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ABSTRACT

This research aims to show the capabilities of smart city modeling using GIS and other
accessible information to provide accuracy and precision. Through this data collection, architects
and urban planners can strategically alter urban areas to promote user experience and
contentment. Current well-established cities can become known as smart cities, or cities that are
data driven. This collection of data, such as traffic data, can be used to improve the user
experience through efficiency and correct implementation. The idea of a “walkable city” is also
reinforced as an important design solution that directly impacts the user experience in this urban
environment. Through this technology, architects and urban planners may use this workflow in
future design projects that focuses on user experience and engagement.

This exploration aims to provide possible simulation methods for current smart city
implementations and improvements. The impact of this project is to find if computational
simulations and modeling can improve the overall health and well-being of users in an urban
environment. The area of focus in the downtown urban setting of Fargo, North Dakota. Key
aspects of this research include generative modeling and simulation of traffic flows on roads,

pathways, alleys, and sidewalks.
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INTRODUCTION

As the world population increases, people migrate to urban areas with high density. As a
result, inhabitants in an urban environment have lost a sense of their personal identity. Areas
with high population density lose a sense of cultural identity and heritage through congestion and
traffic. This research aims to promote the health and well-being of these users through computer
simulations and modeling. To do this, user experience will be primarily focused. Through the
data collection, architects and urban planners can strategically alter urban areas to promote user
experience and contentment. Current well-established cities can become known as smart cities,
or cities that are data driven. This collection of data, from pollutants levels and traffic control,
can be used to improve the user experience through efficiency and correct implementation. To
reduce the amount of manual input that is required, city modeling is tightly integrated with urban
simulation (Aliaga, 2012). This means that current implementation could simulate future design
choices in the urban environment. The idea of a “walkable city” is also reinforced as an
important design solution that directly impacts the user experience in this urban environment. To
do this, urban planners must use data from smart cities to make these decisions.

1.1. Overview

This proposal will outline the structure of the research to provide a clear and concise
work schedule. Literature review will discuss past case studies in this area of interest to show the
feasibility of this design research. Many research questions are provided and will be answered
through the research process. Then, proposed outcomes will be compiled into the deliverables of
the research and provide the overall impact the research contributes to the field of architecture.
To do this, methodology will provide the process and approach of the project through data

collection.



1.2. Mission Statement

The mission of this research is to establish that computational modeling and simulation

can directly improve the overall health and well-being of inhabitants in an urban environment.
1.3. Research Questions

The following sections propose questions that will be answered through this research
project. These questions directly correlate to the ideas to promote the wellness of users in an
urban area with computational modeling and simulation. Areas of interest include the following:

1.3.1 The Urban Built Environment
e How do newer buildings in an urban area affect the built environment?
e How can computer modeling aid in overall health and accessibility of urban
inhabitants?
e How have smart city systems improved the lives of people in those cities?
1.3.2 Smart Cities

e What makes a smart city smart?

e What data should be gathered to enable a smart city and its operations?

e How is the data collected by a smart city processed and analyzed?

e What should the data collected by a smart city be used for?

1.3.3 Data Collection
¢ How can the data collected by a smart city be used to better the lives of the urban
inhabitants?
e How can we ensure that the benefits of smart city data are shared equitably among all

city inhabitants?
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e How can we ensure that the benefits of these technologies are realized while also
protecting the privacy and security of citizens?
e How can we ensure that the development of smart cities is inclusive and beneficial for
all residents?
1.4. Proposed Outcomes

The following section outlines deliverables for this research project. Additionally, the
impact of this project will also be discussed, as to what this research project will have an impact
on architectural practice, career field, and in a broader context.

1.5. Deliverables

The deliverables of this project include a data set of circulation patterns (that define a 15-
minute city) in multiple urban design solutions. Moreover, a comparison of these design
solutions will be included and heavily impact the final solution. The goal is to develop the
solutions to find a more efficient and effective design to pedestrian wellness for walkability.
Multiple circulation types such as walking, running, biking, and driving will be affected as a
result. However, the concern of a walkable urban environment will be the major interest.

1.6. Impact

The impact of this project is to find that computational simulations and modeling can
improve the overall health and well-being of users in an urban environment. Through this,
architects and urban planners may use this workflow in future design projects that focuses on
user experience and engagement. Rather than designing for the client, striving for user
experience would change the design solution and result in better user wellness. Key players in
urban planning are the inhabitants, who know the reality and the problems around them better

than anyone else (Bugs et al, 2010). In a broader sense, the impact of designing for the user
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experience could develop a more sustainable environment in an urban area. Urban layouts have
become more congested and focused on population density because of population growth. Urban
layouts have also become more one-dimensional and plotted in a grid-like pattern. Through this
design method, urban layouts could become more interesting regarding design choices to
improve the health of the urban users. Planning authorities can implement urban renovation
projects to enhance the quality of the streets in a logical order (Stefandisis, 2022). Moreover, this
project is a direction towards a possible workflow of smart city implementation, prioritizing
simulations to accurately model urban walkability and other means of transportation.
2. LITERATURE REVIEW

The following section reviews previous methods of research of computational modeling

in an urban environment.
2.1. Integration of BIM and GIS in Smart Cities

In “Planning Utility Infrastructure Requirements for Smart Cities using the Integration
between BIM and GIS,” Marzouk and Othman discuss the benefits of the combination of BIM
and GIS to plan infrastructure in smart cities (2020). For context, BIM (Building Information
Modeling) is digital representation of physical models and GIS (Geographic Information
System) is storage and analysis of geospatial data in each location. The integration between these
two systems allows urban planning and development that is detailed comprehensively. Because
of this, urban planners can easily find how infrastructure should be planned out in the most
efficient and effective way.

Additional benefits of BIM and GIS integration include the improved understanding of
infrastructure relationships, reduced costs in planning or construction, communication and

collaboration of smart city developers, and precision in the smart city planning process. The
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authors argue that these benefits outweigh the challenges of this implementation, such as cost in
data collection and constant data collection upgrades through new tools and technologies.
Overall, Marzouk and Othman identified improvements of smart cities through BIM and GIS
integration. In return, improvements in sustainable and data-driven cities are possible.

Although the integration of BIM and GIS is resourceful for the city developers, it is also
important to consider the users and citizens of the urban area. The data collected is widely used
regarding the users and should be distinctly analyzed to benefit them. Through additional
research and analysis, the connection between BIM and GIS integration and boosting overall
health and wellness of the users can be made.

2.2. Building Virtual Models for Smart Cities

Jovanovic¢ et. al propose the application of virtual modeling for urban design in “Building
Virtual 3D City Model for Smart Cities Applications: A Case Study on Campus Area of the
University of Novi Sad” (2020). Their case study focuses on a virtual city model of the campus
of the University of Novi Sad in Serbia and made possible using geospatial data. Their workflow
included data collection of the campus area, data processing on types of objects such as buildings
and roads, model generation through aerial imagery, and model visualization through software
applications. Urban planning is a potential future use, according to the author. This workflow can
potentially simulate urban planning scenarios and present multiple design solutions. Lastly,
navigation and pedestrian flow can be simulated and modeled to compare areas of congestion
and easement.

This workflow shows the importance of accurately implementing smart city design
through computational modeling. It also shows that developed and established cities are capable

of smart city integration through aerial analysis rather than only newer, developing urban areas.
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Similar workflows and the assistance of GIS are central to future implementation of data-driven
design. Overall, the workflow presented by Jovanovi¢ et. al can directly impact the users through
simulating design solutions and processes. This can be done by modeling pedestrian flows or
sustainable practices. Additional ideas such as preservation of cultural sites and buildings can
also be explored with the assistance of 3D modeling of urban settings.

2.3. Simulation of Urban Walkability

In “Urban Walkability Design Using Virtual Population Simulation,” Mathew et. al
presents an approach to design walkable urban environments (2019). The approach is to use
procedural modeling where the environment, such as the buildings and circulation paths, alter to
find the best solution for pedestrian behavior. To do this, the authors started with an urban layout
and then simulated movement through the environment. From this, they analyzed the interactions
and developed the model to produce a favorable outcome.

Even though this system is still under development, the system has been used in real-
world applications. For example, the system was used to design a new pedestrian path in Venice,
Italy. It has been shown that the crossing would reduce congestion and improve the safety of the
users.

The application of the simulations shows the successful implementation of modeling
around the pedestrians in an urban area. The study focuses on the importance of a walkable city
which overall affects the health and wellness of the users, as a more walkable city can be more
comfortable and safer. Other pedestrian transportation methods such as biking and vehicular
traffic could also be explored, as well as proving the efficiency of the circulation path. This
successful implementation could alter previous design solutions to become even more efficient

or create new solutions to further enhance the urban environment.
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2.4. Simulation of Transportation

In “A Simulation-Based Accessibility Modeling Approach to Evaluate Performance of
Transportation Networks by using Directness Concept and GIS,” Ertguay proposes a new
simulation-based accessibility modeling approach that considers the directness of routes (2019).
The approach uses a simulation-based model to generate direct routes between all pairs of origins
and destinations in a network. These routes are then used to calculate a new accessibility
measure that considers the directness of routes. The author argues that traditional accessibility
measures do not adequately account for the directness of routes, which can lead to inaccurate
interpretation of network performance. Ertguay applies their approach to a case study of the
transportation network in cities of San Francisco, Paris, and Ankara. Through their assessment,
the new approach produces a more accurate assessment of network performance than traditional
accessibility measures. Areas such as urban planning, transportation engineering, and public
policy may be directly improved according to the article. This approach has the potential to be
used to improve transportation networks and make them more accessible for multiple users.

2.5. Modeling Walking Behavior

In “Modeling Walking Behavior in Cities Based on Street Network and Land-Use
Characteristics: The Case of Istanbul,” Ozbil investigates the relationship between street network
design and pedestrian movement in Istanbul, Turkey (2013). Ozbil uses a variety of methods,
like spatial analysis, statistical modeling, and pedestrian surveys, to study three different areas in
the city. They find that street connectivity is a significant factor in determining where people
walk, and areas with more connected street networks have higher pedestrian volumes. Land use
mix is also important, as areas with more mixed land uses have higher pedestrian volumes. As

such, urban areas such as downtown blocks are resourceful for diverse movement and activity.
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Ozbil believes that their findings have important implications for urban planning, as they suggest
that planners should focus on creating more connected street networks and promoting mixed land
uses to encourage walking.
3. METHODOLOGY

Methodology will have three areas to define research ideas and outcomes. The following
areas are as follows:

e Approach: Methods to gather data.

e Data Collection: Types of data that will be gathered.

e Analysis: The tools to analyze and organize data.

3.1. Approach

To find the most effective solution to the urban design problem of pedestrian flow,
multiple solutions will be explored. In this way, each solution will be compared distinctly to
another solution to strengthen the result. Through this comparison, simulation and modeling will
be valuable in comparing each solutions’ features. The re-emergence of local transit strongly
suggest the need for walkable spaces around stations as the means of access to the concentrated
development (Barnett, 2016). As such, areas of analysis in the aspect of walkability and traffic
efficiency are targeted to the user of the urban setting in order improve their health and wellness
of their urban environment. Future solutions will be built upon these past design solutions
moving forward.

More specifically, the focus will be on downtown urban settings in a Midwestern area
like Fargo, North Dakota. This includes circulation through downtown and the efficiency of
vacating the downtown area. As a result, users can circulate the urban area more efficiently. This

will be conducted through a generative process. The final deliverable will be a simulation model
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using data collection from pedestrian simulation. After this process, lines can be drawn to
multiple areas of interest to define the area as a “15-minute city.” Through smart city models and
data collection, a walkable city can be effectively defined.

Pedestrian mapping is a beneficial method to collect or simulate possible scenarios in
established cities. Pedestrian mapping is primarily conducted in this research to simulate present
transportation methods and find alternate solutions to urban transportation. These transportation
methods include walking, biking, and public transportation, in which each method has distinct
characteristics to examine.

3.1.1 Data Collection

Data collection will be conducted through established software platforms regularly used
in the architectural field. Occupancy as well as human and vehicular circulation are key
important data to help build the simulation as accurately as possible. Additionally, precedent
studies from local governmental organizations such as Metro COG provide resourceful
information regarding transportation patterns in the Fargo-Moorhead area.

3.1.2 Analysis

The following information will discuss the platform’s overview and primary use for this
project:

Adobe Illustrator is a graphic editor and design program. This program will be utilized to
create the figure-ground maps needed for data analysis. Additionally, creating maps with lines
that directly connect to areas of interest. In return, the downtown urban area can determine its
walkability and accessibility.

AnyLogic is a general-purpose simulation software that uses agent-based modeling.

Agent-based modeling is computational modeling used to simulate interactions of autonomous
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agents, such as people. As such, AnyLogic can simulate scenarios of pedestrian flows from
different buildings and urban layouts to develop an efficient and effective outcome. From this
data, urban planners can find an effective solution of urban planning primarily to the pedestrians’
movement.

ArcGIS is a geographic information software used to complete mapping and analysis
solutions. ArcGIS can provide exploration and visualization through smart mapping. Analysis of
data includes locating prime locations, optimal routes, and patterns to make predictions. As a
result, this tool can be used to discover optimal and strategic locations of interest through
circulation studies. Additionally, ArcGIS can integrate with AnyLogic to provide an easier
workflow within a single platform.

Lastly, Metro COG, or the Fargo-Moorhead (FM) Metropolitan Council of Governments,
established in 1963, is a transportation policy-making organization made up of local government
and transportation authorities in the FM-area. Metro COG’s mission is to harmonize the
activities of federal, state, and local agencies, render technical assistance, and encourage public
participation in the development of the area. Metro COG functions as a resource of information
on the numerous transportation activities in the FM-area to enhance and safety and experience of
the cities of the area.

3.1.3 Conclusion

To review, the focus of this research project will be on downtown urban settings in a
Midwestern area like Fargo, North Dakota. The primary analysis is to develop multiple designs
to improve user circulation and traffic flow. This directly impacts the overall health and well-
being of the users. Key aspects of this research include generative modeling and simulation of

traffic flows like roads, pathways, alleys, and sidewalks.
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Implementation of this idea is through smart cities, or cities that data driven that impact
design choices and other decisions. BIM and GIS are useful in this idea to collect data and model
specific urban settings. Feasibility studies have been shown through computational modeling and
simulation in case studies. Lastly, additional resources such as the multiple software platforms
will aid in research by generating design solutions and then reviewing and updating. This way,
urban areas will become more efficient and directly impact the user experience.

3.2 Project Location (Larger Scale)

The project location of this project is the location of downtown Fargo. The downtown
area is situated in the central area of the greater Fargo-Moorhead area and is active in terms of
pedestrian movement. The location includes several means of transportation which will be useful
in elaborating forward. Figure 1-2 outline the project location and the boundary at which the site

1s defined.

Figure 1. 3D view of site location.
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Figure 2. Site boundaries with key points of interest.

3.3 Project Location (Smaller Scale)

More specifically, this location is very important to the greater Fargo-Moorhead area. It
holds many important government buildings as well as thriving businesses. Additionally, both
day and night life are abundant in the location, as downtown Fargo holds many attractions,
including restaurants, bars, and fine arts. To the south of the project location includes Island Park
with is activate in outdoor events. Figure 3 highlights the primary and secondary roads through
the location, as many primary roads connect the activity of the greater Fargo-Moorhead area,
which includes Main Avenue, 10" Street, Broadway, NP Avenue, and University Drive. Figure 4

applies this information and presents it in AnyLogic digitally, which will be further discussed.
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Figure 4. Site map currently in simulation.

21




4. RESULTS AND CONCLUSIONS
The section includes the overall process and iteration of creating a smart city model of
downtown Fargo.
4.1 Final Project Description
At the beginning of the process, the following thesis questions were asked:

e What methods can well-established or newer cities use to become smart cities?

¢ How can the data collected by a smart city be used to better the lives of the urban

inhabitants?

e How can computer modeling aid in overall wellness and accessibility of urban

inhabitants?

e How can we ensure that the development of smart cities is inclusive and beneficial for

all residents?

These questions followed throughout the design process and referenced the design
choices of the simulation process. Figure 5 outlines the possible results of a smart city model to
effectively collect data the guide design choices. Moving forward, Figure 6 establishes possible
urban scenarios to be simulated in AnyLogic. The scenarios highlighted in blue were the focus of
this design process. However, each scenario is possible and perhaps worth exploring in the

future.
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Figure 5. Table of information produced from simulation.

Topic Diata to be analyzed What dats is produced? How can the data be used 7
Ti optin Faslesi roule of he leasi miles | Provide estimalions on fime of iravel
and time required
Road congestions Number of vehicles ala given | Provide areas of congestion fo be apimized or
loeaon reanganized
Road y of ravel of alemale | Provide alemate routes lo possible road dosures
sites paths of ravel
Public transpor sency of avel Provide the alficency of public lmnspanation in a large
Amas of use of small scale
Cosl of use
Snow or emergency routes Eficiency of a given route, Provides the clly fie means 1o plan smarer roules for
response lime. response Leams for emengencies or weather condions
Alternate means of travel Cosi of uselupkeep Provide the Sency feasibilty of allemal
Amas of use of ravel
Efciency of ravel
Percentage used by papubstion
Pedestrian Safety of urban environment Track areas of céme and Find and mduce amas o crime o make them more safe
dosed off areas for or rack change of p Sow due
o dosed off areas
of Siieney Iz 2 “15-minute eily” achisvable in e given area?
Provide informasion on whal can be changed W achieve
this goal,
Accessibility of amenities Time or distance from a given Provide informaSion of distance of ameniies ke siores,
locasion mquied for Bing wark, sducalion, of housing
Accessibility of public Distance from a bus Provide op for public with
transportation Fouledas semitly of 8 subway high weas of we
stalion entry
Accessibility of nightlife Lighting feasiiity Provide the number of strest Bghis needed for nightie.
Number of places of interest or | Provide informaion of open or cbsed amenllies for
ameniSias for nightile. nightife.
Infrastructure Water and power supply Amount of water and pawer Provide the costand amounl requised in a given locaion
supgly used of neadad
Waste Management Emiciency of waste ¢aleclion Provide information of waste colieclion and s eficiency
and tracking the amount
collacied
Sency o Provide op of law enforcement, educaion,
nfras uckire and & i and
Environment Healthcare Amas of disease spmading or | Provide information of diseas e spreading and ofer
high pedestrian count heath concems
Air and water poll ution Asmas of high politants and Provide informaion on the amount of palluion in an
the causes urban sating o find an eficient saluion
Green Spaces Ameount of green spacesina Provide informaBion on whether more geen spaces,
given wban envifonmant such as parks of Selde, are neaded

Figure 6. Table to guide creation of simulation and models.
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4.2 Project Objectives
With AnyLogic’s GIS capabilities, a map of the simulation is easily accessible. In Figure
7, the orange points, also known as GIS Points, can be placed to mark any location throughout
the model. It can also be used to markup routes, boundaries, and differentiate between GIS
Points. This GIS map includes the fifty public assembly areas from Figure 8, along with forty-

five packing locations.
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Figure 7. Fall semester digital AnyLogic model.

Simulating Fargo’s downtown urban area was made possible by reaching out to city
departments to get public assembly permits. The two primary departments that had accessible
information were the Building Inspections Department and the Fire Department. These permits
contain the address, name, and occupancy of the building. Being a public assembly means that

these locations are open to the public, which include restaurants, university departments, and
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other places of gathering. The following information in Figure 8 outlines the area of research and

the information necessary to create the model:
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Figure 8. Public assembly information provided by city officials.

Within each block holds adjustable variables that impact the model’s performance.
Additional code can also be added for advanced models. Each block can be changed separately
to become unique. Major variables include the location, rate, probability, speed, capacity, and
delay time. For example, two Delay blocks can have different locations with different capacities.
By measuring these variables, a diagram of the information simulation is possible, both at the
end of the simulation and when it is currently running. Figure 9-10 portray the Delay block
settings and final diagrams produced by the running simulation. It is worth noting that these

diagrams provide occupancy of used parking spots and vacancies of the parking locations.
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Figure 10. Fall semester diagrams of parking vacancy.

In AnyLogic, blocks are used to define where the pedestrian starts, moves, waits, and

stays. The Source Block, for example, defines where the pedestrian begins in the simulation.

They can start from a certain point of the map (building) or in a defined area (downtown area). In

the Source Block, we can set parameters that define how the pedestrian acts or moves, such as

arrival rate and speed. Figure 11 outlines how these blocks can come together to create a

functional simulation. The following section provides the initial idea of the simulation process:
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e Hierarchical Model: Start at Downtown Building > Move to another Building >
Loop or go to nearest Parking Lot

e Distributed Model: Start at Downtown Building > Move to another Building >
Loop or go to a Parking Lot

e Intersectional Parking Model: Start at Downtown Fargo > Move to nearest
intersection > Move to nearest Parking Lot > End

e Centralized Parking Model: Start at Downtown Building > Move to nearest Bus
Stop > Move to Central Parking Location > End

e Bike Traffic Model: Start at Downtown Fargo -> Move to Building > Move to

Building > Loop or End

Figure 11. Fall semester logic.

27



Altogether, these blocks can be connected to simulate pedestrian movement.
Additional coding is used to simulate pedestrian movement to the nearest destination. For
example, Figure 12 includes the pedestrian movement towards the nearest defined destination. In
this case, it is a parking spot.

& toParking - SelectOutput5

Name: [ toParking ] [(JShow name [] Ignore
Use: =, (@ Probabilities

(O Conditions

O Exit number

Probability 1: ) 2.5

Probability 2: "0 0.5

Probability 3: 70 2

Probability 4:

Probability5: ) o
v Actions

On enter:

On exit 1:

On exit 2: agent.moveToNearestAgent(parkingSpots);
On exit 3:
On exit 4:

On exit 5:

Figure 12. Travel to nearest function.

The results provide just an example of what information can be accessed from a smart
city simulation. This includes the time it takes to move between points and the number of
pedestrians moved in this way. Varying information from the graph sections are resulted from
the “MoveToNearest” line of code which redirects the pedestrian’s path of travel. For example, if
a pedestrian wants to go to the nearest parking space or lot, the pedestrian will not choose one

the furthest away.
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The amount of time it takes from one point to another can show if the downtown area is
“walkable” or accessible by foot traffic. If the parking locations are farther away, the data would
result in a longer time and distance traveled. In this way, urban planners can use this information
to find areas of issue and perhaps adjust the urban area to accommodate pedestrians.

The following diagrams, Figure 13-16, show the spring semester logic blocks to create a
more advanced model. They explore alternative means of travel while studying the accessibility

to certain amenities, such as green spaces, bus stations, certain stores, and apartment buildings.

®) sourceWRestaurantsAndBars - Source Walkability of Urban Environment

Name: sourceWRestaurantsAndBa| [] Show name [Jignore Downtown University

o—IF——© loommmnn -

Arrivals defined by: =, |Rate v
Arrival rate: = 2 per minute I Downtown Gas Station
® - 'y 0003333333333~
Set agent parameters from DB: = O
3 E Downtown Green Spaces
Multiple agents per arrival: =04 e
7] > ® X, 0003333333333~
Limited number of arrivals: =0
« Downtown Misc Commercial Private
0003333333333~
Location of arrival: =, |Network/ GISnode v

Downtown Bus Stations

Node: = Downtown v | T3 (3 Q—ﬂ—@ 0003333333333 v

s : i) 3 miles per hour [ Downtown Bike Parking
D 0003333333333~

» Agent
Downtown Parking

v Advanced
0003333333333~

Customtimeof start = [] P
Add agents to: = (@ default population 2 (€] < 0.003333333333
O custom population Downtown Church
Forced pushing: = @—E—@ 0.003333333333
« Actions Downtown Stoplight Intersections

<

Q—E—@ 0003333333333

On before arrival:
Downtown Restaurants and Bars

On at exit: @—E—@ 0003333333333~

On exit: if ( regionClosedArea.isVisible() ) Downtown Apartments
agent.moveToNearestAgent(collectionRestaurantsAndBarsl); 0003333333333~
else
agent.moveToNearestAgent(collectionRestaurantsAndBars) Downtown Misc Federal State

v Advanced —fF © loommmnn -

Downtown Misc Commercial Public
Agent type: =, | © Pedestrian v o—IF— 0003333333333~

Figure 13. Event scenario function and final foot travel logic.
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Accessibility of Public Transportation

Bus Stops to GTC

(> € 0003333333333 /|

Figure 14. Final public transportation logic.

Accessibility of Amenities (cont) Accessibility of Amenities

Downtown Apartments

Transportation

Downtown Gas Station
(>3 & 0003333333333 |
Downtown Bus Stations

[ € 0003333333333 |

Education / Work

Downtown University

(> & 0003333333333 |
Downtown Misc Commercial Private

@ © bommmss
Downtown Misc Commercial Public

o 0 =

Downtown Green Spaces Housing
Downtown Apartments

S € (0003333333333 |
Downtown Hotels
S €9 (0003333333333 |

Stores / Dining

Downtown Bus Stations

Downtown Restaurants and Bars

(> &) 0003333333333 |

Figure 15. Final accessibility of amenities logic.
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Alternate Means of Travel (Bike) Alternate Means of Travel (Car)

Travel by Bike Travel by Car
Downtown University Downtown University
& ) X Lol S ® X 0.003333333333

Downtown Gas Station
+> (C] % 0.003333333333 ~

Downtown Gas Station

+>¢ ® X 0003333333333 ~

Downtown Green Spaces

+> ® X 0.003333333333 v

Downtown Misc Commercial Private
+> ® X 0.003333333333 ~

Downtown Misc Commercial Private Downtown Parking

X 0.003333333333
4> ® Q—E—Q 0.003333333333 +

Downtown Bike Parking
Downtown Hotels

+> [C) X 0.003333333333

+> ® X 0.003333333333 ~
Downtown Hotels
+> ® &S 0003333333333 v Downtown Church

2 003333333333 v

Downtown Church & ® X -
© O % 0 Downtown Stoplight Intersections
Downtown Stoplight Intersections k& C] X 0.003333333333 ~
+> ® X 0.003333333333

Downtown Restaurants and Bars
Downtown Restaurants and Bars +> ® X 0.003333333333
+> (C] X 0.003333333333 -

Downtown Apartments

Downtown Apartments * ® 5% 0.003333333333 +

+> ® X 0.003333333333 ~
Downtown Misc Federal State

Downtown Misc Federal State
S ® X 0003333333333 e E ® 0.003333333333 v

Downtown Misc Commercial Public Downtown Misc Commercial Public

S ® X 0003333333333 Q’—E—Q 0.003333333333

Figure 16. Final alternate transportation methods logic.

4.3 Project Design and Documentation
For the spring semester, a more advanced GIS map was created to accurately produce
data in the downtown area. This includes modeling all the main buildings, parking locations, and
green spaces. With more location the pedestrians can travel to, the simulation becomes more
dynamic. However, architects and urban planners may find some issues worth exploring. It is
important to note that these challenges can be overcome with more accessible information and
team integration. Through the creation of the simulation, four main challenges arose to

overcome:
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e Time to produce. Further Advanced models could result in taking a vast amount
of time to produce. For comparison, the fall semester model only has fifty
buildings and forty-five parking spaces. If the advanced models include
residential buildings and private buildings, more time could be needed.

e Computational limitations. Modeling a specific zone is more feasible compared to
the entirety of the city. However, it may be possible with efficient resources.

e Multiple departments are needed for information. The collaborative effort of
universities, city departments, historical preservation, and private businesses is
needed to require accurate information of occupancy and other additional
information. In Fargo’s case, private buildings and older/historical buildings must
be individually accessed. This can vary from city to city depending on if the
information is archived. Overall, this may take a large amount of time and money.

e Zoning. In the case of mixed-use buildings, the contrasting use of spaces between

private and public areas can prove to be difficult to access necessary information.

Figure 17. Spring semester final digital AnyLogic model.
32



While the challenges of smart city modeling are proven to be difficult to overcome,
benefits such as designing for efficiency to benefit the health and wellness of the pedestrian
outweigh these difficulties. This research mostly focused on the efficiency of downtown Fargo
vacancies. However, with future improvements and accessible information, future models can
become more advanced and provide numerous benefits regarding the urban environment.
Complex systems are capable of adaptation to changing conditions, often in more ways than one
(Levy et al, 2016). As such, these simulations can be adjustable to certain scenarios of the project
location, and do not specifically have to follow a specific workflow. However, distance and time
are the key factors of pedestrian mapping that overall results in pedestrian efficiency. Figure 18-
25 are the results of the spring semester simulation. These diagrams explore multiple means of
transportation in the downtown area, such as foot travel, bus transportation, bike travel, and car
travel. Additionally, an event scenario is studied to see how the average travel time changes
when an entire area is removed from the simulation. In this case, Figure 17 shows a black square
around an important block of the downtown area. This scenario, when the event is triggered,
blocks pedestrian movement in the indicated area. As a result, the nearest movement travel can

change drastically which increases possible travel time.
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Foot Travel in Downtown Fargo

[ Pedestrian == Average

0:20:00

0:15:00

0:10:00

Time of Foot Travel

0-05-00 12

Figure 18. Foot travel in downtown Fargo results.

Foot Travel to a Bus Station in Downtown Fargo
[ Pedestrian == Average
0:15:00 —

0:10:00 4 &
[

Time of Foot Travel
|
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Figure 19. Foot travel a bus station in downtown Fargo results.
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Accessibility of Amenities in Downtown Fargo
0:20:00 —

0:15:00

0:10:00
N II I I I I I I I I I
0:00:00

Amenities in Downtown Fargo

Average Time of Foot Travel

Figure 20. Accessibility of amenities in downtown Fargo results.

Accessibility of Amenities in Downtown Fargo

[ Pedestrian == Average
02500 —

0:20:00 | & ®

Time of Foot Travel

0:00:00

Figure 21. Accessibility of amenities in downtown Fargo results.
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Bike Travel in Downtown Fargo

[ Pedestrian == Average
00500 —

R T T I

0:03:00

0:02:00 +

Time of Bike Travel

0:01:00

0:00:00
Figure 22. Bike travel in downtown Fargo results.

Car Travel in Downtown Fargo

i Pedesfrian == Average

0:05:00

0:04:00 +— @

0:03:00

~e

Time of Car Travel

Figure 23. Car Travel in downtown Fargo results.
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Foot Travel in Downtown Fargo - No Event
[ Pedestrian == Average
0:20:00

0:15:00

0:10:00

Time of Foot Travel

0:00:00

Figure 24. Event scenario foot travel without the event.

Foot Travel in Downtown Fargo - Event
[ Pedestrian == Ayerage
0:20:00

0:15:00

0:10:00

Time of Foot Travel

0:05:00 F

0:00:00

Figure 25. Event scenario foot travel with the event.
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4.4 Conclusions

By examining multiple pedestrian simulations, the model during simulation exhibits
plenty of movement in the downtown area. In addition, these studies were documented through a
dataset that could record the pedestrians’ movement and travel distance. Through this data,
diagrams can be created to dictate the walkability or efficiency of the urban area. In this case,
downtown Fargo meets expectations of a walkable urban environment while also providing
accessible alternate means of transportation.

Real world uses such as showing the distance to necessary or common building types are
important to show the walkability of urban environments. While the models only simulate the
downtown Fargo area, future models could perhaps simulate an entire city. This would result in a
more advanced and accurate model.

Using GIS integration with AnyLogic provided accurate locations and distances which
helped with overall organization and efficiency. However, new city designs can still use this

workflow, but sidewalks, roads, and buildings would have to be modeled from the ground up.
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