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Abstract: As you know, in the development of most measuring systems, the problem arises of
converting analog signals of various sensors into digital form and their subsequent processing. Signal
processing is present in many processes in the manufacturing industry, the food industry, and in the agro-
industrial enterprises. Anywhere, where it is necessary to sort products according to specified criteria. In
some cases, all data processing is performed by the computer. However, if the market demand for a
measurement system is high, then it is more convenient to use systems with an embedded microcontroller.
The controller takes on many tasks related to both digitization and subsequent data processing. At the
same time, due to mass production, the cost of the system is significantly reduced. The result is a
complete device that solves the problem effectively and at minimal cost. The purpose of this work was to
design and implement a hardware module with a sorting function by various parameters. That is, it was
required to create an analogue of a factory sorter, but suitable for sorting different objects and with a large
number of input parameters.

Key words: automation, microcontroller, hardware module, sorting function, processing of data,
computer vision.

Introduction: Automation of technological processes is one of the key links in the overall
system of functioning and development of any modern enterprise. Significant factor that
stimulates the use of computers in the automation of technological processes is that the
computerization of this area is the determining prerequisite for the integrated automation of
production as a whole.

The role of computer support systems for the automation of technological processes in the
conditions of modern domestic production and taking into account the factors of both political-
economic and information-technical nature is becoming more and more significant. This is due
to a number of reasons, among which we can single out the following: the need to create new
samples of high technology and high-tech products with minimal costs; The need to form a
single information space at all stages of the product life cycle; Aspiration to increase the level of
training of engineering, technical and managerial personnel in the field of modern information
technologies.

Projected hardware module will be very useful, for example, in a factory where parts are
made that are close in size. So instead of several pipelines for which there are different products,
you can dispense with one conveyor, at the end of which you can install a sorter. Such
optimization will require less human resources, time, and also significantly reduce energy
consumption.

The main requirements assigned to this hardware module:

1.The system of external quality control must accurately identify objects and explicit
rejection.

2.The module's equipment must ensure gentle sorting (the products should not lose quality
during sorting).

3.The sorter equipment should have a modular system (for easy replacement of parts,
upgrading old ones and adding new sorter functions).

Methods of research

The methodological basis is the methods of functional programming of AVR
microcontrollers in C language, as well as methods for object recognition based on the OpenCV
library.

It was necessary to decide the following:
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- design of the system of the software and hardware module of the robot-sorter.

- design of the robot-sorter's hardware module.

- the implementation of the program module for object recognition.

Analysis of existing information systems, applications: Currently, the optimization of
production processes is everywhere and is an integral stage of the work of any enterprise. Such
management implies minimal human intervention. The employee does not exert physical efforts,
but only controls the production process. Usually, with this approach to the organization of the
production process, an automated process control system (automated process control system) is
formed [1].

To achieve the set goals, it is necessary to solve tasks specific to the automation of
production:

« improving the quality of the regulatory process;

*an increase in the coefficient, in terms of which you can judge the availability of
equipment to work;

* Preservation of information resources containing reports on the technological process

Within the framework of this work, computer vision is necessary to achieve the set goals.
Computer vision is the theory and technology of creating machines that can detect, track and
classify objects. As a scientific discipline, computer vision refers to the theory and technology of
creating artificial systems that receive information from images. The video data can be
represented in a variety of forms, such as a video sequence, images from different cameras or 3D
data, for example from a Kinect device or a medical scanner.As a technological discipline,
computer vision seeks to apply theories and models of computer vision to the creation of
computer vision systems [2].

Examples of such systems can be:

* Process control systems (industrial robots, autonomous vehicles);

« Systems of video observation;

« Information management systems (for example, for indexing image databases);

« Systems for modeling objects or the environment (analysis of medical images,
topographic modeling);

« Interaction systems (for example, input devices for the human-machine interaction
system);

« Augmented reality systems;

» Computing photography, for example, for mobile devices with cameras

The field of computer vision can be characterized as young, diverse and dynamically
developing. And although there are earlier works, it can be said that only from the late 1970s
began an intensive study of this problem, when computers were able to manage the processing of
large data sets, such as images. However, these studies usually began with other areas, and
therefore there is no standard formulation of the problem of computer vision. Also, and even
more importantly, there is no standard formulation of how the problem of computer vision
should be addressed. Instead, there are many methods for solving various strictly defined tasks of
computer vision, where methods often depend on tasks and can rarely be generalized for a wide
range of applications. Many of the methods and applications are still in the stage of basic
research, but more and more methods are used in commercial products, where they often form
part of a larger system that can solve complex tasks (for example, in the field of medical imaging
or measurement and quality control in Manufacturing processes). In most practical applications
of computer vision, computers are pre-programmed to solve individual problems, but
knowledge-based methods are becoming more common. An important part in the field of
artificial intelligence is automatic planning or decision making in systems that can perform
mechanical actions, such as moving the robot through some medium. This type of processing
usually requires input data provided by computer vision systems acting as a video sensor and
providing high-level information about the environment and the robot. Other areas that are
sometimes described as belonging to artificial intelligence and which are used in relation to



computer vision are pattern recognition and teaching methods. As a result, computer vision is
sometimes viewed as part of the field of artificial intelligence or the field of computer science in
general [3].

The object of research in this work are methods of recognition and sorting of different
products. Object recognition is the area of artificial intelligence (Al) concerned with the abilities
of robots and other Al implementations to recognize various things and entities. Object
recognition allows robots and Al programs to pick out and identify objects from inputs like video
and still camera images. Methods used for object identification include 3D models, component
identification, edge detection and analysis of appearances from different angles [4].

Object recognition is at the convergence points of robotics, machine vision, neural
networks and Al. Google and Microsoft are among the companies working in the area --
Google’s driverless car and Microsoft’s Kinect system both use object recognition.

Robots that understand their environments can perform more complex tasks better. Major
advances of object recognition stand to revolutionize Al and robotics:

e MIT has created neural networks, based on our understanding of how the brain works,
that allow software to identify objects almost as quickly as primates do.

e Gathered visual data from cloud robotics can allow multiple robots to learn tasks
associated with object recognition faster. Robots can also reference massive databases of known
objects and that knowledge can be shared among all connected robots.

e Scientists at Brigham Young University have developed an object recognition algorithm
that can learn to identify objects on its own. The Evolution-Constructed Features algorithm, as
it’s called, can make decisions about what characteristics of an object are relevant to its
identification.

When recognizing patterns, the task is to determine the belonging of the initial data to a
certain class, while it is necessary to select from the set, to determine the essential features from
the general data [5].

System methods: The organization of a computer vision system is highly application
dependent. Some systems are stand-alone applications which solve a specific measurement or
detection problem, while others constitute a sub-system of a larger design which, for example,
also contains sub-systems for control of mechanical actuators, planning, information databases,
man-machine interfaces, etc. The specific implementation of a computer vision system also
depends on if its functionality is pre-specified or if some part of it can be learned or modified
during operation. Many functions are unique to the application. There are, however, typical
functions which are found in many computer vision systems [6].

e Image acquisition — A digital image is produced by one or several image sensors,
which, besides various types of light-sensitive cameras, include range sensors, tomography
devices, radar, ultra-sonic cameras, etc. Depending on the type of sensor, the resulting image
data is an ordinary 2D image, a 3D volume, or an image sequence [7].

e The pixel values typically correspond to light intensity in one or several spectral bands
(gray images or colour images), but can also be related to various physical measures, such as
depth, absorption or reflectance of sonic or electromagnetic waves, or nuclear magnetic
resonance.

e Pre-processing — Before a computer vision method can be applied to image data in order
to extract some specific piece of information, it is usually necessary to process the data in order
to assure that it satisfies certain assumptions implied by the method. Examples are Re-sampling
in order to assure that the image coordinate system is correct [8].

e Scale space representation to enhance image structures at locally appropriate scales.

In fact, we consider what kind of functional we want to get from the robot, what hardware
equipment are needed to provide it’s work and how our software should manage this process
(figure 1).
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Figure 1 - Scheme of module

From this scheme we see what equipment the robot-sorter will consist of (I did not include
in this circuit such transient devices as ADCs or device with the RS232 interface). Now, let's
look at how all this will interact with each other.

The weight sensor is only needed to determine when to read data from the camera.
Accordingly, we need to arrange the weight sensor and the camera perpendicular to each other.
After Arduino receives the data from the weight sensor, it will begin to read the data from the
camera and then send them to the Wi-Fi module simultaneously. Further, Arduino sends the
desired signal to the servo motor, which sort products.

Conclusions

The designed the hardware-software module of the robot-sorter will perform the following
functions:

* Sorting products by color;

* Sorting of products by weight;

* Sorting products according to the form;

* Detection of rejects
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Tyiiin: O3nepini3 Oinerinael, KOINTEreH oJjIey XYHelnepiH NaMbITyda op TYpHii AaTYUKTEpIiH
AQHAJIOTTHIK CHUTHAJIAPbIH CaHABIK TYpPre aybICTBIPY JKOHE ONapiabpl KeHiHHEH eHaey NpoOieMachl
TybIHIaiIbl. CTUHANAAPABl OHJEY arpOeHEPKACIIITIK KocimophIHAApAa, TaMaK eHepKaciOiHae, KHAEYII
eHEpKaciNTepie KenTereH npouecrepae 6ap. Onimaepai Gepinren Oenrijepi OOWBIHIIA CYPBINTAY KaKeT
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Oonran OapnbelK >kepre kepek. Keiibip skarnmaiimapaa Oapiblk MomiMeTTEpAl ©HAEYAlI KOMIIBIOTEp
OpBIHAANABI. Anaiiia, erep ejley jXyieciHe HapbIKTaFbl CYpaHBIC KOFapbl Oonca, OHIA EHAIpiNreH
MHUKPOKOHTpOIJiepi Oap sKyienepai KongaHy biHFaiiasl. KoHTpomiep umdpranasipymeH ne, KeHiHTI
JepeKTepii oHACyMeH Jie OalnaHbICTl KONITEreH TarchbipManap/sl opbiHaaiiael. COHBIMEH KaTap, JKarmai
OHJIIPICTIH apKaChIHJA KYWEHIH KYHbI alTapibIKTail TeMeHei . HoTmxkeciHae MaceneHi THIMII jKoHe
YHEM/Ii IIEHICTIH TONBIK KYPBUIFBI Maina Oonansl. Byl >KYMBICTBIH MakcaThl op TYpJIi mapamerpiiep
OoifbIHIIA CyphINTay (QYHKIMACHI Oap ammapaTrThiK MOAYJbII kobanay jkoHe eHTi3y Oonabl. SFHU 3aybIT
CYPBINTAYBIIIBIHBIH aHAJIOTBIH Kacay KaXkeT Oomabl, Oipak op TYpii OOBEKTLIEP/i CYpHINTayFa sKapamIbl
JKOHE KOITereH Kipic mapaMeTpiepi oap.

Annortanus: Kak u3BecTHO, mpu pa3paOoTke OONBIIMHCTBA M3MEPUTENBHBIX CHCTEM BO3HHUKAET
npobiema npeoOpa3oBaHMs aHAJIOTOBBIX CHUTHAIOB PAa3JIMUHBIX JATYMKOB B IUQPPOBYIO (GOpMYy H HX
nocienyromeld  oopadorku.  OOpaboTka  CHUTHAJIOB  IPHCYTCTBYIOT BO  MHOTMX  IPOIECCax
oOpabaThIBalolIeil  MPOMBIIUICHHOCTH, IWIIEBOH  IMPOMBIIUIEHHOCTH, Ha  arpolpOMBIIUIEHHBIX
npeanpuaTusx. Besne, rie HeoOXoarMa COPTUPOBKA TPOAYKTOB IO 33/IaHHBIM MpHU3HAKaM. B HekoTopbIx
cilydasix Bcs 00paboTka JaHHBIX Bo3jaraercst Ha KommbiloTep. OMHAKO €CiiM phIHOYHAS TOTPEOHOCThH B
W3MEPHUTENBHOW  CHUCTEME  BBICOKA, TO YIOOHEe WCIONb30BaTh CHUCTEMBI C  BCTPOSHHBIM
MUKpOKOHTposuiepoM. KonTpomiep Oeper Ha ceOst MHOXKECTBO 3aj1ad, CBA3aHHBIX Kak C OLU(POBKOM, TaKk
U ¢ mocruenyromeir o6paborkoi mgaHHBIX. [Ipu 3TOM 3a CYET MAacCOBOTO MPOM3BOJACTBA CTOUMOCTH
CHCTEMBI 3HAUMTEILHO CHIKAeTcsl. B pe3ynbrare monydyaercsi 3aKOHYEHHOE YCTPOHUCTBO, KOTOPOE pelaet
npodiemy 3¢ exkTHBHO U ¢ MUHUMAIILHBIMU 3aTpatamu. Llenbio gaHHON padoThl OBIIIO MPOEKTHPOBAHUE
W peanu3alys armnapaTHoro MoAyias ¢ (QYHKIHEH COPTUPOBKM 1O Pa3IMYHBIM IMapamerpam. To ecTb
TpeOOBANIOCH CO3/IaTh AHAJIOT 3aBOJICKOTO COPTHPOBINUKA, HO TIOMXOMSAIIMUA JJISi COPTHPOBKU Pa3HBIX
00BEKTOB ¥ C OOJBITNM KOJTMYECTBOM BXOJHBIX ITAPAMETPOB.
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