the
functionality of all devices. At the same time, one of the most important requirements for
such models is the maximum approximation to the real parameters of buildings in materials,
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structures and schemes of engineering networks. Small dimensions of the layout are
important to ensure the variability of experimental conditions and the ability to quickly
change the assembly under study.
In addition to the development of new functional systems, the layout may allow the
development of existing studies. For example, the technology of photogrammetry and laser
scanning [11-13] can be combined with a smart house system to track the position of objects
and people. This will improve the Internet technology of things [14-16] and in itself will be
one of the important functions of a smart home. Intelligent house technology allows you to
take a new level of monitoring of structures and building surveys. The existing methods of
monitoring are rather laborious and do not always allow an unambiguous conclusion about
the state of the structures [17, 18]. Within the framework of the model, it is possible to study
methods for monitoring structures using a network of autonomous sensors located inside the
bearing and enclosing structures and on the exterior surfaces of the building [19]
Systems for monitoring and tracing items and structures have great potential within the
framework of the BIM concept for the design and operation of buildings [20-23]. The
tracking system allows to optimize the processes of erection of buildings, including the
economic component. In addition, since the entire history of the movement of people,
machines and equipment on the site becomes known, the consequences of potential
production errors are minimized, which reduces the risks of the project [24, 25]. And the
monitoring system enables real-time monitoring of the state of the facility and in the future
to automate the forecasting of the development of any defects and the designation of repair
measures. Within the framework of the layout, it is possible to effectively develop and
explore a bunch of such systems with the BIM model of the layout.
Connecting to the smart house systems of solar and wind energy systems and watersaving supply systems is a full-fledged development of the principles of green building [2631]. For these systems, it is advisable to develop a common electric power management
system, including communication with external networks, lighting control and electric
heating [32-39].
Existing studies [39-45] of smart home systems are carried out either in existing buildings
or on conditional mock-ups that play only a decorative role, which narrows the possibilities
of such studies. In this regard, the authors proposed to conduct a series of experimental
studies of various modules of a smart house on a mock-up of a low-rise building that is as
close as possible to real analogues. The purpose of this article is to define the concept of the
experiment, the possibilities for research, the main directions of research and the necessary
hardware basis

2 Methods
The experimental model is created for the purpose of carrying out a series of interdisciplinary
studies. For the supporting structures of the model, ceramic bricks of 1:20 scale, cement
mortar and 1:20 scale rolled steel on bolted connections will be used. The estimated
dimensions of the layout will be up to 1200x1200x1200 mm, to ensure compactness and
transportability. Finishing materials, enclosing structures, partitions and thermal insulation
will be assigned based on the tasks of specific ongoing studies of these or other modules. The
design of the layout is supposed to be made partially modular for the possibility of
dismantling individual elements, changing the configuration of the layout and installing
additional equipment and sensors.
A mock-up is a prototype of a low-rise building, which can be either a private residential
building, or a multi-apartment or public building. Thus, the scope of using the results of the
experiments will cover most of the civil engineering.
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Within the first stage of the experiment, the Arduino board was chosen as the hardware
basis of the system (Pic. 1, a), which is the most convenient and affordable platform for
developing electronic devices. Sensor systems, motors, displays and remote-control devices
can be connected to it, which will be programmed to communicate and interact with each
other.
a)

b)

d)

c)

Fig. 1. Devices used in the first stage of assembly and testing of the layout. a - Arduino Uno
board; b - atmospheric pressure and temperature sensor BMP280; c - light intensity sensor GY302; d - ultrasonic range finder HC-SR04

The microcontroller on the board is programmed using the Arduino language (based on
the Wiring language) and the Arduino development environment (based on the Processing
environment). Projects of devices based on Arduino can work independently or interact with
the software on the computer.
To assess the performance of the board, a part of the sensors of the ventilation and airconditioning control system (Pic. 1, b) and lighting were also taken (Pic. 1, c, d).
For the initial study, 2 systems were chosen: a lighting control system, a heat regulation
system. For his research at the initial stage was built a simplified frame model of the room.
Metal plates of large cross-section to create floors overlap, metal plates of small cross-section
to create a frame base of the walls, corner plates to strengthen the joints of the faces of the
walls of the room were chosen as the elements of the connection metal hex nuts. Built frame
model of the room has the following dimensions: the overlap – 15X15 cm, height of walls –
15 cm For the convenience of the study as a form of layout of the room was chosen square.
For each system under study, a similar design was created.
As the first experiment, the study of the lighting system of the room was chosen. The
choice of this sensor is due to the efficiency of integration with a full-fledged "Smart home"
system that provides comfortable accommodation and increases the energy efficiency of the
building. In the previously created metal frame of the room model, a light intensity sensor
GY-302 was introduced, the work of which is based on the illumination of the room from the
amount of external light penetrating into the room. The components of the light intensity
sensor are described by schemes that allow to determine the level of illumination and on the
basis of the data provided, to adjust the illumination of the rooms of the house. Decisive
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parameters are the ambient light level and the light level of areas inside the building. The
scheme of this installation was developed earlier in the program Grasshopher, Rino and is
shown in figure 2.

Fig. 2. Scheme of the block «Lighting Control»
Thanks to the light intensity sensor will be external and internal regulation of light by
changing the position of the shutters of the light from the outside, and the regulation of
internal lighting of the house lamps. External light sources in the daytime are the sun, at night
– artificial street lighting. The sensor must be connected to the household electrical network.
The sensor is suitable for the phase and neutral conductors. There is also a third pin
connecting the signal to the lighting line. In this case, this pin will connect the shutter control
system. The resistance of the sensing element changes depending on the illumination. The
less light, the greater the resistance. When the set voltage is reached, the sensor sends a signal
to the amplifier, which drives the relay. Taking into account the necessary conditions for the
placement of the sensor, namely:

The height of the installation should not be too high, as the sensor will have to be
periodically serviced: clean from dust and dirt, wipe.

The installation location must prevent the vehicle headlights from entering the
sensor.

Lighting fixtures should be removed as far as possible.

It is necessary to ensure unhindered sunlight on the sensor for its correct operation
[46].
The following layout of the sensors was developed as shown in figure 3.
Light sensors located outside the window, inside the window and in the corner of the
room to control the degree of illumination. This arrangement allows you to effectively
analyze the level of light in the room. To automatically turn on the light when a person is in
the room as a built-in motion sensor (ultrasonic rangefinder HC-SR04). In addition, there
will be installed a system of manual control on/off light and brightness control for maximum
personalization of the smart home.
During the experimental testing of these sensors, their installation was carried out
according to the scheme in figure 3. The sensor was connected to the Arduino. A conditional
object was entered and submitted to the layout. When making an ultrasonic rangefinder
triggered on the movement of the object and the light was turned on. In parallel to the control
platform, a light intensity sensor and a turning element were connected. The sensor was
exposed to the required level of illumination of the room. When simulating a bright light
source from the outside of the layout, the corresponding light sensor set in motion the rotating
shutters of the relay to control the light level. As a result, the main drawback of this system
was revealed – the need for accurate calculation of the angle rotation with excessive external
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lighting level. Integrating the internal light sensor into this system revealed the same problem.
The most optimal solution is to write code that takes into account the degree of change in
external sources.

Fig. 3. The layout of the sensors.

To study the temperature control system, a simplified model of the room was created on
the basis of a steel frame, mineral wool, cardboard, a heating element, a temperature sensor
BMP280, a USB cable, a carefree breadboard (PRT-12002), wire jumpers with plugs at both
ends, wire jumpers with a plug at 1 end and a socket at the other.
To connect the sensor to the Arduino, power is supplied to the power output, the signal
output is connected to the analog output Jack of the platform. The temperature sensor
produces a voltage that has a linear dependence on the temperature rise. The left pin is
connected to the positive power +5V, the right pin to the negative (ground). The diagram of
the received connection is shown in the figure. At a temperature of 25 degrees Celsius on the
signal output voltage of 0.750 V.

Fig. 4. The sensor in thermoregulation

To control the heating element when the temperature changes, it will be connected
directly to the Arduino platform. If the set temperature is exceeded, the heating element will
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be switched off. If the temperature is lower than the set temperature, the heating element will
be switched on.
To create a program code for controlling the temperature control system, the Arduino IDE
version 1.6.5 was used. It was used for several functions, in particular the conversion of the
output voltage of the sensor at any temperature in the temperature reading in degrees Celsius,
a function of turning on/off the heating element when changing the specified temperature
range.
As a result, the efficiency of this method of monitoring the temperature of the room was
revealed. Studies on the simplified layout and their analogy BIM model in Grasshopper
show that most research with practical results is possible to do using the building
information model.

3 Results and Discussion

Fig. 5. The main experimental modules of the designed prototype

The presented model makes it possible to implement experimental studies in parallel in
several directions (Fig.5).
The first studies will include energy management modules from solar and wind power
plants. They can be done before the completion of the layout. The research will be aimed at
the development of such an energy management system that would allow optimizing the use
and accumulation of solar and wind energy while minimizing energy consumption from
external networks, as well as conducting input monitoring of external networks through
sensors that record deviations and transmit information to the central cloud for warning faults
and emergency situations. With this system, a lighting control system and external lighting
control must also be connected.
Before the construction of the layout, its BIM-model will be developed, in conjunction
with which it is expected to investigate most of the systems. The model will be expanded and
supplemented with the construction of the layout and the connection to it of certain modules,
and also in the future, when developing new modules.
During the construction of the layout in the load-bearing structures it is supposed to lay
pressure and humidity sensors to investigate the module of monitoring the smart house and
its subsequent connection with the BIM-model. The sensors for monitoring indoor
parameters and tracking the position of objects are mounted at the final stage of the layout
assembly. To provide power to all sensors and sensors, there are two alternatives. At the
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initial stage - from batteries, then from a wireless power source with the development of an
appropriate method of placing energy sources and transmitting resonators.
Modules of ventilation and water supply control are envisaged, which are supposed to be
investigated in conditions of changing environmental parameters in the layout rooms and
various situations that go beyond the usual operational impacts, such as fire, pipelines
leakage, extremely low ambient temperatures, etc.
A separate module will be a dynamic planning system, within which the possibilities of
moving non-structural elements of structures, including in automated mode by means of
remote control, will be explored.
To ensure the operation of these systems, it is necessary to select a control card that will
connect the sensors and sensors of the control environment to the existing equipment and
contain a programmable control module, on which you can write the program code from an
external computer. In the first stage, the Aruino UNO board was selected and a circuit (Figure
3) was selected, containing three sensors that would be used in the layout.

Fig. 6. A scheme of connecting sensors to the control board

Fig. 7. The assembled circuit connected to the PC for data output
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The ultrasonic rangefinder (distance sensor) HC-SR04 generates sound pulses at a
frequency of 40 kHz, and by the reflected signal determines the distance to the object.
Programmatically comparing the readings of the sensor, we can determine the fact of moving
the object and the direction of its movement. The light intensity sensor GY-302 is a highprecision digital sensor based on the BH1750 chip. It is widely distributed in photo and video
cameras, smart home systems, mobile devices due to high accuracy (distinguishes more than
60 thousand gradations of light), and almost complete absence of reaction to radiation outside
the visible spectrum of light (for example, infrared radiation), which means, that the sensor
"sees" the same light as the human eye. Based on the data coming from the ultrasonic sensor
in the doorway, the system will determine whether the user entered or went out, and the street
light intensity sensor will determine the degree of illumination, and accordingly the need to
turn on the light in the room.
The atmospheric pressure and temperature sensor BMP280 will be connected to the air
conditioner as a control element, and, according to the sensor, it will adjust the intensity of
its operation.
For the circuit assembled from these elements, a code is written that uses all the sensors
to collect information and process it, the end result is not transferred to the existing equipment
within the first stage but is output to a text file on an external computer connected to the
Arduino board. Further, lighting and air conditioning systems can be included in this scheme,
where commands will be sent.
In the course of the study, the conditioning and lighting functions were tested on the
assembled circuit (Fig. 7) with the output of conditional control commands to a text file on a
PC. It has been determined that it is not always appropriate to use this method of switching
on the light, because the user does not always need to turn off the light after leaving the room
and vice versa, turn on after entering. Also, a hindrance to using this method can be the use
of it in small rooms, such as storerooms and bathrooms, where errors in reading the
movement of the user can occur. Solve these problems in several ways, such as
programmatically delayed switching off lights in certain rooms (different for rooms of
different profiles) or establishing a connection between the sensors in different rooms in order
to most accurately determine the user's movements and the need to turn off the light.
Unequivocally it is necessary to install an additional system of manual lighting control, so
that in a particular situation the user himself could decide whether to leave the light on. These
problems need to be investigated in the future on the completed layout of the building.
The Arduino UNO card used in the first stage has the ability to connect 12 different
elements, such as sensors or working equipment. Also, as one of the elements, another
Arduino board can be connected, which significantly expands the possibilities of connecting
new modules. In addition, the board has built-in open source software that is convenient for
solving various problems of programming smart home systems. In connection with this, such
boards will be adopted as a hardware basis for the experimental layout. However, there are
other management cards that can be used. They can also be considered in further comparative
studies as an alternative to Arduino.
Such studies of smart home systems will be conducted with all its components. BIM
models in Grasshopper and Autodesk Revit programs will be designed to predict the results.
The advantage of these hardware systems is the ability to parameterize the components of
the system and setting their brands and labels, which will calculate the cost of the structures
used.
Comparing the study with the study [24], it is possible to identify additional areas of
project development associated with the introduction of BIM technologies and their
application for commercial purposes, such as a full assessment of the proposed solutions in
the technical equipment of the house. The study [15], which presents a specially created
mobile application for Android. It used a built-in ambient light sensor to trigger a new closed-
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loop feedback algorithm to implement daylight acquisition. Cost analysis shows that the
entire system setup is a bit cheaper than traditional commercial products. Because of the
possibilities of daylight accumulation, it has the potential to save money in the long run,
ahead of current commercial products. This confirms the expediency of the created model.
In particular, each study is reduced to the monetary component of all works.

4 Conclusions
The main modules of the smart house have been determined, which will be experimentally
investigated first. These are energy management modules from solar and wind power plants
and control of the entire power system of the house, a coordination module with the BIM
model, a structural monitoring module, ventilation, air conditioning and water supply
modules, a dynamic layout module, and an Internet module for things and object tracking.
The hardware and software basis is offered on the basis of the Arduino card, which allows
to manage all the proposed systems, and, if necessary, to extend the experiment, to connect
additional boards. This approach allows virtually unlimited expansion of the functional of
the system.
Research will need to be conducted at the junction of construction, information and
computer sciences, instrumentation technology and modern electric power industry.
However, despite the complexity of these experimental studies, their results can significantly
affect the design and construction of residential and public buildings and increase the
functionality of buildings.
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