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THE SIGNIFICANCE AND NECESSITY OF AUTOMATING THE SELECTION OF
SENSHRS AND ACTUATORS

() K. Kaolhasa, 5. V. Soinik

Foharkiv Matonal Umversaty of Radso Electronics

Ukraine, 61 166, Kharkiv, Nauky av.. 14

E-mail: cleksandr. kolbassiinure. ua, svetlana. sotnikin nure ua

Abstrect: The theses are dedicated to the sgnificance and necessily of sutomating the process of
wlecimg sensors and actaalors i techoical process sutomation systems. An overview of the man
approaches o implementing aulemated component selection 15 provided, including modemn soltware
wols and intelligent sysiems. Examples of sensor and actuator manufacturers are presented. The
advantages of the automated approach compared 1o manual selection are analyzed. Conclusons ane
drawn regardmg the effeciveness of this approach and the prospects for the development of relevant
lechnologes.

Keywordy: automaied sensor selecbon, aciuaiors, exper sysiems, indusins] automation, Industry 4.0
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RELEYANCE OF THE WORE. The rapid development of lechnologses and the vanety of sensors
and actustors used in automabed syslems signaficantly complicate the process of their selection | 1-6.
The efficsency and relsabality of the avlomaton system sgnificantly depends on ibe comect seleciion
of these components. Traditonal manual selecison of smsors and actuators requires a2 signaficant
investment of time and often depends on the experience of the engineer. Under these conditions, the
autpmation of the process of selecting components s becoming more and more relevant and
necessary |7, B). Auviomaied selection of =ensors and actusiors iovolves the use of specmioed
software took or algonthms that help delermme the oplimal components for speafic tasks or
sy shems.

Thus, the development of methods for aviomated component selection is an mmporiant direcon in
lhe demgn of modern comtrol systems. This articlke discusszes the main approaches o the
implementation of automated selection of semsors and acloalors, provides cxamples from the

industry, and amalyzes the advantages of the avtomated approach compared io tradsizonal manual
selecison.
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MATERIALS AND RESEARCH RESULTS. Automation of the chuice of sersors and actuators
i5 a key stage in the design of modemn contrel and aulomation systems. Let's determine the
advantages of an automated approach over manual selection:

1. Reducing tme wasle. Automaled systems quickly analyze a large number of possible options
for sensors and actuators, which significamly reduces the selection time. Specialized software tools
allow engineers to guickly get a list of optimal components without the need o manually browse
calalogs.

2. Minimazation of errors and the impact of the human factor. Automated systems work accordmg
to clear algomithms and selection criena, which reduces the likelibood of human error. A subjective
approach is excloded, which can influence the choice due 1o the engmeer's limsted expericnce ar
personal preferences.

3. Complex analyss of parameters. Aulomated sysiems can take info account a large number of
factors at the same time: speciflications, compatibilsty with other components, cost, rehability, energy
efficiency, ete. Multi-criteria optimization albows you o choose the best solution taking into account
all sysiem requarements.

4. Compatibility and integration into digstal platforms. Many manufacturers offer onlme calalogs
with tegrated configurastors, which allows you to quickly adapt the selected componenis to a
specific project. Automated picking syslems can be integrated inlo CAIVCAE envirooments, which
facilitales design and reduces the noed for repeated inspechons.

5. Scalability and reuse of solutions. Automated approaches make it easy to slore component
sehection templales that can be used m future projects. Digital databases and machine leaming
algorithms can improve the guality of chosces based on previous experience, which contributes o the
coalinuous improvement of the design process.

Diespite the significamt advantages of aulomated selection of sensors (Fig. 1) and actuators, lesting
them m real conditions can be difficult and costly.

CHALLEWGES BEMEFITH
B Lugs rambesr of B Spess of aedecsion
MR optora
W Gird Pl
W oo, Dol
B b L] Bustomaied Sysiem & Improwed mpakeT
& Terar - [ I Cormporeent Beiscion sty
radarm el el L P
ol ik dmn
& Pk ol Somen
L= B Faduciion ol
b Tecloe

COMPDNENTS OF AUTOMATED 5Y5TEM

R

Figure | — Key aspects of the importance and need to automate the selection of sensors and actuators

Therefore, there is a need 1o wse virual environments that allow simulating the operation of drones
withoul riskmg cquipment and with kess resource consumptson. Features of the virtual environmeent
for ssmulating the opemtion of drones

. N
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Fhysical modeling amd realism. The efficient simulasior accurstely reproduces the physical
cl'un.l:t-:n:h::-ud"mz drone, mchiding aerodynamics, power consumption, and control response. Thas
allows you o trarsfer the skills acquired m the viris] envircnment to real condstions.

2. ¥isual eovironmeent and sensors. Simulators create a detatled visual environment with difterent
landscapes and objects. They also simulate the operaton of sensors such as cameras, lidars and GFS,
which brimgs the workout closer to real conditions.

3. ¥Yisual eovironmeent and sensors. Simulators create a detatled visual environment with difterent
landscapes and objects. They also simulate the operation ol sensors such as cameras, lidars and GPS,
which brings the workow closer to real conditions,

d. Modeling of weather conditions and obstaclkes. Smmulsiors allow you o reoreate dafterent
weather conditions, such as wimnd, precipitabion and fog, as well 2= dynamic cbstacles. This helps
prepare pilots for diffscult situations.

5. Program imerfaces and compatibalaty. Moedern simulators support integration with real controd
systems. and APls for the development of avionomous algonthms. Thas allows you 1o lest new
lechnologres and improve drone software.

Effective automation of the process of selecting sensors and aclualors requires the we of
appropriaie algonthms and techmigues. For a betier understanding of this process, let’s consder the
main approaches used for amlomsied component selection. An overview of the main approaches s
the avtomated selectron of sensors and actuators.

There are several approaches 1o aulomated selection of =ensors and actuators that are currently
being researched and smplemented.

Une of the basic methods 1s 1o create electronic databases of components with the abalsy 1o filter
by techmical charactenstics. Such databeses (e.g. onlme mamulacturer catalogs) allow you o
automatically select models of sensors or aciusiors that meet specified requrements, such as
measurement mnge, accuracy, operating conditions, Sc.

Another area is the use of experl systems and decision sappori systems. Such systems have
accumulated specialist knowledge about the choice of components: the rules and oritenia by which a
cerlain type of sensor or mechanism is sustable for a parbscular process. Hased on the process
parameters entered {c.g., temperature mnge, pressure, required force, or speed), the expert sysbem can
recommend the optimal type of sensor or actuator.

With the development of arificial imelligence methods, more complex approaches appear [9-11].
For example, the use of machine leammg algorithms i analyze large amounts of data about the
operabon of vanous semsors and actuators can belp predict which component will be best m certan
condisons. Cphimizstion methods (genetsc algonthms, mulb-criena opumization) are alko being
mvesbigated, whach allow you 1o aslomabically select a set of components for the syslem., taking mio
acoount several crileria 3t the same tme — cost, energy efficiency, reliability, slc. 11 is worth noting
that some modermn software complexes for desgn (CAIVCAE systems) already contain integrated
muodules that belp the engineer select components. For example, when designing poeumatic systems,
software can recommend the type of cylmder and valve acconding to the specilied load and speed
requirements, which smplifies the selection process.

Let's conmder examples of well-known manuladurers of wnmre and actuators. There are many
manufaciurers of sensors and actuators on the modern market, whose products are used In aulomated
systems. aroursd the workl. Among the manufachurers of sensors are companses such as Siemens,
Honeywell and Bosch, which offer a wide range of devices for messuring vamows parameters
[lemperabure, pressure, position, eic.] and are known for their high guality and reliabnhty of products.
In the ficld of actuadors, Festo, SMC and Schoeider Elecine are keadmg companies - they specmloee
in the produchion of pneumabic and electric actuators, valves, servo mpdors and other equipment
necessary for the implementation of movements amd control in automated processes. It is important

o sompater inirgrated Inchusingie. 2utemstion e rebotican
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that ihese manufacturers not only produce the components themselves, but also offer engineers digital
toods for thewr selection (onlne calalogs, configuraior programs), which is actually an example of the
practical mplementation of the concept of automated selecion.

Automating the selection of sensors and aclualors = an important slep lowards mproving the
cfficiency ol aviomation system development. The amalyss shows that the use of awlomated
approaches allows you o optmize the design process, reduce time costs and improve the guality of
technical solutions. With the development of Al technologees and the concept of Industry 4.0,
automated selection 1ools are expected 1o become even more powerful and mtegrated. A promsmg
darectson is the creation of complex systems capable of selecting and adjusting sersors and drives for
specific sks in real tme. Such systems will be able to auwmabcally adapt 1o changes in process
condilons or requirements.

COMCLUSIONS. Automation of the choice of sensors and actusiors is an important directson in
the modern design of conirol and auvipmation systems. The use of aviomaied approaches allows you
o significantly reduce the ime of component selechon, mimmmze emrors, provide a comprehensive
analysis of parameiers and mprove compabbility with degatal plstforms. The consdered methods of
automated sdlectson, sach as the wse of electromc databases, expert systems, machine beammg
algomthms and oplimizstion approaches, demonstrate high  efficiency in selecimg  optimal
components for specific lasks. The implementation of such approaches contribuies o mmproving the
quality of design, reducing costs and mmproving the relizbility of automated systems. The frther
development of ansficial intelligence methods and the imtegration of automated selection systems
with CADYCAE environments open up new opportumbies for improving the process of selecting
sersors and actuators.
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from django.db import models

from django.conf import settings

from django.contrib.auth.models import AbstractUser
from django.contrib.auth import get_user_model
from django.db.models.signals import post_save
from django.dispatch import receiver

from django.db.models import Sum

from django.contrib import admin

class User(AbstractUser):
ROLE_CHOICES = (
(‘admin', 'AnaminicTparop'),
(‘'manager’, 'Menemxep'),
(‘client', 'KirieHt'),
)
role = models.CharField(max_length=20, choices=ROLE_CHOICES, default="client’)

phone = models.CharField(max_length=20, blank=True)

class Component(models.Model):
CATEGORY_CHOICES =
(‘equipment’, 'Ckiiagcpke o0naHaHHS'),
(‘transport', 'TligiiloMHO-TpaHCIOPTHA TEXHIKA'),
('integration’, 'TaTerpamiitne o0nagHaHH"),
(‘actuator', 'BukonaBumii MexaHi3m'),

(‘'sensor’, 'Cencop'),

SUBCATEGORY_CHOICES =
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# equipment

(‘shelf, 'Cremax'),

(‘container', 'Konteitnep'),

(‘pallet’, Tlizmon"),

# transport

(‘stacker’, 'IlITabenep'),

(‘forklift', 'HaBanTaxysau'),
(‘conveyor', 'Konseep'),

(‘transporter’, 'Tpancnoprep'),

# sensor

('rfid', 'RFID cencop'),

(‘temperature', "TemneparypHuii cencop'),
(‘vibration', 'Bibpaiiinuii cercop'),
(‘'motion', 'CeHCOp MONTOKECHHS'),
(‘presence’, 'Cencop npucyTHOCTI'),
(‘distance', 'Cencop Biacrani'),

# integration

(‘gateway', 'TIpomucioBwmii mur03'),

# actuator

(‘electric_cylinder', 'Enextporminap'),
(‘pneumatic_cylinder', 'TIneBmaTuyHMii knanan'),
(‘rotary_drive', 'O6epToBwHii mpuBif'),

(‘actuator_other', 'Tame'),

name = models.CharField(max_length=200)
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article = models.CharField(max_length=100, unique=True, blank=True, null=True,
verbose name="Aptuxyn")

category = models.CharField(max_length=50, choices=CATEGORY_CHOICES)
subcategory = models.CharField(max_length=50, choices=SUBCATEGORY_CHOICEYS)
brand = models.CharField(max_length=100, blank=True, null=True)

description = models.TextField(blank=True)

datasheet = models.URLField(blank=True, null=True)

image = models.ImageField(upload_to='components/', blank=True, null=True)

load_capacity = models.PositivelntegerField(blank=True, null=True) # kr
temperature_min = models.IntegerField(blank=True, null=True)
temperature_max = models.IntegerField(blank=True, null=True)

power_supply = models.CharField(max_length=50, blank=True, null=True) # 24V, 10-30V
DC

signal_type = models.CharField(max_length=50, blank=True, null=True) # 0-10V, 4-20MmA,
aHaAJIOTOBUH

IP = models.CharField(max_length=20, blank=True, null=True)

pressure_range = models.CharField(max_length=50, blank=True, null=True) # 3-8 6ap
interface = models.CharField(max_length=50, blank=True, null=True) # RS232, WiFi
material = models.CharField(max_length=100, blank=True, null=True)

price = models.DecimalField(max_digits=10, decimal_places=2, blank=True, null=True)

legacy_name = models.CharField(max_length=200, blank=True, null=True)
specs = models.JSONField(blank=True, null=True, verbose name="Xapaxrepuctuku")
advantages = models.TextField(blank=True, null=True, verbose name="TlepeBaru")

compatibility = models.TextField(blank=True, null=True, verbose _name="CymicHicTp")

def _str_ (self):

return f*{self.name} ({self.brand})"
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class Project(models.Model):
user = models.ForeignKey(User, on_delete=models. CASCADE)
name = models.CharField(max_length=100)
created_at = models.DateTimeField(auto_now_add=True)

components =
models.ManyToManyField('Component',through="ProjectComponent’,related_name="projects’)

def _str_ (self):

return self.name

class ProjectComponent(models.Model):

project =
models.ForeignKey(Project,on_delete=models. CASCADE,related_name="project_components')

component = models.ForeignKey(Component, on_delete=models. CASCADE)

quantity = models.PositivelntegerField(default=1)

User = get_user_model()

class Message(models.Model):
chat = models.ForeignKey(‘Chat’, related_name="messages', on_delete=models. CASCADE)
sender = models.ForeignKey(User, on_delete=models.CASCADE)
content = models. TextField()
timestamp = models.DateTimeField(auto_now_add=True)

is_read = models.BooleanField(default=False)

class Meta:

ordering = ['timestamp']
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def _ str_ (self):

return f"{self.sender}: {self.content[:20]}"

def save(self, *args, **kwargs):
if self.chat.is_closed and self.sender == self.chat.client:

self.chat.is_closed = False

self.chat.save(update_fields=['is_closed)

super().save(*args, **kwargs)

class Chat(models.Model):

client = models.ForeignKey(User, related_name='client_chats',
on_delete=models.CASCADE)

manager = models.ForeignKey(User, related_name="'manager_chats',
on_delete=models.SET_NULL, null=True, blank=True)

order = models.ForeignKey(‘Order’, null=True, blank=True, on_delete=models.SET_NULL)
created_at = models.DateTimeField(auto_now_add=True)
updated_at = models.DateTimeField(auto_now=True)

is_closed = models.BooleanField(default=False)

class Meta:
constraints = [

models.UniqueConstraint(fields=['client’], name="unique_chat_per_client’)

class Order(models.Model):
STATUS_CHOICES =[

('new', 'Hoge'),
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('in_work', 'B po6oti'),
(‘closed won', 'Bukonano'),

(‘closed lost', 'CxacoBano'),

project = models.ForeignKey(Project, on_delete=models.CASCADE)

manager = models.ForeignKey(User, on_delete=models.SET_NULL, null=True, blank=True,
related_name="managed_orders")

status = models.CharField(max_length=20, choices=STATUS_CHOICES, default="new")

created at = models.DateTimeField(auto_now_add=True)

def _ str_ (self):

return f'3amoBnenns #{self.id} ({self.status})"

class Movement(models.Model):
IN ="in’'
OUT ="out'
MOVEMENT_CHOICES =
(IN, 'HagxomkeHHs'),

(OUT, 'Criucanns’),

batch = models.ForeignKey('MovementBatch', on_delete=models. CASCADE,
related_name="movements", null=True)

component = models.ForeignKey(Component, on_delete=models. CASCADE)
movement_type = models.CharField(choices=MOVEMENT_CHOICES, max_length=3)
quantity = models.PositivelntegerField()

comment = models. TextField(blank=True, null=True)

date = models.DateTimeField(auto_now_add=True)



105

def _str_ (self):

return f'{self.movement_type} {self.component.name} x{self.quantity}"

@staticmethod
def get_stock(component):

in_total = Movement.objects.filter(component=component,
movement_type="in").aggregate(Sum('quantity"))['quantity__sum'] or O

out_total = Movement.objects.filter(component=component,
movement_type="out’).aggregate(Sum(‘quantity’))['quantity __sum'] or O

return in_total - out_total

Order._original_save = Order.save

def custom_order_save(self, *args, **kwargs):
if self.pk:
old = Order.objects.get(pk=self.pk)
if old.status != self.status:
if old.status == 'closed_won' and self.status == 'closed_lost":
for pc in self.project.project_components.all():
Movement.objects.create(
component=pc.component,
movement_type='in’,
guantity=pc.quantity,
comment=f'TloBepHeHHs uepe3 ckacyBaHHs 3aMoBieHHS #{self.pk}'
)
elif self.status == 'closed_won' and old.status !="closed_won':

for pc in self.project.project_components.all():
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Movement.objects.create(
component=pc.component,
movement_type="out’,
quantity=pc.quantity,
comment=f'Crnucanns uepe3 3aBepiueHns 3amonieHHs #{self.pk}'

)

return Order._original_save(self, *args, **kwargs)

Order.save = custom_order_save

class MovementBatch(models.Model):

created at = models.DateTimeField(auto_now_add=True)

comment = models. TextField(blank=True, null=True)

def _ str_ (self):

return f"'Tapris #{self.id} — {self.created_at.strftime('%Y-%m-%d")}"

Component.stock = property(lambda self: Movement.get_stock(self))
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Honatoxk B

JemMoHCcTpaniiHuii MaTepia
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