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Abstract

In recent years, intelligent transportation systems (ITS) have made it possible to solve many
problems related to urban mobility in a number of cities around the world. However, as practice has
shown, the direct transfer of respective measures from other cities to a given city often does not provide
the desired results for the population there. In order to solve such an issue, as it is known, the whole
problem of urban mobility in a specific city should be presented as a sum of individual (standard) typical
problems. Then, taking into account the opinion of the population, one or more typical problems to be
solved urgently should be selected from them (for example, the indicator of urban mobility to be
urgently improved) and the priority typical measure of the ITS should be defined, which would best
solve this problem. Despite the existing researches in the mentioned direction, there is still no
established methodology for unequivocally determining the priority measure of the ITS in order to
purposefully improve urban mobility in accordance with the requirements of the population. In order
to evaluate the priority of a typical measure, the paper introduces a parameter - the total stimulus
expected as a result of the realization of a typical measure according to the (desired) indicators chosen
by the population. A formula for its calculation has been developed. This parameter is calculated for
each typical measure. Among them, the measure for which this parameter will take the maximum
value is considered to be the priority. In this way, the presented methodology allows to easily and
quickly determine the measure to be implemented as a priority of intelligent transport systems in order
to improve urban mobility in accordance with the requirements of the population.
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In modern conditions, the demand for high-level mobility from the city population is increasing,
which leads to an increase in the number of vehicles needed for movement. And existing street-road
networks in large cities can no longer handle the increased number of vehicles. As a result, traffic



Georgian Scientists/ . 5  N 4, 2023 254

delays increase, queues and traffic jams arise, which leads to a decrease in traffic speed, and, therefore,
road capacity. In addition, unjustified consumption of fuel and excessive wear and tear of nodes and
aggregates of vehicles, high pollution of the city with traffic noise and products of incomplete
combustion of fuel occur. Finally, an increase in the intensity of transport and pedestrian flows directly
affects the travel time of the population and road safety.

In recent years, the development of information and digital communication technologies and the
integration of these technologies with the field of transport has given rise to a new direction -
intelligent transport systems (ITS),  which has made it  possible to solve many accumulated problems
related to the perfection of urban mobility in a number of cities around the world without building
new roads. There are examples of this in many big cities of Japan, USA and Europe [1].

It should be noted that each city is unique and has its own characteristics in terms of mobility
[2]. Therefore, as practice has shown, the direct transfer of decisions and measures (even successful
ones) taken in other cities in this direction to a given city often does not give the desired results for the
local population. This places greater responsibility on urban mobility planners and decision-makers.

The experience of advanced countries has shown that in order to improve urban mobility in a
specific city, first of all, the existing general problem should be presented as a sum of individual typical
(standard) problems. Then one or more of the most acute components should be identified and optimal
measures should be taken immediately to eliminate them (to improve one or more indicators of urban
mobility). In the works [2, 3], which are dedicated to determining the priority measure of ITS in order
to  improve  urban mobility  indicators,  a  list  of  such typical  problems  (of  goals  -  of  indicators  urban
mobility) is  provided. as well  as a list  of typical measures of ITS, that to one degree or another,  will
contribute improving one or another indicator of urban mobility. Selecting the best of these standard
measures requires the development of an appropriate methodology.

It is known that the same measure carried out in this direction affects not one, but generally all
indicators of urban mobility. At the same time, this influence is significant on some indicators, while
on others it is insignificant or absent altogether. Table 1 presents the results of relevant studies, which
show  the  degree  of  expected  impact  of  each  typical  measure  of  ITS  on  a  specific  urban  mobility
indicator (in some sources, this impact is indicated by the corresponding number of stars [2, 3]).
Applying the currently available recommendations to determine the priority ITS measure requires
additional judgment and analysis, which may ultimately lead to a subjective decision.

We've  added  an-other  row  to  the  table  1  below  that  sums  up  the  scores  listed  in  the
corresponding column of each typical measure. These scores  reflect the total stimulation of this
measure for all indicators of mobility simultaneously. Their values practically does not depend on the
characteristics of the city and, accordingly, the wishes of its population.

This final row of the table will help us choose a priority ITS measure only if the city needs to
maximally improve mobility as a whole (without taking into account the requirements of the
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population, and therefore without indicating mobility indicators). At the same time, priority will be
given to the implementation that typical measure of ITS that will best contribute to the simultaneous
improvement of all indicators of urban mobility. For example, the measure “Traveler information” to
one degree or another improves all mobility indicators, and the total incentive for them is a maximum
- 26  points.  Accordingly,  with  this  approach,  priority  will  be  given to  the  last  typical  ITS  measure.
However, in this case, it should be taken into account that the mobility indicator, which the population
demanded to improve, can be improved only slightly. And vice versa, it is possible to more improve
that indicator, the need for improvement of which was not urgently faced by this city.

When it comes to improving any particular indicator of mobility, then the issue should be solved
with a different approach. In the bottom row of table 1, the total score given in the corresponding
column of each tipical measure, which shows the total stimulus of this tipical measure on all indicators
at the same time, can be conditionally presented in the form of two term. One of depicts the incentive
from the measure to be implemented on the indicators of mobility, requested (and supported) by the
population, and the other part - on all other indicators of mobility. In a private case, when the entire
population of the city unanimously requests the improvement of only one specific indicator of urban
mobility, then the total stimulus resulting from the implementation of any typical measure on the
indicators requested by the population is directly equal to the score, which is given in the cross-section
of  the  column of  a  typical  measure  under  consideration  and of  the  row of   the  indicator  subject  to
improvement at the request of the population. For example, if the population unanimously demands
only “Reduce congestion”, then, as a result of the implementation of the measure “Fleet Management
Systems”, the total incentive will be 2 points.

Table 1

The degree of stimulation expected as a result of the implementation of a typical ITS measure
according to a separate indicator of urban mobility, in points
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When the population unanimously requests the improvement of only one indicator, then
decision-making is relatively easy using Table 1. In this case, the priority can be given to the measure
of the ITS that gives the greatest stimulus to the improvement of the indicator requested. If there are
several such typical measures, then of them can be chosen une that in total more improves all mobility
indicators (or indicators that the city may need to improve in the near future).

Selection of the event to be carried out as a priority becomes somewhat difficult in the case when
the opinion of the population is not uniform, i.e. One certain part of it demands improvement of one
indicator, another part - another, and so on. The decision of this issue by the majority of the
population's votes is incorrect, since as can be seen from Table 1, the degree of stimulation of different
typical measures on this or that indicator of mobility is different.

How should we act in cases where a specific city is faced with the issue of urgent improvement
of several indicators of urban mobility?

As  can  be  seen from Table  1,  carrying  out  any typical  j-th  measure  along  with  the  indicators
demanded by the population, more or less leads to the improvement of the indicators that are not
demanded by them. Our goal is to select such a typical measure, which in total will maximally improve
not all, (or any one), but several indicators of urban mobility demanded by the population of a given
city in proportion to the votes given to them (for example, when one resident has the right to demand
urban mobility only improvement of one indicator).

In order to determine which typical measure can be priority for a given city in such a case, first,
using Table 1, in case of carrying out all j-th typical measures separately, let's calculate the expected
total stimulus according to the indicators, in accordance with their support. And then, from the typical
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measures,  let's  select  the  one,  in  case  of  implementation  of  which,  as  a  result  of  improvement  of
indicators at the request of the population, the expected total stimulus will be maximum.

Since  the  opinion  of  the  city  population  is  not  uniform,  and  is  divided  in  favor  of  several
indicators of urban mobility. Therefore, when summing up the points along the mobility indicators in
the  measure  column,  we  should  not  take  them  as  100%,  but  in  proportion  to  their  support  by  the
population. For example, if " Boost economic growth" is desired by 40% of the population, and " Reduce
CO2 and improve air quality" by 60% of the population, then the measure - " Traveler information" in
favor of these indicators will give us 1  40 % + 2  60% = 1.6 scores the total incentive. Hence, before
summing  up,  each  scores  given  in  the  measure  column  must  be  multiplied  by  the  share  of  the
population supporting the corresponding indicator to be improved.

Taking this into account, in the case of implementing a given standard j-th measure, the total
score Qj of  incentives expected as a result of improving mobility indicators at the request of the city
population can be calculated using the following formula:

Q = q  p , (1)

where  m  is  the  number  of  urban  mobility  indicators;  qij - a score indicating the degree of impact
(stimulation) of the j-th typical measure on the i-th mobility indicator; pi - the specific share of the
population that supports the improvement of the i-th mobility indicator.

If  the  population’s  support  for  improving  any  i-th  mobility  indicator  is  zero,  then  the
corresponding pi = 0 and, therefore, the product qij  pi will also be equal to 0, that is, when carrying
out a typical measure j the incentive for this indicator of mobility will be equal to zero.

Below, in table 2 provides an example of definition of priority typical measure of intelligent
transport systems to improve urban mobility based on public demand in Microsoft Excel. Here we are
considering the case where 40% of the population demands “Improve transport accessibility”, 60% of
the population demands “Boost economic growth” and 0% of the population demands improvement of
all other indicators.

In the cells  of the last  lower row of this table,  in the column of each typical j-th measure,  the
total score Qj of the incentives expected as a result of the improvement of the indicators demanded by
the city population is calculated using the image (1) (The cell with the maximum value in this row is
colored differently). In the given example, the maximum value of the total incentive score Q j  is 2.4. It
corresponds to a typical "Mobility as a Service" measure. Therefore, in this case, this measure will be a
priority.

In case of a request to improve other indicators of urban mobility, only the data to be entered in
the column "Population demand for indicator improvement (%)" should be changed in the Microsoft
Excel table to determine the priority measure (obviously, the sum of these data in percentages should
be  100).  This  will  automatically  change  the  data  in  the  bottom row of  this  table,  and therefore  the
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priority measure as well. If necessary, it is possible to add other mobility indicators as well as a typical
measure to the table.

It can be seen that the total scores given in the bottom line of the table “Total score of incentives
expected as a result of improving indicators demanded by the population” are significantly lower than
in its top line “Improving all indicators at the same time.” This is because the top line shows the total
score of incentives received as a result of the event in the case of improving all indicators at the same
time, and the bottom line shows only the indicators requested by the population (when each resident
selects only one indicator for improvement). The scores in these columns would be the same if the
entire population were 100% in favor of simultaneously improving all indicators of urban mobility.

Table 2

Determining priority implemented measure of intelligent transport systems in order to improve
urban mobility in accordance with the requirements of the population in Microsoft Excel

Thus, the presented methodology will allow us to easily and quickly determine the priority
typical measure of intelligent transport systems in order to improve urban mobility in accordance with
the population's demand. Such an approach can be used to solve similar issues in other fields of activity
as well (for example, in health care - when prescribing medicines for a patient).
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