IHOOPMATUKA TA MATEMATUYHI METOA B MOJAEJIFOBAHHI = 2021 = Tom 11, Ne 4

DOI10.15276/imms.v11.no4.253 Informatics and Mathematical Methods in Simulation
VI[K 658 5(075 8) Vol. 11 (2021), No. 4, pp. 253-261

DEVELOPMENT OF AN INFORMATION CONTROL SYSTEM FOR
AUTOMATIZATION OF THE ACTIVITIES OF RETAIL TRADE ENTERPRISES

A.O. Azarenkov, V.V. Vychuzhanin

National Odessa Polytechnic University, Shevchenko ave., 1, Odessa, 65044; Ukraine;
archiblablablapicher@gmail.com; v.v.vychuzhanin@op.edu.ua

Information control systems are widely used to automate the activities of retail enterprises.
This is a mandatory component of successful business processes in trade organizations,
which also contributes to improving the quality of services for customers. Currently,
information control systems are widely used for retailers in e-commerce. This makes it
possible to ensure: timely delivery of goods to enterprises and consumers; eliminate
intermediaries; improve storage conditions for goods; shorten supply chains; ensure 24-
hour staffs work. All this contributes to improving the efficiency of retail enterprises.
However, often the implementation of information control systems for such purposes is a
financially costly and time-consuming process. The introduction of such systems leads to a
significant reduction in employees of trade organizations. In addition, the purchase of
products and everyday goods is less realized online, and therefore the coordinated work of
cash registers at retail enterprises remains an urgent task. In order to preserve the traditional
processes of functioning of retail enterprises with the preservation of the number of
employees, the article proposes to increase the efficiency of their work by introducing
special interfaces for managing the coordinated work of cash registers with informing
employees and customers. The purpose of the article is to develop an information control
system for automating the activities of retail enterprises, ensuring the smooth operation of
cash registers. To achieve this goal, the following tasks related to the development were
solved: the structure of an information control system for automating the activities of retail
enterprises; software; hardware implementation of an information control system that
ensures the smooth operation of cash registers.

Keywords: information control system, software, management interfaces, automation,
retail, cash registers, customer satisfaction, efficiency

Introduction

The increasing competition between manufacturers, free pricing, coupled with the
growing level of self-regulation of retail enterprises, force each individual enterprise to focus
its efforts, first of all, on achieving economic goals - improving work efficiency, maximizing
profits and reducing costs [1-4]. One of the most important components in this process is the
management of information flows associated with the functioning of such enterprises.
Information control systems (ICS) are widely used to automate the activities of retail
enterprises. This is a mandatory component of successful business processes in trade
organizations, which also contributes to improving the quality of services for customers [5-9].

According to the research "TECHNOLOGY AT WORK v3.0. Automating e-Commerce
from Click to Pick to Door" [10] from Citi GPS: Global Perspectives & Solutions, the ICS of
automatic cash registers, as well as robot assistants that ensure the smooth operation of cash
registers, is a promising and cost-effective direction for retailers. This approach helps to
increase the demand for goods, save on the maintenance of employees, improve the quality of
goods and trust in them from customers. However, according to Morning Future [11], the
introduction of automatic maintenance and robot assistants still remains a financially costly
and time-consuming process and is accompanied by a significant reduction in employees of
trade organizations. An example of a different use of ICS for retailers is the analysis of the
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BNN Bloomberg food consumption report [12], indicating the successful use of e-commerce
(online shopping). This also confirms the use of the OWR wise robotics service platform [13]
in ICS for contactless commerce, which allows for: timely delivery of goods to enterprises
and consumers; eliminate intermediaries; improve storage conditions for goods; shorten
supply chains; ensure 24-hour staffs work. However, the purchase of products and everyday
goods is less realized online, and therefore the coordinated work of cash registers at retail
enterprises remains an urgent task.

The purpose of the article is to develop an ICS for automating the activities of retail
enterprises, which ensures the smooth operation of cash registers.

To achieve this goal, it is necessary to solve the following tasks related to the
development: the structure of the ICS for automating the activities of retail enterprises;
software; hardware implementation of the ICS, which ensures the smooth operation of cash
registers.

Information control system for automating the activities of retail enterprises

The basis of the developed ICS for automating the activities of retail enterprises is based
on the created SRS (smart retail system) system with the developed software that ensures the
smooth operation of cash registers (Fig. 1). The lower level of the system is designed for
processing statuses and calls from the cash desks.

SRS-manager @Monilo

read settings write settings restart

SRS board

Till
change status Till call

till opening

accountant
call

till opened
Tableaus
backdoor bell
call

till closing

signal call
close shop
call
Eﬁ
available till
call

i

till closed

Fig. 1. Diagram of the SRS system functioning

The ICS operates in a continuous event processing mode. For example, if a request to
open a cash register comes from the tabby (remote controls), the system generates audio that
notifies the staff about the opening of the cash register, which is also accompanied by a glow
on the scoreboard, the corresponding LED in green. During the operation of the system, it is
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also provided to unlock such functions as: calling the manager; replacing cashiers;
notification of the imminent closure of a trade organization; notification of employees leaving
for a break; turning on an alarm, etc. The system also processes information from expansion
boards, namely about a long queue of buyers from motion sensors, signals from the security
service, signals from virtual cash registers and others. The ICS has embedded
microprocessors, the program code for which is written in the C programming language in the
IAR Embedded Workbench IDE development environment [14]. Each functional department
is located in a separate file or folder (Fig. 2).

<
File Edet * Project Link Took Window elp
DeEHP S '8 - vi€'y
=0
{
X=x - ((x ) & Ox55555555);
X = (x & 0233333333) + ((x >> 2) & 0x33333333);
Xe (x+ (x> 4)) & OxOFOFOFOE;
X=X+ (x> 8);
X=X+ (x> l€);
retarn x & Ox00 3r;

}
uintd2_t sspi_delay before_read = £;
uintd2 t sspi_delay after_read

//SPT Read

'/ Period Lov

uinti2 t sspi_delay us_low - &
Period High

uint32 t sspi _delay us high = l€;

uint32 t sspi delay read misc = 2;
ainti2 t sspl read miso samples = [I;
uintf t sspi samples threshold = lé;
wint32 ¢t sspi delay us 1 1 = §;
EAL 5PI 1 1
// furnt@ t *)ac butStatel1]
int sSpi TransmitReceive(void * ap hspi, uint8 t * ap data wr.
uintf t * ap_data_rd, uintlé_t a_data_len, uintd2 t a_spi_clk _delay

int i;

uint32 t temp -
uint®_t myDataln® = 0;
uintd_t myDataOuts® -
uintd t offset = 0;

delayMicroseconds (sspi_delay before_read):
for(int k = 0; k < a_data_len; k++)

|

myDatalng = 0;

Fig. 2. Program code window

The main configuration files are located in the JSON folder. ICS users have the
opportunity to customize the behavior of the system to their needs using the SRS-manager
program. The program is written in the C# programming language in the Visual Studio
development environment [15] and is designed to work on Windows OS. In the program, you
can set the settings for each SRS function. The program is a window with control buttons for
templates, firmware, information about the connected ICS board and tabs for specifying
settings for the system. For example, the SRS manager window - General Settings (Fig. 3) -
configures the main settings, such as: opening settings, closing settings, checkout settings
(tills), Express mode settings.
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Hardware implementation of an information management system for automating the

activities of retail enterprises
Hardware SRS system is the main board SRS board. The structure of the hardware of

the board corresponds to the graph model (Fig. 4) [16].

The SRS board (Fig. 5) records, processes status changes and generates cash register
calls. This data is displayed in the Status monitor, as well as in various colors of LEDs on the
remote control, playing audio files, etc.
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Fig. 3. SRS Manager window. General Settings

There are ports on it: 8 till ports for cash desks (tabby) - they are used by employees of
cash registers; CAN port for connecting additional boards, such as an expansion board, for
example, for 16 cash registers; a board for working with queue sensors, a board for working
with staff walkie-talkies, etc.; RS 232 port for debugging functions; Ethernet port for
connecting the board to an Ethernet network; two audio ports for outputting audio files; USB
port for connecting to a computer (or to a Raspberry Pi board); port for SD-card - audio files
are stored on it and some program procedures take place; eight ports for LED strips (LEDs)
reflecting the status of cash registers for buyers; two I/O ports (input/output) for connecting a
call at the back entrance (Backdoor Bell) or U I expansion boards / O; two OUTPUT ports for
the output of additional signals; a port for the power supply of the board 24V DC. In addition
to the AMD microprocessor, non-volatile memory, jumpers and other circuit elements are
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placed on the board. A firmware bit file is programmatically sewn into the microprocessor,
providing functions: storing user values; performing calculations and calculations; processing
and generating events; communicating with additional devices, etc. The microprocessor is
supplied with power through the Im2576hvs-adj stabilizer and deep switches. Deep switches
are designed to reconfigure the operating modes of the board at a low (deep) software level.
Non-volatile memory allows you to save the internal countdown of the operation of the board
even in the off state, as well as save the system statuses for a while in case of power failures

of the board.
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Fig. 4. SRS-board hardware model
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The board settings are configured using the SRS-manager program. The SRS board is

usually placed in the server room.

Fig. 5. Photo of the SRS board
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The JTAG interface is used when updating the processor firmware with the STM32 ST-
LINK programmer [17]. From the upper side of the board model (Fig. 4), LED strips are
connected to the LED ports, signaling customers and staft about the status of cash registers
and queues. The ports are connected to the microprocessor via registers 74hc595. The SD card
stores the audio files of the system, the current settings file, and also performs some processes
(for example, online downloading of settings from the server). The SD card works in
conjunction with FTDI 2048-c memory. Thus, a trade organization with the help of additional
software can configure the settings and behavior of the system, monitor the status of the ICS
through a remote computer device.

Audio from the events that have occurred is output to two audio ports. Audio files are
distributed into two channels, due to which one part of the audio can be played for customers,
and another part for staff. The SD card, USB port and audio ports are connected to the VLSI
VS10538 chip, which preprocesses signals before they are fed to the microprocessor.
Connectors for esp wroom 32 are a potential API functionality for connecting ESP boards.
Using an Ethernet cable, the board can be connected to the Internet or a local network. T ill
ports are used to connect control panels at the cash desks. These ports are connected to the
microprocessor via ADM208E preprocessor electronic components.

The results of the functioning of the information management system for the automation
of the activities of retail enterprises

The functioning of the developed ICS for automating the activities of retail enterprises is
illustrated in the Status Monitor. It displays class statuses, expansion board statuses, network
statuses and online updates, and also performs testing of various software functions.

Figure 6 shows the operation of the built-in consoles in an experimental store in
Dusseldorf (Germany). Figure 7 shows that the third, fifth, sixth, eighth and ninth cash
registers are operating at a fixed moment. The store employee presses the OK button to close
the third checkout. To the left are the buttons for calling a store employee (Markt Accountant)
and a manager (Markt Leitunger).

Fig. 6. Using the built-in remotes
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Figure 7 shows the following areas of the Monitor Status:

- Tableaux Status - statuses of the main cash registers;

- Slave Tableaux Status - additional cash register statuses;

- Monitor - Setting the data refresh rate Monitor status;

- Expansion IO Status - status of signals on UIO ports;

- Occupation Status - applicable Occupation settings;

- Network Status - Internet connection, online status - settings and firmware updates, 1P
address and DNS settings;

- Audio Library Update Status - status of online audio file updates;

- Hardware Tests - forced launch of the U-IO ports test, LED strips, online updates.

Tableaus Status Monitor:
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close close close close Period: 250 = Read
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0x00 Read
Timer: 0 Timer: 0 Timer: 0 Timer: 0 e
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close close close close Oceupancy: 0
Threshald 0
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Occupancy level : 0
Tiner: 0 Toiers 0 Tiner: 0 Timer: 0 Network Status: Audio Library Update Status
AtoOF: 0 AutoOF: 0 AutoOF: 0 AtoOff: 0 Link: On ek g
bibeiiet: On Files on Server: 0
Sha s Uobx . ; Current File Number: 0
Til 1 Til 2 Til 3 Til 4 . . e oo
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Timer: 0 Timer: 0 Timer: 0 Tmer: 0 Hardware test's:
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[[] LED's Strips Test
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Fig. 7. Status Monitor
Conclusions

In order to increase the efficiency of work and automate the activities of the personnel
of retail enterprises, an ICS has been developed that ensures the coordinated operation of cash
registers.

To achieve this goal, we have developed: the structure of the information and control
system for automating the activities of retail enterprises; software; hardware implementation
of ICS, ensuring the smooth operation of cash registers.
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PO3POBKA IH(I)__OPMAIIII‘/‘IHO-KEPYIO‘IOi CUCTEMU VIS
ABTOMATHU3ALII ATAJBHOCTI HIANNPUHEMCTB PO3PIBHOI
TOPTIBJII
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IndopmaniiiHo-kepyrodi CHCTEMHM IIMPOKO BHKOPHUCTOBYIOTHCS JUIS aBTOMAaTH3amii
JISUTBHOCTI MiANPHEMCTB po3piOHOT Topriii. Lle 000B's13k0Ba cki1agoBa ycminHuX Oi3HeC-
MPOIIECIB B TOPTOBUX OPTaHi3alisx, O[O0 COPHUSIE TAKOXK 1 MiABUIICHHIO SKOCTI ITOCIYT JJIs
KIIi€HTIB. B maHmii 9ac MMPOKO BUKOPHCTOBYIOTHCS 1H(OPMAIIHO-KEPYIOYl CHCTEMH IS
MiIIPUEMCTB po3ApiOHOI TOpriBm B e-komepii. lle no3Boiisge 3a0e3meunTH: CBOEYACHY
JIOCTaBKy TOBapiB Ha MiANPUEMCTBA 1 CIIOXKWBAadaM; YCYHYTH ITOCEPETHHKIB; MOIMITUTH
yMoBH 30epiraHHs TOBapiB; CKOPOTHTH JIAHIIOKKH IMOCTaBOK; 3a0e3meduTd 24-TOnuHHY
poboty mepconany. Bce me crnpuse migBuUnieHHIO €()EKTHBHOCTI POOOTH TMiANPUEMCTB
po3npibHOi TopriBmi. OpHak YacTo peamizamia iH(GOPMAIIHHO-KEPYIOUHX CHCTEM
noAiOHOTO TpH3HAYeHHs (piHAHCOBO BHUTPATHHUH 1 TpyaoMicTkuil mporec. BripoBamkeHHs
MOMIOHUX CHUCTEM MPU3BOAMTH JIO ICTOTHOIO CKOPOYCHHS IMPAIiBHUKIB TOPTOBHX
opranizaniii. KpiM Toro, moxynka HpOJYKTIB i TOBCSKJISHHHMX TOBapiB B MEHIUIIH Mipi
peai3yeTbCcsl B OHJIAHH, a TOMY 3Jaroj/pKeHa poOOTa Kac Ha MiANPHEMCTBAX pO3IpiOHOT
TOPTIBJII 3aJMIIAETHCS aKTYaJIbHUM 3aBAaHHAM. Y CTaTTi IPOIIOHYETHCS IS 30epeKeHHs
TPAJAMIIIHHUX TPOIEeCiB  (YHKIIOHYBaHHS IMIANPUEMCTB PO3ApiOHOI  TopriBmi  3i
30epeKeHHAM KUTHKOCTI TPAIliBHUKIB TiABUIIATH €(PEKTUBHICTH X POOOTH 3a JOMOMOTOIO
BBEJICHHS CIEIlialbHUX iHTep(deiciB yIpaBiHHA 3JIArOJDKEHOI0 poOOTOI0 Kac 3
iH(hOpMyBaHHSAM CIiBpOOITHUKIB, a TAKOX KII€HTIB. MeTa CTaTTi-po3podka iHpopMaIiiHo-
KEepYIO40i CHCTEMH IS aBTOMAaTH3aIlii MisUTbHOCTI MiANPUEMCTB PO3APIOHOT TOPTiBIi, 110
3abe3neuye 37arokeHy po0oty xac. [y JOCSATHEHHS IOCTAaBICHOI METH OyiH BHpiIIeHI
HACTYIIHI 3aBJaHHS, IOB'SI3aHI 3 pPO3pPOOKAaMU: CTPYKTYypH iH(OpMaLiiHO-Kepyrouoi
CHCTeMH JUIsl aBTOMATH3alii JisUIbHOCTI MIANPUEMCTB PO31piOHOI TOPriBili; IPOrpaMHOTO
3a0e3NeueHHsT; anapaTHoi peamizamii iHpopMamiiHO-Kepylo4oi CHCTEMH, IO 3abe3rnedye
371aroKeHy poboTy Kac.

KarouoBi cioBa: iHdopmauniiiHo Kepyroua cucrema, IporpamMHe 3a0e3rnedeHHs,
iHTepdeiicn ynpaBlliHHS, aBTOMAaTW3alis, poO3IpiOHa TOPriBIs, KacH, 3aJ0BOJIEHICTH
KIII€HTIB, €PEKTUBHICTb.
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