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Abstract
The analysis of scientific papers revealed that the majority of studies in the field of lighting
control systems are devoted to energy conservation, and single-user interaction with lighting. At
the same time, the issue related to the impact of lighting on human stress levels in an educational
environment is covered only by a number of studies that have investigated lighting parameters for
different types of human activities. While there are known dependencies of the positive influence
of lighting on reducing conflict behavior and stress levels in multi-user spaces, there is no
mechanism for adapting appropriate lighting systems to the psycho-emotional state of users of
such spaces. The paper presents the analysis of scientific publications and patents on non-visual
effects of lighting on human body. The effects of lighting on conflict behavior and stressful state
of a person were studied when using adaptive lighting systems. The methods and approaches of
the developed adaptive lighting systems and the constraints associated with these methods were
analyzed. The results of theoretical and experimental studies are given. A set of methods and tools
to create an intelligent multi-user adaptive lighting system is proposed.
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Аннотация
В ходе анализа научных работ выявлено, что большинство исследований в области систем
управления освещением посвящено вопросам энергосбережения, и однопользовательскому
взаимодействию с освещением. При этом вопрос, связанный с воздействием освещения на
уровень стресса человека в образовательной среде, освещает лишь ряд исследований,
изучавших параметры освещения для различных видов деятельности людей. При
известных зависимостях позитивного влияния освещения на снижение конфликтного
поведения и уменьшение стрессовых ситуаций в многопользовательских пространствах
отсутствует
механизм
адаптации
соответствующих
систем
освещения
к
психоэмоциональному состоянию пользователей таких помещений. В связи с этим, был
проведен анализ научных публикаций и патентов по теме невизуального воздействия
освещения на организм человека. Изучены эффекты освещения на конфликтное поведение
и стрессовое состояние человека при использовании адаптивных систем освещения.
Проанализированы методы и подходы разработанных адаптивных систем освещения и
связанные с данными методами ограничения. Дано обобщение результатов теоретических
и экспериментальных исследований. Предложен набор методов и средств для создания
интеллектуальной многопользовательской адаптивной системы освещения.
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INTRODUCTION
The impact of light on a person is varied, complex, and all-encompassing. Light affects vision,
determines the cycles of daytime and seasonal functioning of the body, affects the levels of
psychophysiological activity and mood [1-5]. The so-called non-visual effects of light were discovered
[6]. The non-visual effects of light appear by stimulation of the eye photoreceptors. The receptors, rods
and cones, are relatively well researched and described in the existing publications. The research over the
past 25 years has shown that there is another type of photoreceptor in the eye. That type is important in
the non-visual effects of light on humans. Discovered in 2002, these photoreceptors are known as
photosensitive retinal ganglion cells (ipRGC), and their photosensitivity is based on the photopigment
melanopsin [7]. The non-visual effects of light affect our mood, concentration, vitality, focus, mental and
physical performance. There are three types of light effects on human body: circadian, cognitive, and
emotional [8]. The result of these effects depends on time and duration of exposure to light, as well as on
lighting quality [9].
Education at school and university is accompanied by anxiety and serious stress. Escalating
behavior is reported by the media almost daily. Escalating behavior is an intensely developing conflict in
time and emotional background. Individuals or groups of people show aggression, which often leads to
verbal or physical attacks. The escalation of conflict usually includes narrowing and decrease of attention
and progressive cognitive disfunction. Scientists have studied the effect of lighting on student anxiety and
their aggressive behavior using different illuminance and color temperature of lighting [10]. The findings
showed that different lighting modes could directly reduce student anxiety and improve their social
behavior.
It is logical to assume that the effects already identified in everyday and work environment and the
developed lighting systems are applicable to the educational environment [11].
Lighting has become a significant part of the "smart home", allowing to support various activities
that require changes in lighting parameters (color temperature, illuminance level and luminance) in the
process of learning, work, recreation, and communication between a group of people [10, 12, 13, 20]. The
demand for smart lighting systems is confirmed by market growth; according to market research by the
MarketsandMarkets, the smart lighting market will grow from $ 13.4 billion in 2020 to $ 30.6 billion by
2025 with a CAGR of 18.0% over the predicted period [14].
Adaptive lighting systems (ALS) are equipped with sensors and actuators that can dynamically
adapt to current environmental conditions and people's needs. The consumer's ability to interact with
lighting refers to the concept of "interactive lighting". Such systems foresee the aims and intentions of the
user, which can be determined from the actions (video surveillance system and audio recording) or
information about the environment (for example, light, pressure and noise sensors). On the one hand,
adaptive lighting can react to user actions without direct interaction. On the other hand, adaptation can
also be performed by the user intentionally. It is necessary to receive feedback from the system to create
stable lighting parameters: the user performs various actions; the adaptive system reacts to this and
changes the lighting parameters by the specified conditions. However, at the moment, the main problem
is the lack of a mechanism for adapting the corresponding lighting systems to conflict behavior and
stressful states of users in multi-user spaces.
The paper aimes to describe the methods and mechanisms to adapt the corresponding lighting
systems to influence conflict behavior and stress state of users and related features.
MATERIALS AND METHODS
The analysis of the articles was performed based on the existing methods and the means of
adaptive lighting systems functioning. The following criteria were identified to choose methodology for
ALS creation:
1. Set of sensors required for the ALS energy-efficient functioning.
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2. System autonomy (minimal user intervention to maintain the quality of the system).
3. Multimodal information about the external and internal environment (for a complete and
accurate assessment of the environment with a further ALS adaptation of the).
4. User group focus (considering conflicts of preferences in the choice of lighting).
5. Consideration of conflict behavior and stress state of users.
6. ALS Intelligence (self-learning based on neural networks).
7. Combination of ALS monitoring and control (processing and output of multimodal information
in adaptive lighting systems to create control protocols and self-optimization of multiuser systems).
At the moment, adaptive systems that respond to human activities, climate change, and daylight
hours are quite common. However, the lighting settings that affect the person (color temperature and
luminous flux of the luminaires) are changed by a given scenario or adjusted by the user [10, 12].
Adaptability in such systems is usually associated with dimming to save energy. For example, a neural
network controller, which can regulate the lighting in a class considering illuminance of the environment
and the number of people, was developed and tested [3].
However, in the smart home market, especially in the smart lighting market, there are no examples
of systems that collect, process and transmit information about a group of users. At the same time, a large
number of patents in the field of human biomonitoring testifies the relevance and prospects of combining
monitoring and control of the lighting system in one device.
The patents describe lighting systems that work with wearable sensors that detect body
temperature, momentum and user location in combination with external environmental factors such as
temperature and lighting [8].
The existing solutions are aimed at reducing conflict situations in the choice of lighting modes in
multi-user interaction. The patent [15] proposes a conflict resolution option based on a dynamic change in
the user's position in space and the direction of his gaze, while the light characteristics output by the
system show averaged values. It should be noted that this system does not allow making changes by the
user, and also does not show information about changes made by other users. By depriving the user of
this opportunity and by allowing the systems control lighting, there is a risk of a ―loss of control‖ effect
for the user, which will cause internal (and then external) problems.
Data storage, processing, and visualization are getting better lately. In addition to saving energy,
lighting manufacturers are striving to improve perception and simplify lighting control. Therefore, more
researchers are paying attention to improve-control algorithms [16-18]. Statistics, data modeling, and
machine learning techniques are used to save energy. Among other things, an intelligent lighting system
was developed with the possibility of continuous learning [19]. It can dynamically adjust illuminance,
color temperature and luminance distribution according to specific learning requirements and conditions,
such as the number of students per class, their academic performance, class schedule, room furnishing
and energy efficiency. This system uses not only manual control but also automatic scene switching via
integration with school timetables.
The authors suggested that the system they developed could help researchers study the correlation
between student performance and environmental parameters.
The input data used in the existing studies included various combinations of indoor user placement
and sensor information such as space occupancy and ambient lighting, schedule information, and user
preferences. The authors faced the problem of integrating several systems and datasets into ALS to
combine various information to select a suitable lighting mode. The researchers from the University of
Waterloo have found a new approach to solve this problem: they used the advantages of big data and
machine learning to increase the speed of data processing and the possibility of developing a system
based on the information received.
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Fig. 1. Block diagram of switching lighting modes with class schedule
Figure 2 illustrates the mechanism and workflow of the proposed framework, which consists of
two main processes: control flow and self-optimization flow.

Fig. 2. Structure of a self-optimizing classroom lighting environment
Such intelligent lighting systems have the potential to become a platform for future research on
the effects of lighting on humans and can also be widely used in everyday life, which gives this approach
an advantage over the existing ALS. However, from a technological point of view, the system still has
many opportunities for improvement: the addition of devices to monitorу environmental conditions,
users‘ needs, and their conflict behavior and stress state.
RESULTS
It is possible to automate ALS, integrate intelligence properties and obtain reliable results at the
end of the data processing cycle, combining the entire transformed set of signals and artifacts of the
human body, that reflects the internal changes in the psyche and consciousness of people. The best way to
collect multimodal information about the environment, changes in the conflict behavior and stress state of
a group of users is via audio and video channels. Students work at computers with cameras already builtin, which will further facilitate the integration of ALS into office spaces.
The data is recorded continuously and dynamically, which helps to avoid false or approximate
interpretations and conclusions arising from the statics of the image. Instant image fixation is provided
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with the ability to measure individual trainees' facial expression traits, reflecting various emotional and
mental states of the person. The method of assessing the condition using audio and video channels is safe
and painless for users. Based on the data obtained from the audio and video channels it is proposed to
create a matrix of conflict behavior and stress states of people. This matrix is planned to be imposed on
the matrix of the developed light modes that correspond to basic psychoemotional states, thereby teaching
the system. It is suggested to use the following lighting modes:
1. "Standard" 300 lux, 4000 K
2. "Focus on the board" 1000 lx, 4000 K and darkened audience lighting 300 lx, 3800 K
3. "Board" 300 lux, 4000 K classroom lighting is completely off
4. "Concentrate" 1060 lux, 5800 K
5. "Activation" 675 lux, 6500 K
6. "Relaxation" 325 lx, 3500 K
7. "Maximum relaxation" 275 lux, 3500 K.
Light modes in Intelligent Multiuser Adaptive Workspace System (IMAWS) are programmed
based on luminaires with two types of LEDs with standard values of correlated color temperature (2700
and 6000 K). In the fu-ture, this will simplify the integration of the developed ALS with luminaires of any
manufacturers. ALS offers the optimal lighting mode considering the dynamically changing environment
and user states. The described ALS will work according to the scheme in Figure 3.

Fig. 3. Functional diagram of the developed IMAWS
1 – microprocessor control unit;
2 – speaker;
3 – microphone;
4 – projector;
5 – dome video camera;
6 – directional video camera;
7 – Wi-fi module;
8 – microcontroller;
9 – room light sensor;
10 – room temperature sensor;
11 – indoor humidity sensor;
12 – indoor carbon dioxide sensor;
13 – LD display;
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14 – partition control module;
15 – shutter control module;
16 – light control module;
17 – lamp driver;
18 – LED lamps;
When the trainee is in the classroom at the workplace, multi-modal information necessary for
further psycho-emotional assessment of the trainees is collected by the microprocessor control unit 1,
using the dome video camera 5, directional video camera 6 and microphone 3. Abiotic environmental
parameters in the room are also accumulated with the data obtained from sensors of illumination 9,
temperature 10, humidity 11, carbon dioxide 12. The data obtained are analyzed in the microcontroller 8
and transmitted through the Wi-Fi module 7 by wireless connection to the microprocessor control unit 1,
and duplicated by wired connection in order to improve noise immunity and stability of the system from
external influences.
After receiving data from the microprocessor 8, the microprocessor control unit 1 makes the
system analysis with the help of the algorithms in the unit memory, and gives the command to the
executive modules, namely to the partition control modules 14, shutter control modules, and light flux
control modules 16. The command received from the microprocessor control unit 1 is transmitted to the
actuating elements through the microcontroller 8 with the help of the Wi-Fi unit 7 and is duplicated by the
wired connection.
Upon receipt of the executive command from the microprocessor control unit 1 to the partition
control module 14, the separation of the workspace by raising or lowering the acoustic partitions, thereby
personalizing the workplace depending on the preference of the trainee.
When receiving the executive command from the microprocessor control unit 1, the blinds control
module 15 regulates the natural light entering the classroom. The light control module 16 works together
with it, the control signal from it is formed on the basis of the executive command received from the
microprocessor control unit 1, then it is transferred to the lamp drivers 17 and goes to the LED-lamps 18
by means of wire connection. Depending on the current psycho-emotional state of the trainee it is possible
to change such parameters of artificial light as color temperature and luminous flux, thereby adapting to
each trainee in the room.
DISCUSSION
Having analyzed articles and patents, recommendations were formulated for improving multi-user
adaptive lighting systems:
1. Considering the advantage of big data and machine learning, it is possible to optimize and train
multi-user adaptive lighting systems, which can then automate the entire process of interaction between
the user and the lighting environment.
2. It is necessary to take into account the psychoemotional state of users based on multimodal
information and the regulation of light characteristics that affect the level of conflict behavior and stress
states of users.
3. Development and implementation of multi-user adaptive lighting systems should contribute to
changing the environment not to disrupt the everyday life and work of other people. ALS will reduce the
number of conflicts when choosing and setting various lighting modes. The system will help to:
1) compromise in the choice of lighting to resolve the current situation, as well as reduce the
number of future conflicts,
2) compare activities and group activities by zones using light,
3) choose lighting mode as a result of negotiations.
It is important to note that the acknowledgment of conflicts and their resolution should be left to
the discretion of the user.
An open issue when building intelligent adaptive lighting systems is control, taking into account
user conflicts in lighting preferences. The problem of reading multimodal information about users, data
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about the external environment, and tracking the dynamics of conflict behavior in a multi-user space and
changes in stress states of individual users remains unresolved.
Having analyzed the developed adaptive lighting systems, features and limitations were identified.
These limitations can be eliminated using artificial intelligence methods – machine learning,
computer vision and expert systems. To determine conflict behavior and stressful situations, it is proposed
to analyze data from audio and visual communication channels based on:
1) audio data – by assessing the intensity, speed of speech, frequency of the main tone, voice
harmonization, and identifying non-verbal sounds (clatter, sighs, pauses). It is planned to use a set of
methods, including digital filtering, fast Fourier transform, pitch extraction, wavelet analysis of noise
signals, and neural network classification.
2) video data – it is planned to use an algorithm for image detection based on one of the
architectures of convolutional neural networks (YOLO, SSD, Faster-RCNN). To assess the change in the
position of human limbs in space and time, it is proposed to use the OpenPose system, which allows to
determine the coordinates of body key points in real-time. To localize people in the room-coordinate
system, use the augmented reality markers of the Aruco family to calculate the room rotation matrix in
relation to the image plane.
CONCLUSIONS
An analysis of scientific publications and data on the topic of non-visual (biological) effects of
visible light on the human body in adaptive lighting systems was performed. Based on the analysis of
methods and means of the developed adaptive lighting systems, their features and limitations were
identified. A set of methods was proposed to analyze the psycho-emotional state of a group of users. To
determine the user conflict behavior and stressful situations, it is proposed to analyze the data of audio
and visual communication channels.
At the moment, this is the most optimal set of methods to analyse conflict behavior and stress
states of a group with the subsequent integration of this information into ALS. Such systems will help to
adjust light settings in real-time based on multimodal information about the environment and psychoemotional state of users.
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