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Abstract—This work is devoted to the automation of residential buildings lighting systems. Analysis of
existing lighting systems was held to find the ways of further improvement. A structure of proposed
system was developed. All the elements of the experimental installation, including drivers, photosensors,
lighting fixtures, microcontroller, were chosen. Algorithm of system operation was created and software
for microcontroller was designed. Proposed algorithm allows to take into account the reflective
properties of interior elements and to provide the higher quality of lighting.
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I.  INTRODUCTION

Nowadays the producing of electricity is
accompanied by pollution the magnitude of which
could be threatening to the environment in the future.
That’s why at the moment energy saving is one of the
most important tasks. This is connected with the
scarcity of main energy sources, the rising cost of
their production, and global environmental concerns.

Energy conservation is essential in any field of
human life. The analysis of losses in the sphere of
production, distribution and consumption of
electricity shows that most of the losses - up to 90
percent — are in the sphere of energy consumption,
while losses in the transmission of electricity make
only 9-10%.

Therefore, the main energy saving efforts are
concentrated in the area of electricity consumption.
At present, the main tendency and important pattern
of development of light sources is their further
improvement, including improvement of economy,
reliability, efficiency, safety, quality of color
transmission. Even today, economically
advantageous fiber-optic lighting is being actively
implemented, controlled combined lighting and
transmission systems are being created indoors, and
remote control of lamps [1].

There are ways to use electricity, it’s "smart"
lighting systems that have been known for long. The
energy-saving effect is based on the fact that the
light turns on automatically when it is needed. Such
lighting systems use energy-saving lamps. Among
the environmental factors affecting the human body

in the process of work, light is one of the leading
places.

There are ways to use electricity, it’s "smart"
lighting systems that have been known for long. The
energy-saving effect is based on the fact that the light
turns on automatically when it is needed. Such
lighting systems use energy-saving lamps. Among the
environmental factors affecting the human body in
the process of work, light is one of the leading places.

It is known that almost 90 percent of all
environmental information is obtained through the
organs of vision. The ability of a person to navigate
in space, to carry out physiological functions, to
perform different types of work depends on the type
and quality of lighting in the environment. Thus, the
safety of human life is affected by lighting
conditions. Based on all of the above, hygienic
rational lighting both at work and at home is of great
positive importance. Optimal light conditions affect
human activity and performance. When it comes to
lighting, it is also important to pay attention to
saving electricity.

II.  ANALYSIS OF EXISTING SYSTEMS

The problems of ecology in the modern world,
the economic crisis and, at the same time, the rapid
development of IT technologies are forcing
developers and homeowners to pay more attention to
the issues of energy efficiency and energy
independence of residential objects. But no less
important nowadays in the construction industry is
the introduction of "smart technologies" capable of
effectively managing the home.
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In Western countries, the number of
commissioned SMART facilities is increasing.
SMART-technology provides a control and
automation system, which is a complex of high-tech
devices designed to automate the processes and
operations that occur during the operation of life
support systems of residential objects [2]. Despite
the variety of data technologies used in "smart
homes", the composition of the systems and the
scheme of operation are not fundamentally different.
Components of any system:

e system access point (controller, processor);

e actuators;

e controls;

o information transmission lines.

An automated lighting system is a computerized
network capable of responding to a variety of
external events and changing the operation of
devices connected to it, as well as a smart home
(Fig. 1). The latter are groups of wall or table lamps,
emergency lamps or garden lights — that is, any
lighting device.

Motion sensors,
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intellectual qualities

Fig. 1.

Any control of the smart home system is suitable
for lighting control. Three actuators are used as an
actuator — relays, dimers, and DMX controllers. Prior
to the appearance of all these devices, the only way
to reduce or increase the intensity of illumination was
to reduce or increase the number of light bulbs of a
certain power. Additional lighting control devices are
motion sensors, the principle of which is based on
infrared radiation.

However, such sensors will not be effective if the
person is immobile — the lack of movement for them
means the need to turn off the lights. In this case,
special devices are suitable — presence sensors that
activate lighting throughout the time while one of the
households is in the room and turn off the light when
there are no people in the area of their sensors.

Presence sensors are much more sensitive than
motion sensors; they include illumination in any,
even weak, movement within their range. In addition
to the described lighting controls, there are wiring
accessories with timers and circuit breakers. The first

type is designed to supply electricity for a certain
amount of time, which is convenient, for example,
when controlling lighting devices on stairwells.

Products of the second type — sockets,
automatically disconnect the power supply during
network congestion, short circuit and leakage of
current outside the mains (into the ground). Timers
are devices that supply electricity for a certain
period of time.

They can be used not only for the elementary
inclusion of light bulbs, but also to regulate the
operation of various devices, such as illumination in
the aquarium. Light management in a smart home
has great functionality. One of them is to control the
lighting from the remote control unit.

Another way to control light in the home is to
program template light scenarios.

III. PROBLEM STATEMENT

According to SBD B.2.5-28-2006 [3], a room
with permanent residence should normally have
natural light.

Without natural lighting, it is allowed to design
rooms that are defined by state building standards
for the design of buildings and structures, regulatory
documents for the construction design of buildings
and structures of certain industries approved in the
prescribed manner, as well as premises, the
placement of which is allowed in the basement
floors of buildings.

For general artificial light, indoor light sources
should be used as a rule, preferring the same power
to the light sources with the highest light output and
service life.

Natural lighting is divided into lateral, upper and
combined (upper and lateral).

The statutory value of natural light coefficient
(NLC), for houses located in different areas, should
be determined by the formula:

ey =€, My, (1)

where ¢, is the value my of the NLC by the State
Building Normes [3]; is the coefficient of light
climate by the Table 3.2 of State Building Normes
[3]; en is the number of the natural light supply
group by the State Building Normes [3].

Combined lighting of residential, public and
ancillary buildings is allowed to be provided when it
is necessary to make rational space-planning
decisions except for living rooms and kitchens of
residential and dormitories, living rooms and rooms
of hotels, dormitories and bedrooms recreation,
group and gaming children's preschools, chambers
of medical and preventive institutions.
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For general room lighting, the most economical
discharge lamps with a light output of at least
55 Im/W should be used.

The choice of light sources by color
characteristics should be made on the basis of
Appendix G of State Building Normes [3].

The luminous output of light sources for artificial
illumination of premises at minimum acceptable color
rendering indices shall not be less than the values are
also specified in State Building Normes [3].

Artificial lighting is divided into working,
emergency, security and duty. Emergency lighting is
divided into safety lighting and evacuation. As a
general rule, indoor light sources should be used for
general artificial lighting, giving preference to one
light source with the highest light output and lifetime.

On average, the costs of providing a two-room
apartment will be approximately € 3,500, a three-
room apartment will cost € 5,000, and an average-
sized two-storey cottage will cost € 8,000. This
system is a step into the future for humanity,
because it saves energy, streamlines it and, in
addition, allows the user to simplify his life and
make it more comfortable.

The owner of such a system in his home offers
many opportunities to adjust the lighting according
to their wishes and needs.

However, there are also disadvantages to the
system, because its installation and development are
very expensive and not every average resident can
afford this luxury [4].

The automated lighting system thus developed
must meet all of the listed sanitary and hygienic
requirements for residential lighting and be
substantially less expensive than analogues available
on the market.

Development of such system requires to solve the
following tasks:

1. Design the structure of the system.

2. Perform the selection of components for every
block of the structure.

3. Design the algorithm of system operation.

4. Design the software for the system.

IV. PROBLEM SOLUTION

Structural diagram of the developed system is
shown in Fig. 2.

Manual control is used to switch between the
systems operation modes and allows to adjust
brightness for each lighting fixture in manual
operation mode and for starting the calibration
mode. It also provides indication of system
operation modes and errors.

An ATmega328 / P microcontroller was used as
the CPU in the designed system. The ATMega328

microcontroller is an 8-bit low power CMOS
microcontroller based on an advanced AVR RISC
architecture.
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Fig. 2. Structure diagram of layout of automated
lighting control system: 1, 2, 3 are photosensors; 4 is the
microcontroller; 5 is the manual remote control; 6, 7, 8

are pulse width modulators, 9, 10, 11 are remotely

controlled drivers, 12, 13, 14 are LED light fixtures

The memory consists of programmable memory
(32 KB), RAM (2 KB) and EEPROM (1 KB)
permanent memory. Peripherals include: two 9-bit
timer / counter with module and frequency divider,
16-bit timer / counter with module and frequency
divider, as well as recording mode, real-time counter
with separate generator, six PWM channels, 6-
channel DAC with built-in temperature sensor,
USART software serial port, SPI serial interface,
12C interface, software watchdog timer with separate
internal generator, internal voltage comparison
circuit and processing unit and wake-up when
changing voltages at the outputs of the
microcontroller.

A remotely controlled driver was selected to
connect the diode light, since microcontroller itself
cannot supply necessary power to the lighting
fixture. AP1694 driver was selected for designed
system because of its features. It provides primary
side control for output current regulation without
opto-coupler, wide range of dimmer compatibility,
dimming curve compliant with NEMA SSL6
standard, etc. Schematic of AP169r driver is shown

in Fig. 3.
The AP1694 is an AC-DC controller that
provides a wuniversal high-performance driver

solution for a variety of mains-dimmable LED lamp
designs. It's suitable for both 120 V and 230 V AC
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inputs and supports non-isolated buck, buck-boost
and isolated flyback topologies.

The GL55 series photoresistors were used as the
primary sensing elements. Features of this type of
photo resistor include the fact that it is coated with
epoxy resin, fairly reliable, it has high sensitivity,
fast response, small volume and a wide operation
range. Typical applications of this photoresistor
include automatic photometry, camera, photoelectric
control, internal signal irradiation control, industrial
control, light controller, light control lamp, etc.

Schematic representation of the GL55 series
photoresistor is shown in Fig. 4.

Schematic of lighting fixture is shown in Fig. 5.
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Fig. 3. The schematic of the AP1694 driver

B2
2 4MAX '
I rd—

— o™
gt g
21w -

{'+]
i e ]
-

Resin Coating
\

Cds Electrode

o g
i' ﬂ(nzramic Substrate
1= =l _E_f_ecnoda
: - Lead Terminal
J L cds
N
U U
Fig. 4. Schematic representation of the GL5S5 series
photoresistor
LED + LA SR . S S SO &
S N N S Y o Y e I |
AT LA T AT AT LA AT L
LED1 LED2 LED3 LED4 LEDS LEDE LEDY  LEDS
L N e A N A& A R
Pl Y P Y N P Y P P IO g
N DTS IS TS TN T
LE&B LE&S LE%‘I LEDS LEDS\ LE$1 LE&D L$9
S Y e Y e Yt Y e Y I
T L-T I-T LT LT LT LT 11
LED17 LED1& LED1S LED20 LED21 LEDZ2 LEDZ3 LEDZ24
LED - L N A A 5 4 A %
Pt I Pt Y o O Pt Y Pt Pt N Pt IO P
I D DTS IS T T

,_
m
)
]
(]

,_
m
)
]
=

,_
m
=)
]
=]

,_
m
=
]
w

,_
m
o
]
=]

,_
m
=)
]
=

,_
m
=
]
o

Fig. 5. Lighting fixture schematic
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Lighting fixtures are the matrices of light emission
diodes that provide necessary brightness of light.

Proposed system allows to provide uniform
lighting brightness at required level throughout the
depth of the room. Positioning of lighting fixtures
can be chosen depending on the size and shape of
the room.

Proposed variant of system includes 3 lighting
fixtures with maximum luminous flux equal to 850
lux so it can be used to illuminate the room with 20
m” area. In this case lamps can be placed as shown
in Fig. 6.

LED LED LED)

Fig. 6. Positioning of lamps in the room

Brightness if each lamp can be adjusted
independently that allows to achieve the same light
brightness level throughout the depth of the room.
Manual control panel can be placed instead of
traditional light switch.

Lighting sensors of the system measure the light
reflected from the surfaces (as shown in Fig. 7) so it
is necessary to take into account the reflective
properties of the actual surfaces such as furniture
and other interior elements.

7

OS]
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ez,

Fig. 7. Example of light sensor positioning

It can be done during the calibration process that
can be activated during system initial setup. In this
mode controller puts all the light sources to the
maximum brightness and measures the values on
each photosensors. Than controller calculates the
calibration coeffitients and stores them into the
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EEPROM. Calibration procedure can be started
manually to obtain the new coefficients in case when
furniture or some interior elements were changed.

It is necessary to perform calibration with closed
curtains to avoid influence of external light that is
necessary to provide the normal system operation at
the night time.

System can operate in automatic and manual
modes. In both modes light turns on and off manually.

In automatic operation mode system measures
lighting values for each channel and adjusts
brightness of corresponding lamp to obtain the
necessary lighting level. This mode has two sub-
modes. Primary sub-mode has prescribed brightness
level taken from normative documents and
preprogrammed into system controllers software. In
secondary sub-mode prescribed brightness level can
be set manually and system will try to maintain it
automatically.

In manual operation mode system turns off the
photosensors and brightness of lamps must be
adjusted from the control panel. It also has to sub-
modes in which brightness can be set for all lamps at
the same time or for each lamp separately.

System also has self-test procedures for light
sensors and lamps. In case of sensor malfunction it
displays the error message on the control panel LCD
display and uses the information from neighbouring
sensors for the channel with malfunction.

In case of driver malfunction system displays
error message and shuts down the corresponding
lamp in order to prevent short circuit.

V. EXPERIMENTAL RESULTS

Experimental testing of the designed system was
carried out by modelling the external light with
manually dimmable light source and measuring the
output luminous flux from the system using Testo 540
luxmeter. System wast set to maintain 500 lux on the
surface. Measurement area was shielded from the
modelled light. Experimental results are shown in
Table L.

Experimental results show that deviation from
prescribed light levels does not exceed 4 lux.
Lighting values, higher than 500 lux were modeled
to test if the system will properly operate in case
when natural light creates much higher luminous
fluxes than prescribed value. Results show that
system operates properly and just turns off the
controlled light sources.

TABLE 1. EXPERIMENTAL RESULTS
Modelled | Output Total Deviation
luminous luminous luminous |from
flux, lux flux, lux flux on prescribed

surface, lux | value, lux

0 504 504 4
50 452 503 2
100 403 504 4
150 354 504 4
200 303 503 3
250 252 502 2
300 202 502 2
350 152 502 2
400 102 502 2
450 51 501 1
500 0 501 1
550 0 552 52
600 0 603 103

VI. CONCLUSION

Designed system allows to adjust light brightness
to necessary levels in automatic or manual modes that
in combination with energy saving LED lighting
fixtures allows to reduce the household energy
consumption for lighting needs.

Use of microcontroller and independent
photodensors for each lighting fixture allows to
provide the uniform illumination brightness lewel at
the full area of room where the system is used. It also
allows to avoid situations when the artificial
illumination is too bright or too dim.

Used components allows to achieve significant
decrease in system costs that makes it affordable for
most households.
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