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THE CASSETTE METHOD PRINCIPLES OF PASSENGERS
TRANSPORTATION THROUGH THE INTELLIGENT
TRANSPORTATION SYSTEM
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HNPUHIUIIN KACETHOI'O METOAY INIEPEBE3EHHA
IMACAXKHPIB 3A JJOIOMOI'OIO IHTEJIEKTY AJIBHOI
TPAHCIHOPTHOI CUCTEMUA

VY CTaTTi MpEeACTaBICHO OIMC BHKOPHCTAHHS KACETHOTO METO/Y MAaCaKHMPCHKUX IEPEBE3CHb 3a JIOTOMOIO0
IHTEJIEKTyanbHOT TPAHCHIOPTHOT CHCTEMH, 1110 0a3y€ThCsI HA BUKOPHUCTAHHI O€3MIJIOTHUX €IEKTPOKapIB, 3 ypaxyBaHHM
JIMHAMIKH [ACaKUPOIIOTOKY MpoTsiroM noou. [Ipencrapinenuii po3paxyHOK HEOOXiTHOT KIIBKOCTI eJIeKTPOKapiB y Kace-
Ti JUIs1 OJTHOPA30BOTO BUKOHAHHSI [UIAHY TIEPEBE3CHHSI MTACAKUPIB.

KurouoBi cjioBa: kaceTHHI METO/ TIEPEBE3CHHS, IHTENIEKTyalbHUI TPAHCIIOPT, PO3YMHHUI TpaHCIIOPT, iH(Op-
MarliiHa TPAaHCIIOPTHA CHCTEMa, TPAHCIIOPT 13 YaCTHHAMH, 1110 MAFOTh TIOILT

The article describes the application of the cassette method of passenger transportation, taking into account the
dynamics of passenger traffic during the day by means of an intelligent transport system based on unmanned electric
vehicles. The calculation of the required number of electric cars for the cassette for a one-time fulfillment of the delive-

ry plan is presented.

Keywords: cassette transportation method, intelligent transport, smart transport, information transport

system, transport with divided parts

Introduction

The increase in population density has
conditioned a revision of the current paradigm
of urban mobility, based on the principle of
“transport self-sufficiency of households,” for-
mulated at the beginning of the 20th century
by G. Ford. The modern perspective implies a
radical revision of approaches to urban tran-
sport infrastructure as a whole: "Right of
Way" (pedestrian priority), "Mobility-as-a
Service™" (car as a service, not a status attri-
bute), "Shared Autonomous Electric Vehicles"
(rent of unmanned vehicles). In general, the
transport infrastructure of the city will be for-
med with the priority given to pedestrians and
intelligent public transport systems over pri-
vate road transport.

The article describes the concept of
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using the cassette method of transportation in
the Intelligent Public Transportation System
(IPTS) in a high-density traffic flow [1-5]. The
application of this method aims at the rational
use of the rolling stock of the transport system
and minimization of the passenger travel time
to the destination.

Description of the transport system

The Intelligent Public Transport System
(IPTS) includes a cashless payment system to
pay for travel tickets and register a passenger's
application for service in the system (Fig. 1a),
unmanned electric cars of small seating capa-
city (4-15 passengers, depending on the type
of model). These vehicles are called infobuses
[6], which move along a dedicated line
(Fig. 1b) and the route of movement (Fig. 2).
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a) Payment terminal b) Infobus
Fig.1. The elements of IPTS
O O o O ]
Assembly Point 1 Assembly Point2
O O O
1 2 3

The Electric cars
charging Paint

Transport
circulation

-
K-1 K
Stop

route

Fig. 2. The route of movement

When paying for the trip and passing
through the terminal (Fig. 1a), the passenger
also indicates the stop of the route, which
he/she intends to reach. Thus, he/she makes a
request to the transport system for transpor-
tation, which is transmitted to a single infor-
mation center (system server) and is recorded
there in the matrix of correspondences [7, 8]:

0 m, my .. ..om; .. m
0 0 m, oMy My,

M=[0 . 0 my . m . om | (1)
0 .. . . . . 0 m

m,; ; — is the number of passengers, get
on a bus at the stop i with intention to reach
the stop j, i,j = 1, k. It should be noted that
all elements of the matrix M from the main
diagonal and under the main diagonal are
equal to zero (because the passenger cannot
get off at the stop where he/she got on the ve-
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hicle and cannot go "back™). The single infor-
mation center (server) not only collects the
requests from passengers, but also controls
the remote fleet of infobuses (Fig. 1b). The
server gets infobuses on the road, depending
on the dynamics of passenger traffic (Fig. 2),
for the service of requests registered in the
system, so to slightly reduce their number.

If necessary, infobuses can be combined
into cassettes [9]. The coherence of elements
in the cassette are virtual, similar to that in
road trains [10-11]. The electronics ensure the
minimum safe distance between the infobuses
in the cassette.

The cassette, which is a vehicle with
separable parts [13], picks up all passengers
from the stop. The last infobus of the cassette
accommodates passengers traveling to the
first stop of the cassette after the point of em-
barkation; in the penultimate, accordingly, on
the second, etc. When approaching the first
stop along the route, the last infobus separa-
tes from the cassette, slows down the speed
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and makes a stop to disembark passengers.
The rest of the cassette keeps running with
passengers to the next stops without reducing
speed. After disembarking the passengers, the
infobus catches up with the cassette that has
gone ahead. Thus, passengers travel with a
minimum number of stops during the jour-
ney, and the cassette saves energy reserves
for movement, reducing the consumption of
energy for braking and acceleration.

Figure 2 shows a linear route with k
stops. This route has two route terminals and
k-2 intermediate stops. [;; denotes distances

between i stop and j stop, i,j = 1, k. The ar-
rows indicate the intensity of the inbound
passenger traffic for each stop, the quantity of
passenger traffic is denoted as

[person
i

n ]’ = 1'_k

The principle of forming an infobus
cassette for introduction on the route

V — total passenger volume of the cas-
sette, Vint — the capacity of one infobus inclu-
ded in the cassette

Vo=V, 2)

ni — the number of infobuses cassettes delive-
ring passengers from stop i.

The passenger flow density at each stop
has its own characteristics, depending on the
time of the day [14]. So, if there is an crowded
public area geographically close to the stop,
then one can expect an especially intensive
arrival of passengers at this stop at a certain
time interval of the day. For example, when
citizens left work or, in an opposite way, go to
work. Therefore, for each stop at a certain
time, a different number of infobuses included
in the cassette is required.

The calculation of this quantity can be
made using information about the flow density
at a given time at a specific stop, which is for-
med through the constant collection of requ-
ests from the terminals of the stop points and
is periodically aggregated by the information
center server.

It is possible to select both interval mo-
de (at certain intervals) at times of low pas-
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senger traffic density, and the mode of accu-
mulating a certain number of requests in the
correspondence matrix for high and medium
density of the passenger traffic.

A (t) — the density of the flow of pas-

sengers arriving at stop i at a certain instant
of time t. It can be represented as a set of re-
quests to travel from this stop to the next
stopping points:
k
A =2 W), (3)

j=i+l
;(t) — the flow of requests made to the

transport system at a stop i for transference to
the stop j. Then, it is possible to calculate the
required number of infobuses for each stop
using the formula:
_my +2; ()%t
ij V !

inf

(4)

nij — the number of infobuses required to

pick up passengers from a stop i to the stop j.

ti — time of travel of the infobus from the ini-

tial stopping point to the stop i (Fig. 2), which
is the condition:

i-1
t = j:1|”+l ) ®)
V

inf

vint — infobus cassette speed, ljj+1 — dis-
tance between adjacent stops (Fig. 2).

Thus, a cassette can be formed from
n = i n,i=Lk-1 infobuses to get it to the

j=i+l
stop to transport passengers from that point.

It is possible to select both interval
mode (at certain intervals) at times of low
passenger traffic density, and the mode of
accumulating a certain number of requests in
the correspondence matrix for high and medi-
um density of the passenger traffic.

Conclusion

The presented article describes an intel-
ligent information and transport system based
on mobile autonomous robotic vehicles and
considers the methodology for calculating the
required number of such vehicles to fulfill the
passenger transportation plan formed by algo-
rithms of the transport system, depending on
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the dynamics of changes in the density of
passenger traffic on the route during the day.
The relevance of the proposed system is due
to the changing social and economic condi-
tions in large cities and metropolitan areas
because of the steady increase in the density
of the urban population, as well as the
modern possibilities of scientific and techno-
logical progress. The proposed cassette me-
thod of passenger transportation, taking into
account the dynamics of passenger traffic, is
a new step in organizing urban passenger
traffic, since it involves an increase in the
efficiency of using vehicles on the route, a
more complete satisfaction of the clients’
needs by reducing the travel time to the desti-
nation, and the reduction of costs from the
city budget by saving electricity consumed by
vehicles during transportation. The described
model allows to make urban passenger trans-
portation more flexible and adaptable to the
constantly changing conditions of the satu-
rated road transport environment of medium-
sized and large cities and megalopolises,
while bringing not only economic, but also
environmental benefits providing a signify-
cant increase in the capacity of the city trans-
port system, a high level of travel comfort for
the passenger. The novelty of the work lies in
the use of permanently executed computer-
information transport control without human
intervention, providing both data collection
and processing, analysis and decision
making.
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RESUME

A. Shviatsova, V. Shuts

The cassette method principles of
passengers transportation through the
intelligent transportation system

This article is devoted to the descrip-
tion of the functioning principles of the new
generation transport system since it is based
on the use of unmanned vehicles and is able
to adaptively respond to changes in the road
and road environment.

The aim of this paper consist of im-
provement of quality and efficiency of pas-
senger transport in the "loaded” urban trans-
port environment. The relevance of the pro-
posed system is due to the changing social
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and economic conditions in large cities and
megacities because of the steady increase in
the density of the urban population, as well as
the modern possibilities of scientific and
technological progress.

The proposed in article cassette method
of passenger transportation, taking into ac-
count the dynamics of passenger traffic, is a
new step in organizing urban passenger traffic,
since it involves an increase in the efficiency
of using vehicles on the route, a more comp-
lete satisfaction of the clients’ needs by redu-
cing the travel time to the destination, and the
reduction of costs from the city budget by
saving electricity consumed by vehicles du-
ring transportation.

The described model allows to make
urban passenger transportation more flexible
and adaptable to the constantly changing con-
ditions of the saturated road transport envi-
ronment of medium-sized and large cities and
megalopolises, while bringing not only eco-
nomic, but also environmental benefits provi-
ding a significant increase in the capacity of
the city transport system, a high level of tra-
vel comfort for the passenger.

The novelty of this development lies in
the use of permanently executed computer in-
telligent control without human intervention
or with his minimal participation, providing
both data collection and processing, analysis
and decision-making. This approach allows
sending only the necessary transport volume
to the route.
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