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nACaxcuponomory 2pomadcvKoz0 mpamcnopmy, ajzo-
pumm 11020 QYHKUIOHYEAHHS, CneUianizoeane npopam-
He 3a0esneuwenns 0aa peanizauii QyHuxuil xowmpoae-
pa ma modenv Ha ochosi mepedxc Ilempi, sixa dae 3mozy
docnidumu ounamixy poéomu cucmemu. Pospoodneno
ma peanizoeano mexuiune zabe3neuenns KOHmMpoJe-
pa Ha 6asi oononnammnozo xomn’romepa Raspberry Pi,
wo 3a6e3neuyec HU3LKY UIHY NPOEKMHO20 PiuleHHA Ma €
ONMUMATLHUM PIUEHHAM 3 WMUPOKUMU PYHKUIOHATIGHU-
MU MONCAUBOCMAMY

Kntouosi cnosa: “Posymue” micmo, xonmponep ix-
cauyii nacaxcuponomoxy zpomaocvKozo mpawcnopmy,
mepeoici Illempi, Raspberry Pi
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Paspabomana cmpyxmypa woumponnepa uica-
YUU NACCANCUPONOMOKA 00UEeCMBEeHH020 MPAHCHOPpMA,
anzopumm ez20 QYHKUUOHUPOBAHUS, CREUUANUSUPOBAH -
Hoe npozpammmoe odecnevenue 0N peanusauuu Qynx-
yuil Konmpoanepa u modeav Ha ochose cemeil Ilempu,
Komopas daem 603MOIHCHOCHb UCCAE008AMb OUHAMUKY
pabomot cucmemot. Paspabomano u peanuszosano mex-
Huueckoe obGecneuenue KonmpoJaiepa Ha 6ase 00HO-
naamnoz0 xomnviomepa Raspberry Pi, wmo o6ecneuu-
eaem HU3KYI0 UEHY NPOEKMH020 peuleHUuss U s6AAemCs
ONMUMATLHBIM PeuleHueM ¢ WUPOKUMU PYHKYUOHANb-
HbIMU 603MONCHOCMAMY

Kmouesvie crosa: "ymuolil” 20p00, konmposnep Qur-
cauuu Naccaicuponomoxa oOuecmeennoz0 mpancnop-
ma, cemu Ilempu, Raspléerry 17:1:

Pospobaeno cmpyxmypy xroumpoaepa Qikcauii
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to-date quality of life of residents through the use of new

technologies, which involve economic and ecological use of

We live in a period of wide scale implementation of  the urban subsystems of life activity. Accordingly, for the
computer systems and intelligent technologies in all spheres  implementation of such a system, “smart” solutions in all its
of human life, one of which is the Smart City system [1—4].  subsystems, in particular in transport, are required [5]. The
Smart City is a complex system designed to provide up-  solutions can be: “smart” management of the transportation




flows for solving the problems of traffic jams, calculating the
passenger flow of public transport to enhance its efficiency,
tracking the motion of public transport and creating “smart”
stops for the convenience of passengers.

In general, accounting passengers and tracking the
motion of public transport ensure transparent use of a trans-
portation vehicle by bus drivers, compiling schedules and
efficient management of traffic to improve security, conve-
nience and comfort of the residents of a “smart” city.

Accordingly, it is a relevant task to design a controller for
registering the passenger flow of public transport in the sys-
tem of management of traffic flows of a “smart” city, which
is characterized by wide functional capacities, low price and
high accuracy of determining passenger flow.

2. Literature review and problem statement

An analysis of the scientific literature on this subject
gives us a reason to argue that well-known world compa-
nies, which are involved in the development of specialized
equipment for registering passenger flow of public transport,
are German companies “Iris” and “Dilax” [6], Canadian
company “Infodev” [7], and Italian company “Eurotech” [8].
The listed manufacturers use different kinds of embedded
computers and modules, intelligent devices and cameras,
cloud technologies and supercomputers, various sensors and
controllers [9].

In Ukraine there are also a number of companies that
deal with the problems of creating “smart” transport as well.
In particular, they include “Protection-Group” (Ternopil)
[10], “Gemicle” (Vinnytsa) [11], “SVT Navigator” (Lviv)
[12], “GPS Systema” (Kyiv) [13], and city councils of a num-
ber of cities [14].

A classic example of calculating passenger flow is the
systems, built with the use of the control step at the entrance
and meters based on the infrared sensors [15]. Such systems
have a number of disadvantages, the main of which is a high
level of error that affects accuracy of the calculation.

One of the most popular solutions in this direction is
the development of “e-ticket” systems. The equipment in
such systems operates on the basis of the NFC (NearField
Communication) modules, validators and smart cards [16].
The shortcoming of such systems is the fact that they imply
existence of the NFC modules, embedded in a passenger’s
mobile phone (in most cases it is missing); if there is no
phone, then a passenger may use a smart card, which must
be purchased at special points, which must be equipped
accordingly. This system does not exclude the case of pass-
ing cash from a passenger to the driver if there is no travel
card [17].

The solutions based on the use of video cameras and
applications on the basis of computer vision [18] and photo-
grammetry [19] are also under development. The process of
development or purchase of such software is fairly resource
intensive while accuracy of the calculation usually does not
exceed 85-95 %.

An analysis of existing technical solutions that we con-
ducted demonstrates that the disadvantages of systems of
accounting passenger flow of city public transport include
high price of equipment, insufficient functionality taking
into account specifics and peculiarities of passenger traffic
turnover in Ukraine and low accuracy of calculation of pas-
sengers.

Accordingly, the purpose of the study is the development
and implementation of a physical model of a controller for
registering passenger flow of public transport of a “smart”
city, which would guarantee functionality, high accuracy of
calculating passengers, transparent cash flow from a passen-
ger to the driver and a reasonable price of equipment.

3. The aim and tasks of the study

The aim of this work is the development of a controller
for registering passenger flow of public transport, which is
characterized by wide functional capacities and low price.

To achieve the set goal, it is necessary to solve the fol-
lowing tasks:

—to develop a structure of a client-server system for
accounting passenger flow of city public transport and a
structure of the controller for registering passenger flow of
public transport, which are based on the modular principle;

— to build up an algorithm for functioning of a controller
and a model for the analysis of work of the controller for reg-
istering passenger flow of public transport based on the Petri
network theory, which will allow us to explore the dynamics
of work of the designed device;

—to develop specialized software of the controller for
registering passenger flow of public transport, which imple-
ments all of the aforementioned functions of the device;

— to build a physical model of a controller for registering
passenger flow of public transport, which is based on the
modular principle, uses a single board computer Raspberry
Pi and ensures low cost of technical solution.

4. Development of a client-server system of accounting
passenger flow of city public transport

This work highlights the client part of the system of reg-
istering passengers flow and the motion of public transport.
The system operates on the basis of the client-server interac-
tion. The client (controller) is responsible for the collection,
initial processing and sending data to the server (web, ftp).
The server part deals with processing, storing and analyzing
data from all clients, their presentation in a format conve-
nient for the user, and building up of analytics. A simplified
diagram of a client-server system for registering passenger
flow and the motion of public transport is represented in
Fig. 1. It includes drivers and the modules that interact with
customers, as well as operators who interact with the server.

4. 1. Development of structure of controller for regis-
tering passenger flow

The structure of the device for registering passenger flow
that we built includes a controller, which has the following
constituent elements: the single board computer Raspberry
Pi [20]; GSM module; GPS module; controller of battery
power supply of the device (CBPD); controller of emergency
restart of the device (CERD); button for registering pas-
sengers enjoying privileges (PEP); camera for registering
passengers enjoying privileges and cameras for registering
passenger flow in the vehicle. An example of the designed
structure is shown in Fig. 2.

The developed structure is characterized by the modular
organization that allows quickly upgrading the designed
device.
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Fig. 1. Scheme of client-server system of passenger flow of city public transport

4. 2. Algorithm of the device performance

The operation of the device is organized in such a way
that when one opens front or rear passenger doors of a trans-
portation vehicle, video capturing of passengers getting on
and off starts automatically (Fig. 3).

As soon as a signal of doors closing is received, the video
fixation stops, the video files are stored in the memory of the
controller and are prepared to be sent to the server. Corre-
sponding operations are implemented using components of
the controller, which are shown in Fig. 2.

If a passenger who enjoys privileges gets on a bus at a bus
stop, the driver has to ask him to show appropriate document
and then use the button of registering passengers who enjoy
privileges, which activates the photo camera.

During these actions (doors opening, pressing the button
of registering passengers who enjoy privileges), the POST/
GET requests with the date, coordinates and names of files
that are sent to the server for processing, are automatically
formed on the controller.
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In a case of power cut off in
a vehicle, the system proceeds to
the offline power mode, registers
this situation, sends the informa-
tion about it to the server and in
a certain time correctly completes
its work by self turn-off.

If the device freezes under cer-
tain circumstances, in particular
the operating system Raspbian
Wheezy, the controller of emergen-
cy restart will perform its function
and make a forced restart of the
entire system to ensure improved
reliability and stability.

The constructed algorithm al-
lows meeting the requirements for
registering parameters of the pas-
senger flow and archiving the data.
The block diagram of the designed
algorithm is shown in Fig. 3.

Client n

Driver n

4. 3. Device software

The Raspberry Pi 2 Model B in this configuration
is operated by the Raspbian Wheezy system [21] that
was developed on the basis of Debian. The Raspbian is
a project to create the port Debian Wheezy (7.x) armhf
with support of mathematical coprocessor for Raspberry
Pi. It is designed to provide users of Raspberry Pi with
an access to more than 10000 binary Debian packages,
optimized for the best compatibility with Raspberry Pi.
The project is still under development, the compilation of
all the packages was completed in June 2012. Currently,
all efforts are aimed at making Raspbian the easiest, the
most stable and most optimal distributive of Linux for
Raspberry Pi.

Programming of microcontrollers was carried out in
the language C, and programming of the controller based
on the Raspberry Pi 2 Model B was performed using
Python.

CONTROLLER Camera of
Front camera Controller Controller ;zgslssetzg;gs
of battery of / enjoying
power <—» Raspberry Pi «—> emergenc privileges
supply of y restart
device of device
Button of
Rear camera GSM- registering
module passengers
enjoying
privileges

GPS-module

Fig. 2. Structure of controller of registering passenger flow of public transport of “smart” city
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The base of the controller software is the modules, de-
veloped in the Python language. They include scripts that
are responsible for data exchange between Raspberry Pi
and GPS module, GSM module, cameras, microcontrollers,
primary processing of the received data and sending them
to the server.

Most of the third-party programs were installed from the
packages of the standard repository Raspbian Wheezy.

4. 4. Model of controller based on the Petri networks

A structural model of the controller was built using
apparatus of simulating complex discrete systems of the
Petri networks [22]. In a general case, model based on
the Petri networks can be described by the following
expression:

N={S,T.F,M,},
where
P:{Sl,S2,...,Sn}

is the set of positions (states);
T={t,,tyt,

is the set of transitions; F is the set of arcs, which includes
two subsets of input and output arcs in relation to transi-
tion; My is the set that specifies initial markings of the Petri
networks.

This model reproduces the course of processing by the
controller of the input data from peripheral devices (IP cam-
eras, USB cameras, buttons, GPS module, GSM module)
with sending the processed data to the server [23, 24]. A
structural model of the controller based on the Petri net-
works is presented in Fig. 4.

I data OUTPUT  gend on_server
finish_procesg
finish_process

Rpi_core_1_free

Fig. 4. Structural model of controller with the use of the Petri networks



It was found in the process of simulation that all states
of the network are available, there are no dead-ends, and the
Petri network is active and attainable.

5. Discussion of results: physical implementation of
the controller for registering passenger flow of public
transport

In the work we developed a physical model of the con-
troller for registering passenger flow in public transport.
The base of the controller is the well-known single board
computer Raspberry Pi 2 Model B. The choice is explained
by full functionality of this mini-computer, as well as the
relative cheapness and its wide use, the main characteristics
of which are given in Table 1.

Table 1

Basic technical characteristics of the computer Raspberry Pi 2

Processor type ARM Cortex-A7

Frequency, GHz 0,9
Number of cores 4
Volume of RAM, GB 1
Graphic chipset integrated VideoCore IV 3D
Sound controller integrated
External ports 4x US.B,'HDMI, 1xAudio Jack
(Mic in/Headphone out)
Card reader microSD
Network adaptor Ethernet

Camera interface (CSI), Display interface

Additional interfaces (DSI), 40 GPIO pins

Module 120 of Quectel company was selected as the
GPS module. The GPS module 120 operates on the base of
SiRF StarIV chip. 48 PRN channels will allow L20 to dis-
cover and capture satellites in the shortest time, even with
an extremely low signal. This module is configured to work
with the controller by the UART interface. GSM module is
presented by a 3G modem by ATEL, which is configured to
work with Raspberry Pi Model B 2. This model is connected
to the controller via USB connector.

A certificate button is a usual closer of contacts to
activate the camera. A camera for registering certificates
of the passengers enjoying privileges is a Web camera that
performs registration of people enjoying
privileges by taking photos when a driver
presses the certificate button, is connect-
ed to the controller also via USB connec-
tor. This model uses the USB web-camera
by Trust.

Cameras above the doors of a transpor-
tation vehicle are presented by the IP-cam-
eras made by Intellinet. Video cameras and
the network’s controller card through the
network switch make up a local computer
network.

A controller of the battery power supply
of the device is a board with a microcon-
troller and a rechargeable battery. This
subsystem provides backup power supply
and correct shutdown of the system.

A controller of emergency restart of the
device is a microcontroller, which performs

the function of the forced restart of the whole system in
case of emergency, when it has stopped working and cannot
restart by itself.

An example of the implemented physical model of the
controller for registering passenger flow of public transport
of a “smart” city and positive results of testing allow us to
draw a conclusion about correctness and conformity with
the requirements of its operation. In particular, the casing
of the controller is presented in Fig. 5-7. An example of a
plafond with the embedded camera and LED lighting is pre-
sented in Fig. 5. Small dimensions are the design features of
the microcontroller.

Fig. 5. Controller’s exterior view
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Fig. 6. Plafond with a camera

Thus, a developed physical model of the controller for
registering passenger flow of public transport performs all
necessary functions, makes it possible to calculate parame-
ters of passenger flow with high accuracy and is character-
ized by low price.

Fig. 7. Main components of the designed device (1 — plafond with front
camera, 2 — plafond with rear camera, 3 — certificate camera, 4 — 3G modem,
5 — GPS module, 6 — certificate button)



Using the single board computer Raspberry Pi with a
fully fledged operating system and the Python programming
language provides for an effective and rapid implementation
of the functional at the program level, which is an important
element under conditions of changing the rules of carrying
passengers and adding additional features. Since upgrad-
ing the device and changing functions of the system are
performed through the software modification rather than
technical modification, which is an expensive and time-con-
suming process. Moreover, the programs written in Python
are cross-platform, which ensures operation of the developed
software with various operating systems and hardware
platforms and allows cutting down the costs of program
development.

A developed and implemented controller for registering
passenger flow of public transport is used at the auto trans-
portation enterprises (ATE) “Mens-Auto” and “Etalon” in
the city of Ternopil (Ukraine).

However, from the view of enhancing reliability and
accuracy of the system, it is planned to use in future micro-
controllers of the Cortex M3 family, STM32F103VE, which
will work with TTL cameras with the serial interface in pla-
fonds and communicate with the main controller (Raspberry
Pi) by SPI.

6. Conclusions

1. We developed a structure of the client-server system
for accounting passenger turnover of city public transport
and the controller for registering passenger flow using a
modular principle, which ensures effective modification and

improvement of the designed system in the process of its
development. The proposed structures ensure meeting all
requirements for the designed system and easy scaling of the
system in future.

2. To study all possible states in the process of function-
ing of the controller, a model based on the Petri theory of
networks was developed. Constructed model made it possi-
ble to explore the dynamics of operation of the designed sys-
tem. In the process of modeling, it was found that all states of
network are available and attainable, there are no dead-ends
and the Petri network is operating.

3. Specialized software based on the object-oriented
approach was developed, which allows rapid expanding and
improving functionality of the system. A combination of the
high level programming languages Python and C provides
for flexibility in the process of considering the peculiarities
of hardware platform based on the single board computer
Raspberry Pi and allows achieving necessary performance
speed and functionality.

4. A physical model of the controller for registering
passenger flow of public transport was developed and imple-
mented. To ensure low cost of the project solution, the single
board computer Raspberry Pi was used. A combination
of the developed technical and software provision of the
controller for registering passenger flow of public transport
allows achieving high accuracy of determining passenger
flow parameters. Designed and implemented controller for
registering passenger flow of public transport was tested
at ATE “Mens-Auto” and “Etalon” in Ternopil (Ukraine).
Obtained results make it possible to state that the system is
working properly and correctly and the device performs all
its functions in full.
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3a pe3yrvmamamu excnepumMeHmantoHuUx 00Cai0HCeHs Npo-
ananizoeana Ha O00HOPIOHICMb CMOXACMUYHA CMPYKMYpa
GUOIPOK 60J10KOH JIbOHY OJIUHO20 YKPAIHCOKOI Ma NOJbCbKOL
ceaexuii. Buznaueni zaxonu po3noodiny 6040KOH AK cymiuiei
HOPMANBLHOZ0 MA N102APUPMIUHO HOPMATILHO20 3AKOHIE PO3NO-
diny. Iloxasana adexeamnicmo no6y0oeanux HeAiHIHUX Mode-
2ell 3axonie po3nodiny. /loeedena cymmesa po3odiscnicmo Umo-
BIPHICHUX PO3N00iNi6 006HCUH B0J0KOH JIbOHY OJIIH020 PI3HOL
ceqexuii Ha 0CHOGI cmamucmuunozo kpumepito Koamozopoea-
Cmupnosa

Kntouosi cnosa: avon onivinuili, noKasHuku AKOCmi, cymiu
3aKoHnie po3nodiny, adexeammuicmo HeJUHIUHUX Modenel, Kpu-
mepiii Koamoeoposa-Cmupnosa
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Ilo pe3ynvmamam sxcnepumeHmanvbHuIX UCCAEO08AHUT NPO-
aHanu3upo8ana Ha 00HOPOOHOCHb CMOXACMUECKAS CMPYKMY -
Pa 66L00pPOK 600KOH TbHA MACAUMHOZ0 YKPAUNHCKOU U NOTLCKOU
cenexyuu. Onpedenenvl 3aKoHbl pacnpeoesieHus 60J0KOH KAK
cmecell HOpMANbLHO20 U 102aPUPMULECKU HOPMATLHOZ0 3AKOHO08
pacnpedenenus. lloxazana adexeammocms nocCmpoeHHbIX Heu-
Helnbix MoOenell 3axonoe pacnpedenenus. /lokazano cywe-
cmeennoe pacxoscoenue 6eposSMHOCMHbLIX PACHPedeseHUll OUH
80JIOKOH JIbHA MACTIUUHO20 PA3TIUYHOU CeNeKUUYU HA 0CHO8E CMa-
mucmuueckozo kpumepus Koamozoposa-Cmupnosa

Kmouesvie crosa: nen macauunolii, noxazameau Kauecmaa,
cMech 3aKoH08 pacnpedesieHusi, a0eK6AMHOCMb HEIUHEUHbIX
Mmodeaneil, kpumepuii Koamozopoea-Cmupnosa
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quality management is a reliable forecast of quantitative

and quality descriptions of the properties of these products

In the conditions of development of innovative technol-
ogies, the index of successful work of industrial enterprises
is the quality of products. One of the factors of products

on the stage of planning. Despite the considerable number
of standards and specifications that regulate methodologies
of testing of raw materials, finished products and estima-




