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Abstract

The main objective of the paper is to design a data collection and processing system for a holonic
system as part of an intelligent manufacturing system. The purpose was to design and experimentally
verify a communication interface capable of collecting, evaluating data and communicating with
other holons. These holons represented information systems and process-level control systems. The
defined algorithm for the design of data collection from a holonic manufacturing system was verified
on selected parts of the manufacturing holonic system. The design of a manufacturing data collection
system contains a comprehensive sequence of steps and a list of necessary supporting equipment.
Partial objectives include an analysis of the methods of obtaining production data from centralized
and distributed control systems, identification of differences in the method of collection and control
of centralized and distributed control systems. The core of the paper is devoted to the identification
of key functional parts of the systems and the design of requirements for information manufacturing
systems, the design of holons and their information protocols in intelligent distributed
manufacturing systems and in decentralized control systems. The main output is the design of an
algorithm for collecting and evaluating data from holons, which also includes a unified
communication protocol for a holonic production system and the technical and software equipment
for solving the task.

Keywords: data collection; holonic systems; process level; manufacturing systems; industrial
engineering

1. Introduction

Over the past two decades, intensive research has been conducted in both academia and
industry to improve the performance of manufacturing systems and their ability to flexibly respond
to changing customer needs [1-3].

In addition to traditional goals such as increasing productivity, improving quality, and reducing
costs, new requirements for the functioning of these systems have recently emerged. These include,
for example, the ability to respond immediately to disturbances, increased resilience to failures, and
the ability to adapt hardware or software components to current conditions [4]. Activities associated
with the collection of production data require knowledge and practical experience from several areas
of automation and informatics [5,6]. It is important to understand the principle of operation, the
functionality of existing systems and their role in the management system of an enterprise that is
considering the deployment of these information systems to support efficient and flexible production.
To aid understanding, it is necessary to explain the principles of obtaining data from a centralized or
distributed management system.

The holonic management approach can subsequently use these parts of communication and data
collection in principle [7]. It represents a different approach to evaluating and managing production,
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which can use standard information or industrial protocols. The subject and content areas of the
analysis of the current state in this paper are dedicated to (Figure 1):

Automation area - understanding the principles of operation of industrial communication
standards [8], buses and control systems. Their possibilities and scope of optimal use for specific
applications in conjunction with intelligent sensors, which are becoming increasingly affordable [9].

The area of data network design and engineering, topology and hierarchical arrangement of
nodes. This information and knowledge will ensure optimal connection of information systems with
production units not only within the company [10], but also from the point of view of collecting and
sharing information between production layouts located at distances exceeding the range of the local
data network.

The area of communication interfaces of information systems, their possibilities of use and their
mutual integration. This is a rapidly growing area with the aim of making functionality and data
available for cooperation with other systems in the network [11]. This area is described in more detail
in the proposed methodology and addresses the design of communication between information
systems together with the process level.

Subjects of analysis of the current
state

Basic understanding
of industrial
systems

1. PRINCIPLES OF AUTOMATION

Optimizes connection for large
operations

2. DATA NETWORK DESIGN

Enabling cooperation between
systems

3. COMMUNICATION
INTERFACES

Figure 1. The subject and content areas of the analysis of the current state.

The idea of using the holonic concept in manufacturing systems emerged around 1990 in the
IMS(s) program as a solution to cope with the increasing intensity of changes that were affecting the
entire economic world, including the manufacturing sector. The HMS Consortium (HMSC),
consisting of researchers from Australia, Canada, Europe, Japan and the United States, was
established within the IMS program to develop tools for implementing the holonic concept in
manufacturing areas and thus achieve the advantages of holonic organizational structures, such as
"tolerance to failures, adaptability to changes and efficient use of available production resources" [12-
15]. The HMS Consortium introduced a series of working definitions for individual entities of a
holonic system:

1. A holon is an autonomous and cooperative block in a manufacturing system for the
transformation, transport, storage and/or verification of information or physical objects. A holon

consists of an information part and often also a physical, process part. A holon can be part of
other holons [16].

2. Autonomy is the ability of an entity to create and manage the implementation of its plans and/or
strategies.

3. Cooperation is the process by which a group of entities jointly develop acceptable plans and
implement these plans [17].

4. Holarchy is a system consisting of holons that can cooperate to achieve a desired goal or purpose
(Figure 2).
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5. A holonic manufacturing system is a holarchy that connects the entire range of manufacturing
activities from order, through design, production, and marketing, to achieve an agile
manufacturing enterprise [18,19].

Hsieh [20] defined a holarchy formation problem to lay a foundation to propose models and
develop collaborative algorithms to guide the holons to form a holarchy that coherently moves
toward the desired goal state with minimal costs.

Figure 2 illustrates a scenario in which a production process is to be formed in HMS with seven
product holons hi, hz,... hr and ten resource holons ri, 12, ... ro to accomplish a task with timing
constraints. Holonic processes are production processes dynamically created based on the
collaboration of product holons. Each product holon has an internal process flow. Execution of the
internal process of a product holon may rely on the outputs from the internal processes of one or
more upstream product holons. For example, product holon hs and hs depends on either hior h: to
provide the type-one parts and depends on either hs or hsto provide the type-two parts. Product
holon h7 depends on either hs or hs to provide the type-three parts [20].

hy hy hy hy
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Figure 2. Holonic process formation [20].

A holonic system is composed of autonomous, independently operating controllers, so-called
holons, operating in real time and physically connected to other controlled systems. The entire
production process (e.g., a production line) is controlled by such small, distributed units, ideally
without a central control unit. [21,22]. Each holon has only a certain part of the global information
about the structure, capabilities, and goals of the production system. This is sufficient for independent
functioning, and for effective cooperation through the exchange of messages [23].

Holons handle the necessary regulatory processes locally and independently, only in critical
situations (e.g., when the production equipment is overloaded) do they inform other holons about
the situation by sending messages. This initiates the activity of the holons, which leads to a change in
the situation (to prevent partial failures, or, for example, to reconfigure the production system) [24].

The holonic approach is much more flexible than the classical approach in terms of the broader
range of tools used for control, design, and management of manufacturing systems as well as entire
enterprises [25]. They are robust, fault-tolerant, easily configurable, etc.

2. Materials and Methods

The main goal of the research was to design a data collection and processing system for a holonic
system as part of an intelligent manufacturing system. The purpose was to design and experimentally
verify a communication interface capable of collecting, evaluating data and communicating with
other holons. These holons will represent information systems and process level control systems. The
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algorithm for the design of data collection from a holonic production system on selected parts of the
production holonic system is verified.

The design of the production data collection system will contain a comprehensive sequence of
steps and a list of necessary support equipment, whether technical or software. The partial goals
necessary to meet the main goal are:

¢ Identify differences in the method of collection and management of centralized and distributed
control systems.

*  Design of software and technical equipment of a holonic production system.

¢  Identification of key functional parts of the systems and design of requirements for information
production systems.

*  Purpose and role of production information systems in the holonic production system of an
enterprise.

®  Design of holons and their information protocols in intelligent distributed production systems
and in decentralized control systems.

¢ Design of an algorithm for collecting and evaluating data from holons.
®  Design of a unified communication protocol for a holonic production system.

*  Design of technical and software equipment for solving the task.

The latest trend [26-29], which is still in the experimental stage, is the concept where a product,
or rather a semi-finished product, can be a holon and is able to communicate with the production
equipment about its requirements. It can tell it which operation it needs, whether it should be
processed on the given equipment or not. The equipment can respond, for example, that it has no
free capacity, and the semi-finished product must find another way.

The product and the production line can therefore communicate with each other. The technology
that makes this possible is, for example, RFID (Radio Frequency Identification). The latest RFID tags
allow not only reading, but also writing, and can thus communicate with the production equipment
in both directions. The multi-agent approach used in production management can also be used for
planning and scheduling. There is therefore a direct link between planning, scheduling and actual
management, and these systems can communicate with each other without any problems.

For example, a system that controls production detects a malfunction or detects a new device
and passes on information to the planning system that the production line capacity has changed. The
planning system can then re-plan production accordingly. The whole thing forms a single multi-agent
system. The fact that planning and scheduling can be directly linked to operational control is one of
the greatest advantages of multi-agent systems [30].

3. Results

Based on a comprehensive analysis of the principle of operation of data collection systems and
the definition of scientific problems in the subject area, an algorithm was designed (Figure 3). The
algorithm represents a methodological sequence of steps that must be performed when designing the
introduction of holonic control into an existing or new production system. Areas related to the design
of a holon ensuring interaction between elements of the production system will be defined in
subsequent subsections, which will clarify the requirements for technical and software equipment
necessary to meet the main goal.
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Figure 3. Algorithm for implementing holonic control in production.

Information systems for supporting efficient and flexible production have their defined position
and tasks within the vertical integration of information systems. The systems necessary for the
holonic production system and their software will be the subject of the chapter. In the chapter, we
will identify and design the necessary modules and their functionality. This functionality forms the
condition that is set for the fulfilment of information systems for the holonic production system.

The following subchapters present the operating principle and structure of enterprise
information systems in the context of mutual integration possibilities with respect to the holonic
management approach.

3.1. MES Systems

MES systems are primarily developed for operational planning and production management,
and their purpose is to provide operational information for immediate management and
optimization of production processes. MES systems help production managers to better use
information for launching or optimizing the production plan. They are also suitable for deployment
in production, where a functional ERP (Enterprise Resource Planning) enterprise system is already
deployed to streamline the management and optimization of the company's production processes. It
is therefore a directly integrated computer system that accumulates methods and tools necessary for
improving and optimizing production.

Unlike classic information systems, they work with current data in real time, which allows them
to flexibly respond to both non-standard conditions in production and immediate business
requirements and to adapt the production process to be as efficient as possible. Regarding enterprise
groups of systems, MES act simultaneously as a source and a recipient of information. Production
information systems are an effective tool for monitoring, managing and evaluating the production
process in all its complexity. They were developed to fill the communication gaps between the
production planning system (MRP -Material requirements planning) and the MCS (Manufacturing
Control Systems) used to run the equipment on the production platform.

MES functionality covers a wide range of features that a system can contain. These
manufacturing information systems generally implement functional areas according to the
requirements of the MESA association (Figure 4). Several functions may overlap when implementing
the system in specific conditions, and conversely, some functions may not be included in the final
version at all. The resulting solution always depends on the needs and requirements of the customer.
The MESA association (The Manufacturing Execution Systems Association) therefore conducted a
study on users and offered the following list of benefits of using a computer-controlled
manufacturing information system:
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¢ reduction of production cycle time, reduction of time required for implementation,
¢ reduction or elimination of input data processing time,

e reduction of work in process [31],

¢ reduction or elimination of administrative work,

e improvement of product quality,

e strengthening of the growth of operating technicians,

*  improvement of process planning,

* improvement of customer service [32].

| MSC | ERP Process
management
. . Human
Dispatching Short-term Resource
control planning allocation Resources
Management
Product Performance Documentation Quality
genealogy analysis management management
. Data
Maintenance ) Control of the
collection manufacturing
management . )
and archiving enterprise

Figure 4. Functional model of MES systems according to MESA.

Visualization of technology statuses serves for an immediate overview of the operating status
(Figure 5) of individual machines, production lines and equipment. It includes information on
operating conditions in production, technological parameters affecting production quality, data
related to products (machine cycles, numbers of pieces), records of downtimes or equipment
shutdowns during machine setup. This allows the creation of short-term (e.g. daily) production
schedules considering the sequences of production operations and their distribution between
individual production equipment.

Orders calendar ool s from [ 20150428 (5] to | 2015.05-12 [T

2015-04-28 | 2015-04-29 | 2015-04-30 | 2015-05-01 | 2015-05-02 |
T T Tt T 1 1 [ [ T T I T 1T 1T [ T 1T T |
6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18 O
I o e Sy Ny I

000014 - Order for Pohon AGVState: In Progress

2015-05-03 2015-05-04 2015-05-05

T 1T T 1 1 T T
61213061‘21‘8 81218(‘

Figure 5. Example of a parallel overlapping operation in the Qcadoo MES environment.

Resource allocation ensures that all necessary production resources (machines, tools, labour,
materials, energy, etc.) are available for the start of production (in the correct time-place-quality
configuration).

Allocation of production units according to assigned work orders and schedules, coordination
of production between lines, ensuring the necessary number of raw materials and energy, and
monitoring the status of the production cycle.

Documentation management is a program module for managing all records and documents
(schemes, production procedures, schedules, change protocols, procedures, work orders, etc.),
information on the progress and results of production, comparison of the assignment with reality,
and sending instructions to the equipment operator and at the same time providing procedures for
control systems. Log export options in the MES Qcadoo environment are shown in Figure 6.
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https://doi.org/10.20944/preprints202510.1597.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 October 2025 d0i:10.20944/preprints202510.1597.v1

7 of 21

= qcadoo

'ﬁ‘ Basic data Technology Production Orders Reports Quality control
Material demand Work plans Genealogy for final product Genealogy for raws Quality control report

as C3SV

o Add new =, Save

Actions CSV Reports

Figure 6. Log export options in the MES Qcadoo environment.

Tracking each product, batch or series throughout the entire production cycle and preserving
the actual conditions under which they were produced (records of individual production steps,
materials used, procedures, the course of key technological variables, etc.). Performance analysis
monitors and calculates key production indicators, compares the results currently achieved in
production with their short-term history and predicts estimates of economic outputs. This
functionality can also be processed by an ERP system that has advanced performance analysis.
Human resources management keeps records and informs about personnel qualifications (education,
certificates, special knowledge and skills). It tracks indirect activities in the preparation of materials,
machines and tools as a basis for calculating costs based on activity (e.g. how much time someone
spends solving a downtime, changing a machine).

The functional area of maintenance planning and management monitors and manages activities
carried out with the aim of maintaining production assets in such a technical condition as to prevent
unplanned production interruptions. It provides periodic preventive maintenance schedules and
allows you to manage maintenance according to the actual condition of the equipment. Control of
the production process is provided by operator functions. This functionality can only be provided in
the case of connecting the technology control system with a specific module that allows sending
commands that can be processed by the control system. Quality management ensures real-time
analysis of data captured from the production equipment to monitor the quality of the manufactured
product and identify unwanted deviations in a timely manner. It uses SPC / SQC methods of
continuous statistical search for differences between the required "ideal" and actual process
parameters and the search for the causes of these differences. Quality management (Figure 7) also
often includes off-line analyses of the information system.

= qcadoo

’ﬁ‘ Basic data Technology Production Orders Reports Quality control

For units For order For operation For batch
Save & add new <= Cancel changes
@ Back E Save Eat\:‘la?:k m d @ Close
&= Copy @ Remove

Navigation Actions Status
Figure 7. Quality control module in MES Qcadoo.

Data collection and archiving is the basic building block of every MES system. It ensures
continuous collection of production data in real time, their long-term archiving and availability for
further processing. An integral part is data protection against loss and misuse. MES thus ensures the
implementation of individual functions, for example:

e  operational planning and optimization of production series,
®  process control and electronic production recording,

¢ technological data collection and archiving,

¢ data analysis, balancing and creating protocols,

¢  production monitoring and production operation history,

e tracking of materials in production, operational inventory.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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There is a constant exchange of information between the MES level and the higher and lower
levels during system operation. The problem with the exchange of information between system levels
is caused by:

e  different levels of abstraction, work procedures (Figure 8), documents, control signals,
¢ different processing periods (MES systems operate in real time and the period is in milliseconds),

e different data structures (different types of documents, design drawings and other records in
databases),

e  different levels of accuracy (measured quantities, control signals, forecasts, plans, estimates),

e different processing approaches (managers, production workers, machines and equipment).
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Figure 8. Workflow management in MES QCADoo.

The MES system modules according to the MESA association can be divided into main (gray)
and support functions (orange), as shown in Figure 9.

Management .
Genealogy g Maintenance
support
b Orders Production
rocess t unit
managemen :
, Planning management Human
Documentation
management system Resources
interface Management
Data Resource
acquisition Material allocation
and collection
movement
trackin
Static
ualit
Process data asguran)c,:e process
control

Figure 9. Division of MES modules into main and support functions.

3.2. Design of Interaction Holon

The proposed holon architecture respects the FIPA CNIP protocol. To implement the holon, it is
necessary to choose the appropriate software and hardware. There are proposed the basic algorithm

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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of the holon, which can work in combination with the input-output circuits of the system to ensure
communication via the industrial bus of the control system, or data transfer from the sensor (Figure
10). The proposal is focused on universality. The holon can also work at the level of the operating
system of the controlled device (Figure 11). This means that the software - the control program and
the communication interface are identical. The holon can be implemented at the level of:

e  Sensor,
e PLC,

* Information system.
The following subsection will deal with the design of means that meet the condition of
compatibility with the identified levels.

Startup

/O initialization —> Initialization |« Hardware
check
Hardware DB
check server
Starting OS
l Updating
Starting FMW FMW
libraries

Starting indication
services

Figure 10. The principle of operation of a separate interaction holon.

oot e
initialization server
from OS

Starting FMW Hpdating Py
libraries

Starting

services

Figure 11. The principle of operation of the interaction holon in the software version.

3.3. Design of Technical Interface Means for a Unified Platform

When designing the software, there is emphasized meeting the requirements of holon
compatibility with the environment in which the holon will be integrated. The role of the holon
software is also the ability to work at the level of the device's operating system, which will expand
its control properties with elements of the holonic principle. When selecting, we also focused on the
case when there is a need to create a separate physical holon that can communicate, control and
process signals from sensors. The software must therefore meet the conditions for the universality of
the operating system platform used. Another condition is to implement a quick change of the control
program, use program modules implemented in different programming languages and be able to
integrate them into a functional unit.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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To ensure the cooperation of holons, the correct choice of the architecture of mutual
communication is essential. The most common way of implementing software communication
identified during this research appeared in the literature and Internet resources SOA architecture,
which is also often implemented. The abbreviation SOA comes from the English phrase Service -
Oriented Architecture and in recent years has become a synonym for a new concept of connecting
business needs with the possibilities of current information technologies in the enterprise. It
represents a concept whose creation was required by the rapid development of IT and information
systems in the 1990s, as well as the solution of related problems in the transfer and processing of
information in heterogeneous systems. The SOA concept (Figure 12) provides a guide to solving
integration problems either within a single enterprise or between several enterprises. The core is the
use of services in processing requests for information exchange between heterogeneous systems. At
the same time, the concept of service in IT terminology can be understood in the same way as this
concept is understood in everyday life (order, etc.). In a narrower sense, a service should be
understood as a suitable application (component) that meets the following requirements in
particular:

®  C(Clear localizability in a certain environment (e.g. on the Internet or in a certain organizational
unit) [33].

*  Support for globally accepted standards (XML, SOAP, JMS, JCA, etc.), which ensures the
usability of the service without the need to develop and use proprietary communication
protocols.

¢ Autonomy —no additional software needs to be installed to use the service.

®  Self-description —information is also available at the location where the service is localized about
what functionality the service provides and under what conditions this functionality can be
used.

Service
register

Loading
services

Publishing
services

Service usage Provider
""""""" of
services

Service
recipient

Figure 12. Conception SOA.

In SOA implementations, there are cases where meeting communication requirements is
unnecessarily complicated and time-consuming — for example, obtaining additional status
information and information about additional resources. We therefore propose using REST
architecture as a replacement for SOA architecture for holons whose communication layer is formed
by separate holons, such as in the form of a PC.

REST (Representational State Transfer) is a way to easily create, read, edit, or delete information
from a server - holon using simple HTTP calls. REST represents an interface architecture designed
for distributed environments. REST was designed and described in 2000 by Roy Fielding (co-author
of the HTTP protocol) as part of his dissertation Architectural Styles and the Design of Network -
based Software Architectures. In the context of the work, the most interesting chapter 5 is in which
Fielding derives the principles of REST based on known approaches to architecture. The REST
interface can be used for uniform and simple access to resources. The resource can be data, as well as

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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application states (if they can be described by specific data). REST is therefore, unlike the better-
known XML - RPC or SOAP, data-oriented, not procedural.

The biggest difference between SOAP and REST is therefore mainly in how you communicate
with the server - what standards and how they use them. On the contrary, the method that will serve
this request on the server is written in a different programming language and can be very similar in
both cases. A REST framework is needed that will call the correct method based on the URL. An
interesting feature of REST is that in the response that comes from the server, references to other data
can be written - represented by URLs. In this way, further data can be obtain based on the first
response. This is undoubtedly a feature that is difficult to achieve in SOAP services, and it is also a
step back to the classic web, where hyperlinking is a common thing.

Basic principles of REST communication architecture - the state of the application and its
behaviour is expressed by the so-called RESOURCE (key resource), each resource - holon must have
a unique identifier (URL). HATEOAS (hyper-medial as the Engine of Application State) - represents
the state of the application and is specified by the URL. Other possible states can be obtained using
links that the client receives in the response from the server. A unified approach is defined for
obtaining and manipulating resources in the form of four CRUD operations (Create, Read, Update,
Delete). Resources can be represented (XML, HTML, JSON, SVG, PDF), the client does not work
directly with the resource, but with its representation [34].

3.3.1. Communication protocol

*  C(lient/Server - used to define responsibility.
e  Stateless - each request must contain all the information necessary to execute it.

e CACHE - each request can be explicitly marked as cacheable or non-cacheable, which allows
transparently increasing performance by adding a cache between the client and the server. Code-
On-Demand - client functionality can be extended by code sent by the server (for example,
JavaScript).

¢ Layering - allows the stacking of layers providing services to increase variability (cache,
transformation, load balancing, etc.) [35].
There are of course other approaches to solving distributed architectures such as RPC (Remote
Procedure Call). In general, the difference can be described between REST and RPC is on two levels:

* semantics of operations and what is distributed,

*  semantics of operations in REST is final and consists only of CRUD (create, read, update, delete)
on a given resource - holon.

In contrast, the semantic structure of RPC corresponds to the methods that are called. In REST,
the state (data represented by a resource) is distributed, as opposed to the message that is distributed
in RPC.

REST architecture represents services that are about a smaller number of standards and their
more efficient use. The basic standards are HTTP, URI and XML (or JSON, or XHTML, etc.).
Knowledge of the above is a basic prerequisite and a necessary condition for using and
communicating with REST services. The basic idea is that the URI defines the data you want to work
with and the HTTP operation, i.e. what we want to do with the data. So far, we have encountered
two operations GET and POST, the HTTP standard has several of them. Let's mention: PUT, DELETE,
HEAD and OPTIONS. The set of these operations allows us to design a holonic structure for
managing other holons. The GET and POST operations have gained their popularity mainly because
they are still used on the standard web (GET to get data from a page and POST to send data from a
form). When designing the concept, the Python language was chosen because of its multi-platform
nature.

3.3.2. Python Programming Language Design

Python is a multi-paradigm language similar to Perl. Python supports object-oriented,
structured, and functional programming. It is a dynamically typed language, supporting many high-
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level data structures. Although Python is often referred to as a "scripting language", it is used to
develop many large software projects such as the Zope application server and the Mnet and Bit-
Torrent file-sharing systems. It is also widely used by Google. Python proponents prefer to call it a
high-level dynamic programming language, because the term "scripting language" is associated with
languages that are used only for simple shell scripts, or with languages like JavaScript: simpler and
for most purposes less capable than "real” programming languages like Python [36].

Another important feature of Python is that it is easy to extend. New built-in modules can be easily
written in C or C++. Python can also be used as an extension language for existing modules and
applications that need a programmable interface. Supported operating systems:

e Linux,
e BSD,
e MacOSX,

e Windows.

The support of the operating systems was key in choosing the Python language. Industrial
computers support the Windows operating system in most cases. On the other hand, information
systems are largely run on servers built on the Linux operating system for reasons of stability and
security.

Program module ensuring interaction

To meet the requirement of holon communication on a unified data layer, there is chosen an
extension for the Python language. This extension ensures communication of the holon control
program with the control programs of other holons in the holarchy through the REST architecture.
The REST architecture can be implemented by its own extension or by using existing ones. From the
perspective of the sophistication of the existing ones, the development of its own architecture is
inefficient. The source code is accessible and therefore possible extensions or modifications are
feasible [37].

Bottle is a fast, simple and lightweight WSGI micro web-framework for Python. It is distributed
as a module in a single file and does not use any other than standard Python libraries [38].

Key features that were considered in the selection:

*  Routing: Requests for prompt execution of a function through mapping with support for clean
and dynamic URL addresses.

¢ Templates: Fast and built-in core templating system with support for other Python extensions
such as: mako, jinja2 and Gepard.

* Transactions: Convenient access to choosing the form of input or output data, adding files,
cookies, headers and other metadata for HTTP purposes.

¢  Server: Built-in HTTP server with support for modules: fapws3, Bjoern, Gae, CherryPy, or any
other compatible with the ability to work with WSGI HTTP server. Example of Python syntax
and use of the Bottle module when loading data from the information system database.
The proposed architecture can also be used for devices designed for the Internet of Things.

3.3.3. Design of the Technical Equipment of the Interaction Holon

When choosing the technical equipment and implementing the interaction holon, it is important
to pay attention to the support of the software that there is defined in the previous chapter. When the
interaction holon cooperates in the case of connection with industrial automation control systems, it
is necessary to consider the number of types of communication interfaces and its durability in the
industry.

During experimental verification, there is worked with a credit card-sized computer called
Raspberry PI. Specifications of the proposed experimental holon interaction:

* 900MHz quad-core ARM Cortex-A7 CPU,
e 1GBRAM,

e 4 USB ports,

* 40 GPIO pins,
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e Full HDMI port,

e  Ethernet port,

¢  Combined 3.5mm audio jack and composite video,
e  Camera Connection Interface (CSI),

e Display Interface (DSI),

e Micro SD card slot,

e 3D VideoCore IV graphics core.

Currently, other models from various manufacturers based on the same architecture that allows
for the implementation of holonic control and data collection are appearing on the market. There are
several modules for the devices, such as communication extensions, input/output modules. In the
experiment, there is used the standard hardware configuration of the Raspberry PI model 2
computer.

Software architecture design (Figure 13) of the proposed solution using a computer from the
point of view of software. The holon operating system is based on the Linux kernel, which can work
with input-output ports (GPIO) that can read a digital or analogue signal.

There is an 12C communication line to which it is possible to connect peripherals that expand
the original hardware configuration capabilities of the device. The operating system runs the WSGI
service, which is part of the software that was specified and provides REST API communication with
other holons in the network.

WSGI, REST API

Python + Bottle + Algorithmus GPIO

Operating system (Windows, Linux,
Mac OS, etc.)

Figure 13. Internal software architecture of the interaction holon.

Defining the roles of a holon in a holarchy - mutual interaction is a fundamental property of
holonic control. Holons exchange information with each other. Several protocols have been
introduced in this area, covering querying, voting, negotiation and auction execution, and have also
been standardized by the FIPA (Foundation for Intelligent Physical Agents) organization. This
organization was founded in 1996 with the aim of introducing a whole set of standards that define
agent systems and their communication. The established standards include:

¢ FIPA Agent Communication Language (ACL), which defines the language in which agents
communicate. The structure of the given message and its ontology are defined [39].

e  FIPA Contract Net Interaction Protocol (CNIP), which is based on CNP and is one of the most
widely used auction protocols. [40].
CNP was designed in 1980. It is a high-level communication protocol for distributed control and

cooperation in task execution. Any holon can initiate a negotiation process and contact other holons

requesting that they provide a given operation (or service). This makes it a “manager” or
“moderator” that can contact other holons and mediate mutual communication. It can contact:

e  All holons (broadcast).
e  Selected holons (multicast) [41].

* A unique holon (unicast) [42].
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FIPA CNIP is based on small modifications of CNP, namely the addition of rejection and
confirmation communication messages (messages requiring the execution of actions - acts). Holons
that accept this request are together able to generate n responses. Each initiated conversation (part of
communication with a certain goal) is marked with a conversation-id parameter, which is global,
non-zero, and assigned to the initiator. Holons that are part of this communication are forced to mark
the ACL message with this identifier. This allows the holon to distinguish individual conversations
and reflect on them in a state of inactivity.

Defining communication via ACL messages - at any point in the conversation, the recipient of
an ACL message (Figure 14) can inform the sender that he did not understand the content of the
message, namely with a not-undrestood message [43]. This message can terminate the entire IP,
which implies that all commitments made during this conversation are invalid. In the case where the
IP concerns multiple participants, each response must be evaluated separately and some of these
messages may also be not-undrestood. For this reason, it may not be appropriate to terminate the
entire IP, since participants can continue communicating with their subprotocols [44].

Canceling mutual holon communication - at any step, the initiator can cancel the IP, namely
Fipa-cancel-Meta-Protocol (Figure 15), which contains the cancel message, and whose conversion-id
is the same as the conversation that the initiator wants to cancel. The participant informs the initiator
whether the cancellation was successful, namely with the information — done, or that the IP
termination failed, namely with the message failure.

FIPA-GnnlmctNm-Fm!ml)
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Figure 14. Defining the structure of the ACL message.
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Figure 15. FIPA Cancel Meta-Protocol.

Experimental verification of the proposed methodology was carried out in the conditions of the
ZIMS workplace. The subject of the experiment was the implementation of information software
within the common data network, which met the conditions set out in the algorithm. In another
experiment, the functionality of the proposed interaction holon was verified.

4. Conclusions

The essence of the ZIMS workplace (Figure 16) is research, development and experimentation
in the field of intelligent manufacturing systems. The effort to connect the design and implementation
parts of intelligent manufacturing systems. By applying PLM (Product Lifecycle Management)
systems, products are being designed from the very beginning of their design, through the
technologies used for production, designing production and logistics processes to the virtual
commissioning and the actual implementation of automated equipment such as industrial robotics,
industrial automation and logistics AGV systems. The ZIMS laboratory is mainly focused on long-
term research and not on direct commercial projects.

Figure 16. ZIMS Laboratory.

All systems communicate via the Ethernet network, and their functionality is available via the
Internet interface. The network architecture is designed so that it is possible to access the ERP system
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from the Internet. This decision resulted from the real need to enable access to selected data outside
the private network of the company. For example, recording business opportunities of external
employees of the company. SCADA/HMI systems are available within the internal network. and
MES. The architecture of the resulting production system, the operation and purpose of the systems
is shown in Figure 17. The resulting architecture integrates the process level integrated by the
proposed unified platform with the information systems of the holonic production system.

Specifically, these were the following systems:
¢  ERP System OPEN ERP7 (Figure 18),
e MES Qcadoo (Figure 19),
¢ SCADA/HMI ControlWeb.
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Figure 17. Architecture of experimental verification of information systems.
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Figure 18. Overview of installed modules in the OPEN ERP 7 system.
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Figure 19. Qcadoo MES system home screen.

The information systems described at the beginning of the chapter are installed on separate
devices. In the case of the MES Qcadoo system, it is a PC equipped with the Ubuntu operating system,
the kernel of which is Linux. The ERP system is installed on a Synology server, which also uses an
operating system, the kernel of which is Linux. Linux-based operating systems have Python language
support in the basic installation. The SCADA/HMI system, which is installed on a PC with the
Windows operating system, does not contain Python language support in the basic installation.
However, this support can be installed additionally. It is thus possible to apply the interaction holon
in the software version to information systems with Python language support without the need for
additional technical equipment. To verify the operation of the interaction holon, the task of which is
the ability to interact with another holon in the network. Example in the figure In the Figure 20 is
shown the response to a request that is routed from holon 1 to holon 2, where the response is static
text. In a similar way, the code is supplemented with a database connection, or work with the GPIO
port. These records can be deactivated, but during the experimental phase they provided me with
valuable information about the status of the holon web server. In the Figure 21 is shown a part of the
code that illustrates the PYTHON language environment and the syntax of the source code and the
return function of the presented function.

r—
*Python Shell* [-1[=][*]

Eile Edit Shell Debug Options Windows Help

Python z./.5 (Q=fallt, AT 16 ZUl4, US:Ll3:23)

[GCC 4.6.3] on linux2

Type "copyright", "credits" or "license()" for more information.

B RESTART

Bottle server starting up (using WSGIRefServer()) ...
Listening on http://10.10.10.127:8080/
Hit Ctrl-C to quit.

10.10.10.127 - - [18/May/2015 06:08:14] "GET / HTTP/1.1" 404 723

10.10.10.127 - - [18/May/2015 06:08:29] "GET /hello HTTP/1.1" 200 13
10.10.10.127 - - [18/May/2015 06:10:13] "GET /hello HTTPR/1.1" 200 13
10.10.10.127 - - [18/May/2015 06:31:12] "GET / HTTP/1l.1" 404 723
10.10.10.127 - - [18/May/2015 06:31:25] "GET /hello HTTER/1.1"™ 200 13

|tm: 6]Cak 0
78] 10.10.10.127 [-)[=a][]

< > | [ http://10.10.10.127:8080/hello c| /=

[m RIGHT side

pi@raspherrypl: ~

File Edit Tabs Help

Figure 20. List of holon request records from the network.
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Im RIGHT side

& test py - /home/pi/Desktop/test.py [-[=][x]

Eile Edit Format Run Options Windews Help

from bottle import routs, run A
@routs (' /hello')
A=l hello):

return "Im RIGHT siden"

run(host="10.10.10.127"', port=8080)

Figure 21. Entry of a function using the REST APL

Using the software and technical means described in this paper, it is possible to achieve effective
collection and management of a holonic production system. The proposed methodology has been
verified and its functionality confirmed. However, the activities listed in the methodology algorithm
outside the marked area of future research are equally important and time-consuming. It is their
correct analysis and specification that determines the final length of the integration of holonic control
into the production system. The proposed and verified methodology can ensure the sustainability of
the solution in terms of further support for communication interfaces, which are currently a trend.
However, the question remains of defining responsibility and guarantees for possible system failures
in the event of a malfunction in the case of a holon interaction failure, whose creator may not be the
manufacturer of the production equipment. However, these and other questions are more of a
legislative nature.

Technically, it is possible to modify the proposed system or implement it in different
programming languages or computing devices. The condition is to maintain the structure of requests
and responses in REST communications. The HTTP protocol thus enables easier interconnection of
systems in terms of complexity and security of communication, which companies require to the
maximum extent possible. The proposed communication eliminates the isolation of systems in terms
of the use of separate databases, but rather a common database, thereby eliminating the duplication
of production data, which will lead to increased efficiency in data collection.

Today's automatic control systems are generally centralized and strictly hierarchical. This is how
entire large-scale industrial networks are built today, connected to programmable controllers that
also operate in a centralized mode. Unlike centralized systems, multi-agent and holonic systems
represent a dynamic, easily expandable alternative. The system can respond very effectively to
changes caused by the arrival of a priority order or the failure of a production unit, with its response
proportional to the severity of the cause. One specific agent will attempt to solve the problem, and if
it fails, it will request the cooperation of surrounding agents. The structure of production lines and
the production process are not fixed in the control system structure but are created dynamically when
a new order is created. They are automatically adjusted with each change. Since the control and
planning process is distributed across a larger number of computing units, the risk of instability
caused by the failure of a single agent is minimized. Many applications require highly distributed
control.

These include applications in the chemical industry or in the distribution of electricity, gas, or
water, where it is necessary to have autonomous units that perform many interventions in the
controlled technology independently, without communication with the centre. In flexible production
sections, it is sometimes necessary to replace, add, or remove certain equipment during operation,
not only due to failure or maintenance, but also when changing the production plan. It is important
to find a new production path as quickly as possible for each such change. Holonic and multi-agent
systems are a suitable solution for all these purposes.

An example is a conveyor system where one conveyor malfunctions. In a classic setup, it is
necessary to stop production, reprogram the line, and restart it. With agent control, it works
differently: as soon as the device detects a malfunction, it notifies all other devices that are interested.
They immediately begin to discuss a replacement solution and send the products via a different route.
When the conveyor is repaired, it sends a message that it is ready for operation and agrees with the
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surrounding devices what it can do for them. Nothing must be stopped or reprogrammed; everything
works completely automatically. Holonic and multi-agent systems are therefore much more flexible
and robust than traditional centralized control, allowing the configuration of the production system
and production plans to be changed automatically.
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