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ABSTRACT

The explanatory notes to the qualification paper «Optimization of the city's
transport systems functioning based on transport modeling» comprises of 98 pages, 79

figures, 1table, 57 references.

KEY WORDS: TRANSPORT MODEL, TRANSPORT ZONES, PUBLIC
TRANSPORT, PRIVAT TRANSPORT, FOUR STEP MODEL, DEMAND
MODEL, SUPPLY MODEL

The purpose of research is to understand, analyze, and predict the behavior of
transportation systems to improve their efficiency, safety, and sustainability by
creation of mathematical models and simulations to represent transportation
networks, travel demand, and the movement of people. The subject of the research is
the modelling an area in the city of Kyiv.

To achieve the set goal, the following tasks were addressed in the study:

- examining methodological approaghes»to«tragsport modeling using the PTV
e o
Visum software environment; . Cmepiuescbka *©

"h -

CaiTnaHa -

- developing a transport supply modeBéesﬂ'?géthe ex_(ample of a neighborhood in

— lgeHTudikaliinmin =

-

Ky|v)’ , KoA =
O’. 2331801324 |

- creating a transport demand motlel ﬂQaseq @i socio-economic data for the

\L_‘poHHMw _,?

selected neighborhood in Kyiv; o

- simulating the redistribution of’sharesdo\@,%\e};een public and private transport.

MwukonaiBHa -

The object of the research is the—sp@emﬁg@mmm Solomlanskyl district in Kyiv.
Methods of research are smentlﬁx; mlmm,esempmcal analysis and synthesis,

modeling, expert assessments. "”ﬂwc y 85

_‘poHHVH.q n;

Materials of the qualification paper Are. It recﬁmmended for applying during

scientific research, in the educational ﬁrocgﬁ%:ﬁqmtbe p‘gactlcal activities of logistics

department specialists. - 'ﬂe”T”?i‘(;‘;”m””” 3
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INTRODUCTION

Transport systems are critical to the economic, social, and environmental well-
being of communities. As urbanization and mobility demands grow, efficient
planning and management of transportation networks have become paramount.
Transport modelling plays a crucial role in understanding, predicting, and optimizing
the movement of people and goods within a given area, contributing to better
decision-making for infrastructure development, policy formulation, and
sustainability initiatives.

This project aims to develop and apply transport models to analyze the
dynamics of transportation systems, with a focus on key challenges such as
congestion, accessibility, and multimodal integration. By simulating traffic flow,
travel patterns, and the effects of different interventions, the project seeks to provide
insights that can inform transportation planning, help optimize resource allocation,
and support the creation of more resilient and efficient transport systems.

The scope of this project includes data collection, model development,
calibration, and validation, followed bywseenam anaIyS|s to evaluate potential
improvements in network performance: Tﬁmagthh'f@ fhe project will contribute to a

NaHa

deeper understanding of transportatlon |ssu%%0“fa@iﬁtatlrr_g the design of systems that

,D,eHTVIq)IKaLLII/IHI/II/I

promote mobility, reduce congestion, ang 551303[1’% 3§£J4st§mable urban development.
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CHAPTER 1
THE BASICS AND TASCS OF TRANSPORT MODELLING.

1.1 Development of transport modeling in the world

One of the most authoritative English dictionaries “Britannica” defines
“Model” as a process in which computers use a set of ideas and numbers to describe
the past, present, or future state of something (such as an economy or a business). [1]

A model is a simplified representation of a specific part of the real world—
known as the system of interest—which emphasizes certain elements deemed
important from a particular perspective. Consequently, models are specific to the
problem at hand and the viewpoint from which they are developed. This broad
definition allows for the inclusion of both physical and abstract models. Physical
models, such as those used in architecture or fluid mechanics, are often focused on
design. Abstract models, on the other hand, range from the mental models we use in
our everyday interactions to formal, aanyﬁ‘Sgl" ?gzgr"ésentations of theories about how
a system functions. Mental models pIaS/ g&?ﬁ%ﬁﬁ;ﬁeoﬁn helping us understand and
interpret both the real world and out anal?ti?x&?r;\odels They are refined through
discussion, training, observation, and? r:m:xs‘sompogtantly, experience. However,
mental models are often challenging to comrﬁwnmé’fe and discuss. [2]

History of Transport Modeling. Nea@x §Q<aye”&[;s have passed since the first
comprehensive urban transport stu;_F es Wgﬁ'ﬁa]&%ndugted in the United States,
beginning in Detroit (1953) and Chi&ad‘ée'ﬁ%@”i%ﬂfhohwh the methods used have
evolved over time, the general approacﬁapz%gﬁg orhanalysm in Ukraine still closely
mirrors those early studies, relying on an aggﬁiggyagfour -stage computerized transport
model. Over the years, these models hawasteadﬁy grown in complexity and

AHApIN
sophistication. They are widely used both toealty=and internationally, with numerous

— loeHTudikauinHum I

variations of computer modeling swtesf,develoged to support their application.

55605113
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9
Early Beginnings (1950s-1960s): The early days of transport modeling were
influenced by the rapid growth of urban areas and the need to plan road networks
efficiently. The first models focused primarily on predicting traffic flow and were
based on empirical observations and mathematical formulations.
Key Developments: Detroit Metropolitan Area Traffic Study (1953): One of
the earliest large-scale transport models.

Figure 1.1 - Detroit Metropol‘!gq,r,] Area transport model
«’ ny
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< . 72,
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10
Growth of Computational Models (1970s-1980s): Advances in computing

allowed for more sophisticated models that could handle larger datasets and provide
more detailed predictions.

Key Developments: Urban Transportation Planning System (UTPS):
Developed by the US Federal Highway Administration, UTPS provided standardized
tools for transport modeling. Equilibrium Traffic Assignment Models: Introduced the
concept of network equilibrium, where demand and supply are balanced.

Activity-Based Models (1990s): In the 1990s, the limitations of the traditional
four-step model led to the development of more detailed models that considered
individual travel behavior. These models were called Activity-Based Models (ABM)

[3], focusing on the sequences of activities and trips by individuals throughout the
day.

Activity-Based

L N N
C - )- { rome ><_ -C ek ) ( e )
N 4 N U

Figure 1.3 - Activity — based model
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11

Agent-Based Models (2000s-Present): Agent-Based Models (ABMs) [4],
simulate the actions and interactions of individual agents (e.g., travelers, vehicles) to
assess the effects on the transportation system. These models are particularly useful
for capturing complex, dynamic systems.

Integration with Land Use and Environmental Models (2000s-Present):
Modern models integrate transport with land use, environmental impacts, and socio-
economic factors to provide a holistic view of urban dynamics.[5], [6]

Big Data and Machine Learning (2010s-Present): The advent of big data and
machine learning has transformed transport modeling by enabling real-time data
analysis, more accurate predictions, and dynamic modeling capabilities. [7]

History of Transport Modeling in Ukraine.

Soviet Period (up to 1991): During the Soviet period, transport planning in
Ukraine was part of the overall Soviet planning system. The main focus was on mass
transportation modes, such as public transport, railways, and freight transport.
Modeling methods were based on simple mathematical models and empirical data,
without considering behavioral aspects of passengers or integrating other elements of
urban infrastructure.

Beginning of Independence (199032) After the collapse of the Soviet Union,
economic difficulties and insufficient funcﬁM(:gJI‘e@WStafgnatlon in the development of

BIT/1aHa

transport modeling. Most approacheis remaifed at the level of Soviet methods.

= loeHTudikauiiHun =

Interest in Western approaches, suclr. -as %gqsogbur stage model, grew, but limited

resources hindered the implementation of ?Hng\gatlye‘methods
Period of International Experlen‘ge“'lmplem’éfMatlon (2000s): Starting in the

2000s, Ukraine began actively adopﬁng EYHMSEE%n ahd American approaches to

MwukonaiBHa -

transport modeling. The first compremnawevﬁmdm%mﬁf urban transport systems were
conducted, particularly in Kyiv, Kharkby, mdﬂmsm, mvolvmg Western experts and
< »

H o"c‘ u\a(’
using computer models. aHo y ®

_‘poHHlﬂw n;

Modernization and Use of Advan‘bed Techno‘i@gles (2010s - Present): In the
2010s, transport modeling in Ukrame:recel\\@%%igmﬁcam development impetus due

to international technical assistance pr&g#&?ﬁ?%‘g‘ﬁmﬂgt@ents in urban infrastructure.

"2, 3155605113
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12
The first modern computerized models appeared, using software like PTV Vissim,
Aimsun, and other tools for traffic flow modeling. Research began integrating data
from GPS, mobile apps, and social networks to analyze citizens' transportation
behavior.

Adaptation to Modern Challenges and Integration with Urban Planning.
Contemporary transport modeling in Ukraine aims to integrate environmental
aspects, develop bicycle infrastructure and pedestrian zones, and consider public
opinion through big data analytics. Projects aimed at improving urban transport, such
as Smart City Kyiv, play a significant role, integrating loT technologies for traffic
management. In recent years, several Ukrainian cities have developed transport
models using PTV Vision VISUM software and are now successfully operating them.
Among these cities are Lviv, lvano-Frankivsk, Kyiv, Mariupol, Mykolaiv, Poltava,
Zhytomyr, Vinnytsia, Chernivtsi, and Dnipro. [23], [24], [25]
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Macro-scale transport modeling i,}lﬁmgﬁimwiﬁg large-scale transportation
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1. EMME.

Overview: EMME, developed by INRO, is a high-performance software
designed for multi-modal transportation planning. It is commonly used by
government agencies, metropolitan planning organizations, and consulting firms.

Features: Flexible Modeling: Supports macro, meso, and micro-level modeling,
making it versatile for different scales.

Advanced Demand Modeling: Offers advanced trip generation, distribution,
mode choice, and assignment algorithms.

Scenario Analysis: Allows users to create multiple scenarios to evaluate the
impact of different transportation policies or infrastructure changes.

Dynamic Traffic Assignment (DTA): Provides capabilities for simulating real-
time traffic flows, improving model accuracy.

Customizable Interface: Scriptable using Python, allowing users to customize
models and automate processes.

Robust Reporting Tools: Offers advanced reporting and visualization tools for

presenting results to stakeholders.

. HAPIN -

Figure 1.9 - Transport nfedelirEmme software
~ lpeHTudikauinHun I
‘L’ Kon ~:Z‘
2, 3155605113
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2. CUBE Voyager

16
Overview: CUBE Voyager, developed by Bentley Systems, is widely used for

transport modeling and urban planning. It is known for its robust modeling
capabilities and flexibility in handling complex scenarios.

Features: Four-Step Modeling: Supports the traditional four-step model and
advanced activity-based modeling (ABM).
GIS Integration: Seamlessly integrates with GIS tools, allowing users to
visualize data and model outputs effectively.

Scenario Management: Facilitates the analysis of various scenarios, such as
land use changes, economic impacts, and transportation policies.

Extensive Data Handling: Can handle large datasets and complex networks,
suitable for large-scale urban and regional models.

Accessibility Analysis: Helps evaluate access to key services, employment, and
public transport.

Cost-Benefit Analysis: Tools for conducting economic assessments of different
transport projects. [8]
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17
3. TransCAD.

Overview: TransCAD, developed by Caliper Corporation, is a powerful GIS-
based software specifically designed for transportation planning and logistics.

Features: GIS-Based Modeling: Combines GIS capabilities with traditional
transport modeling tools, providing a comprehensive platform for spatial and
transport analysis.

Flexible Demand Modeling: Supports various demand modeling techniques,
including four-step, activity-based, and tour-based approaches.

Data Visualization: Advanced tools for visualizing transport networks, demand
patterns, and traffic flows.

Scenario Testing: Facilitates the creation and comparison of different transport
scenarios, such as policy changes or infrastructure improvements.

Intermodal Analysis: Capable of modeling intermodal transport, including
public transit, highways, and freight logistics.

Optimization Tools: Includes optimization for route planning, scheduling, and
network design. [9]

dt Mag D e

BB fie fdn Ma Detadew Sclecton Matm Loyout Took Procedues Plarmng Tanst Stetutcs Window Melp oHHM i
Disls=n = ol i 585 o 2 231 5] 8| 3| 3 | 9 ] %ﬁﬁi_’im’ ‘1”"4,,‘?
~ CwmepiveBcbka ©
= CeiTnaHa -
3 BacunisHa -
< lgeHTudikauinHmin = ajaj
‘L’ Koz, \: i}l éJ
2, 2331801324 =
2 N ild
Mano y 827 %lg
1‘3c HHW G Py EE
‘a\a\'«- f‘q{)‘? r
Q KyHuubka | © ?f]él
:7 Onbra "—; QIE
= MukonaiBHa - ola
— lgeHTudikauinHun I M
‘,’ KoJ, ~:I‘ E.ih s
2, 2925716501
N o

“can , 89?
1\30” HUG 1y
%s\a‘L ' ‘%‘?
1inch = 655861 Mdes (146167 ol x| Network: None ':‘ ByMarlH (‘d
= AHApIN -
Figure 1.11 - Interface o6f PransCADprogram
~ lpeHTudikauinHun I
3’ Kon ~:I‘
2, 3155605113
< @
o%ano y a”b



18
4. SATURN.

Overview: SATURN (Simulation and Assignment of Traffic to Urban Road
Networks), developed by the University of Leeds, is widely used in the UK for
modeling road traffic at both micro and macro scales.

Features: Traffic Assignment: Robust assignment techniques, including
capacity restraint and dynamic assignment for congestion modeling.

Detailed Network Representation: Ability to model detailed junctions, signal
controls, and road layouts.

Scenario Analysis: Users can evaluate the impact of different transport
policies, road improvements, and traffic management strategies.

Signal Optimization: Tools for optimizing traffic signals and improving flow in
congested urban networks.

Integration with Other Models: Can be integrated with meso and micro-

simulation models for more detailed analysis. [10]

M SatView O @ W= Wi

B ore  Comore  NetworAdustmens

.00 QoL EHe @mMN % % B + ® ® fr R o
W bogon seect - = =

Selecion ¥rocn Zoom fen [SEEE bl losdData Greate ApplyBendy  Trace  Staighen  Move Viewin Eponlo BponTo Save  Opacty

Liyers + Setection % Semutation Extent  Extent fundie  Bands  from G- iy Unks  Links Nodes PIX=  Mupinfo+ Shepefile Session + D10

Structwe - § | /M

*® Sumenary

 Baa 08 Asgignment Summary Iy

El
QT x ) ing Mags |Road = | ¥ Quick Zoom

Assignmens Routes (2
9 Geomatry Differences: (I

[

KyhuLbka
- -
Onbra -
MKonaigHa oA \ TGS (15 <
B TM(biKaLLiIZHI/IIZ :”' : @l L PATHDAT EDATI 5 Msng,
] e " Cs PATHURC |ELFC] & Masng
LY

Parametes Valu Message Info
PATHTU  \uis| s Missing| 01

© 2016 At Lt o ~ ' Boolesn Parameters

S - i cs b U
016 Moroson Ce - e > e
P 1B Coorright © 2016 Microsoft Corporstion mdfor oux‘m B r}‘, N ' .

w?
¢ 5 : > Ca B
SatView v 116309150 ESXIB06 N16097) | Scale Bar 200 m Zoom Levet 1630 Scale 15630 | Exrenr SLIN 028W 1o 51N, 0. 26W H [+] }'

oHHUG
Figure 1.12 - Interfaceof SATURN program
~ Bymarin ¢
AHApIN
AHppivioBuy
lpeHTUdIKaLinHnM
KoA
2. 3155605113
7, o<
Cano y B

Summary | Tracng Report g

Pietwork Difterences created

\|I.Il';f
W 7
y
Trpppant



19
1.3 Macro-Scale Modeling Using PTV VISUM
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PTV VISUM is a leading software for transportation planning and macro-scale
modeling, developed by PTV Group. It is designed to support strategic planning and
policy analysis by providing robust tool&‘fdr ni’bdg]}mg transportation networks at
city, regional, and national levels. Hezre s e&ﬁg@e& dcscrlptlon of its features and

- BacuniBHa

main characteristics: = |neHTudbiKaLifHM =

Features of PTV VISUM. Con‘fp;elagggf@jylodegling Capabilities: Four-Step
2, *°
Modeling Process: VISUM supports the tfaditional’ four-step model, which includes

‘30HHHH

trip generation, trip distribution, mode Ghbl}(()e and tFPp assignment. This approach is
> YHULUDbKa

foundational for macro-scale transportatlon plarifing. Actlwty Based Modeling: For
MwukonaiBHa -

more detailed analysis, VISUM alse GffersPsapport For activity-based modeling,

Koz,
which accounts for the complexity of P@?@F%éh@ilg{ by considering daily activity
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(‘aHO y BI-\

patterns. ponHmi
Flexible Data Integration: GIS Im’égraleSﬁM integrates with Geographic
Information Systems (GIS), aIIowmg usesr.smia%gmorperate spatial data into their
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models. This feature enhances the wvisualization and:- analysis of transportation
"2, 3155605113
?a, o<t
Capg y g4



20
networks and land use. Data Import/Export: Supports a wide range of data formats
for importing and exporting data, ensuring compatibility with other software and data
Sources.

Advanced Scenario Management. Scenario Analysis: Users can create and
evaluate multiple scenarios to assess the impact of different transportation policies,
infrastructure changes, or land use developments. This is crucial for strategic
planning and decision-making. Scenario Comparison: VISUM allows for the
comparison of different scenarios to analyze the effects on traffic flow, travel
demand, and network performance.

Traffic Assignment and Network Analysis. Traffic Assignment: VISUM offers
detailed traffic assignment techniques, including static and dynamic assignment
methods, to simulate how traffic distributes across a network under various
conditions. Network Analysis: Provides tools for analyzing network performance,
including congestion analysis, travel time estimation, and capacity analysis.

Public Transport Modeling. Public Transport Integration: VISUM includes
advanced features for modeling public transportation systems, such as buses, trams,
and trains. It supports schedule-based modeling, route planning, and optimization.

Accessibility Analysis: Evaluates accessiabjliw *tmp%blic transport services and their
. ) & ) 2,
impact on travel behavior. > CmepiveBcbka €

~ CBiTnaHa -

User-Friendly Interface: Grapmcal Uy literface: VISUM offers an intuitive

- ,D,eHTVIq)IKaLLII/IHI/II/I -

O
graphical user interface that S'mp|'f'93,}/m%d3§18(§e3t2lip’ data input, and visualization.

Users can easily interact with the rﬁed,el usirig drag-and-drop features and
customizable views. Visualization Tools:" ﬁ?gcld%fe,,varlous visualization options,

KyHuubKa %
including maps, charts, and graphs, to:‘help usersalnterpfret model results and present
- MwukonaiBHa =

findings effectively. - I}J,EHTMd)IKaLI,IVIHVII/I :

Optimization and Performance EVaIle:twmﬁs@ptgmlzatlon Tools: Includes tools
for optimizing traffic signals, public trahs;pert“ schedules and other aspects of
transportation management to |mprove~ ovgrall sysf‘em performance. Performance

Metrics: Offers a range of perform@nce r pm§§ o evaluate the effectiveness of
odikauinHmm

different transport scenarios and stratet\:yé@‘?'””I o :
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Integration with Other Tools. Interoperability: VISUM can be integrated with
other PTV tools, such as PTV Vissim for micro-simulation and PTV Optima for real-
time traffic management, providing a comprehensive solution for transportation
planning. APIs and Extensions: Supports custom extensions and APIs, allowing users
to tailor the software to their specific needs and integrate with other systems.

Main Characteristics. Scalability: VISUM is designed to handle large-scale
transportation networks, making it suitable for city-wide, regional, and national level
modeling. Flexibility: The software’s flexibility allows users to model a wide range
of transportation scenarios, from simple traffic flow analysis to complex multi-modal
planning. Accuracy: With advanced algorithms and data integration capabilities,
VISUM provides accurate predictions and insights into transportation system
performance. Ease of Use: The user-friendly interface and extensive support
resources make VISUM accessible to both experienced modelers and newcomers to
transportation planning.

Applications. Strategic Planning: Used for long-term planning and policy
analysis, including evaluating the impact of new infrastructure projects, land use
changes, and transportation policies.

Demand Forecasting: Helps forecqstaofunfre travel demand and assess the
effectiveness of different transportatlorr-stt%.'teg'i‘e@%“a K

ITNaHa

Scenario Evaluation: Enables Ihe a?%ﬁlm*aof various scenarios to support

- ,D,eHTl/I KaulmHum =2

decision-making processes related to transpz%tgg)@gzglammg and management.

Overall, PTV VISUM is a powerfy). and-* versatile tool for macro-scale

R R R _‘poHHMﬁ . .
transportation modeling, offering a rangé of feaﬂjfees that support comprehensive
~ KyHuubka ¢
Onbra -
MwukonaiBHa -
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analysis and strategic planning.
Key functions of PTV Visum

\lllff;

Efficiently set up and managed deyekgpmem(ﬁceﬁarlos As the transport system
evolves, the right decisions need to be maa‘e‘ Wlfh mtegrated scenario management,
PTV Visum allows for effective prepara‘tlo% and evé’leuatlon of numerous scenarios.

Modifications to the model, such as +nfra§t@(m‘gPe developments new transit lines,

piMoBIy

population forecasts, and zoning poImres',”&HH"ﬁﬁff@Ht"é"d;nd managed. Scenarios are
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then composed and evaluated through batch computations. Key KPIs are defined and
extracted according to planning goals, and comparisons are made to determine the
best plan for the community. Individual scenario variants are compared down to the
smallest detail. When networks or inputs are changed, the scenario manager
highlights results that may no longer be valid.

High-performance algorithms for quick and accurate results. PTV Visum
transport planning software enhances the evolution of mobility systems by providing
data-driven scenario assessments. These models are inherently complex due to the
diverse nature of human mobility and its interactions with the environment. To
efficiently assess numerous potential future scenarios, minimizing model run times is
crucial. To this end, PTV Visum’s algorithms are regularly refined with advanced
methods and techniques, including contraction hierarchies and parallel processing.
Significant performance boosts, particularly in traffic assignment, have been achieved
in recent years. Additionally, ongoing improvements are made to other tools, such as
loading, filtering, and result display functionalities.

Efficiently created and maintained transportation models. Developing and
maintaining transportation models means using data from many providers and
sources. PTV Visum offers a variety of mterfaces»i@ |mport such data and to integrate
it into the model. In addition to gener:c fbv?ﬁbfl%B%?atébular and GIS data, there are

CaiTnaHa

specialized interfaces for public transport daeadenand ﬁnatrlces and signal controls.
- I,quTMcbmaLuMHMM z

Build and maintain multimodal netwar¢ksz\§\é|1t18?6‘%%\iverful tools for data integration,
matching of public transport lines to”tead, network, merging of redundant or
neighboring objects, timetable simplificanion"oé'na ﬁrﬁc’aac,e

KyHuubKa, %
Multimodal transport modeling. - PTV \ljs.um IS recognized as the right solution

MwukonaiBHa -

for efficient multimodal transport modlehn@méﬂlmtmmthm PTV transport planning
software, transportation in a city or T@gsmobe planned mode splits can be

determined, all travel processes can be anah]zed ?n detall and the best solutions for

\*-po

present and future mobility challenges cah b%fognd ql’lae PTV Visum software can be

used to develop a master transportaUQn syg\tgim%gq for- 1he entire region, even when
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Public transport planning software. Optimization of operations and user
experience. PTV Visum is the ideal public transport planning software: it provides
key figures on user experience (travel times, frequency, walking times, fares), as well
as operational aspects and costs (operating times, performance kilometers, empty
runs, vehicle requirements, depot use). Network and timetable variants, as well as
operating concepts, can be evaluated. By combining strategic transport demand
models with operational assessment tools, well-informed decisions are ensured.
Public transport planning software. Fleet, infrastructure and electrification
planning. For the best long-term fleet procurement and maintenance, PTV Visum
provides tools for travel demand forecasting, fleet planning, and operational concepts.
Fleets with different types of vehicles can be allocated according to flexible criteria,
including demand. PTV Visum considers depot capacities, turning times, empty runs,
and other factors. The optimal options for fleet procurement and operating costs are
derived by comparing different scenarios. The transport planning software also
considers electric vehicles - their unique energy consumption, charging processes,
and charging infrastructure. Different operating concepts, such as overnight and
opportunity charging, can be compared.
Planning and integrating new mode&oﬂﬁ‘meb,gllty PTV Visum helps transport
planners and engineers to design, analyzecaﬁd”ﬁ%gﬁaté new modes of mobility. The

BIT/1aHa
transport planning software models ca:t‘s b|I@@§”W&I¢<l lzg and ride- -sharing schemes, as
- |,D,eHTVI(1)IKaLLII/IHI/I
well as their integration with all the variants Wpubllc:transport. With PTV Visum,
5, 2331801324
it’s also possible to study the effects of aﬁf’en,q;pqqsﬁﬁd connected vehicles.

Assessing air and noise pollut‘iom“’fjr'(‘;r?\ﬁ trapsport. PTV Visum includes

procedures for calculations of emissiorfs anéyclrwgéafroﬁn transport, so you can assess
these impacts without additional softwamem(l;&?ixem e:arly in the planning process,
it can help to detect unwanted effects ofotramap}(grﬂsmeabsmes such as increases in total
emissions due to detours. %“”“o y o

_‘poHHlﬂw _,?

Analyzing toll systems, low emi”SS|%n zones “sand access restrictions. PTV
Visum can be used to model toll &yster/mf_L pémmgcceas restrictions, such as low

emissions zones (LEZs) or bans on trips %WH@‘W—WE@C. For area-wide restrictions
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like LEZs, resulting detours in routing and KPIs are considered by the software. Toll
systems are studied as distance-based, area-wide, or as tariffs between network access
points. A special assignment procedure is employed to provide a realistic
representation of user preferences between toll costs and travel times. As a result, the
effects of tolls on users' route lengths, travel times, and costs, as well as the expected
revenues for operators, can be evaluated.

Visualization and flexible graphics. With PTV Visum, transport model has
more impact through meaningful maps, diagrams, and 3D presentations. Even non-
experts will easily understand the results and conclusions. PTV Visum offers a
variety of interactive graphic tools for analyzing and editing data — all flexible and
adoptable for different users needs. Special tools for public transport include
graphical timetable, schematic line network plan, and graphical block editor. The
windows can be arranged on several screens, and can be switched between
configurations. A synchronization mechanism ensures that different representations
are focused on the same selected objects.

Detailed traffic flow simulation of large-scale transport networks. To get a
better level of detail when planning roads, PTV Visum offers enhanced operational
modeling capabilities. The powerful mesoswpm,asmgnment method Simulation-
Based Assignment (SBA) enables fast-arfb*"%bﬁﬁ‘atéatfafﬂc flow simulation of large

CeiTnaHa

networks. As a result, the network effects Bideeatictraffic management strategies are
— loeHTudikaginHum

-

assessed easily and accurately. - KOA N
5, 2331801324 |

Activity-based demand modeling (ABM). PFV Visum supports Activity-Based
Demand Models (ABM), which model m‘t)‘t‘ifﬁf)'/mdé'@jsions of individuals instead of

KyHuubka %
groups of people. As a result, daily act|V|t)oJ&md travel schedules are created with

- MwukonaiBHa -
information on start times, time spans Imea{mn&a,umdmmode ABM demand data can

be easily integrated and managed; 305veg/;ad7m5fﬂynthe3|zed households, persons,
tours, and trips can be stored and connectea‘ 't@cthé* 3atabase Trips can be assigned to
static assignment paths for analysis. A«ddltbonally fhgrd party highway and transit
simulation model results can be |mpor_jed, m@i@@é% and’—:analyzed using PTV Visum.
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Examples of solutions made with PTV Visum in Ukraine. PTV Visum allows

professionals in logistics, urban planning, public transportation field and other related
industries create models of different scales and purposes.

Transport modeling of the marathon organization in Kyiv. The purpose of the
project: Evaluation of traffic reorganization options on the street and road network
related to sports events. [26]

Results: Comparative characteristics of the transport system characteristics,
traffic volumes, congestion level and difference maps, location of “bottlenecks” with

different streets blocking options. [12]
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Updating the transport model ofying 5%1'791&6'!0@ purpose of the project: Update
2,

of the transport model of Vinnytsia. Re§eﬂt§;* orggqst‘”\?vith a description of the work

rathon organization in Kyiv
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Figure 1.15 - Updated transport model of Vinnytsia

Development of the transport model of city of Kyiv and its suburban area.
Formation of a database of information on transport demand and transport supply.
The purpose of the project: Establishment of an expert tool to support justification
and decision-making in the field of transport infrastructure management of city of
Kyiv and its suburban area based on a unified transport model. Results: Transport

model development report. Survey databases. [14]
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Chapter 1 summary

This chapter collectively provides a comprehensive foundation for
understanding the evolution and current practices in transport modeling, with a
particular emphasis on the tools and methodologies employed in large-scale
transportation planning. It offers a detailed exploration of how transport modeling has
developed over time, from its early beginnings rooted in simple empirical methods to
its modern-day applications that involve sophisticated computational models, big data
integration, and advanced simulation techniques. The chapter not only discusses the
historical context of transport modeling but also examines the specific methodologies
used in macro-scale planning, which often involves analyzing transportation
networks that span entire cities, regions, or even countries. These large-scale models
are crucial for addressing complex issues such as traffic congestion, urban sprawl,
multimodal transportation, environmental impact, and the integration of new
transportation technologies.

The chapter delves into the strengths and limitations of various macro-scale
modeling tools, offering an in- depth Jdeview ,,of leading software used by
transportation professionals worIdW|de @Vwmﬂﬂg‘,popular modeling platforms,

CsiTnaHa

including PTV VISUM, VISSIM, EMMEBW'%'ATURN it highlights the diverse

= |,D,eHTVI(1)IKaLLII/IHI/II/I -

capabilities each offers in simulating tf.affIC flfsslt‘;/’bls2 modeling different transportation

0

modes, assessing infrastructure needs, »amglc §upﬁortmg policy decision-making

\L_‘?oHHlﬂﬁ ny

processes. o @0,
HULbKa ¢
A central focus of the chapter is on P'FMb\éISUI\/L a widely used software tool

MwukonaiBHa -

that excels in large-scale transport medeiung,:qﬂ«emmunes VISUM's unique features,
such as its ability to integrate multi- modﬁl Umpe&;beystems handle complex demand
scenarios, and provide detailed traffic ass@ﬁmen‘ts The chapter also illustrates how
VISUM aids in the optimization of tséns%ortgtlon “networks by helping planners

evaluate the effects of different scengr@?%;imrhclud?ng changes in land use,

infrastructure investment, and transpori{affSH%‘Qﬁ?i‘é@*.”Byus|ng case studies and real-
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world applications, the chapter demonstrates how PTV VISUM plays a pivotal role in

addressing the challenges of macro-scale modeling, offering transportation planners a
powerful tool for informed decision-making and fostering the development of
sustainable, efficient, and well-connected transportation systems. Overall, this
chapter underscores the importance of advanced modeling tools in contemporary

transport planning and the critical role they play in shaping the future of
transportation infrastructure on a large scale.
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CHAPTER 2

METHODOLOGY OF CREATING TRANSPORT MODEL

2.1 Basics and types of transport models

29

A Transport Model is a computer-based simulation that represents the

movement of people and goods (trips) within a defined ‘Study Area’ with specific

socio-economic and land-use characteristics. It is designed to predict how trips will

adapt over time to changes in transport supply and demand, which could result from

variations in transport needs or modifications to the transport network, such as the

construction of new infrastructure.

Predictive transport model
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The outputs of a Transport Model provide valuable insights into current or
future transport issues, aiding in the design of infrastructure and operational planning.
Additionally, it can assess the potential impacts of proposed projects, strategies, or
transport/environmental policies. Thus, the Transport Model serves as a critical tool
for decision-making support.

A Transport Model is a tool that provides quantitative and qualitative
assessments of the potential impacts of various planning-level scenarios (*"What if?").
It serves as a critical analytical input for the planning and decision-making process.
The model can be applied in various ways to inform this process, including:

- analyzing the function of existing infrastructure in terms of passenger
demographics, freight types, trip types, and their origins and destinations;

- identifying network bottlenecks and determining the need for additional
capacity;

- supplying demand data for evaluating, designing, and sizing new
infrastructure and operational services (e.g., public transport schedules) that meet
forecast traffic and functional requirements;

- assessing the impact of new transport schemes on traffic flows within the
modeled network, including multi-modal a,naiys*ls i i necessary, to show how demand
responds to new infrastructure and the r:es@'tﬁ?g;%%ﬂ’frdﬁtlﬁns

NaHa

- evaluating how transport con?jltlor%anEIHévolvé in response to changes in
— lpeHTudikayinHmm Z

population, employment, economic *@}ct%lg 8%%%5 ownership, and development

patterns; g y 895

- analyzing the impacts of chang@s‘ﬁH‘Hﬁijic transport routes, frequencies,
speeds, or accessibility on passenger nu‘rnbe;(sygamﬁle'i;(raeveﬁms

- examining the relationship betwgﬂgnﬁigﬁaime: changes and the resulting
transport demand. ’% 2925K7O1ﬂ6501 o :

Ultimately, the outputs from a transpor‘t’*moﬁie? provide critical quantitative data
that support scheme design, Cost- Bénefgt rﬁnalqys(ls Financial Analysis, and
Environmental Assessment. It is essgntlaLHﬁ(Eﬁ%&dellag teams to ensure that the

outputs are reliable, as end-users depefid"6fFOBUSt transport forecasts. A well-
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designed model, based on high-quality data, will produce valuable inputs for concept
and design, allowing for more informed decisions and evaluations. [15]

When creating a traffic model, it is essential to consider the purpose of the
model. Transport models can be categorized based on:

- the scope of the modeled area;

- the mode of transport;

- consideration of time across the territory;

- the approach to modeling daily activities.

In practice, transport models often combine different types, which can overlap.
Below are the main types of transport models:

A. Based on the extent of the modeled territory.

A.1 Macroscopic models - Used for large areas with extensive road networks
to model transport flow, routing, and distribution of transport tasks. These models are
often used to evaluate strategic measures, extensive transport projects (e.g.,
infrastructure construction), or changes in transport policies (e.g., parking policies).
They are usually deterministic with low detail, focusing on broad time periods like

peak hours or average days without accounting for vehicle interactions.
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A.2 Microscopic models - Focus on individual vehicles, driver behavior, and
interactions within the transport flow. They require detailed spatial data, including
vehicle dimensions, weight, speed, and acceleration. These models are suitable for
assessing specific infrastructure designs or transport measures in localized areas (e.g.,

intersections).

AN BT RA R B8 RS * i - < f:f‘.’_‘“., (P L T —

-

A
Figure 2.3 - Microscopic model VISSIM

A.3 Mesoscopic models - Combine Q[ﬁt:ﬂ&ﬂig of macroscopic and microscopic

models, providing detailed territory ana.lymewudswu&ac'(’msmermg vehicle interactions.
CsitTnaHa

They model transport flows and trafﬁc relaiionships W+th a higher territorial detail

Z laeHTudikauiniun =
suitable for smaller units like districts or cities, useful for local public transport
_ o o », 2331801324

modeling or optimizing traffic signals. 72, oS

dHo y

A.4 Nanoscopic models - A subset eff??mcfbsgoplc models, these offer greater

detail in specific parameters, S|mula._t~‘rng FP@ L(ﬂﬁﬁ’/mg ~characteristics of individual
naiBH

elements such as lorry, bus, car drlvers (;Xﬂ.}éiﬁ Qfgﬁ;rlans and people with reduced

- KOA =
mobility. "5, 2925716501 °
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A.5 Hybrid models - Combine th%""(ﬁeatt,aﬁersa of different models to provide
“,oﬂﬂmn
varied levels of detail across dlffereﬁt IIsocatlonﬁ optimizing model size and
ymariH
efficiency. These models use currentiraﬁAcAdamw and future demand predictions to
- HOpinoBuY -
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[IpoexTHMit cueHapii | - BIaITYBaHHA O3B’ A3KH Y Pi3HHX DIBHAX, THITY =
JIMCT KOHIOLIMHH Ta 3aMiHa Kiabuerol po3e’ss3ku na Y-noaibue nepexpects

Figure 2.4 - Project of intersection in Kyiv region

B. Based on the number of transport modes:

B.1 Unimodal models - Focus on a single mode of transport, such as road or
public transport. They simplify modeling by excluding decisions related to transport
mode choice but are less suitable for medlqmﬂ ¢0,I9ng -term forecasts due to the lack

‘\
of demand prediction capabilities. ~  CMmepivescbka 2%
< CaiTnaHa -
B.2 Multimodal models - Analyze madtvpieﬁeranspprt modes and consider how
— loeHTudikauinHun I
competition between modes affects transport demand. They compare transport modes
“», 2331801324

using generalized cost indicators (e.g., ‘tfravel tmlen*‘tolls fuel costs) and simulate

passenger and freight choices, making thgm‘ﬁﬂlta”me 4or complex transport networks.
%

%
KyHuubka ¢
-
Onbra -

C.1 Static models - Do not a'ccelgm” £”a'
volumes for set periods (e.g., peak hpuﬁ%isffm génerate cartograms of traffic

C. Based on time considerations;~

ime. ctynamlcs calculating traffic

f)
intensities that do not change over time.  “cauo y a“‘“

CIHHVIn

C.2 Dynamic models - Conmdem&"hasnges oﬁe; time, suitable for analyzing
ymariH

phenomena that vary at short intervals. AThes@Mmodeis simulate congestion and
- HOpinoBuY -
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- Koz, -~
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identify future problem areas, presenting results as animations or dynamic
cartograms.

D. Based on daily activity modeling:

D.1 Models based on individual trips - Treat each trip as an independent event,
widely used due to data availability and suitable for simplified modeling.

D.2 Models based on trip chains - Model daily activities as interconnected
journeys, commonly used for both passenger and freight transport.

D.3 Models of trip pairs - Simulate detailed daily activity schedules based on
trip purpose pairs, providing a comprehensive approach to transport demand
simulation. These models require extensive data and are computationally demanding.

E. Based on the level of detail:

E.1 Aggregated models - Simulate the behavior of homogeneous population
groups with specific transport needs, iteratively refining results.

E.2 Disaggregated models - Simulate individual behaviors and aggregate them
into overall transport relationships, requiring detailed traffic-sociological data.

Transport models consist of a demand model, which defines transport potential
based on demographic, economic, and mobility changes, and a supply model, which
defines the available infrastructure to mthpme*se« mpeds Transport relationships are
determined by origin-destination zones, V@NHPZGH@D'Sfizé and detail varying by model

CsiTnaHa

type and area of interest. - BacwunisHa
=~ lpeHTudikauinHmm

F. Size of the territory and zonaF,d|V|5|o*FPﬂNat|o l, regional, and local models

TEAN
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have different zonal structures, with smaﬁéfczgpgsane‘eded near the area of interest.

. . oHHMWIE . .
G. Time aspect: Timeframes q{rmd*‘“modelmg,‘?detalls differ based on the
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requirements of each model type.
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This structured approach helps ensure that traffic models accurately reflect the
complexities of real-world transport dynamics and provide valuable insights for

planning and decision-making. [16]
2.2 Model of transport supply

In developing the transport model, the following input data are utilized:

Transport infrastructure: Includes data on motorways, expressways, other road
categories by national classification, local roads, railways, waterways, public
transport lines, and their specific parameters.

Functional land use: Data on zone attractiveness, including the number of jobs,
school places, shops, offices, and hospitals.

Zone demography: Population data segmented by different demographic
groups.

Transport and traffic flows: Information on traffic intensity, composition of
transport flows, routing, and occupancy Iemebg"“"w

Mobility of goods and people: Datzft)?PWG%fﬁeht dynamics, car accessibility,

CeiTnaHa

-

public transport accessibility, and roadlengﬁq:ﬂf;jmm -

In PTV Visum the main elements,,}/ogsj[gqﬁgo B%t saupply model are: nodes, links,

R <

zones and stops. “eano y 8°
Nodes: Nodes in PTV Visum are uSedoit‘S"reﬁrmsent points of interest within a
~ KyHuubka e
transportation network. They can be used to repeesent various locations, such as:
MwukonaiBHa -

Intersections: Where multiple I’O;adﬁj,emﬁﬁimaummm :
Traffic signals: Located at |nterse’etlmmmem’[rql‘trafflc flow.

Public transport stops: Where passengm vchn board or disembark from buses,
4‘
Bymarin %“

Parking areas: Where vehicles can be, parked

APINOBIY

Pedestrian crossings: Where pecfgsW?&ﬁ'%%ﬁjf@Fﬁgs Toads safely.

"2, 3155605113
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Other points of interest: Such as landmarks, tourist attractions, or specific
locations within a network.

Nodes are essential for building and analyzing transportation networks in PTV
Visum. They are used to define the geometry of the network, assign attributes to
network elements (such as speed limits or road types), and route vehicles through the
network.

Key information about nodes in PTV Visum typically includes:

Node ID: A unique identifier for each node.

Coordinates: The geographic location of the node (latitude and longitude).

Attributes: Additional information about the node, such as its type

(intersection, stop, etc.), traffic signal timing, or parking capacity.
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Links: links in PTV Visum repieé@ﬁ'fﬂ‘t%‘ﬁﬁ%%af connections between nodes
in transportation network. They are the ?Qgﬁgszﬁ%?ﬁﬁ%@ys railways, or even pedestrian
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Length: The physical distance between the two nodes.

Geometry: The shape or path of the link.

Attributes: Various properties that define the link, such as:

Capacity: The maximum number of vehicles that can pass through the link per
unit time.

Speed Limit: The maximum allowable speed on the link.

Road Type: The type of road (e.g., highway, arterial, local street).

Lane Configuration: The number and type of lanes (e.g., general-purpose, bus-
only, bike lane).

Traffic Control: Any traffic control devices (e.g., traffic lights, stop signs)
associated with the link.

Cost: The cost associated with using the link (e.g., tolls, fuel consumption).

Creating and Editing Links in PTV Visum:

Manual Creation: Use the drawing tools to connect two nodes.

Import from External Data: Import link data from other sources (e.g., GIS data,
CAD drawings).

Editing Attributes: Modify link attributes using the link editing tools.

Importance of Links in Transportathanodehng

Network Structure: Links form the fﬁ%ﬂgqmg@aﬁl s‘tructure of your transportation
network.

BacunisHa -
lgeHTUdIKayinHnMn 2

Traffic Flow: The flow of vehlcl’e% t%%ﬁ’?(ﬂ EQE r:atwork is determined by the

SERY

characteristics of links (e.g., capacity, spé‘?é?elcl,i,mi})va““
Travel Time: The time it takes tqrﬁtré{’/éliHﬁgt?Kle,g?n nodes is influenced by link

. ~ KyHuubka ¢
attributes. _:7 Onbra -
MuKonaiBHa -
Route Choice: Links play a cruqalumlmwdeibermmmg the optimal routes for
. w KOp o
vehicles. "5, 2925716501
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Network Analysis: Links are used for, va”r‘lous analyses, such as traffic

90
assignment, congestion modeling, and netwogk optleratlon
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Zones: Zones are predefined gebgranhﬂ%?aa@ within the transport model that

aggregate data related to land use, pop;qlglﬁ'gr? %(ﬁluﬁli'g?/ﬁ:;nt and travel demand. Each
zone is a distinct unit for which SpeCIfIC%‘aé(l) %:%7& %g e collected and analyzed.

Purpose: Zones help in managlng Qnd%fﬁaryrz,mg travel demand by serving as
the origin and destination points for ~17I’IpS E’T'H%r)ﬁ also,facnltate the aggregation of

socio-economic and land use data, ﬂeHW?Q'”ﬁB"é”tructured approach to modeling
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Key Elements of Zones.

Zone Boundaries:

Definition: The geographic boundaries that define each zone within the model.

Purpose: To delineate the spatial extent of each zone, ensuring that data is
aggregated and analyzed accurately within these boundaries.

Zone Attributes:

Population: Information on the number of residents within the zone.

Employment: Data on the number of jobs and types of businesses located in the
zone.

Land Use: Details on the types of land use (e.g., residential, commercial,
industrial) and their distribution within the zone.

Trip Generation: Metrics indicating the volume of trips generated and attracted
by the zone.

Zone Types:

Traffic Zones: Basic units for modeling travel demand, used to aggregate and
analyze traffic flows and trips.

Public Transport Zones: Areas specifically used to analyze and model public
transport demand, including access to transgt@e'mee,s

Activity Zones: Zones representmg §p@éiﬁé‘1§n9e§,of activities (e.g., business

CeiTnaH

districts, shopping centers) that genera?te or aRTacetrps.

- ,D,eHTVIq)IKaLLII/IHI/II/I

Zone Systems: - koA
s, 2331801324

Grid-Based Zones: Zones defined LT§Hng§ ggdaﬁverlay on the study area, often

\L_‘poHHMﬁ n;

-
-
-
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used for detailed local analyses. o ‘4,
~ KyHuubKa %
Custom Zones: Zones based on spemflcnadmmlstratlve boundaries or areas of
MukonaiBHa -
interest defined by the user, such as munlmpajmmmnmmhborhoods
, Ko -~
Zone Interaction: "2, 2925716501
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Origin-Destination Matrix: A matrlxﬂ*repr"e”éentmg trips between different
zones. It is used to model trip dlstrlbutloﬁ‘ang demand’e
Demand Modeling: Zones are used tﬁyﬁfé@te and allocate trips based on

socio-economic characteristics and Iand ﬁfseé'.m?i'(;‘;”'”””” S
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Data Aggregation:

Socio-Economic Data: Aggregated data such as population density,
employment figures, and land use types are assigned to zones.

Travel Demand Data: Data on trip origins and destinations is aggregated within
each zone to facilitate analysis and planning.

Visualization: Maps and Diagrams: Zones are visualized on maps to show
spatial distributions and interactions, aiding in the analysis of transport networks and
land use.

Applications in PTV Visum

Trip Generation: Zones help in calculating how many trips are generated or
attracted by each area based on its characteristics.

Trip Distribution: Zones are used to model how trips are distributed across the
network, linking origins and destinations.

Mode Choice Analysis: Zones help in analyzing how travel demand is
influenced by different modes of transport.

Scenario Analysis: Zones allow users to test and analyze various planning

scenarios and their impacts on transport demand and network performance.
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Figure 2.9 - List of zones with demographic data

Stops: Stops are designated points along public transport routes where
passengers can get on or off the vehicle. They are integral to modeling and analyzing
the operation and accessibility of public transport services.

Purpose: Stops help in defining the public transport network, enabling accurate
simulation of passenger flow, route efficiency, and service coverage.

Key Elements of Stops: eon
‘o‘\ 2

. . %
Stop Locations: ~ CmepiveBcbka ©
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Definition: The geographic position Gfeathstop within the transport network.

— loeHTudikauinHum I

Purpose: To accurately place stops on4waps and within the network model,
2, 2331801324

ensuring they are aligned with the actual 6ublalgot5a@sp‘brt infrastructure.
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Stop 1D: A unique identifier for each stop.. <

Stop Attributes:

— M -
Name: The name or label of the @@p”umn Eﬂiuaed for display and reference
a KOp
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Coordinates: Geographic coordinates (latitude and longitude) specifying the
location of the stop.

Connection to Routes:

Route Mapping: Stops are linked to specific public transport routes, showing
where vehicles pick up and drop off passengers.

Schedule Information: Data on the schedule and frequency of services that stop
at each location, which helps in analyzing service provision and passenger wait times.

Passenger Flow:

Demand Modeling: Stops are used to model passenger demand and flow,
including boarding and alighting patterns.

Capacity Analysis: Assessing the capacity of stops to handle passenger
volumes and potential congestion.

Accessibility:

Design: Ensuring stops are accessible to all passengers, including those with
reduced mobility.

Integration: Coordination with other modes of transport and connections to
ensure smooth passenger transfers.

Data Collection and Management: o RILLLLL Y

»q,)

Real-Time Data: Stops may be Ilnkéa"WiﬂqWP-tlme data for monitoring and

CaiTnaHa

analysis of service performance and passen COBITS.
— lpeATndikaginHun I

Historical Data: Analyzing hlstom%alzggggggzg}op\usage to inform planning and

Pt

operational decisions. g y 895
- - - OHH” 7] >
Visualization: PO ",
~ KyHuubKa ¢
Maps and Diagrams: Stops are‘ wsua&med on rietwork maps to show their
MwukonaiBHa -
locations and connections with routes T;msr»hﬁlg@smmﬂplannmg and assessing service
, Kon ~
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Passenger Analysis: Analyzing how passengers use stops, including boarding
and alighting patterns, to improve service planning.

Service Improvement: Identifying areas for service enhancements based on
stop usage data and passenger feedback.

Network Integration: Ensuring that stops are well-integrated with the overall

transport network, including connections with other transport modes and services.
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The demand model estimates the tr%lfjgtggﬁ‘éggume required between different

traffic zones for a specified demogmdﬁ?d@%@fﬁ““aﬂ a- particular time, and for a
specific purpose. This is represented by &?P'Z‘I‘”(Wd%@ﬁger Transport) matrix.

In simpler modeling approaches, |t pma,y,be possible to bypass creating a
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or movement analysis from SIM cards. Such matrices can also be adapted to project
future demand.

If using PT matrices or incremental methods for future state estimation, the
need for detailed input data can be reduced (e.g., detailed mobility data may not be
required).

The demand model follows the classical four-stage model, which is structured
as follows:

Trip Generation.

The first stage in the classic four-stage transport model is Trip Generation. This
stage identifies transport trips between origins and destinations, independent of the
current transport supply.

The output includes the production rate of trips from each zone, the
attractiveness level of each zone, and variations based on different demographic
groups (such as workers or students). It determines the number of trips generated by
each zone and the number of trips ending in each zone, ensuring that the total number
of trips generated equals the total number of trips ending in the zone. This balance is
typically applied in 24-hour models rather than in peak-hour models.

Trip Distribution. eonHua ,

e. ’.q

Establish how trips are dlstrlbuted (uﬁpen'mqaﬁm calculation methods).

CeiTnaHa

Set the criteria for trip selection (@q””%rtest “route, fastest route, lowest
~ lpen (bIKaLLII/IHI/II/I .

generalized cost). - Ko S
5, 2331801324

Determine the purposes of trips gﬂd@('ﬁidr@ss“@specific issues such as gravity

oH

models. Currently, the most commonly useﬂ methoﬂ'a‘pr generating transport relations
KyHuubKa %
in transport modeling is the gravity m@‘del wbm,laals based on an analogy to Newton's
MwukonaiBHa -

law of gravity. This model is also employ@tmn&ﬂmna.h Ievel transport modeling.
In the gravity model, the numbef m‘gisvpsm‘om “an origin to a destination is
directly proportional to the attractlvenéssc so‘f the destination and inversely

HH
\J po
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Bymarin ¢
The primary factor in trip dlstr;lbutlgrfgépt'ﬁe attractiveness of the destination

IMoBnYy

proportional to the resistance between thém
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of commercial establishments. Generalized costs, often simplified to travel time and

distance, are another crucial factor. Zones with higher attractiveness are more likely
to attract trips, given similar levels of attractiveness elsewhere.

The parameters used in the gravity model can be tailored to specific

demographic groups, trip purposes, or characteristics of the zones to improve
accuracy.

Mode Choice. It is recommended to model the transport mode in two steps:
First: division into individual (car, bicycle, walking) and mass (train, bus, ship,

airplane) modes, Second: selection of the transport mode from the given category.

Traffic Assignment. The outcome of modeling transport relations is

represented by origin-destination (O-D) matrices for various transport modes. These

matrices are used in the final step of modeling to determine the load on the transport

network. Standardized algorithms are employed for this calculation, including:
"All or Nothing™;

Progressive (Incremental) Attribution;
Equilibrium Allocation.

These algorithms aim to identify one or more optimal routes between origin
and destination zones, evaluating route&<based~ ,qn total impedance (resistance).

Additional factors such as mileage, |ntfas‘t3r\ﬂﬁﬂtj?ece*?ar@es and fuel consumption are

CeiTnaHa
often considered in the evaluation proeess BacunisHa =
— loeHTudikauinHun I
- Koz, ;:'
"5, 2331801324
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2.4 Analyzed simulation resultsﬁés‘lzi’rlﬁ"ﬁ}é‘br;j,x of individual and public
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transport costs; Trip distribution; M:ode choigce) -
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Skim matrix (also known as a cdSt* mafrlx) in transport modeling is a

representation of the various costs assomatecgwnh tra?felmg between different origin-

destination pairs. It typically mclude;s |n%yﬂ§§§j§EM§nd @ubllc transport options and

helps in calculating travel times, distarice§; 4t} 4356 ¢ited expenses.
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destination

Figure 2.11 - Structure of skim matrix. The matrix is of memory size |O*|D|*|T|

Components of a Skim Matrix for Individual and Public Transport Costs:
Individual Transport Costs:
Travel Time: Time taken for a trip, including driving, parking, and delays (e.qg.,

traffic congestion).
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Fuel Costs: Costs related to fuel consumption based on distance traveled.

Vehicle Operating Costs: Maintenance, insurance, and depreciation.

Toll Fees: Costs associated with toll roads, bridges, or tunnels.

Parking Costs: Charges for parking at the destination.

Trip distribution is a key component of transport modeling that predicts how
trips originating from various zones (origins) are distributed to different zones
(destinations) in a study area. It essentially answers the question: Where do people
travel to from a given location? Trip distribution is typically the second step in the
traditional four-step transport modeling process, after trip generation and before
mode choice and route assignment.

Main Concepts in Trip Distribution:

1. Origins and Destinations (O-D Pairs):

o The number of trips originating from a zone and the number of trips destined
for another zone are connected through O-D pairs.

o These trips are influenced by the trip generation step, which calculates how
many trips are produced or attracted by each zone.

2. Gravity Model:

o A widely used method in trip dlstt;lblatlmthat works on the principle that the
number of trips between two zones is d1re§N§Pp'P@9@ﬂ|dnal to the attractiveness of the

BiT/1aHa

destination (e.g., job opportunities) and m@é?ééI%ﬂS) VPGrtlonaI to the travel time or

~ lopeHTudikalinH
cost between the zones. - Koz
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This model suggests that travelers choose their destinations not purely based on
distance or cost but based on the availability of opportunities (e.g., jobs, services)
along the way. The assumption is that travelers will stop at an acceptable destination
before traveling further.

Mode choice in transport modeling refers to the process of predicting the mode
of transport individuals or groups will select for a particular trip. It is the third step in
the four-step transport modeling process, following trip generation and trip
distribution, and is critical for understanding travel behavior and planning
transportation infrastructure. This step allows urban planners and policymakers to
estimate the demand for different modes of transportation (e.g., car, bus, train,
walking, cycling). [18]

Key Factors Influencing Mode Choice:

Traveler Characteristics: income, car ownership, demographics.

Trip Characteristics: trip purpose and trip distance.

Transportation System Characteristics: travel time, cost, comfort and
convenience.

Environmental and  Policy  Factors:  environmental  awareness,
Incentives/Disincentives.

Mode choice models are used by urQaanLanners to forecast the demand for
various transportation modes under dlffe“rameig,:@gg@ggs,osuch as changes in fuel prices,
public transport improvements, or the mggqu,gipgn of. congestion pricing. These
models help assess the potential impact @FTF&%;&HH’%[: policies and investments on
overall travel behavior. [19] ”’,%2331801324 o

Mode choice analysis plays a cruma[ f’Qle,, in sustainable transport planning,
ensuring that infrastructure developmeht mests. yfytur’e demands while considering

~ Onbra -
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— loeHTudikauinHun I
- Koz, -~
"5, 2925716501
Chapter 2 summary iz 5

hcﬂﬂc ; gu?
poHHlﬂﬁ y
‘0‘\2\‘" ﬁ’?/)e
. . ~ Bymarin ¢ ] ]
Overall, this chapter provides a compkehensive and detailed overview of the
= AHppivioBuy -

methodology involved in creating transpm&m@delswﬁenng a deep dive into the key
Kog

"2, 3155605113 o“‘

“, <

‘706“0 y Btn\



49
processes and analytical techniques used to assess and predict transportation systems.
It outlines the foundational principles that govern both the transport supply and
demand models, helping to establish a clear understanding of how these models
simulate real-world conditions and travel behavior. By examining the types of models
available, from simpler macro-scale models to more complex activity-based models,
the chapter emphasizes the importance of choosing the right approach based on the
specific goals and scope of the transportation analysis.

Moreover, the chapter explores how transport supply models incorporate the
physical infrastructure of transportation networks and how demand models forecast
how people will use these networks, based on factors like socioeconomic
characteristics, land use patterns, and the availability of different transport modes. A
significant portion of the chapter is devoted to explaining how the transport demand
model accounts for key elements such as trip generation, trip distribution, mode
choice, and route choice, demonstrating the interconnectedness of these components
and their critical role in shaping realistic, data-driven models.

The section on simulation results analysis highlights the practical applications
of transport modeling by demonstrating how the simulation outputs, such as the skim
matrix of individual and public transport COSts; "mp dlstrlbutlon patterns, and mode
choice decisions, can be analyzed to ﬂer?wph*ﬁﬁa)ﬁhﬁlgful insights. These results not

CaiTnaHa

only help assess the current perfor:t‘nancéaW'Et'r'ansport systems but also enable
— loeHTudikauinHmm 2

planners to explore the effects of varlous mtéﬁﬁentlons such as changes in pricing,

infrastructure development, or the mtrodﬂﬁagrl gfanéw transport policies. The use of

such simulation techniques can be plvgtafo;‘n |d’en1|fy|ng bottlenecks, evaluating
HULbKa G
congestion, and optimizing the dlstrlbullon OIX anel dentand across the network.
MukonaiBHa -

Ultimately, this chapter undersgomﬂwsmmal fole that transport modeling
plays in the planning and manageme‘hst Qtzsmtasporga‘tlon systems. By integrating
comprehensive supply and demand model§wvtﬁ 3|mulat|on results, transportation
planners and policymakers are better eqmpfped Io rﬂake data-driven decisions that
enhance the efficiency, sustainability, ¢ and gﬁgw’gf }ransiportatlon networks. Whether
addressing issues such as congestlon,‘p&ﬁﬂﬂ@ﬁa%”f”%géssibility, the methodology
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outlined in this chapter forms the foundation for evidence-based solutions that can

improve the functionality and resilience of transportation systems, both in the present
and for future growth.
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CHAPTER 3
CONDUCTING TRANSPORT MODELLING PROCESS FOR CHOSEN
AREA

3.1 Description of the research object (district of the city of Kyiv).

Transport offer model

The street and road network, constructed using geospatial data and field
surveys, is depicted in Figure 3.1. To prepare the data for import, additional
processing steps were carried out, including: connecting previously unlinked sections
of the network, subdividing undivided sections, and selecting the reference network
for analysis. Permitted turning movements for different transport modes were defined
at the intersections (nodes).

For the model, the following attributes were assigned to the one-way segments
of the road network: length (in kilometers), maximum allowed speed (in km/h),

capacity (in vehicles per day), the numbae\rﬂof”laﬁe;sqin each direction, and the road
<* %

~ CwmepiveBcbka ©
category. < CeiTnaHa =

As the object of the study, an area \ﬁi’ﬂ*i'”lf‘hfbomira Huzara Ave in its center

— loeHTudikayinHum 2
was chosen, its graphic image is showrin Figuig N
g p g 'I £1801324

In the developed transport model, eé\ﬁh.,r Qéd,safegory is further subdivided into
several subcategories to provide a mor%e@ep‘r"eoc”iHsgﬁé’hd‘,detaiIed representation of the

. : ...~ Kynnupka € .
city's highways. The key dlstlngmshmg features-of these subcategories include road
MwukonaiBHa -
attributes such as allowed speed, capaeltygeamﬁkmh@mumber of lanes in each direction.

The transport network is represeia;edga57a615@rlgmed graph with the following
LN )

: : s “c w?
geometric and technical characteristics: Mo y B

_‘poHHlﬂw _,?

- The geometry of the street and_ Féad g}%/ygrk mcludmg the spatial layout and
configuration of the roads, which closg‘ly wﬁ@f&%ﬁ}glr ac:tual real-world positions and

: ~ lpeHTudikauinHun I
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Figure 3.1 - Kyiv's transport network in the PTV VISUM program complex

- The locations of intersections, junctions, and crossings, represented as point
objects.

- The design of exits at transport junctions.

oHHM G
i

- The length of each segment of the street anH‘i’aad network.

~ CmepiyeBcbka ¢

- The classification of the mainToad yegHa
- aCuiBHa

- The number of traffic lanes in:;eéﬁ‘?ﬂm‘#’éﬁli@mm

Koz,

- The estimated and allowed traﬁ‘%go@ﬁéb%ﬁ 6ff each section of the network.
- The capacity of each direction of tﬂ%iﬁé&qﬁqr road.

y
Trpppant
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- Permitted traffic directions at intersegtiopss jurictions, and crossings.
< Onbra -
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. . — loeHTudikauinHun I
importance or attractiveness to users. - koAl S
] ] "5, 2925716501 = . o
- This comprehensive set of road’*?pa(rametg[\gaprowdes a thorough description
FHo ¥

of the key factors that influence traffic flgthﬁéil‘hi@a on streets and highways, while
© i ‘7(" - - - -
also accounting for the main restrictions gov%‘jﬁjg the distribution of traffic.

inoBuy

Transport systems and demand %eqméﬁfi

iKaLinHum E

- Kon ~:Z‘
2, 3155605113
n o

“Cano y B9°



53

To model the composition and structure of traffic flows that generate demand
on the transport network in the area of interest, data on the types of vehicles used for
transportation within the simulated region were incorporated into the model. In this
model, different transport modes are represented through transport systems, with each
transport system linked to one or more demand segments.

Demand segments represent trips made using one or more transport systems by
different groups of people and are associated with origin-destination matrices.
Participants in a public transport demand segment have the option to switch between
transport systems during a single trip, such as when transferring between modes.
Each demand segment is associated with a specific origin-destination matrix.

Data on the spatial development of the research field. Transport zoning.

The spatial development structure of the study area is described using the
following data:

Transport zoning: The boundaries of transport districts and the locations of
their centers of gravity.

Socio-economic statistics for transport zones: Information such as urban and
rural population figures, average number of employees, and the total number of
employed individuals, among other data. mo"“"w ny

’?o

Transport districts (also knoer-asCWffﬁ?szwes) are the basic units of the

CeiTnaHa

C
spatial structure for planning purpos?s Alﬂ%¢wg%u@H$IM z?nmg approach is based on

functional characteristics, such as those outlifed_in the General City Development
3, 2331801324

Plan. If it is not possible to obtain statlstlca+mfpgmlaﬁon for functional zoning, zoning

based on administrative boundaries can b&ﬁs"éé‘l Hé?a”rhalternative
KyHuLbKa %
In the model, transport dlstrlcts:serve aatlag)th generation centers and hubs for
MwukonaiBHa -

transport flows. They are represented Ey malrrmﬁeaatemamf grawty (centroids).
Transport districts fulfill two prlmarwfumtaems i the model:
They represent the distribution of thé*'fumé‘tlonal -spatial potential within the

f-"‘ "4,
modeling area. & bymarin %

They form the foundation for an%ggrg@%%?gzggscrf’ption of the state of the

transport system in the study area. ::'”e”m?i'(;‘;”'”””” -
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Stop Model.

The logic for constructing the stop model in the developed transport system is
defined as follows:

A "Stop" is a transfer hub where passengers switch from one mode of transport
to another, incurring temporary delays. A "Stop Zone" refers to the area within which
transfers between specific stop points occur without any time loss. The exact location
where passengers board or alight is known as a "Stopping Point". Each "Stopping
Point" is associated with a specific "Stop Zone", and each "Stop Zone" is connected
to a particular "Stop™.

On the selected area there are Liubomyra Huzara Ave, Mykoly Vasylenka,
Vitalila Skakuna, Metrobudivska, Vasylia Chumaka, Akademika Shalimova,
Akademika Strazheska streets and Vatslava Havela bulevard.

Among the objects important for modeling, it is possible to single out City
Hospital No.6 (with different clinics and other medical organizations on the territory),
Polytechnic Lyceum NTUU "KPI", Higher professional school of NAU and part of

National Aviation University.
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3.2. Creating infrastructure objects in PTV Visum

To create a network model in PTV Visum, the OpenStreetMap [20], service
was used, which allows to use an already created street network with possibility of

importing of a file (downloaded from the site) in .osm format through the
functionality of the PTV software.

After the successful import of the file, a modeled area can be seen. Figure 3.3

Network editor (Edit Nodes)

20 I@-PHNT=RNBRE-

al] = Graphic parameters files - | (3 & | 1% &, G
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~- Koz
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Figure 3.3 - Modeled ‘area in 'ﬁﬂ;v Visum
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The key definitions, concepts andeattribatesof -hasic elements of transport
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In PTV Visum, nodes are the individual points in the transportation system
where different segments of roads, railways, or other transportation infrastructure
meet or intersect plus some points of interest for pedestrians (shops, buildings entries
etc.). They represent key locations such as intersections, entry/exit points, or other
critical points in the network. Nodes are the basic and the starting point as the
primary connection points between links (the road or rail segments), and they are
crucial for modeling and analyzing traffic flow, traffic jam, and transport network
performance.

Student version of PTV Visum which was used in project supports up to 500
nodes [21]. After importing a plot from the OpenStreetMap around 400 of them were
predefined. So, the first step is to add more nodes according to the real situation.
Google street view was used to determine the “points of interest” in chosen area.

Nodes can be added by clicking on the defined points on map in “Insert mode”

with “Nodes” button pressed in “Network” bar in Visum. (Figure 3.4)
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The final picture with all allowed by limited student version of software can be
seen in Figure 3.5.

Network editor (Edit: Nodes / Mave window section)

i@ G- = RE B = - all- Gaphicparametersfiles - | [5 8] | I G0 -0 4 @ HE

22024 PTV. HERE

Figure 3.5 - Researched area with nodes
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The next level of entities in ere@tmgq@ctransport model are links. Links
~ CeiTnaHa

represent the road segments, rail tracks, oBaothérdransportation routes that connect

- Ip,eHTMq)lKauMHMM =

different nodes. Basically, they are-paths irat feQestrians, vehicles and other
2, 233180132

members of traffic take to get ﬂ’?om‘,,H pg)g],tab"% to point B. The main
characteristics(attributes) of links are: Isﬁg‘th“&ﬁg distance between the two nodes),
lane configuration (number of Ianes" onKyﬂ*}.Mél:;T?nk),o:type of link (the type of

alBHa

transportation infrastructure (e.g., urfbamle,[;é';.afgiﬂ agpﬁpmsSWay, railway track, or bus

, KO <
corridor) and speed on the link. "5, 2925716501

o

< o
Links can be created by connecting tiwo-nodes in “insert mode”. At the moment

H
_ﬂ)OH Iﬂw

of creation of a link, link type (type otﬁ‘fhe road) s‘heuld be defined. (Figure 3.6).
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Figure 3.6 - Creation of a link

Any link can be inspected by double click on it. In a drop-down menu All the

link’s

characteristics can be seen and
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Completed link network for researched area are represented in Figure 3.8

Network editor (EGit: Links / Move window section)
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Figure 3.8 - Compfeted linkngtwork
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The next step is creating zones— Imdﬁ%l'm\mwmnn z_ones are geographical areas
that represent locations for trip generat’mnzaedsmsmby’tlon analysis in transportation
modeling. These zones are used to aggregaté’ ;fpafﬁc or passenger demand and to help
model the flow of people or vehicles betWee5 glffiren’teareas of the network.

The zone is connected to the mem%}ﬁfgﬁmugh connections (segments) of its
center of gravity to nodes of the transp%r‘c”ﬁ%%’fﬁi“””” -

Similarly, to the previous objeéfsp @8% 653r11<',l*’llnks) zones are also created
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Figure 3.9 - An example of creating a transport zone

After all the manipulations 7 zones were created.
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After the creation of transport zones, the statistics of transport districts should

be set. But before that, the user defined attributes for zones should be created.
User defined attributes / User defined attributes

To set attributes, Network — User-defined attributes menu can be used.

Network editor (Edit: Zones / Move window section)

'9’ & § .’ ® P =R & & = - &l - Graphic parameters files =

|

Y

Y

. 5

o il & 4 A
g. : Zones tiﬂx.,,.., e
] Y Mainnodes s i
p_[ S Edit graphic parameters o Q;:‘\‘g‘,{\’: 3
& Y Mainzones List % PESE S0 \:;‘. :
5 Y Territories Filter.. L . 5] A N
EF Y OD pairs Multi-edit.. | Il ',0 ) ‘ ’A 3
l!)@ Y Main OD pairs Multi-delete pis2 5"', ’. . o 3 E] i
%, Y PrTpaths | Renumber... d“\ I [;1' : “'Tﬁﬂ 8
* ¥ FPOis Create user-defined attribute.. ’ e _" o s N y
rc.g Y GIS objects | Aggregate active zanes... F7 i ‘;5 > . f16 |
9 Y Locations Aggregale zones by main zones.., ’
B4 Y Screenlines Convert active zones...
sl ¥ Coannt Ineatinne Create...
'k Network % NI RiEM] Generate zones for stop areas... !
Quick view (Zones) J Delete surfaces... ‘ e
IS By J Move coordinates to geametric centroids... L\"- g =X o
[ Delete enclaves... !
E‘zde Normalize surfaces.. éo S
iﬂéﬂ‘?,i Fuzzy surface alignment... e\p.‘ ':Q
Areakm? | Hide this row < i : K
e« CmepiveBcbka ©
> CeiTnaHa -
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Population). After entering the Attribute ID, other lines are automatically filled.

Number &
1

oA AT R PO )

The following attributes of zones have to be set:
- Population

- Working population

- Pupils

- Students

- Working places

- Service jobs

- Study places

- Places in higher education institutions (HEIS)
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Step 1. We write the name of the attribute in Attribute ID (for example,

Step 2. "Integer / Integer” should be set.

Create user-defined attribute (Zones)

Attribute ID:  Fopulation

Coda: Population

Name: Fopulation

comment: |

Group: Do not allacaze o any group

Data type: Integer Subattribute type: [ Empty

Attribute type:

© pata attribute
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(] Allow emoty value
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[] Masamum:
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Figure 3.13 - Ngr’fﬁﬂgciheaaﬁﬁbutes

oHHM 5
' ? ny

LR NE
2 1y
7
AITEIREA

& Yo,
) ~ . }éyHVILI,bKa °
-

In the end there are 8 attributes definedonsra -
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After creating transport zones and their attributes, we need to set their statistics.

To do this, firstly one more attribute - Area of districts in square kilometers should be
added.

List (Zones)

By (5[ - S @l "BE( T E 0 s @@

Figure 3.15 - Menu for adding area attribute
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Introduction of socio-economic stathtlfCS* b‘f”Zopes

Enter the names of districts and‘thenB)@ffdé* (add columns using the Select

attributes tool).
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1. Service zone

2. Living zone
The list for the possible zone types is much longer. For example: enterprises
and institutions, green zones, storages etc. can be added, but in my project, there are

no such a zone, so only mentioned two were used.

List (Zones)
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Figure 3.17 - List of transport zones with attributes

Data obtained from population censuses, surveys, field studies, data from
mobile operators and other sources are used to fill in the socio-economic
characteristics of the zones - the number of the population, its distribution by age,
gender, and social groups. In this project, the method of average analysis of the
number of residents of each individual building within the transport zone was used
using Google maps and an approximate (but qur[e accurate) count of the number of
apartments and, accordingly, residents. 'Fbc%l)%lgg gﬁe distribution of the population
by different social groups, the followmg coeiﬂéﬂém werg calculated:

— loeHTudikauinHum :_'
1. Working-age population 2 <on 3

Coefficient of 0.35 from Populatich, 2331801324
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2. Jobs. \Lﬂ‘o”“"ﬁ 77,
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fth Ki I Kk
0.8 of the working-age popu atloa’}wc%gz%;%ls%glusw

This  number is distributed “?O«atmongwaﬂthe "Industrial  Zone" and

"Enterprises|Institutions" zones as well agsdf“ne in Ifry,;pg zones.
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2.3. Jobs.

Based on 2.1. and 2.2. we can determine the sum of working places in a zone.

3. Calculation of the number of pupils and students.

3.1. Students - a coefficient of 0.07 from the Population. They are found only
in living areas.

3.2. Pupils - a factor of 0.15 from the Population. They are found only in living
areas.

4. Calculating studying places and studying places in universities.

4.1. Studying places in universities are located in the Service zone where NAU
is located.

4.2. Studying places, which are all distributed among residential districts

At the same time, we take into account that the number of Studying places per
1000 places is more than students.

After all the calculations data can be transferred to PTV Visum.

- 58 v E ustiayoutties - (BE AN HFE w0 2 @@
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Figure 3.18 - Zongs wﬁﬁbgl@mpgrapfiical data
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The transport model created in thﬁ\g&TV"WS%JM format also allows for the
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simulation of the public transport system. Kyg):':::a -
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Figure 3.19 - Stop areas menu

As it was mentioned earlier in the project “Stop” entity in Visum is a 3-layer
structure: A “Stop” is the largest element in the hierarchy, which includes zones and

stop points.
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Figure 3.20 - An example of a stop with differentsmeans-of transport (metro, bus) in
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A “Stop zone” can encompass multiple stop points from different transport
systems. For each stop zone, an access node is specified, which serves as the point

where public transport connects to the transport district.

Figure 3.21 - An example of a stop zone - transfer from 1 transportation to another,

where the time for transfer can be ignored

A “Stop point” is the smallest element in the hierarchy, representing the
physical location for passenger boarding and alighting for one or more transport

systems.

~ loeHTudiKauinHum 2

Figure 3.22 - Stop point — actual stop<point forthe public transport
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Go to "Stop Area", open the settings in edit mode, and assign the settings to a
single stop point, based on the number of the nearest node.
If the stop is not located at a node, splitting the segment and creating a node
near the stop should be done.

After the mentioned above procedure Stop/Stop area/Stop point is created.

Network editar (Edit: Stop points)
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Figure 3.23 - Stop point with the attributes (name, corresponding stop area and node)
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Means of transportation and operators.
The next step after creating stops infrastructure is setting up of means of
transportation and operators.

Menu Network — PuT vehicles is designed for these purposes.

Network: 1.7demogr.ver* - PTV Visum Uni 2024 (SP 1-9) - [Network editor] - remaining run time: 00:00:00 - Visum is closed.
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In chosen area there are three different means of transportation: marshrutka

Network editor (Ed
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Figure 3.26 - Adding a vehicle
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(small buses, big buses and trams). Comp‘!até‘l’ié't”t?f'tbg vehicles operating in chosen
%

area is presented in Figure 3.27.
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Figure 3.27 - An example of adding different vehicles
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PuT operators menu allows to add companies — operators of public transport.

The algorithm is similar to adding a vehicle through the Network — PuT operators
menu.

PuT operators

% |
MNumber: 2 MNumber Name
: 1 11 K\,rPaESTrans b Create
Kyouto2005
& Edit
32 Delete

1'?,.; Renumber

0K Cancel

Figure 3.28 - Operators added

After creating the carrier and transggﬁbwehigjg, creation of the routes can be
s\ ”

done. “ CMmepiyeBcbka %
CeiTnaHa
BacuniBHa

lgeHTUdiKaLinHnI

After creating the stop system, roytessﬁts?glpubllcdransport are added to the

transport model. K3 o<

(‘aHO y BI-\

Each route in the transport modeli\@ré%lted m"’PTV VISUM consists of several

KyHuubKa %
(usually two) "route variants” (line routes) @aﬁa representing one direction of the
MukonaiBHa -

route (from the starting stop to the desiénam&@mmback) One of the variants is
typically referred to as the "outbound ro‘u,.te mcf dhe other as the "return route".
Ch
Adding a line. "cano y o

oHH Il‘ln
‘Lﬂ’

By pressing a “Line” button in N'étwogk side TYaI in insert mode adding a line
can be completed.

-~
-
-
-
-
-

Public transport routes creation.

-
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-
-
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Netwark ork edito e e
T e 7 : [ —— - : ? | 7

H R R S DEI@-® = R B = - ol - Graphicparametersfiles ~ | [3 ]
% Y POIs \o

2 Y OIS objects ™
¢ Y Locations
éq Y Screenlines
Iﬂ Y Countlocations
I Y Detectors

® Y Restr traffic areas
4@~ Y Sharing stations

P8 Y Stop points
[—E_E] Y Stopareas
@ Y Stops

|=I_F’ Y System routes
B Y Lines

53 Backgrounds
A Texts

44 Polygons
& Network X il DS line |

\o Line i‘

\ D) Line route

Figure 3.29 - An example of Line adding procedure.

After editing the necessary elements such as name, transport system, operator
and type of vehicle a line will be added to the network.

Adding a line route.

After creating the route, Line Routes need to be defined. (Route Variants).

In PTV Visum, a line routes refe:s &O”&"ﬁép{GSGﬂt&thﬂ of a public transport

route, such as a bus, tram, or metro hn@Mg@h@@bﬁ@nﬁectS various stop points and
BIT/1aHa

moves along the transport network. The lifiecdefires the path that vehicles (such as

— loeHTudikauinHun I
buses or trains) follow, and it includes,mfZ%rgq"fsagcg)&ab@ut the stops, the direction of
¢' (=]

travel, and the operating schedule. "?”:«cm , RO

A waypoint can be either a node or@éfop pom’rglocated along the route variant.

KyHuubka %
All stop points along the route varlan.;rgwhere:a stop can occur must be

MwukonaiBHa -
considered waypoints. All nodes along ﬁ!aeHmmewamant-can optionally be treated as
/ Ko -~
waypoints. "5, 2925716501

D

'?
Typically, route variants are arrangea rmepaﬁ‘s “one for each direction of travel.

poHHHw
However, a single route may include anwhurrgber of r??a;e variants.

AHApIN
AHppivioBuy
lpeHTUdIKaLinHnM
Koz
2, 3155605113
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By pressing a “Line route” button in Network side bar in insert mode adding a
line route can be done. During the creation a line has to be chosen from the list of

previously created lines, name set and directions of the route difined.

Networkedmr {Insert: Line routes)

S
(] only active lines
Kame: HAU_KPL ~

>up ~l

BUS Bus

B

Figure 3.30 - Creating a line route
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Eciit course

Ling route 'NAU_XFT

Zoorm

Y Stop points o
[PF] ¥ Stop area= :
@ 7 &Pﬁ Paramatecs
PP ¥ Systemroutes ‘ Undo ol fixations

Frcall profile pointe

LineName
DiractionCode
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TaysCode
CountVenJoumeys
Length |
St etouskarSERbEUNa |
StarLinaRoutetem\StopPointCode

Figure 3.32 - An example of a route from starting point 197 to point 339 creation
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After the outbound direction using the same technic return route can be

processed. [42], [43]

Line routes

O Lines o Line routes
I
Line name | MName lirection cod
BUS2 Bulgakova—shoh}derl!ﬁ oHHM G ny >
BUS2 Shohdenka—Bulg@l&}va ‘946 <
BUSGE9 Litv-PalSportu . CMmepiyeBcbka © >
BUSB69 PS-Litw - CBiTnaHa = =<
Marsh411 411 E BacuniBHa E >
Marsh411 PalSportu-SymyrgierndikalinHumn = =<
MArsh421 Pochm—Synwl‘églkaz331 801324 ~ <
Marsh820 820 '9,," 3{_% >
Marsh820 Kontraktova-Vyshnefeso y 8% <
MArshr401 401 cseontui >
MArshr401 Volo:al—Akademlv“a '906 <
TRamil tri R KyHuubka “’ >
TRami1 Vokz-Borschagivka Onbra - <
Tram3 tr3 = MukonaiBHa = >
Tram3 Vokzal-OkruzBind geHTudikauinimm 2 <
) = Kon =
([ only active ones "5, 2925716501 °
Qo"&@ﬁe&l Wﬁ‘éﬁ
1“‘ ° 2 Hfo%ﬁ"l ny
& Dy
~ Rgvmﬂjpzagg’o‘
[ B ThH&BHe -
= AHOPIVIOBNY =
=~ lpeHTudikauinHmn =

Figure 3.33 - List of the line routes in area (outbodnd and return routes)
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Timetable for public transport.
After the lines and line routes a timetable for routes that were created can be
done.

In the "Line" tab in editing mode a route option needs to be chosen and

"TimeTable" pressed.

 Network editor (Edit: Line routes)
S0 50 VNTIERR R 2 & Gomkpuanetsiis+ (58] {84, @0 e 04/ WBD
= - - i z

Line routes

* Y POs

Y GSobcts (0 Lines O ine routes

9 Y Locaions B

h s - Lne name Neme

H Y Count cains | Bulgakova-Sholudenka

| Y Detestors BUSRH  LivPaSpory > X

© Y Rest fcaes T < 9 K

S Marshdll 411 > 2 K

AV St s Masdtl  PaSporsSymyrenia < 2 K

PE Y Sopoits WA > 5 K
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Y Stpass Mok 0 > K
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Figure 3.34 - Timetable of/available routes creation
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step. As well as starting and ending time 9&th?e“f’dﬂ“tagnd regularity of the route.
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Create vehicle journey(s) X

Basis | Regular servicesl

Humber; 774

Mame:

Line: BUS2 ~

Direction: > w

Line route: Bulgakova-Sheludenka e

Time profile: 1 ~

Operator: 1 KyivPassTrans v

Service trip pattern no: 0

Vehicle combination: 1 BUS(big) ~

Vehicle combination set:

Valid day: 1 Daily ~

Operating period: w

AddValue 1: 0

Addvalue 2: 0

Addvalue 3: o

Start stop point: 00:00:00 223 ~

End stop point: 00:03:24 525 ~

RefStopPoint: 00:00:00 223 ~
Cancel

Create vehicle journey(s)

Basis  Regular services

B create regular services

["JPlace attribute value in front of the vehicle journey name: (

[_JPrepend departure time to the name of the vehicle journey
[ Prepend vehicle journey number to the name of the vehicle journey
[_JPrepend consecutive number to the name of the vehicle journey
Starting st 1
Increment in steps of two
Check names for uniqueness
Time interval for regular service:

Headway start: 06:00:00

Headway end:  22:00:00

Time difference to previous vehicle journey:

Regular service: 15kmin omin omin

Generate vehicde | Departure time Name
06:00:00
06:15:00
06:30:00
06:45:00
07:00:00
07:15:00
07:30:00

07:45:00

Ao.ARAR

~a

Check all

Uncheck all

Number of generated veh. journeys: 65

Figure 3.35 - Attributes of the route

In the end the completed timetable for routes is created.

190"'"“” ;
o 2,

Cancel
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Creating connectors for individual transport and public transport.

Connectors connect districts with the road network of the modeling area and
represent a virtual segment through which traffic flows are generated and absorbed
by the district. After creation of the connectors type of connector should be
determined. In case of private transport type “1” have to be chosen.

Connections for individual transport.

These connections link the center of a transport district with the nodes of
driveway exits, adjacent areas, residential streets, parking spaces, and locations for

long-term vehicle storage.

Edit connectors

From zone: 2
Tonode: 416

Type: 1

Basis | Transport wstemsl

Length:  0.091km

Addvalue 1 0
Addvalue 2; 0

Addvalue3: 0

FrTweigt: 1 Share: 12%

AT wer 1 Share: 13%

Quese length (Cartints): 0,00

Transfer changes io opposite drecion

a
: — \ 4
E 2 \
B m L a : VAT

N ) 66 Py PEN - \-; -
Figure 3.36 - Creating connectors for indi@%ﬁpﬁ!‘ transport and editing attributes
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e Sl
\ S294 ATV, MERE

Figure 3.37 - Completed connectors for individual transport

Connections for public transport.

These connections link the center of a transport district with access points to
bus or tram stops and are within walking distance from the district's central area.

Connectors for public transport creating in the same way as for private
transport with the difference in “type” option. In case of public transport type 2
should be used.

Network editor (Edit: Connectors)

AT v |3
PUT wisliht 3

Queue length [CarUnits): 0.00

Transfar changes to opposie dirsction

Opposte drection

POVORAG. =
. . =~ lpeHTudikadinHmn = . .
Figure 3. 38 - Creating connectors:for publig transport and editing attributes
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List of all created connections with distances between the center of the zone

and connectors endings can be seen in Connector/list menu.

List {(Connectors)

B2 (B E -8 Q| g @ Lstlayoutfiles - B &1 [ ¥ o7 M| 24 &) [ ™

Mumber: 76 ZoneMo | ModeMo | Direction | TypeMo | TSysSet Length |‘k
1 1 428 0 1 CARWALK 0.059km
2 1 428 D 1 CARWALK 0.05%km
3 1 429 0 1 CARWALK 0.095km
4 1 429 D 1 CARWALK 0.095km
5 1 430 O 1 CARWALK 0.079km
6 1 430 D 1 CARWALK 0.079km
7 1 437 0 1 CARWALK 0.072km
8 1 437 D 1 CARWALK 0.072km
9 1 439 0 1 CARWALK 0.116km
10 1 439 D 1 CARWALK 0.116km
11 2 406 O 1 CARWALK 0.095km
12 2 406 D 1 CARWALK 0.095km
13 2 408 O 1 CARWALK 0.054km
14 2 408 D 1 CARWALK 0.054km
15 2 409 O 1 CARWALK 0.091km
16 2 409 D 1 CARWALK 0.091km
17 2 411 0 1 CARWALK 0.051km
18 2 411 D 1 CARWALK 0.051km
19 2 412 0 1 CARWALK 0.091km
20 2 412 D 1 CARWALK 0.091km
21 2 414 0 1 CARWALK 0.046km
22 2 414 D L0 L, 1 CARWALK | 0.046km
23 2 415 0 \v\CMepi‘-IeBCbKaoe‘] CARWALK | 0.050km
24 2 415 D > Coitnana  F. CARWALK 0.050km
25 2 416 0 = Bacunigna  1=CARWALK 0.091km
26 2 416 D = |geHtudikauinHmin 1ZCARWALK 0.09Tkm
27 3 190 0 KoA ¥ CARWALK 0.074km
28 3 190 D 2. 2331801324 |1 CARWALK 0.074km
29 3 2080, o 1 CARWALK | 0.165km
30 3 208 D poriua, 1 CARWALK 0.165km
3 3 213 0 »° 92,1 CARWALK 0.058km
32 3 213 D > Kywmubka 9 caRWALK | 0.058km
33 3 370 3 Onbra 22WALK 0.305km
34 3 317 D - |,qe||\4ATMqu())i?<?Ei;imm2:WALK 0.305km
35 3 521 0 = con 1< CAR.WALK 0.063km
36 3 521 D 7, 2925716501 ,1 CARWALK 0.063km
37 4 2711 0 & Lot 1 CARWALK 0.072km
38 4 271 D Ho y B 1 CARWALK 0.072km
— a an0 A FEL A S SR TYY TS R TV T

RN Yo,
Figure 3.39 List.of allforeated connectors
= AHApIN -
= AHApioBuY -
=~ lpeHTudikauinHmn =
- Koz, -~
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3.3 Calculations of demand and offer models. Skim matrices.

Creation of a demand model.

The demand model consists of four elements (Actions, Groups, Demand Layer,
and Mode Selection Matrix), which overlap to form various structures of the demand
model. Knowledge of transportation demand in the area for which transport planning
Is being conducted is an essential foundation for evaluating the transport network.
Determining correspondence matrices for transport through data collection can only
be done partially.

Therefore, to reflect the actual demand relationships, mathematical models are
used. These models calculate transport flows between districts in the planning area
based on structural data, information about how the population uses transport, as well
as data on the spatial distribution of infrastructure and existing transport supply. An
additional important function of such a model is providing forecasts and scenarios for
the future.

PTV Visum offers four demand modeling procedures:

1. Standard 4-step model ponHui

!’?/)

2. EVA Model for Passenger Traaspb*r?plquCbKa K

CaiTnaHa

3. Action Chain-based Model (\ZIS jCMﬂ'BHa
loeH

- nobikauinHnm

4. Freight Transport Model - koA
5, 2331801324

The Standard 4-step model consists ofthe falléwing stages:

y
Trpppant

1. Generation of Transport Movgm’e‘ﬁ%:wl'ﬁﬁ this stage, the volumes of traffic

) ~ KyHuubka ¢ L.
from the source and to the destination arencalculated for all transport districts,
MwukonaiBHa -

detailed by demand layers. The resultg oﬁd}hﬂﬁqgs;tagame the row and column sums of
, Ko ~
the correspondence matrices. o 2925716501

Q‘O

2. Distribution of Transport Movemeﬁt‘*A&r‘bss Districts: During this stage, the
volumes of transport flow between all '@f’ansfport dls‘fﬂpts are calculated, detailed by

demand layers but without dlfferenth';ltlonA @Zﬂ%nspor‘% mode. The results are the

elements of the correspondence matrlces'ﬂe”T”?;'(;‘:”'”””” 3
’)’ 3155605113
< X
ohcﬂﬂc y 5“6(,

~
~
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3. Mode Choice: At this stage, the mode choice is calculated, resulting in

correspondence matrices, each representing trips made using a specific transport
mode.

4. Redistribution Model (Route Choice): The redistribution calculation,
differentiated by transport mode, allows for obtaining model values of transport flow
intensities. The redistribution stage is the final step in the demand calculation cycle.

Configuration of the demand model for the next execution of the 4-step model.

An essential stage in building the Transport Demand Model is the creation of
the transport demand structure.

A structural element of the transport demand structure is the demand layers.

For transport activities, the most typical demand layers are: Home — Work;
Work — Home; Home — Study; Study — Home; Home — Other; Other — Home; Work —
Other; Other — Work; Work — Work; Other — Other

Tab Demand/Demand model can be used for this purpose.

Netwaork editor (Edit: Connectors)
% ¥ ¥ N I@-® M= KRR = 8- Gephicparameters files » | [D §1 |1k X, @ o ey - & S
-4 T Modes L
7 Y Links Demand models X
J ¥ Tums
O Y zores Select demand mode! \L“goHHMﬁ n;
B, Y Connectors ‘9‘\3 4’.,‘7
[ ¥ WMain nodes ‘ gasis | Ferson grnuosiamxypa?} DeerMteﬂNeBCbKa oﬁ
Main t -~ > Bi -
g z Mafn = Number: 1 Code = Name CBII\,{J'&aHa Modes = Balancng exacuted (EVA)
G v Taln it MOl 'DemandMotha All modes™ )
errtories - e Ty P
& ¥ Oppars = loeHTudikauinHui 2
JBEJ Y Main OD pairs :’ Ko \:
L ¥ Pripans |4 2. 2331801324
‘ >
% ¥ RO P ‘?o"’ta ‘a-.\'ot'
ré Y GIS objects Ho y "
Q@ Y Locations [ B‘J\’oHH”” n;
b ¥ Screenines | & '?,-,‘?
L ¥ Coued locsfinne ~ KyHuubKa =
& Network X ::" Onbra ’:
. ‘ o 1 J Creat= dekle = VA Pty SRR = Lood model lemplcte... I
ORI IR A = lReHTUMIKaLIHI—=
ZoneNo :’ Koﬂ, ~..--:.h oK Cancel
Nodet ‘ » 2925716501
Figure 3.40 - Creéting,demand models
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. bymarin ¢
After completing the process 10 demanm@,wers are created.
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0 Procedure sequence

IR e X RHIEIS

-\ Y Nodes 1] Adive| Procedure | Reference object(s) | Variant/fie Messages Comment | StartTime | Duration | ResukMessage

o« Y Links 1| pemand models x
4 Y Tums

O Y Zones Select demand model

@—. YEE’&% )| MO1 DemandMode! 1

@ Y Main nodes Basis [Perwn groups  Achity pairs }Demnnd Qfatn|

w 3 e Number: 10 | Code | Name [
Oints =

0 Y Temitories

s 2 | APO2 Home-Work
EIEJ Y OD pairs 3 |APO3 Home-Study
m@ Y Main OD pairs + APO4 Study-Home
L Y Pripaths 5 | APOS Home-Other
6 APOS Other-Home
* Y PO 7 APO7 Waork-Other
e APOS Other-Wark
5 Y GISobjects 8 |
&2 = 9 APOS Work-Work
A 10 |AP0 Other-Other

g Y Screeniines
L ¥ Courtlacatiane
-&Net.vor‘x X

Create Delete Create demand strata

iN®:E0E

No | il oK Concel
Pada 1

Figure 3.41 - 10 demand layers

After completing addition of layer Trip generation process can be started.

Trip Generation.

At this stage, the volume of transport flow from the source (origin) to the
destination is calculated for each district anq,@a,qh demand layer. These parameters

4’
are also referred to as "generation” and "at(t_f@g,;@@CbKa e
TNaH

The volume of transport flow from tﬁ,@'mmgce fully reflects the actual traffic
= =
originating from that district, i.e., the ﬂu’rlr? Te”r%( %}?Egmstartmg there. Alternatively, it

331801324
may only represent the attractiveness oT%I;, e dlstrlge"for a particular demand layer,

thereby influencing the likelihood tha@,.ﬂ’m' "the, next stage of transport flow

Lo

distribution, trips will originate from thts aré‘aY“””rZKa -
Which of these two |nterpretgt|9n§”V@.‘Q6ﬂFda be :con5|dered depends on the

IKaulMHUn

parameter used in the Transport Flow Dlstrigm“ocedure The same applies to the
volume of transport flow to the destinatiof faHO v gu?’

To enter the procedure for creatmg&f’ansport *Effa;fflc the "Calculate"/"Procedure

by MaFIH e

sequence"/"Demand model™ - "Trip geﬁeratl infunctionality can be used.
= AHppivioBuy -

— loeHTudikauinHun I

- Kon ~
"2, 3155605113
@p o
“Cane ; gu?



Lver - PTV Visum Uni 2024 (SP 1-9} - [Procedure sequence] - Remaining run time: 00:35:46

Calculate Graphics Network Demand Scripts Windows Help Procedure sequence
by DA s B EE< O M- Globallayoutfies - = T |i Y| Fiterfiles - | 5‘_’|_
Procedure sequence

b SXIREHIEI®
1 |Active|  Procedure | Reference object(s) \ ? F

1 > X Trip generati Al MO1 demand 4J | HiezzlE

=+ Signal cycle and split optimization
= Metwork-wide signal optimization
=+ Assignment analysis

------ =# Pseudo Dynamic Volumes (FDV)
(21 | Demand model

Trip distribution

Mode choice

Time-of-day choice

EVA trip generation

EVA weighting

EVA distribution / mode choice
Tour-based model - Trip generation
Tour-based model - Combined trip distribu
Nested Demand

Nested demand gap calculation
Tour-based freight generation and distribu
Tour-based freight trip generation
Estimate gravitation parameters (KALIBRI)
ABM long-term location choices

ABM Mested Demand

Calculate demand matrices from trips
Generate path sequences from tours

Start Activitysim

Import ActivitySim output data

Export ActivitySim input data

[=2] L P

FE3L P34

IJ Cancel
Figure 3.42 - Creating trip genetating procedure

During this step all demand layers should be added.
Procedure sequence 0*"?0““”“ f:?

i Y ZIREIEAE|E
UtMessage

1 ‘ Actve Procedure | Reference objed(s) Variznt/file

=i X Trip generati Al M01 demand €., . r
1> ' = BacunisHa =
=~ lpeHTudikauinHun =
= - -
| Demand strata selectipn Kon x L
2, 2331801324
N
L (A
Salect demand model "tauo y s“°
Mo DemandModel 1 2 =
G..‘? ot HUK 4
© s
Select one or more dema% srata %
~ KyHuubka ¢

Damand stratum -

F
TS

4o y B
‘h‘?ol-lllldﬁ

& ook Concel * 7,
vMariH C

~ e
- AHApIN
= AHppivioBuy

-
-
-
-

. = | iKALIMHUA = ..
Figure 3.43 - Deffiand’§fFata s8lection
"2, 3155605113
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"auoyﬁ‘*

83



84

While entering traffic volumes, coefficients for each layer have to be
calculated.

For this reason, the number of movements is divided by the number of
reference persons (these data are determined on the basis of surveys, data from
mobile operators, etc.).

We set the coefficients for calculation.

Demand layers:

Home—Other:

Production function (from source) (House) volume of creation will be

Population with a factor of 0.16 : [POPULATION]*0.16
Attraction

function:
[SERVISE_WORK_PLACES]*0.2+[POPULATION]*0.3+[STUDYING_PLACES]*0.09
Home-Work:
Production function: [WORKING_POPULATION]*0.45
Attraction function: [WORKING_PLACES]*0.45 Home-
Study:
Production function: [PUPILS]*0.38+[STUDENTS]*0.36
Attraction function: o _ponH ,,,lSTUDYING PLACES]*0.38+]
STUDYING_PLACES UNIVERSITY}*O@@;‘:;B}?ZKE‘ ‘“,‘
Other-Home: = BacunisHa =
= lmenTnikauivnmin S
Production - KOA N function:

5, 2331801324 |
[SERVISE_WORK_PLACES]*0.02+[POPUI'ATION]*8:09+] STUDYING_PLACES]*0.3

Attraction function: [POPULATIONT*0.16 " "%,

~ KyHuubka ¢
Other-Other = Onbra -
: MwukonaiBHa -
Production function: [SERVISE V! QBKmBkAGE&]*B 05+[POPULATION]*0.09+[
STUDYING_PLACES]*0.02 %, 2925716501 %
'?o a(‘é
Attraction “Cano y B

function:

\L_‘poHHMw

[SERVISE_WORK_PLACES]*O. 05+[P©‘I5UL_ATIOI<I}I*O 09+

STUDYING_PLACES]*0.02 AHpil

= AHppivioBuy
~ laeHTudikauyinHum
- Kon

2, 3155605113
% )
“Cane , B“a"

y
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Procedure sequence x
R R R =

1| Active Procedure Reference objecty, s) Varant/fle Messagesfommentﬁtaﬂrme Duwation ResukMessage re .

1> X Trp generati Al MO1 demand <.

Parameters: Trip generation X

8 calculate attrbutes for active zones only
| set atributes of passive zones to ©

" mazrx baianang for active zanes only

" sum up vakies
Demand stratum Matrix balnang Producton functon Attraction funcbon
1 APOL DGO Other-Other |Mean of both tatas  [POPULATION]*0.09+{STUDYING_PLACES]*0.02+[SERVICE_WORK_PLACE]*0.05 ... [POPULATION]*0.09+[STUDYING PLACES]*0.02+[SERVICE_WORK_PLACE]*0.05
2 | AP02_DGD1 Other-Home | Attrachon total [POPULATION]*0.09+[STUDYING_PLACES]*0.03+[SERVICE_WORK_PLACE]*0.05 ... [POPULATION]*0.16
3 | APO3 DGO1 Other-Wark | Attraction tetal [POPULATION]*0.04+ [STUDYING_PLACES]*0.02+[SERVICE_WORK_PLACEJ*0.01 .. [WORKING_PLACES]*0.01
4 AP04_DGD1 Home-Other | Production total [POPULATION]*0.16 ... [POPULATION]*0.3+[STUDYING_PLACES]*0.09+[SERVICE_ WORK_PLACE]*0.2 ...
S APDS_DGD1 Home-Study | Production total [PUPILS]*0.38+ [STUDENTS]0.36 . [STUDYING_PLACES]*0.28+[STUDYING_PLACES UNIVERSITY}'0.36
6  AP06_DGO1 Home-Work | Production total [WORKING_POPULATION]*0.45 .... [WORKING_PLACES]“0.45
7  APO7_DGD1 Study-Home | Attraction total [STUDYING_PLACES]D.36+[STUDYING_PLACES_UNIVERSITY]*0.26 ... [PUPILS 70,26+ [STUDENTS]0.26
8 AP08_DGO1 Work-Other |Production total [WORKING_PLACES]*0.03 ... [POPULATION]*0.02+[STUDYING_PLACES]*0.08+[SERVICE_WORIC_PLACE]*0.04 .
9  APJ_DGD1 Work-Home | Attraction total [WORKING_PLACES]™0.38 ... [WORKING_POPULATION]*0.38
10 AP10_DGOI Wark-Work |Mean of both totas  [WORKING_PLACES]*0.02 .... [WORKING_PLACE5]*0.02
Apply to all DStrata oK Concel

Figure 3.44 - Trip generation. Layers with functions

Cost matrices of individual and public transport/Skim matrix.

Tthe skim matrix is a fundamental concept used in transportation modeling,
especially for private transport (car) or other modes of travel. It is used to represent
the travel cost (such as time or distance) between different zones within the
transportation network. The skim matrix |§ gssgntlally a matrix that contains the
travel time, cost, or distance values for Qac(ﬂ,,ggilregjbgglgm and destination zones.

The matrix can represent varlous typggcq .Q@ms such as travel time, distance,

— loeHTndikauingHun =
cost, or other factors. These matrlces are integral in fhe travel demand modeling

2331801324
process, influencing the generation of trlf?,matrlces Ieute choice modeling, and mode
y ®

{"aH

choice analysis. PTV Visum allows for cuae'mrzatlgn of the skim process, specific
parameters or constraints (e.g., addmg *ﬁg‘ﬁﬁlﬁ@s for tolls or different traffic

conditions) can be set. Muonaisna =

= laeHTudikauiiHuin I

The calculation of transport demagd ;gmgoqnothe costs associated with travel

between transport districts. These costs a?%«ea]g:qlateﬁ and stored in the form of “cost

HH UG
eseonina ,

matrices"” (skim matrix). & %,
Bymarin ¢
The elements of the skim matJ?lx represent any: costs related to movement
= AHppivioBuy -
between all transport districts in the studmaneapmaumw -
Kon <
"2, 3155605113
'?,, c.‘?‘

b"{"ana y Bb\
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Cost values are used when calculating the utility functions (distribution model)

for the stages of trip distribution and mode choice.
A variety of parameters can be chosen as the basis for calculating cost

matrices. For individual transport, these parameters include: Travel time on the free

network; Travel time on the congested network; Travel distance; Resistance (e.g.,

delays or obstacles); Toll fees (charges for using toll roads); Speed; Operating costs,

and others.

The skim matrix for public transport serves a similar purpose to the skim

matrix for private transport, but it specifically handles public transportation modes,

such as buses, trams, subways, or trains. It represents travel costs (usually time or

distance) for public transport between different zones or locations in the transport

network.

The algorythm for skim matrix creation in PTV Visum is Calculate/Procedure

sequence/Create/ Calculate PrT skim matrix and Put skim matrix.

l Procedure sequence

iy oMl S| HIE|®

1 Active Procedure

1P X

Refe bject \
eference object(s) Y procedure

Trip generati Al MO1 demand s ...

‘30 HH g f;]unnectlon import
i s Rn¢$|mpnr‘t

= Exten route import
Cmeplqu‘:% |§&;I programs
CB|Tna-Hadeate |mpedances at node
------- Signal cyc're and split optimization
BaCV”-” H@etwork wide signal optimization
Inen TM(:I)|K&U||M1HMMT19ﬂt analysis
K ....... — Pseudo I:)TFIUITIIC Volumes (PDWV)
%emand mo.del
2, 23:31 80 thiitiAoda)
'9,’ - PuT anafyses
""cl;lwo yPLg'\-p%ssenger surveys
. Matrlces
\Li\]oH ------ Iip Begmand matrix correction
i\a —b iCalédiate PrT skim matrix
KyHblu—kgalculgte dynamic PrT skim matrix
------ =p Calculate.PuT skim matrix
OJ'I b8 Calculateﬁ.‘tnp area skim matrix

Mukoamsggen matsax

------ =¥ Save matix
Iﬂ.el' T 4¢) Kapll Wétibithation of matrices and vectors

KO ﬂ'} Matrix aggregation

\\lll';f
W4 1y

\\lll';f
A !y

e triz deaggregation
7
2, 292571 65(5‘ Jegmn of matrices
»9,)" ...... = 0 m‘%nd matrix calibration

Cauo y—ﬂ'ﬁistribution of demand matrix to paths

niAY—

ORI n

‘\a\*- fq‘?
% . %
~ bBymariH v
Figure 3.45 - Greatior of"’skim matrix

= HOpinoBMY -

~ lpeHTudikauinHun I
3’ Kon ~:I‘
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Procedure sequence

ir e v ZIREHIE S

8 | Active| Procedure Reference objec(s)| Variant/fie Messages Comment| Start  Duraton ResutMessage

1t b KX Trip generation Al MDA demand ¢ Nov 13,2 Omn

2 X Calulate PrT sk matrix C Car 5 Nov13,2 Omn

3 X Caloulate PuT skim matnx PuT Publc traspo . Trnetable-based Nov 13,2 Omn The assgnment was successfuly completed.

Figure 3.46 Available skim matices with reference objects(Car/Public transport)

Trip distribution.

chosen

Trip distribution determines the values of transport

correspondence for different layers of demand between transport areas. In the Trip

distribution model, the created flows are distributed by correspondence.

For this, skim matrix and evaluation functions are used.

For creating the Trip distribution procedure Create button/add a new procedure

to the Demand model - select Trip distribution from the list and droping it down in

the list of functions should be used. Additionally all the demand layers must be

added.

Procedure sequence

E (O o | A | e ) | Iﬁ | 5

=] Active Procedure
1 S Trip generation

2 Calculate PrT skim matrix
3 Calculate PuT skim matrix
4 | Trip distribution

Procedure

—

-

MNetwrork-wide ) Elp |rr1|zat| n?,
- Ass@nmeﬂt an@ﬂ@é@ %

= FPseudo Dynamlc \@B]FﬁﬁalﬂFajV]
Demand mUd_eI BaCVIJ'IIBHa

Trip gerreration

Trip distibutgaHTUhIKALIMHNIA
Mode choice Oﬂ,
Time-of- r:ra'y choice

EVA trip ge%raa%‘l 801 324 D
EWA mrelghtlrfﬁf’

Eva distribution fﬂﬁlﬁ%& hgr&:g
Tour-based model - T eneration
Tour-based mo@_él" Com q‘lét} trlp distribu

Mested Demand ‘7
MPIELRE"

Mested demand gK
eneration and distribu

Tour-basad Fr2|ght b
Tour- based freight Elggaeratlun :

Estimate=g ravlthﬂmFﬂs (I{AHB RI})

ABM Inng_ term location choice -
ABM Negeed[ig’&hqr@maum"m“ -

Calculatejemand mq(o&s from trlg_s
Generate path U toufs
Start Adlvl@ﬁljgﬁﬁ%sm
Import Activity@jm output dat%t.
Export ActivitySint fpgt yaaa"‘

e
"“"nﬂ

y
”lrllt“

LAy
A

& ‘%

Figure 3.47. Adding trip distribution.

AHLPIN
AHppivioBuy
lpeHTUdIKaLinHnM
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Mode choice.

After calculating correspondences by demand layers, it is necessary to divide
these matrices (correspondences) by traffic modes - i.e. what type of transport will be

used by passengers — private or public.

To add Mode of movement / Mode choice, Mode choice in the Procedure
sequence tab from the Demand Model folder should be added.

After adding, the procedure has to be lowered down in the list of procedures.

| Procedure sequence

p b YZINHIE|®

8 Active Procedure

1| D Trip generation

2 Calculate PrT skim matrix

3 Calculate PuT skim matrix

4 Trip distribution

2 Mode choice
— Procedure X
| &° v 0'4

| I =) Signal cycle a t”@ﬁﬁh'iﬁtlﬂﬂ
------ = Metwork-wide si%eémnﬁ%wézatmn:

------ = Assignment prasisikavinHmii s
...... =+ Pseudo Dynamic Volueges (PDV) <~

= Demand mndel¢ 2331801324 o

t."\

‘e,
------  [Mode choicd” e %
------ = Time-of-day choicenera
...... = EVA trip generdilétkonaisHa

...... - EVA weig'ﬁtnlrﬂeHTMd)iKauiﬁHmm

------ - EVA diﬂri&;in%g@%wice
9 N

Figure 3.48 - Addifig-a mede choice

OHHHW

y
EFFTEEA

i

In edit mode once again all the d@mand Iye‘?s, should be added as well as

bymari

Utility function, function type and coefﬂment@“W‘hen the utility function is specified:

Hp,pIVIOBI/ILI -
- For individual transport - cost mdﬂﬁkTW%'”HW 3
KoA4 ~
"5, 3155605113
Pa, o<t
(‘aHO y BI-\



- For HT of transport - matrix No. 4

With the given function, the Logit model and the coefficient 0.2 are chosen.

Parameters: Mode choice

Set any result demand matrix to 0 prior to calculation

89

Key Demand stratum Mode Utility function Function type | a b C
1 APO1_DGO1/C APO01_DGO01 Other-Other C Car Matrix([NO] = 2} ...| Logit 0 0 -0.2 .. Matrix|
2 |AP01_DGO1/PuT | AP01_DGO1 Other-Other PuT PuT Matrix([NO] = 4) ...| Logit 0 0 -0.2 .. Matrix|
3 | APD2_DGO1/C AP02_DG01 Other-Home C Car Matrix([NO] = 2) ...| Logit 0] o -0.2 .. Matrixi
4 | APD2_DGO1/PuT | AP02_DGO1 Other-Home PuT PuT Matrix([MNO] = 4) ... Logit ] 0 -0.2 .. Matrix|
5 |AP03_DGD1/C AP03_DGO01 Other-Work C Car Matrix([NO] = 2} ...| Logit 0 0 -0.2 .. Matrix|
6 | APD3_DGO1/PuT | APO3_DGO1 Other-Work PuT PuT Matrix([NO] = 4) ... Logit 0] 0o -0.2 .. Matrix
7 |APD4_DGO1/C AP04_DGO1 Home-Other C Car Matrix([NO] = 2) ...| Logit o] 0 -0.2 .. Matrix|
8 | AP04_DGO1/PuT | AP0O4_DGO01 Home-Other PuT PuT Matrix([NO] = 4) ... Logit ] 0o -0.2 .. Matrixi
9 |APO5_DGD1/C APO5_DG01 Home-Study C Car Matrix([NO] = 2} ...| Logit 0 0 -0.2 .. Matrix|
10 | APOS_DGO1/PuT | APO5_DGO1 Home-Study PuT PuT Matrix([NO] = 4) ... Logit 0] o -0.2 .. Matrixi
11  APD6_DGO01/C AP0O6_DG01 Home-Work C Car Matrix([NO] = 2) ... Logit ] 0 -0.2 .. Matrix|
12 | AP0O6_DGO1/PuT | AP06_DGO01 Home-Work PuT PuT Matrix([NO] = 4) ...| Logit 0 0 -0.2 .. Matrix|
13  APD7_DGD1/C APO7_DGO1 Study-Home C Car Matrix([NO] = 2) ... Logit 0] 0o -0.2 .. Matrix
14 | APO7_DGO1/PuT | APO7_DGO1 Study-Home PuT PuT Matrix([NO] = 4) ... Logit o] 0 -0.2 .. Matrix|
15 | APO8_DGD1,/C AP08_DGO0D1 Work-Other C Car Matrix([NO] = 2} ...| Logit 0 0 -0.2 .. Matrix|
16 | AP0O8_DGO1/PuT | AP08_DGO01 Work-Other PuT PuT Matrix([NO] = 4) ...| Logit 0 0 -0.2 .. Matrix|
17 | APD9_DGO01/C AP09_DGO01 Work-Home C Car Matrix([NO] = 2) ...| Logit ] 0o -0.2 .. Matrix
Apply to all DStrata Cancel
Figure 3.49 - Mode choice data
After creating data in the matrices can be checked.
SIS — ... . ot = APOT_DGO1 x PuT)
I—ere all matrices can centrally be managed and opened for further processing and ana ,.fses
g i) NE2 S| @ @|0][i:= + — ¢ % uem
Il matrices 7x7 & i«, 3 4 5 6 7
EI--Demand matrices MNarrre CMeleﬁ&GbKag Zon |V|ngzon iving zon |iving zon | :rvise zol|:rvise zol
£ Zone matrices - S@BITABAIG 4662 & 2487 | 8030 | 12922 | 6889 | 2692
21 Data matrices 1 Livir@zone %%\WCW?IgHa ooo < — 0.00 0.00 0.00 0.00 0.00
5 Distribution AP0OT_DGO1 2 Livirg zone 3726 =- 787 0.99 0.00 0.00 0.00
6 Distribution AP02_DGO1 3 lemg.zorldlelﬂﬂ'ﬂqﬂmllllMHm ~11.10 0.50 4.76 0.00 0.00
7 Distribution AP03_DGO1 "5' :::::9322:: T Kogig ggg : ggg 18012 124?25 ggg ggg
+ 8 Distribution AP04_DGO1 6 Ser\ﬂge z?;r Zggsl 3324 000 000 000 5933 956
9 Distribution AP05_DGO1 7 | Servise zoneﬁ‘;s 92 DDD ,@00 000 000 000 95 1736
-10 Distribution AP06_DGO1 CFho y B
- 11 Distribution APO7_DGO01 <90 HH WG .
12 Distribution AP08 DGO1 ‘\a“" ‘g ”
-- 13 Distribution AP09_DGO01 % ‘70
14 Distribution AP10_DGO1 =~ KyHnupka -
15 Mode choice APOT_DGO1 x C = Onbra -
= MwukonaiBHa =
- 17 Mode choice AP02_DGO01 x C - |ﬂeHTVI(biKaL|,iIZHI/1IZ -
- 18 Mode choice AP02_DG01 x PuT - -
- 19 Mode choice AP03_DGO01 x C = KoA -~
- 20 Mode choice AP03_DG01 x PuT ¢,~ 2925716501 o
Pn A

“Cano y B9°

Figure 3.50 - Data |n _mote tﬁm&e matrices

As a result of performing the Mode EXiUi’é@ procedure we receive a message

(the last column) about Modal Split, tﬁaﬁ |sA'W

;llK

P%“Ssengers probably will chose as a

way of transportation. In figure 3.51 the rgqlégfo% %odeﬂmg can be seen. According

‘7(‘3“0 y BI-\
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to the model in researched area with all the input data population will rather choose
private transportation(56 to 44 percent). This is not ideal distribution and cities
officials try to increase the level of attractivness of public transport up to 70%.

The results will be analyzed and improvements provided in “Recommendation

and implementation” section.

ResultMessage

gp Create

The assignment was successfully completed. @ Creat
reate group

Matrix total 5 after distrbution of al demand

Successfully calculated mode choice for 10 de F= cwitch

Successfully calculated mode choice for 10 demand
strata and 2 modes. Global Modal Split: C: 56.36% PuT:
43.64%

@ Down

Figure 3.51 - Results of analysis of mode choice

Chapter 3 summary
\L_‘po HHW G o
N o,
CmepiveBcbka ©
CeiTnaHa -
= BacuniBHa -

Chapter 3 provides a detailed franiewmlwvwnductmg transport modelling in

Koz

a district of Kyiv, emphasizing the mtegraﬁ%%&@ﬂ@dtb demand and supply models to

~
~
-
(.

assess the performance of the transportatlg@,.sygtem By utilizing tools like PTV
Visum, the chapter outlines how to rep(éfsentymeltt,@nsport infrastructure and simulate

the interactions between travel demand andquawqdah!,e setwces Through this process,

laeHTUdiKaLinHni

the chapter demonstrates how transport modeléng can generate critical insights into
"5, 2925716501

the efficiency of the transport networkmdentlfy Jqot"entlal bottlenecks, and inform

a;my‘a

strategies for improving mobility and accessmrIWw,ghln the district.

The findings and models developed ﬁ‘("tﬁ"§ chapter provide a foundation for
future transport planning, policy- makmgﬂ aﬁdpk.‘f@ﬁ’tﬁlzatton efforts, contributing to a

HTUQIKALINHWL 2
more sustainable and effective transpongl%%%lq Kyiv.
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CONCLUSIONS AND RECOMMENDATIONS

Modeling the processes of street and road network elements is a crucial aspect
of urban transport system planning and management. It helps to understand the
interactions between different parts of the network, forecast and optimize vehicle
movement, as well as address issues related to traffic congestion and road safety.

Models can account for various factors such as the geographical features of
urban areas, the location of key objects and infrastructure, demand for transportation
services, traffic flow, and the interaction between different types of transport. They
provide the ability to predict the impact of various urban development scenarios and
changes in the transport system on comfort, efficiency, and traffic safety.

The study involved developing a transport model for a neighborhood in Kyiv.
The model includes both transport supply and demand components. When modeling
the transport supply for the neighborhood, the following network graph elements
were introduced: 474 nodes, 864 segments, 7 transport districts, 25 stops, and 8
public transport routes (each with two directions), along with the public transport
schedule. The transport flows (populatlommovement) were generated, meaning the
assessment of the total volumes of arrwafs"'aﬁde'?}@parmres in each transport district.

CaiTnaHa

The evaluation of arrivals and departures Yvas done separately for each movement
— loeHTudikayinHmm

layer based on socio-economic statistics of traﬂf%ﬂort demand.
», 2331801324

A four-step model was used to sirﬁma;tg trapsp‘f)rt demand, and transport flows

were calculated using demand procedure&*l\?l%%méﬁ; (correspondence) matrices and
KyHuubka G

cost matrices between each pair of tran:sport obstrru:ts wete computed. The distribution

MwukonaiBHa -
of inter-district correspondence across |ﬁMauah&|ﬁnansport modes was carried out

using probabilistic choice models. The 2selm'ﬂ5m gnterlon used was either the

maximization of user utility or the m|n|m|za‘ti0m of“t?lelr costs.

oHH
\Lﬂ’

The modeling results revealed thaf thg mgre o’ﬁprlvate car use is 56%, while
public transport use stands at 44%. It Qan bgHégM@fBl.gAQed tTjat measures should be taken

to improve the attractiveness of publictrafisfioit for tisérs.

"2, 3155605113
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Encouraging the use of public transport over private cars can be achieved

through several strategies focused on convenience, affordability, accessibility, and
the overall user experience. Some of the approaches include: [22]
1. Improving Public Transport Infrastructure
2. Enhancing the Quality of Service
3. Incentivizing Public Transport Use
4. Encouraging Sustainable Transport Choices
5. Promoting Public Transport as a Convenient and Smart Option
6. Raising Public Awareness and Promoting Behavioral Change
7. Creating Attractive Urban Spaces
8. Leveraging Technology and Data
9. Providing Incentives for Switching Modes

10. Designing for Future Needs

1 H U5
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