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Abstract: The paper is dedicated to the use of a very simple and accessible
device that was created with the idea to serve as a platform for training
computer science students. The Raspberry Pi did not claim to become a
high-circulation product, but due to its performance, it became one.
Primarily due to its low price followed by a wide range of possible practical
applications. This device became very popular and enabled the
development of 10T that are applied in various production processes. This
paper presents a case study where this device is used in small production
plants. The Python programming language is used to run this device, which
is very simple but also very efficient. This combination of hardware and
software has performed well in small, non-hardware-intensive
manufacturing facilities. In addition to the incomparably more affordable
price compared to commercial PLCs, it is often even a superior solution.
The advantages are especially the easy integration into existing information
systems and uncomplicated extensions and upgrades. It is also possible to
integrate it into existing software solutions without major difficulties. The
example described in this paper certainly represents a successful
implementation that includes production planning, organization and
monitoring of the production process (workflow) and worker efficiency.
Keywords: Raspberry Pi, microprocessor, microcomputer, Python, Linux.

INTRODUCTION

Nowadays, smaller production plants are more and more common,
in which there are unique, artisanal machines or machines that are
improvised in order to adapt to the specific needs of production. Such
machines generally meet the basic requirements of production, but not
logistics (workflow), the solution of which requires very expensive
hardware and software. In this paper we can see a financially favorable, but
very acceptable solution for small production plants. (Hakim and Suthar,
2019) Of course there are complex hardware solutions offered by
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technology giants such as Siemens or others, but those are a very expensive
solution for small production plants.

The hardware and software presented in this paper is equipment that
is also used at the faculties for training young students, (Johnston and Cox,
2017) and thus provides professional staff who are familiar with its
capabilities. (Barbosa et al., 2020; Pattichis et al., 2017)

This makes it easier to find a professional trained to design the
solution in accordance with the requirements of smaller production
facilities. In this way, a positive economic impact can be made through the
employment of design, implementation and maintenance experts. The
equipment used in this paper is very affordable (House and Cheer, 2019)
and can be purchased at almost any specialty store.

The presented solution greatly facilitates the work of the entire staft:
planners, storekeepers, employees and workers, and the collected data allow
management to more easily monitor the performance of each individual
worker, and efficient planning of production work. (Balsam et al., 2018)

The advent of microcomputers such as the Raspberry Pi in early
2012 (Imteaj et al., 2017) led to unimagined opportunities for use (Brand et
al., 2017) in small production facilities. When the device was created, the
basic idea was its application in education, but today its potential in
production and logistics is becoming more and more pronounced. This
device is very cheap and thus available to almost everyone. (Patil et al.,
2017) When considering the design of a plant, costs are always taken into
account, but also the reliability of the business and production process. It is
this device that can provide great reliability when counting and packaging
the desired amount of finished products. The need for additional control of
packaged products is reduced, which reduces the need to engage additional
labor in the production itself, but also in planning and warehousing
operations for the implementation of the production plant. (Khatri et al.,
2017) This device in combination with the Python programming language
(Jaskolka et al., 2019) efficiently connects to SQLite or MS Access
database, and can be a very powerful tool for small family production plants
that generally have a smaller production volume and have less investment.

RASPBERRY PI AS THE AVAILABLE HARDWARE

Raspberry Pi was created in early 2012 (Kamalakannan &
Devadharshini, 2019) at the University of Southampton with the idea of
serving as a platform for training computer science students, Figure 1.
(Hajjar and Spears, 2019) Although it did not claim to be a high-circulation
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product, over half a million copies of this microcomputer were sold in the
first half of the year. Today, this number has exceeded 36 million copies
sold. In addition to the low price, this system has the ability to interact with
the environment by connecting various sensors and actuators to its GPIO
port (General Purpose Input Output). In addition to the image in different
resolutions, the HDMI output also supports audio transmission. It is
equipped with an Ethernet port (RJ45) and USB ports (for connecting a
keyboard, mouse, USB flash drive ...) (Ate and Abdelrahim, 2018), while it
uses an SD card for the operating system and data storage. (Naik and
Sudarshan, 2019)

Figure 1. Raspberry Pi

The causes of its popularity can be found in a wide range of its
applications (Pardeshi et al., 2017) as a desktop computer with the use of
the Internet, email, LibreOffice packages and all this on various variations
of the Linux operating system. The primary operating system for the
Raspberry Pi and also its most popular Linux (Hyun et al., 2019)
distribution (based on Debian) is Raspbian which contains many integrated
features. (Kumar and Jasuja, 2017) Of the programming languages, in
addition to Python, (Jaskolka et al., 2019) C, C++, Java... (Carloni et al.,
2018; Pereira et al., 2018) are represented, and it is completely open to the
development of its own operating system. (Hajjar and Spears, 2019)
Therefore, it is not surprising that it is so widely used, popular and
widespread. It is interesting to use Raspberry Pi to manage "smart homes"
(Ishak et al., 2017) thus raising the energy efficiency of the building, its
safety and comfort of life (automation of heating, cooling, fire detection,

movement, vibration, noise, light, hazardous gases ...). (Abed and Rahman,
2017)
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The Python programming language is intuitive (Kamalakannan &
Devadharshini, 2019) and as such designed for the youngest age. At first
glance, one would think that as such it is not serious for more demanding
applications. However, in every aspect he would be pleasantly surprised.
Python is an object-oriented language and as such possesses classes, but it
is an interpreter language so we can cite this as a drawback. Not only is it a
powerful tool, but it has many modules (libraries, packages), (Abed and
Rahman, 2017) allows you to create and write to various files (*.csv, *.txt)
or read data from them, as well as share them with other computers. But
that's not all, it also allows writing (or reading) directly to a SQLite or MS
Access database.

Unlike PLCs (Puri¢ and Mati¢, 2019) which are able to perform a
task via an interrupt routine (e.g. an asynchronous event of changing the
state of a digital input), thus interrupting the execution of the main program
using a stack, here it is possible to “listen‘ and the processing of the above-
mentioned change of the state of the digital input on the GPIO port is
performed within a parallel running process, the so-called Thread, allowing
the main program to run smoothly. This is essentially multi-tasking, not its
(hardware or software) simulation, which is for such a simple (without
multiprocessor cores, without memory, very modest performance) and
cheap device, simply fascinating.

ADVANTAGES OF USING RASPBERRY PI

Here are some of the more significant benefits of using a Raspberry
Pi device (Meachery and Nair, 2018):

- cost-effectiveness - this device is very cheap and easily accessible to
everyone, and its use is very simple and well documented.

- high efficiency - it is very efficient, and the price of the device and
maintenance is very favorable.

- simplicity - the device can be easily programmed using the Python
programming language, as well as easily implemented for some
purpose by IoT applications. (Merchant and Ahire, 2017)

- small size - this device has small dimensions that do not affect its
performance and planned purpose.

- small energy consumer - this means that the power for its start-up and
operation is very small and thus very efficient.

TERMS OF REFERENCE (CASE STUDY)

In one manufactory, there was a need to count products that are
assembled by hand and placed in boxes. This need arose for several reasons:
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- There are several different products, and each of them has a different
number of pieces that need to be packed in one box (since that number
is of the order of several hundred, it is impossible for the packing
worker to keep records of this number). The current solution involves
measuring the weight of the box with finished products, which requires
additional time and is not reliable.

- There is also a need to measure the efficiency of each worker on the
package (number of packaging products per unit time), or to measure
his productivity.

- Good communication with the warehouse of semi-finished products
(raw materials) is required, i.e. its "debt relief" (timely delivery of
semi-finished products for packaging to an individual worker). It is
assumed that it is necessary to record the finished products, i.e.
"borrowing" the finished goods warehouse, which is an additional
challenge.

As information about the productivity of workers and a specific type
of his motivation, there was a need to print the currently packaged quantities
on the TV screen.

HARDWARE SOLUTION

Considering the number of packing places (64 places), i.e. the
number of necessary digital inputs (64) and digital outputs (64), as well as
additional requirements in terms of warehouse operations and the need to
inform workers about their current productivity at the shift level, we
concluded that for this purpose affordable most acceptable solution with
Raspberry Pi microcomputer. Each packing place must be assigned at least
one digital input for counting packaged products and one digital output to
indicate that the moment of filling the box with the specified number of
products is approaching (with flashing LEDs), i.e. that number has been
reached (LED lights up). Note that (in order not to increase the number of
digital inputs) we have added one counter reset button in parallel to the
sensor for counting packaged products when the desired number of products
in the box is reached (counter reset is performed by pressing the button
during 3 seconds). For information, the number of packaged products is
about 10 to 20 per minute, depending on the type of product and the
packaging skills of the individual worker (for one package the worker needs
between 3 and 6 seconds). Possible ways of connecting LEDs and switches
are shown in Figure 2.
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Figure 2. Ways to connect switches and LEDs on the GPIO port
One Raspberry Pi can serve 13 packing places via its GPIO port,
which consists of 26 digital input/output pins (GPIO2 - GP1027), i.e. it can
provide as an example 13 digital inputs and 13 digital outputs, as shown in

Figure 3.
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One of the solutions was to use 5 microcomputers for this purpose,
which is quite an "awkward" system. Since this counting process is
relatively slow, multiplexing of digital inputs (i.e. sensors with a button in
parallel) and digital outputs (which turn on LEDs) is imposed as one of the
solutions. For this purpose, we use shift (shift) registers - integrated circuits
(IC) from the 74HC series (High Speed CMOS). To expand the number of
digital outputs, we use SIPO (serial in - parallel out) IC in the designation
74HC595, whose functional diagram is shown in Figure 4a. Similarly, to
expand the number of digital inputs, we use PISO (parallel in - serial out)
IC in the designation 74HC165, whose functional diagram is shown in
Figure 4b.
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Figure 4a. Functional diagram of 74HC595 Figure 4b. Functional
diagram of 74HC165

Multiplexing of buttons and sensors, as well as LEDs can be
reported according to the scheme shown in Figure 5. The far right integral
circuit 74HC595 performs row multiplexing (circular, from first to last) by
setting (at one time) only one of its outputs to logical zero (low level). Of
course at that point it is necessary to set to the logical high level the
corresponding outputs on the middle IC circuit 74HC595 which
corresponds to the LEDs that should light up. The far left IC 74HC165 will
then detect a logical zero at the digital input corresponding to the key
pressed in the row selected by the far right IR circuit 74HC595. In other
cases, in order for this IC circuit not to register logical zero, one pull-up
resistor is connected to each digital input, which will hold it on the logical
high level when the key is not pressed. Note that the clock is common to all
three integrated circuits, and that the IC 74HC595 has two additional control
signals (except for the clock), while the IC 74HC165 has (in addition to the
clock) three additional control signals. All control signals according to IC
74HC595 on the GPIO port side are digital outputs, as well as the signal by
which data is transmitted in series (DS - pin 14). Also, all GPIO port control
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signals sent to IC 74HC165 are digital outputs, except for the signal that
serially receives data (Q7 - pin 9) to the digital input of the GPIO port.
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Figure 5. Multiplexing buttons and LEDs via GPIO port
Three pins (SH_CP - clock pin 11; ST _CP - latch pin 12; DS - serial
datareceive pin 14) are used to control 74HC595. If the latch pin is at logical
zero, the outputs of the integrated circuit are disabled. The data is serially
transmitted to the integrated circuit via a serial data pin at the clock
determined by the clock pin. By placing the latch pin on the logical high
level, the loaded data is forwarded to the parallel output (Q0-Q7). In case
we want to connect more such integrated circuits in series, it is necessary to
connect the output Q7' (pin 9) of the previous integrated circuit to the DS
(pin 14) of the next integrated circuit.
Similarly, four pins are used to control the 74HC165 (PL - load pin
1; CP - clock pin 2; Q7 - serial data send pin 9; CE - clock enable pin 15).
By setting the load pin, which works in inverted logic, the data from the
parallel input to the buffer is loaded to logical zero (after a few
microseconds, the load pin is placed on the logical high level). This is
followed by the procedure of serial data transmission via a serial data pin.
To enable the data sending function, it is necessary to set the clock pin to a
logical high level, and the clock enable pin, which works in inverted logic,
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to a logical zero. The clock for sending data via the serial data pin is
determined by the clock pin. After the transfer is completed, it is necessary
to set the clock enable pin on the logical high level (until the next sending
of data via the serial data pin). For the purpose of connecting several such
integrated circuits in series, the output Q7' (pin 7) of the previous integrated
circuit must be connected to the DS (pin 10) of the next integrated circuit.

COMMUNICATION WITH THE DATABASE AND DATA EXCHANGE

The control system and the server are connected by a direct Ethernet
connection (in this case, [P address sticks are used, but this is not necessary
- the system can be configured even if it works with DHCP address
assignment). In order for the control system to meet the set conditions, for
each of the 64 working positions, information must be available on the
required number of packages of a given product in a box. In addition, each
work position must have unambiguous information about the worker (name
and surname) who works on it (worker ID), so that they can transmit this
information (together with the number of packed boxes and the current
number of products in the box to be filled) via HDMI to send to the TV
screen, as shown in Figure 6.

WORKER NAME OF NUMBER OF QUANTITY IN
POSITION WORKERS FILLED BOXES BOX ON FILLING
Pos 01. Mara Markovi¢ 14 253
Pos_02. Mira Mirkovi¢ 15 57
Pos_03. Dara Mari¢ 14 135
Pos_04. Mileva Mari¢ 15 11
Pos_05. Gordana Peri¢ 14 115
Pos_06. Danijela Mandi¢ 14 72
Pos_07. Vera Mitrovi¢ 13 251
Pos_08. Sanja Daki¢ 14 34
Pos_09. Zora Zori¢ 13 245
Pos_10. Sanja Skori¢ 13 137

Figure 6. Display of shift performance of an individual worker

On the other hand, the control system must have information on the
number of boxes packed and, optionally, on the current number of products
in the box to be filled for each working position. Information about the
current number of products in the box being filled is not important, because
the packaging process defines that each started box must be packed (with a
given number of products) by the same worker who started the box
packaging operation. For this purpose, we use the possibility of direct access
to the SQLite database. Further, this data is processed on a PC and generated
(predefined) reports on the efficiency of each individual worker on a daily
(shift), weekly and monthly basis. The database on warehouse operations
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was also implementing (both the state of the input warehouse containing
semi-finished products necessary for the packaging process and the state of
stocks of finished products). This is necessary for planning the packaging
process and creating work orders, but it is not an integral part of the project
described here.

CONCLUSION

The aim of this paper is to demonstrate the capabilities of the
Raspberry Pi hardware device in combination with the Python
programming language in designing a comprehensive production system,
including planning, organization and monitoring of production (workflow).
There are many reasons for application of this solution, for example
reliability, accuracy, simplicity and last but not least price, which is very
important for small production plants. This paper shows the possibility that
by simply applying available technologies through a relatively small
investment, much can be done to automate production and reduce labor
costs. This type of automation increases productivity, which ultimately
brings higher revenue to the manufacturer.

The proposed system has a favorable price, it is compact and very
reliable, and when combined with certain sensors can improve production
in many segments. By applying such a system, an almost perfect
compromise is achieved between cost and reliability in production. Of
course, there are reliable manufacturers of sophisticated equipment whose
high prices are an obstacle for small manufacturers or there is no
justification for investing in it.

In addition to the hardware itself, the application of the Python
programming language is very important and in this synergy it becomes a
very powerful tool for implementation in an industrial environment.

The main goal of this research was to identify the key benefits and
challenges that the industry can expect in case of implementation of such a
solution. The goal is also to encourage other researchers to initiate and dare
small producers through their projects to improve the production process
and to increase the efficiency, quality and safety of the final product with
relatively modest funds, and at the same time create savings.
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