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Abstract
Water supply represents one of the fundamental components of smart home life-support sys-

tems, determining both the technological level and the overall economic efficiency of the smart 
home infrastructure. This publication summarizes a set of innovative technologies developed by 
engineer and innovation specialist Bohdan Vitiv, aimed at meeting the core technical require-
ments for modern smart home water systems. The author emphasizes the importance of these 
developments for advanced educational programs and professional training in the field of smart 
home technologies. The article provides an overview of the key technological solutions proposed 
by Vitiv and outlines their potential for improving the quality and effectiveness of specialist prepa-
ration in this rapidly evolving domain.
Keywords: Water in smart home infrastructure; Electrochemical water regeneration 
in smart home infrastructure; Chemical-free water regeneration; Comprehensive water 
recirculation; Compact modules for electrochemical water regeneration; Integrated water 
supply system within smart home infrastructure and ecosystems; Input control and pre-
treatment modules within smart home infrastructure; Used-water storage modules; 
Separation systems with vortex foam generators; Final control systems without direct 
contact; Control and processing unit for remote real-time management and monitoring

Electrochemical regeneration of 
tap water in smart home infrastruc-
ture for recirculation and compre-
hensive disinfection using real-time 
online control lines based on elec-
tromagnetic resonance spectroscopy 
principles, operated by artificial intel-
ligence and artificial neural network 
elements

Integrated Water Supply System 
within Smart Home Infrastructure

An integrated water supply system within 
the smart home infrastructure typically in-
cludes four groups of modules interconnect-
ed by their operating principles and func-
tional interaction:

1.	Input control and pre-treat-
ment modules, including inlet 
water tanks and reserve tanks for 
peak loads. Pre-treatment includes 
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electrochemical disinfection, aera-
tion, and increasing oxygen concen-
tration to the level of full saturation. 
Input control modules operate using 
a  non-contact method based on the 
principles of electromagnetic reso-
nance spectroscopy.

2.	Local modules for electrochemi-
cal processing, installed separately 
for each residential unit and includ-
ing water consumption metering units 
with real-time monitoring sections at 
the inlet (non-contact, working on the 
principles of electromagnetic reso-
nance spectroscopy).

3.	Used-water storage modules, 
dividing the water into at least two 
groups: water containing toilet waste 
and general greywater.

4.	Water regeneration modules, 
consisting of at least two sections: 
one for water with fecal content and 
one for all other water. These mod-
ules include separation systems 
with vortex foam generators and fi-
nal non-contact control systems 
based on the principles of electro-
magnetic resonance spectroscopy. 
In addition to the operational mod-
ules, the integrated water supply sys-
tem includes a control and processing 
unit with artificial intelligence and 
artificial neural network elements, 
enabling remote management and re-
al-time monitoring.

Water Consumption Parameters
Water volume is calculated in full accor-

dance with the standards for supplying resi-
dential units.

Number of residential units: 100
Estimated number of residents: 150

System Structure Overview
The integrated water supply system in-

cludes four groups of interrelated modules:
1.	 Input control and pre-treatment mod-

ules, including inlet water tanks and 
reserve water tanks for peak loads. 
Pre-treatment includes electrochemi-
cal disinfection, aeration, and increas-
ing oxygen concentration to the level 
of full saturation. These modules oper-

ate via non-contact methods based on 
electromagnetic resonance spectros-
copy.

2.	 Local electrochemical treatment mod-
ules for each residential unit, includ-
ing inlet water consumption metering 
blocks with real-time control sections 
(non-contact, using electromagnetic 
resonance spectroscopy).

3.	 Used-water storage modules with sep-
aration into at least two groups: water 
containing toilet waste and general 
greywater.

4.	 Water regeneration modules with at 
least two sections-one for water with 
fecal particles and one for remaining 
water. These modules incorporate 
separation systems with vortex foam 
generators and final non-contact con-
trol systems based on electromagnetic 
resonance spectroscopy.

The system also includes a central control 
and processing unit equipped with artificial 
intelligence and artificial neural network 
elements, enabling remote control and re-
al-time monitoring.

Carbon–Carbon Composite Fabric
A  carbon–carbon composite fabric has 

the following functions:
(When you provide the functions, I  will 

translate and format this section in the same 
style.)

Carbon-Carbon Composite 
Fabric: Functional Application

In the anode block of a  water desalina-
tion unit, the functions of this fabric consist 
in significantly increasing the contact surface 
between the anode (the fabric itself) and the 
stream of saline water. As the saline water 
passes through the openings in the fabric-
anode, it receives the maximum possible 
amount of positive electrical charge.

In an electrochemical cell for disinfection 
(an electrochemical reactor of any type), this 
fabric (not connected to the power supply) 
is positioned as a  spacer between the elec-
trodes – the anode and the cathode. This spac-
er equalizes and stabilizes the flow of liquid, 
which, in the electric field between the elec-
trodes, migrates and separates: the positively 
charged liquid contacts the cathode, while the 
negatively charged liquid contacts the anode.
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After passing through the inter-electrode 
zone, the charged liquid exits in an upward 
flow: on the cathode side, the liquid carries 
a negative charge (a flow with an acidic back-
ground), and on the anode side, the liquid 
carries a positive charge (a flow with an alka-
line background).

Innovations Opening a New Scientific 
and Technical Service Direction
Augmented reality in consumer and per-

sonal optics is still in its early development, 
yet it is expected to have significant future 
potential. Such headsets remain expensive, 
and continuous daily use is not yet conve-
nient. Nevertheless, several high-quality de-
vices are already available on the market or 
at the final stages of development. This re-
view aims to provide an analytical overview 
of these products.

More than ten years have passed since 
the release of the first successful augment-
ed reality headset, Oculus Rift. These glass-
es produced an immediate “wow effect,” but 
after some time, once users were sufficiently 
familiar with the novelty, interest decreased. 
The key issue is that developers have not yet 
succeeded in transforming augmented real-

ity glasses into a device as commonplace as 
a smartphone, game console, or smartwatch.

According to the author of this publication, 
one of the reasons for this situation lies in the 
state of service technologies, which are not yet 
sufficiently developed to support such com-
plex devices in conditions of mass production 
and, consequently, mass consumption.

The state of patent protection for these new 
technologies also raises numerous questions.

It is noteworthy that, despite expectations 
of rapid market growth for augmented reality 
visualization projects and technologies, the 
dynamics of patent filings remain slow and 
inactive.

A patent search conducted by the author 
using key terms in the United States Patent 
Office database identified only 133 patent 
applications and no patent grants related to 
this topic.

An initial analysis of the published pat-
ent applications revealed that all such appli-
cations are exploratory in nature and do not 
focus on the construction or systems of aug-
mented reality glasses as finalized products. 
In addition, the examples provided in these 
applications refer to devices at the final stag-
es of development.

Figure 1. Model of a system for bidirectional correction 
of acidity and alkalinity in deionized water
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1 – power supply unit for the electro-
chemical reactor

2 – tank with deionized water for feeding 
into the electrochemical reactor

3 – electrochemical reactor with an inter-
electrode space in which processing is car-
ried out in two parallel upward flows

4 – collector of water with a reduced acid-
ity level

5 – collector of water with an increased 
alkalinity level

6 – sensor module for measuring the re-
duced acidity level

7 – sensor module for measuring the in-
creased alkalinity level

8 – reservoir for water with a  reduced 
acidity level

9 – reservoir for water with an increased 
alkalinity level

10 – pulse generator for the impedance-
resonance sensor

11 – pulse generator for the impedance-
resonance sensor

Since the author of this series of articles 
is engaged in the practical implementation 
of such devices for a  specific market, it is 
noted that a significant number of technical 
solutions are currently lacking-both for the 

devices themselves and for the accompany-
ing tools and products necessary for their ev-
eryday use. One of the primary needs is the 
development of technical solutions and prod-
ucts designed to support augmented reality 
glasses in daily operation, including cleaning 
the lenses from inevitable contamination of 
both organic and inorganic origin.

As the lenses of augmented reality glasses 
become dirty just as easily as those of stan-
dard glasses, the first practical requirement 
is the creation of an integrated technology 
for producing a  cleaning and disinfecting 
liquid from water that does not contain high 
concentrations of salts, including hardness 
salts.

However, this proved insufficient. As re-
quired by practical conditions, the liquid used 
for rinsing must be an insulator in order to 
eliminate any possible local current impuls-
es. An analysis of potential water sources for 
processing within the system led to manufac-
turing complexes of photolithography, where 
deionized water is used. This water demon-
strates properties closely matching the char-
acteristics considered most necessary and 
suitable for servicing the optical lenses of 
augmented reality glasses.

Figure 2. Model of a system for bidirectional correction 
of acidity and alkalinity in deionized water

12 – inlet pipeline to the electrochemical 
reactor

14 – regulating and control valves
15, 16 – flow meters
17 – current-carrying cables

For comparison, variants using distilled 
water and deeply purified water were also 
examined and analyzed. Nevertheless, the 
properties and performance characteristics 
of deionized water proved superior. Special 
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attention was given to the possibility of us-
ing deionized water in the future, both af-
ter treatment in an electrochemical reactor 
and before treatment, for preparing various 
emulsions intended for subsequent service 
operations on augmented reality glasses.

Experimental evaluations confirmed the 
feasibility of producing high-quality emul-
sions both with deionized water before treat-
ment and with water after modification of its 
neutral acidity or alkalinity level.

Figure 3. Model of an electrochemical 
reactor with a power supply

Since this technology was recommended 
for use for the first time, it became necessary 
to produce a basic prototype to verify, under 
real operating conditions, the feasibility of 
implementing several innovative technolo-
gies, the first of which was the technique and 
technology of the electrochemical reactor.

In the described reactor, the electrode 
cells have working zones separated by a neu-
tral membrane positioned symmetrically be-
tween two electrodes. One of the important 
operating principles in the electrode cells is 
that the processing of deionized water takes 
place in an intensified upward flow. The dis-
tance between the active surfaces of the elec-
trodes is only 3 millimetres, of which the mem-
brane thickness accounts for 1 millimetre. 

Thus, the thickness of the liquid stream in 
such an electrode cell is only 1 millimetre.

This small stream thickness made it pos-
sible to sharply increase the current density 
to 100 amperes per square decimetre, which 
in turn enabled the electrochemical correc-
tion of acidity and alkalinity in water that is 
very similar in its parameters and properties 
to a dielectric liquid. Because the processed 
liquid forms two separate outlet streams, 
it becomes possible to use either the high-
ly alkaline water or the highly acidic water 
for treating the optics of augmented-reality 
glasses.

This approach made it possible to dis-
infect the surface of optical lenses from mi-
croorganisms and bacteria using the acidic 
stream, and to remove fatty contaminants 
using the alkaline stream. It must also be 
emphasized that because the system for 
preparing and treating deionized water is 
structurally simple and uses the most widely 
available engineering materials and compo-
nents, it can be installed in any small retail 
enterprise that sells optical instruments and 
glasses, including augmented-reality glass-
es-both current and future models. Anoth-
er important factor relates not only to the 
specific requirements of augmented-reality 
glasses, but to optical devices in gener-
al. This concerns the anti-allergenic effect. 
Since the electrode cell of the electrochem-
ical reactor is powered from a  single pow-
er source, and the electrodes have identical 
active surface areas, the correction of liquid 
parameters in two opposite directions pro-
ceeds proportionally. As a result, the acidic 
stream and the alkaline stream do not cause 
any allergic reactions when used simulta-
neously. This phenomenon fundamentally 
changes the consumer properties of the sys-
tem, not only for augmented-reality glasses 
but also for any other optical devices. As 
in any system for dynamic electrochemical 
treatment of liquids-especially liquids with 
a low level of electrical conductivity-the de-
sign of the electrode cell becomes critical-
ly important. All structural features of the 
cell must be considered: the materials used 
for electrode fabrication, the materials and 
design of the neutral membrane, and the 
materials and design of the cell housing. It 
was found that a particularly high efficiency 
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potential is associated with the use of elec-
trodes made of carbon–carbon composite 
materials (the phenomenon associated with 

these materials will be described in subse-
quent publications).

Figure 4. Model of the electrode cell of the electrochemical reactor. Photograph of 
the system for real-time correction of acidity and alkalinity in deionized water

Photographs of the actual prototype sys-
tem demonstrate the intentionally designed 
structural simplicity and, as a result, the low 
cost combined with sufficiently convenient 
operation. Such a  system can be installed 
and operated in virtually any retail facility 
without significant expenses, and through 
the products generated by this system, it be-
comes possible to raise the level of servicing 
such devices to the standard of technological 
refinement required for all current and future 
optical instruments. To present the broader 
situation within the technological field-which, 
in addition to traditional optical technolo-

gies and materials, includes a  wide range of 
processes, technological groups, and materi-
als-the author intends to provide, in subse-
quent publications, an analysis of the overall 
state of innovation development in this area. 
The search for an open and unoccupied niche 
within this technological field continues with 
exceptional intensity. However, the actual de-
gree of this intensity remains unclear, as the 
level of patent protection for these solutions 
does not correspond to the publicly stated de-
gree of development of these projects, nor to 
the declared breadth of efforts aimed at iden-
tifying new technical solutions.
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