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Abstract of the thesis 

Generation of realistic hypothetical urban network configurations for simulated studies of future 

mobility options 

By 

Negin Shariat 

Master of Science in Civil and Environmental Engineering 

University of California, Irvine, 2021 

Professor R(Jay) Jayakrishnan, Chair 

 

Traditional network generators are typically used for pure network studies within 

idealized optimization or modeling contexts in fields such as Operations Research and Computer 

Science.  But for rare exceptions, such schemes for generating hypothetical networks have not 

been used in transportation studies and research. This is despite the recognition in many studies 

that the results in each study were not generalizable or transferable due the study being on 

limited networks that are often idealized forms of real networks.  Newer mobility paradigms 

envisaged in the near future also make it important to now develop generators of data on 

hypothetical future network geometries and layouts, as well as the associated supply and 

demand. The reason for not using network generators in transportation studies is the myriad 

complexities that need to be addressed in the urban network context. This study describes a 

network generation framework that focuses on several such complexities (i.e. parameters and 

their interrelationships) with respect to network form, node density, link connections, freeway 

link generation, ramp generation, etc. The proposed framework generates not only different sizes 
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and topologies but also more detailed data usable in agent-based models like activity locations. 

This framework also highlights the demand-side information needed in these models and 

generates randomly distributed agent trips with defined activities so that they are also usable in 

activity-based models. Illustrative results are provided for a few candidate networks generated by 

the proposed network generation methodology and the study discusses several associated details 

of conceptual and practical significance. Finally, a simple method is suggested for generating 

transit network (nodes and links) within the base network, and a method for improving it is also 

discussed. 
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Chapter 1:  Introduction 

 

Smart transportation systems bring a paradigm shift in our understanding of mobility. 

Instead of focusing on enhancing supply in urban areas, advanced technologies and demand 

management help improve the efficiency of transportation systems. Examples are real-time route 

guidance, shared-mobility systems, dynamic tolls, variable message signs, connected vehicles, 

smart signals, autonomous vehicles, and so on. Operational systems and research on those 

applications generally involve network models, and adopt abstracted network representations, 

and transportation systems typically lend themselves to be represented with nodes and links with 

physical and spatial constraints. Moreover, traditional planning, forecasting and control systems 

in the transportation domain have used network models for optimization or simulation at their 

core for decades. These network abstractions are essential in representing both the supply side of 

transportation as well as the demand side that consumes the supply. The advent of newer 

mobility schemes such as those listed above have only made proper network models more 

important. In contrast to other fields that focus on pure network optimization like Operations 

Research, the transportation field requires networks that incorporate numerous parameters, not 

only at the node and link levels but also in the spatial regions wherein the nodes and links exist. 

As the use of simulation and agent-based models in transportation systems modeling proliferate, 

there is a need to generate hypothetical networks in order to study future mobility paradigms and 

assess their transferability. Generating such networks is the focus of this study.  
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Transportation systems can be viewed in terms of a network layout (i.e., supply) and 

flows over the network (i.e., demand) [6]. If any network-based algorithm in transportation 

research is developed, it needs to be tested in a network and requires supply and demand data. A 

core research team associated with the TRB networks committee has provided various networks 

for transportation assignment problems in a GitHub repository [8,9]. That includes 

comprehensive datasets for modelling. However, due to the complexities involved in building 

elaborate networks, algorithms are often tested only in simple networks or only in one or two 

real-world networks. When an algorithm is examined in a limited number of networks, 

particularly simplified networks, it is not possible to analyze the transferability of the algorithm; 

hence, positive results may only occur in specific a city, region, or network topology. In other 

words, a network-based algorithm might be sensitive to the network conditions such as the 

network size, the demand distribution, and the geographical distribution of nodes, links, and 

demand as well as the myriad of potential node, link, and demand characteristics. Thus, 

researchers remain aware of the questionable transferability of their models to different other 

networks, and many studies, such as Masoud and Jayakrishnan [4], mention the need to test 

proposed algorithms in other networks in future research. 

 

This thesis devises a methodology to provide researchers with an environment for fair 

comparisons of their algorithms. The proposed method generates hypothetical networks of 

various sizes, with reasonable levels of demand as required by the researcher. This study 

describes the methodologies adopted to develop a network generator that builds a network based 

on inputs such as the number of nodes, the ratio of freeway links to non-freeway links, and the 

signalized to non-signalized intersections.  
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The proposed network generation framework in this study was developed with an eye to 

its practical application to develop networks for an agent-based simulation model to study 

shared-mobility and other advanced paradigms in transportation.  Such contexts ask for higher 

resolutions of networks and demands than the kind of networks created and used for aggregate 

analysis, such as static traffic assignments in traditional planning models. In addition to relying 

on the zoning system, many detailed components of the real world need to be introduced in these 

hypothetical networks. These include activity locations where a traveler departs or arrives. 

Networks should have various link types, such as minor, major, and freeway, to reflect the 

impacts of flow on congestion realistically. Moreover, additional detailed data is needed to test 

several complicated algorithms such as dynamic traffic and transit assignment or real-time ride-

matching for shared mobility. These algorithms might also need individual-level demand inputs. 

Current network generators are unable to generate such networks for transportation study 

purposes. 

 

Another aspect of a realistic city is its transit system. Having a transit system helps in 

reducing the flows on highway and local links, as a portion of the travel demand can be 

addressed by the transit system. However, the demand split between the highway and transit 

modes depend on the characteristics of each system. Investigating multimodal models and trip 

assignments also needs the consideration of all possible modes in the network in a way that their 

features like travel time and cost are available for comparison. This study generates transit lines 

and stops with simple assumptions, which can be improved in the future if deemed necessary by 

the analyst. 
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This thesis describes a framework to quickly generate realistic networks of different sizes 

and features and make it available both visually and in data formats, with the associated demand 

also generated as required by the analyst. The proposed framework will allow researchers to test 

their proposed algorithms on a multitude networks that are sufficiently diverse in their size, 

scope, and properties, so as to establish strong empirical study conclusions wherein the results 

are not biased by the limited network contexts used. 

 

Chapter 2 addresses related research of importance on network topologies, network size, 

and data generation. The methodology is explained in Chapter 3. Chapter 4 includes some 

illustrative examples of the network generator. Chapter 5 explains the possibility of the extension 

that incorporates transit systems in the network, and finally Chapter 6 provides the conclusions 

of this study. 
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Chapter 2: Related Work  

 

Studies that focus entirely on the concept of network generation or the conceptual and 

computational details of it have been scant in Transportation literature.  This chapter provides 

references to a few research efforts that have utilized hypothetical network generation as a main 

component of their work. 

 

Zhang et al. (2015) show the effect of different network topologies and their 

characteristics on the resilience of transportation networks by analyzing a number of different 

topologies. They suggest testing even more topologies or networks with different features and 

different patterns of origin-destination demand [12].  That is possible only if there are enough 

networks available in various topologies, characteristics, and sizes, however.  Similarly, Amini et 

al. (2015) investigate the impact of network structure on traffic performance measures on seven 

transportation networks under varying travel demand patterns [1]. They mentioned the limitation 

of the studies caused by the lack of analysis with enough reasonable hypothetical network and 

demand contexts. 

 

Taelman et al. (2017) proposes a public transit data generator and they suggested that it 

should be close to realistic data for it to be used in simulation [Error! Reference source not 

found.].  That is, a good model is the one that is simple, but still represents realistic features.  

What realistic features are important, will naturally depend on the specific analysis conducted. 

For instance, Xing and Chen discuss the importance of considering certain topological 

characteristics of freeways such as the horizontal width and vertical elevation of the roads in the 
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network, which were important in their study context. They determined that implementing such 

features to the network is difficult but effective, but they could test their schemes on only one 

city’s network [11].  

 

Perumalla (2006) also proposes a modeling framework to generate scalable transportation 

networks by considering network topologies. He argues the importance of testing multiple 

candidate scenarios in transportation modeling. Spatiotemporal dynamics of traffic demand and 

supply have been addressed in his data structure. However, his n-by-n network does not 

incorporate actual road infrastructure which are also critical elements of transportation supply. 

Furthermore, it is not amenable to activity-based modelling [5].  

 

Whether a network is symmetric or asymmetric becomes a matter of importance in 

transportation modeling.  Wildstrom (2010) shows that asymmetry in the network (one-direction 

links, different cost of each direction of a link, or different paths for going and getting back 

between an OD pair) can have significant effect on the optimization of the network [10].   This 

highlights the need for network generation schemes that are flexible enough to create realistic 

levels of asymmetry in the hypothetical networks they generate. 

 

According to Rodrigue [6], networks based on their accessibility are in a range between 

centripetal and centrifugal. In centrifugal networks all nodes have almost similar situations (grid 

network) but in centripetal networks some nodes are more accessible. The framework studied by 

this thesis is general and is not limited to a specific topology, but grid rectangular model is the 

one which is the focus of examples. This structure is basic but according to Buhl et all [2],  it is 
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robust and efficient against failures such as traffic interruptions due to weather or accidents. 

According to Amini et al. [1], it has good connectivity and performance in congested cities, and 

it is easiest to consider realistic features in it. Háznagy and Istvan (2016) work on a grid network 

and the effect of directional features of streets in residential area traffic condition [3]. To the 

author’s best knowledge, these kinds of research are also insufficient to consider existing 

transportation facilities in hypothetical network format. Freeway and ramp, which are one-

directional are examples. There are some examples such as the Sioux-Falls and Chicago 

networks used in many research efforts, that include various features such as the links’ being 

either bi- or single-directional. Such networks, however, were manually constructed. Manual 

construction of networks is highly time consuming and requires starting from scratch after 

completing a previous network. The automated network generation method proposed in this 

study is quite computationally efficient, and the flexibility of the input parameters allow 

researchers to create a variety of disparate network structures. 

 

This study provides researchers with an efficient method to generate networks which will 

allow the researchers to evaluate their network algorithms in various networks and demand 

scenarios. This methodology is not limited to any specific software since proposed methods 

includes a set of essential simulation input. Probably with relatively insignificant change, the 

data generated using the methods in this study are usable for different simulators like: 

TRANSIMS, PARAMICS, CORSIM, MITSIM, VISSIM, OREMS, TransCAD, TransModeler, 

and POLARIS.  
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Chapter 3: Methodology 

 

3.1. Network generation elements for agent-based modelling 

 

3.1.1. Basic elements   

 

The basic elements of abstract transportation networks are typically zones, nodes, and 

links. Nodes and links are the first elements that this study tries to generate. Clustering nodes to 

form a zone or defining zones’ boundaries is a typical task before using the network. Zones are 

usually needed because a simple traffic simulation may use them and their centroids for trip 

generation and distribution. Modeling of link-to-link movements require connections, which are 

pairs of successive links. The movements themselves may be classified as thru, left, right, U-

turn, etc. Connections and activity locations are two features which are rarely discussed. Proper 

consideration of the connections help analysts to model different kinds of traffic flows and 

delays by prohibiting movements or by specifying different timing for movements in the 

intersections. Activity locations are useful for activity-based modeling as well as agent-based 

modeling, where the individuals’ choice of origins and destinations may be modeled to be at any 

general location, not necessarily the zones’ centroids. 
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3.1.2. Road facilities  

 

Road facilities are not normally taken into consideration in hypothetical network generators in 

pure network research. The reason is the amount of information the analyst should provide. This 

study tries to suggest a framework to generate this information for all, or random, or selected 

segments in the network. A commonly overlooked property in network abstractions is the 

specific information on each direction of any link. This information could include capacity, 

speed, number of the lanes, or provision of access/egress to activity locations or other streets as 

in the case of freeway ramps. There could be situations when the capacity or speed of one 

direction is modeled as zero to indicate that the link is one-way. In most abstracted networks, 

links are not allowed to cross without a node at the crossing point, but the presented algorithm 

allows users to create crossings which are underpasses or overpasses. If the geographical features 

of the road are of concern, even elevations of the nodes can be specified, so that the 

underpass/overpass would be more realistic. Link type is another necessary feature. For instance, 

generation of link types such as freeway ramps was not taken as an important issue, since the 

links are usually not considered to be freeways in network generators in the past.  It however 

involves several difficulties. In the scheme we describe, ramps speed, capacity, their entrance or 

exit location or even having a control can be specified. Many current network generators do not 

model signals and stops and the modelled performance is often significantly inaccurate in terms 

of delays. In this study, control facilities are not discussed in detail, but the possibility is 

explained. Other features like lane pricing, lane assignment for turns, etc. can also be considered. 

 



10 
 

3.1.3. Features for agent-based models and microscopic simulation models 

 

Microscopic simulation modeling of traffic networks has a history of at least 5 decades 

since the 1970s, and predates agent-based modeling that emerged mostly after 1990. An 

argument can be made that much of the definitions of agents in agent-based modeling were 

already applicable to the entities like individual vehicles modeled in microscopic traffic 

simulation, as well. An elaborate discussion of the differences and similarities of the two 

categories of models is beyond the scope of this study. It suffices to say that both microscopic 

simulation and agent-based models can track the movements and decisions of individual vehicles 

and/or persons. All the decisions are made individually for vehicles, and the time windows or 

departure times can vary with each other. Unlike in network assignment models that assume 

travel between only zone centroids, microscopic simulation and agent-based models are meant to 

generate vehicles and travelers at various points distributed in the network, and each person’s 

origin and destination (node or location) can be specified. Different models can be proposed to 

even choose between possible activities or locations in different time periods based on the traffic 

conditions. Agent-based models typically generate traveler agents individually according to the 

specified input data. Even if travelers are not generated and modeled in many microscopic 

simulation models, typically they also require data at an individual traveler level, to generate the 

vehicles appropriately and model their movements. 
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3.1.4. Demand elements 

 

Generating demand for agent-based models needs many more details than OD 

information or zonal demographic data. Agents’ household information, personal data like their 

age, work, driver license, and their vehicle type can be the input for some agent-based algorithms 

(More information about vehicle class or power type or size can also be of interest in some 

studies). Individuals’ trips and activities need to be determined and information about the time 

windows of their activity durations and trips departure times are also often the type of details 

required to be provided by the modeler analyst or be considered by a reasonable assumption. 

 

 

3.2. Shapes of networks  

 

As mentioned before, Amini et al. [1] test different topologies for transportation 

networks, which are shown in Figure 1. These network topologies are only defined in terms of 

nodes, links, and in some cases, centroids. This study makes these possible topologies more 

elaborate with more complex details of transportation facilities, as well as with the kind of 

network shapes that are normally encountered in traffic networks, as in Figure 2 illustrates the grid 

and 3-ring-web networks with consideration of different link types, reasonable lengths, and 

overpasses/underpasses. 
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Figure 1 - Different transportation topologies studied by Amini et al [1]  
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Figure 2 - Detailed networks  

 

 

3.3. Overview of Network and Demand Generation 

 

The basic flow charts of the network and demand generation are shown in FiguresFigure 

3 andFigure 4 below. Further descriptions of the components and the incorporated algorithms are 

in the following sections. 
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Figure 3 - General framework for generating supply (network ) data  
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Figure 4 - General framework for generating demand data  

 

 

3.4. Rectangular Network Generation 

 

This study presents the generation of a grid network as an illustrative example due to the 

consideration of angles and longitude and latitude differences between nodes. The proposed 

network generation algorithm is general and other than some geographical assumptions, it is 

applicable in all topologies. 
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3.4.1. Node and Link 

 

This section presents an algorithm to generate a hypothetical network with a regular 

rectangular shape. Once the number of vertical and horizontal axes are specified, all the links 

will have π or π/2 angles with each other to form a grid. As it is difficult to have a complete input 

of which links are freeways, in this algorithm, the freeways are assumed to form a straight 

vertical or horizontal set of links parallel or perpendicular to other local links in the network. The 

analyst can determine the number of freeways and which axes of the grid to be freeways, but it is 

also possible to choose the axes randomly. The proposed algorithm considers all local streets and 

freeways and ramps in one layer and generates them all together—having separate layers and 

connecting layers with each other is also possible. Therefore, consideration of the coordinates of 

the extra nodes which connect the freeways and local roads and also freeways to freeways 

through ramps should be taken into account in the process of node generation. 

The length of the local streets, freeways, and ramps have a constant pattern along the 

network to maintain its regular shape but they all can be altered together to form more/less dense 

areas and fit different regions or cities (such as required minimum/maximum lengths of the 

ramps or freeway segments between exits and entrance, etc.). Any coordinates can be given as a 

start node which indicates the lowest left (corner) node in the network. The algorithm starts a 

loop to create the nodes from that coordinate and by adding x and y values, based on desired link 

length (or nodes distance) in each iteration. In each iteration, it should be decided if in that 

coordinate, a freeway overpass/underpass (with other freeway or with a local link) happens at the 

coordinate or if it is a normal intersection of two local streets. It can be detected since the axis of 

freeways are determined in the beginning. If it is a normal intersection (Figure 5 (d)), there is 
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only one node needed but for the iterations where a freeway is involved, number and order, and 

distances of nodes in that underpass/overpass are different and are also related to the placement 

in the network (edge or middle or corner, and horizontal or vertical). Local streets are considered 

with one link that has both directions information, but freeways have separate links for each 

direction. The reason is the higher possibility of different geographic characteristics and exit or 

entrance locations of each direction of a freeway, which is usually not the case in local streets. 

Analysts can have one (both-way) link for freeways or two separated links for local based on 

their desired network. Ramps are also one way and their entrance/exit to a freeway for each way 

is independent to the other direction. Figure 5 illustrates all the possible situations that can 

happen and should be treated differently than normal intersection. Different colors represent 

different types of the links (blue: freeway, black: local, and red: ramps). Where two links meet 

without any node representation, it means that those links do not cross, and underpass/overpass 

happens. 
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These diagrams should have a legend. What are the blue, red, and black links? 
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Figure 5 - all possible results of nodes and link generat ion in overpass/underpass and intersections  (blue: 

freeway, black: local, and red: ramps) 

 

A link is a line between two nodes. In each type of these results (in each iteration), node  

ids are added to different data storage lists of (horizontal and vertical) freeway nodes, local 

nodes, ramp nodes to be utilized later for creating links. These lists and their format for storing 
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the nodes in a particular order is really important because they are also used in finding the 

direction of the links (in one-way links). If a node is involved in a local link, it is also added to 

the local nodes list and can be used for the purpose of demand generation. Example: In this 

study, link generation is done after all the nodes are generated so when we want to make a link 

(especially a ramp or a freeway) and we go over generated node list which were mentioned 

above to define link’s end nodes, it should be known which node is generated first (and since the 

node generation was from left to right and down to up in the grid network, it will be known 

which node is in the left side of the other node) and then we are sure of the direction. For 

example, the freeway link that was generated with the first two nodes of horizontal freeway list 

(Having a link with first two nodes as start and end node), is a link from left to right direction. 

And if we want to have an opposite direction freeway link, we need to set a rule on iteration over 

our list so that the first node is an end node and the second node of the list is a start node and so 

on. Therefore, the node ids entering our storage lists are important for the direction of link 

generation. 

 

Links are generated from lists of the nodes on each category. The horizontal and vertical 

lists for each link type are separated so they can have a correct order of the nodes needed to be 

connected and form a grid network. Orders of two nodes of a local link do not matter since it has 

two directions of traffic (And the assumption of equal geographic and traffic conditions like the 

number of lanes, speed limit, etc.) but the start and the end node id must be chosen correctly 

while generating ramps, freeways, and in general when the conditions are not equal in both 

directions of a link 

 



21 
 

 

3.4.2. Minor local links extension 

 

After generating the main nodes and forming the freeways and blocks of local streets, for 

each block, grids of minor links with lower capacity and lower speed limits can be made, so as to 

have a more realistic view of a detailed network. The distance between these new nodes is based 

on the local major links’ lengths and desired distance between minor links. The nodes generated 

in this extension are also important since some of them are involved in major local links. They 

are generated separately because it gives us the option of changing the local areas into small 

partitions and change alleys’ lengths without affecting the number of node generations on 

freeways and avoid nodes without any purpose of connection and turn a freeway into short 

segments. Figure 6 shows one block of local street which is divided with minor streets. (cyan: 

minor local links, black: major local links) 

 

Figure 6 –  Minor local links  
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3.4.3. Connection, movement, and signal 

 

A connection indicates the possibility of a movement from one link to another link 

through the node they have in common. It is usually applicable for software which uses 

movement lanes, capacity, or speed limit for turns, which include all microscopic simulation 

software and many mesoscopic models and agent-based models. The inputs are link and node 

tables. The algorithm checks a link’s start and end nodes and generates connections starting from 

that link to all the other links connected to those two nodes and does this for all links in the 

network. The point that should be considered is the possibility of one-direction links that make 

some connection movements impossible (like doing a U-turn in one-way street). In this study, U-

turns are allowed and created,except on freeways and ramps. Movement is the specification of 

the type of the connection. So, each connection other than information like capacity, speed, from 

link, to link, has specification as movement (U-turn, right turn, left turn, and through). At first, 

all the connection movements specified as “through”. The number of lanes for any movement 

can be changed to desired amount or just have a similar assumption for all. 

 

 

3.4.4. Movements at Connections 

 

This function is applicable for any network files generated by this algorithm or in general 

any network connections that need movement specifications to be automatically generated.  This 

can be done based on their relative angles, and U-turns are self-evident. The input is the 

connection, link, and node tables. For each link and for each of its directions in the network, a 
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search is done over the connections. Only the connections for which the given link is the from-

link are selected. They are put in a study list. An exception is the U-turn connection, with the 

“to-link” the same as the “from-link”, which is added to the final-output connection list without 

being added to the study list. At the end of forming the study list for that link and direction, if the 

list has only one connection, the movement type is “Through” (meaning that node which 

connection happened in is just for geography change and is not an intersection), and it is also 

added to the final list, and the loop goes to check the next link. If the study list has 2 or more 

connections, this function tries to sort the connection based on the angle between “to_link” and 

the continuation of the “from-link” and choose their movements (so when the angle is zero the 

next link is completely along with the first link without any turn). 

 

First, we try to find the quarter that “from-link” exist in if its end node (b) is on the 

connection node. 

 

The “from-link” characteristics (from node a to node b): 

 Δx = 𝑥𝑎 − 𝑥𝑏 , Δy = 𝑦𝑎 − 𝑦𝑏 

 

 

𝑞𝑢𝑎𝑟𝑡𝑒𝑟 = {

1,         𝛥𝑥 > 0  , 𝛥𝑦 >= 0
2,         𝛥𝑥 <= 0  , 𝛥𝑦 > 0
3,         𝛥𝑥 < 0  , 𝛥𝑦 <= 0
0,         𝛥𝑥 >= 0  , 𝛥𝑦 < 0

                                                                          (1) 
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Figure 7- quarter numbers  

 

The slope of the link is (the slop of continuation of it is also the same): 

 

𝑚1 = 
𝛥𝑦 

𝛥𝑥
                                                                                                                                       (2) 

 

If Δx is zero and the link is parallel to X axis, Δx is assumed to be a small value like 0.01 

to prevent errors. This decreases the accuracy a little which is neglectable. Then for each 

connection in the study list, same variables are calculated for “to-link”: (quarter, m2) 

 

The angle between continuation of “from-link” and “to-link” are calculated as: 

 

Θ = arctan (
𝑚2 – 𝑚1

1+𝑚۱∗𝑚2
)                                                                                                                  (3) 

The arctan function only generates angles between -π/2 to π/2 and can be a wrong angle 

(red angles in Figure 8) but the directions are important, and the links should not be treated like 

simple lines. The real angle of the “to-link” and continuation of “from-link” can be found by 
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adding/subtracting a π if it was needed based on the quarters which the links are located (green 

angles in Figure 8). The quarter number itself does not matter; the angle difference of the 

quarters is important: 

 

{
 
 
 
 

 
 
 
 [𝑞𝑢𝑎𝑟𝑡𝑒𝑟(“𝑓𝑟𝑜𝑚_𝑙𝑖𝑛𝑘”)]% 4  =  [𝑞𝑢𝑎𝑟𝑡𝑒𝑟(“𝑡𝑜_𝑙𝑖𝑛𝑘”)]% 4           ∶     𝜃 = {

𝜃 + 𝜋,      𝑥 < 0 ,     𝐹𝑖𝑔𝑢𝑟𝑒 8 (𝑎)
𝜃 − 𝜋,      𝑥 ≥ 0 ,     𝐹𝑖𝑔𝑢𝑟𝑒 8 (𝑏)

[𝑞𝑢𝑎𝑟𝑡𝑒𝑟(“𝑓𝑟𝑜𝑚_𝑙𝑖𝑛𝑘”)]% 4  =  [𝑞𝑢𝑎𝑟𝑡𝑒𝑟(“𝑡𝑜_𝑙𝑖𝑛𝑘”) + 1]% 4    ∶     𝜃 = {
𝜃        ,     𝑥 < 0 ,     𝐹𝑖𝑔𝑢𝑟𝑒 8 (𝑐) 
𝜃 − 𝜋,     𝑥 ≥ 0 ,     𝐹𝑖𝑔𝑢𝑟𝑒 8 (𝑑)

[𝑞𝑢𝑎𝑟𝑡𝑒𝑟(“𝑓𝑟𝑜𝑚_𝑙𝑖𝑛𝑘”)]% 4  =  [𝑞𝑢𝑎𝑟𝑡𝑒𝑟(“𝑡𝑜_𝑙𝑖𝑛𝑘”) + 2]% 4    ∶     𝜃 = {
𝜃        ,     𝑥 < 0 ,     𝐹𝑖𝑔𝑢𝑟𝑒 8 (𝑒) 
𝜃        ,     𝑥 ≥ 0 ,     𝐹𝑖𝑔𝑢𝑟𝑒 8 (𝑓)

[𝑞𝑢𝑎𝑟𝑡𝑒𝑟(“𝑓𝑟𝑜𝑚_𝑙𝑖𝑛𝑘”)]% 4  =  [𝑞𝑢𝑎𝑟𝑡𝑒𝑟(“𝑡𝑜_𝑙𝑖𝑛𝑘”) + 3]% 4    ∶     𝜃 = {
𝜃 + 𝜋,     𝑥 < 0 ,     𝐹𝑖𝑔𝑢𝑟𝑒 8 (𝑔)
𝜃        ,      𝑥 ≥ 0 ,     𝐹𝑖𝑔𝑢𝑟𝑒 8 (ℎ)

        (4) 

 

 

 

Figure 8 –  All possible angles and directions of two connected links  

 

After finding angles for all the connections in the study list, the list is sorted by angle. 

There are two approaches specifying the movements: 
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Approach 1: Some range of angles can be considered for each movement (Intersection 

can be for more than 4 connected links so there could be more than one left-turn). For example: 

 

 

𝑀𝑜𝑣𝑒𝑚𝑒𝑛𝑡 𝑡𝑦𝑝𝑒 = {

𝑅𝑖𝑔ℎ𝑡 𝑡𝑢𝑟𝑛,        – 𝜋 <  𝜃 =< – 𝜋/4   
𝑇ℎ𝑟𝑜𝑢𝑔ℎ   ,      – 𝜋/4 <  𝜃 =<  𝜋/4 
𝐿𝑒𝑓𝑡 𝑡𝑢𝑟𝑛   ,            𝜋/4 <  𝜃 =<  𝜋 

                                                  (5) 

 

This approach also can have some errors, because in reality the link can be a curve but it 

is represented as a straight line and we have information only about its end nodes, so it can have 

some turns not projected in the network links. 

 

Approach 2: This approach is less accurate but can be used if some movements like right 

turns can only exist one time in the intersections at most.  

 

If there are two connections in the study list: the one with a smaller angle is a right turn 

and the one with a larger angle is through. If there are three or more connections in the study list: 

in the order of the angles, the first two are right and through, as mentioned before and other 

connections are all left movements. (This rule can change to anything that analyst considers) 

 

At the end, all these connections with their determined movements are added to the final 

list and the study list will be deleted to be used for the next link, direction. 
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3.4.5. Signal 

 

Signals can be set on any node (intersection). It uses connection movements as an input 

so an analyst can group different movements (NEMA phases) and set desired timings to each 

phase based on their flow rates (And define the whole cycle time). Considerations of protected or 

permitted turns, and also different plans for phase times and cycle times based on time of the day 

are also possible. 

 

 

3.4.6. Zone-node relation and plot 

 

For illustrating a zone, the borders should be determined. For example, a researcher 

manually defines the boundary of each zone using GIS shapefile or text type of mapping table. 

From the user defined relational data, we can map the zone to each node using a spatial join 

technique. There is another option to assign nodes to zones and have an approximate shape of the 

zone. The second method is less accurate but needs less data and can give more information 

about intrazonal or interzonal trips when it happens between two nodes. The borders can be 

approximately considered as lines dividing the links between the last node in the zone and the 

first node in the adjacent zone. This algorithm gets the list of local nodes (nodes which are not 

only involved in freeways and ramps and the ones which probably have population located 

around them) and percentage of the nodes to be centroid (or in general determine the ratio of 

hypothetical centroids to local nodes) as an input. First, it finds the number of zones: 
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z = round (n* cp / 100)                                                                                                               (6) 

 

In z = round (n* cp / 100)                                                                                                                

(6 , z is the number of the zones which we want to determine, n is the number of nodes and cp is 

the percentage of the nodes which are centroids. If z is zero, it considers the minimum number of 

the zones which is one. Then it should be decided how many nodes are in each zone. One 

assumption is the uniform distribution of the nodes in zones (having almost the same number of 

local nodes in each zone). Therefore, with this assumption or any others, the numbers of nodes in 

each zone are determined. 

 

Then nodes need to be selected to be on each zone. This selection usually is not random 

and nodes in a zone are located near each other. At first, the leftmost and lowest local node is 

selected as first zone’s centroid (The centroid can be changed in the zone later to be other nodes 

or be a non-physical node) and go through the list and add other local nodes which are closest to 

this centroid one by one until it fulfills the number of the nodes in the first zone which was 

determined in the previous step.  

 

Min ( D = √(𝑋𝑛𝑜𝑑𝑒  −  𝑋𝑐𝑒𝑛𝑡𝑟𝑜𝑖𝑑)^2 + (𝑌𝑛𝑜𝑑𝑒 − 𝑌𝑐𝑒𝑛𝑡𝑟𝑜𝑖𝑑 )^2  )                                           (7) 

 

After assigning the nodes to each zone, that zone ID will be a characteristic of the nodes. 

The zone IDs do not need to be in order or start from one. The IDs can be anything but should be 

mentioned in all their nodes’ characteristics. By now, the general form of zones with the nodes 
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that can be populated are formed. Each ramp’s or freeway’s node gets the similar zone ID as the 

closest local node (equation (7)) and the final list of nodes will be generated (with their zone ID). 

 

Given link and node tables, the scheme of the network can be plotted. Each link type has 

a different color and nodes clustering to form a zone have distinguished colors, but zones’ 

boundaries are not available. 

 

 

3.5. Demand Generation 

 

Given a network, the first step of a transportation planning process is trip generation. 

These trips can be OD tables or instead they can be agents-based trips. 

 

 

3.5.1. Zonal demographic data  

 

Zonal demographic data can be used in gravity models to generate trips. This data is 

mostly related to the people who reside in the network. Since this study mostly tries to make a 

hypothetical network, no such data is available like in a real network and analysts may consider 

some random data or transform data of other real cities’ surveys to fit the zone IDs generated in 

this network. As mentioned before, zones’ borders are not generated accurately by this 

algorithm. A simple and approximate method is to linearly relate the zone’s area to the number 

of the nodes in that zone. (It is not a bad assumption because the network is a regular rectangle 
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and nodes’ distances are almost equal). Other features like population, employment, etc. are also 

relatable to the number of the nodes but less realistic. In that case it is better to relate them only 

to the local nodes which have the potential of having residents around them and the final result 

gives an almost uniform distribution of population and employment. 

 

 

3.5.2. Activity Location 

 

An activity-based simulation does not generate trips in centroids and their origin and 

destinations are activity locations (can also be activity nodes). These locations can be anywhere 

in the network and they do not need to be on the nodes or even links but there should be at least 

walking link between those locations and links to be able to enter the network. Just like zonal 

information, activity locations depend on the residents and jobs in the network but as a generator, 

several redundant locations can be created around the network and then analyst decides their 

activity type and which locations are used as origin and destination. A simple assumption is to 

generate a location on the beginning of each direction of all local links which used in this thesis. 

Generally, there is an option to just randomly distribute locations in the network and determine 

the closest link to each which they can enter the network through. 

 

 

3.5.3. Household, Person, Vehicle 
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These data can be used not only as summed data in gravity models and in production, 

attraction models but also these data can be input in agent-based models. They can be generated 

for the hypothetical network similarly for all people, randomly or as an adjustment of real cities’ 

data comparable to generated network. 

 

Household: Demographic data for each household should be provided, which can be 

different for various simulators. The number of people in the household, the number of vehicles, 

income, the home location/zone are some of the common data usually needed. 

 

Person: Information like age, income, household ID, work location, education, driving 

license, etc. are in this table. Other than agent-based models trip generation, this table can be 

used in mode choice models (logit models). 

 

Vehicle: The information about vehicles and their characteristics rarely are used in 

transportation modeling but they can be useful for micro studying the vehicles or observing the 

effect of a vehicle type in its own or traffic movement. Nowadays, autonomous vehicles are 

popular, some software like Polaris may provide the platform to test the effect. This table can 

also be useful in the agent-based models. 

 

 

3.5.4. Activity, Trip 
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These data are only useful in agent-based models. Activity tables contain all possible 

activities in all possible times and locations for all the people using the network. These activities 

can be chosen by travelers depends on the traffic conditions or his/her other activities or 

preferences. Trips are traveling from an origin to the destination. Their origin and destination 

locations/nodes are based on activities available in those locations. The start time of the trip must 

set to be before the activity’s start time and an approximate travel time needs to be considered. 

These trips are as an input to the simulators and using these makes simulator needless of the OD 

table or zonal information and trip generation models. 
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Chapter 4 : Example Results 

 

The proposed framework can generate networks with different sizes and characteristics 

quickly. The left corner node coordinate for all the examples in this section is [4186304.45,-

2404847.438] which is completely random. Major blocks are considered as squares with a length 

of 1000 meters which can be modified to any number. (Figure 9) shows the generation of a large 

hypothetical network and a small hypothetical network --the pictures’ scales are different. The 

positions of the freeways are specified to be random. Different colors for nodes indicate the 

zones automatically generated by the algorithm. 
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Figure 9 –  large 15*15 main axes network and small 4*3 main axes network  

 

Networks that are generated like the ones in Figure 10 can be used to reflect the effect of 

the number of freeways and their positions or area density, based on specific modeling studies. 

In these networks, different link types are created (Blue: freeway, Black: major streets, cyan: 

minor streets, and pink: ramps). The node colors show the zones. Table 1 illustrates details about 

these networks. Axes IDs start from left (for verticals) and from bottom (for horizontals). For 

reasons of simplicity, it is assumed that all the intersections have stop signs but since the detail 

about turn movements are generated, it is possible to generate signal phasings as well.  

 

A set of uniform demand information is also generated (table 2) with the agents 

considered to be homogenous, and thus usable for all 4 networks in this example. There is also, 

however, the possibility to generate different sets of demands (that are not uniform or have 

specific focus for origin or destination location on some zones). With this option, contexts 

involving demographic situations, or demand-attraction centers, etc. which relate to trip demand 
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can be tested and the results will be more realistic. In these illustrative examples, all networks are 

assumed to have 10 zones and simple hypothetical (node related) demographic data is also 

generated. 

 

 

(a) 

 

(b) 



36 
 

 

(c) 

 

(d) 

 

Figure 10 –  some networks generated by this framework 
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Table 1 –  An example networks’ elements  

 
Sample networks in Figure 10 

Network elements (a) (b) (c)  (d) 

# Horizontal main axes 5 5 5 5 

# Vertical main axes 7 7 7 7 

ID of Horizontal freeway axes 3 4 3 3 

ID of Vertical freeway axes 2 5 , 7 2 2 

Percentage of centroids 4.5 5 20 1.65 

# Zones 10 10 10 10 

# Nodes 250 253 82 634 

# Freeway links 30 43 30 30 

# Major local links 190 184 82 326 

# Minor local links 196 180 0 788 

# Ramp links 28 36 28 28 

# Activity locations 772 728 164 2,228 

 

 

Table 2 –  An example agent -based demand 

Agent type The number of agents 

Households 3,000 

Persons 9,000 

Vehicles 9,000 

Activities 9,000 

Trips 9,000 
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Chapter 5: Transit Extension 

 

Transit as a mode in transportation planning has an important effect on the total network 

performance, highway traffic, and user accessibility and traffic time/cost. Here, some simple 

assumptions are considered in adding transit lines and stops to the network, so that analysts can 

use the output of this study for testing algorithms in areas like multimodal traffic assignment, 

mode choice, micro-transit, etc. This framework is more focused on bus lines which have more 

interaction with highways. Other transit options like subway train routes can be incorporated in a 

similar manner.  It is possible that line alignments in subway transit can be chosen more freely, 

because the constrains are more geography or soil conditions and the station locations are fewer.  

This chapter however does not delve into subway transit and focuses only on bus transit systems. 

 

 

5.1. Transit lines on grid axis 

 

A simple transit generator for grid network chooses axis based on needed number of 

transit routes in each direction. It is assumed that either the whole network, or the local streets 

layer is in grid form in this work. This algorithm does not generate routes on freeways because, 

(1) buses need to stop along the way, and (2) more local street and residents can be covered by 

the transit line. Minimum distance between stops can be specified and then the algorithm makes 

stops with almost the same distances between them on the specified routes. It takes into account 

overpass/underpass situations and avoids making stops on/under them. 
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Figure 11 shows an example of having three bus routes (two horizontal and one vertical) 

in a 7*7 grid network with dashed red color and red nodes show stops. 

 

 

Figure 11 –  Transit (Bus) lines in a grid network  (blue:  freeway, black: local, and pink: ramps, red 

dashed:bus routes, red nodes: bus stops)  

 

 

5.2. Transit lines based on ODs with highest demand 

 

Here the second and more sophisticated method for generating transit lines is explained. 

At first, after demand random generation, demands for OD pairs are calculated cumulatively 

from trips. The reported number for each pair includes both AB and BA demand (A and B are 

example zone/node ID). The reason for considering each OD and its reverse direction is the 
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assumption of having round-trip routes for transit lines which is the case for most of the real 

situations. Then OD pairs with highest demand are chosen for each transit line. So, if we plan to 

make three lines, three top OD pairs are selected. While these ODs can be in location/node/zone 

levels, the focus of this study is the zonal level. A node each in the origin zone and the 

destination zone is chosen for each OD pair, and they are considered as end nodes of the transit 

line. Between these nodes the shortest path algorithm is executed, and that path is considered to 

be the transit line. This is an assumption that is substantially different than used in public transit 

planning, but it is a simple method to rapidly generate a mode in the network to be compatible 

with highway traffic in mode choice algorithms. Once the path of the transit line is made, stops 

are generated along the way, given minimum or desired distance between them.  

 

An optimization algorithm can be run to choose the best locations and links for transit 

lines and stops that provide equitable accessibility and minimize the cost. This can be done in 

future studies and is more like transit planning and design than network generation. The network 

in this study make such studies possible and provide data for analyses.  In this thesis work, the 

randomization of node selection in the zones are done iteratively to find some routes with 

suitable distance from each other and less overlap. But this process is also possible with 

optimization schemes. 

 

It is assumed that transit lines do not pass through freeways so that they can provide more 

stops in the local street network. However, it is possible to include freeway and ramp links 

especially in finding the shortest paths, so that some part of the route can be on the freeways 
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which could beneficial in travel time.  There will not be any stops in the freeway parts of the 

transit lines, however.  

 

Figure 12 shows a radial (web) network with three transit routes generated by second 

proposed method and based on highest OD demand and shortest path. 

 

 

Figure 12 –  Transit line with random paths in a radial (web) network  
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Chapter 6: Discussion and Future Work 

 

The previous chapters describe a method to generate hypothetical networks that can be 

used for detailed transportation network analyses, including microscopic and agent-based 

modeling.  The above descriptions are only to illustrate the complexities involved in developing 

realistically detailed hypothetical networks for urban transportation studies, and to present a 

framework that tackles the issues.  The focus of this study was on only the important features of 

the network.  Other items such as generating locations of parking structures or parking spaces are 

important for studying various options in individual and fleet operation of autonomous vehicles 

in the future. Panning and designing of transit facilities and transit lines with their characteristics 

according to social demographic information and public necessities are also very important, and 

we expect further studies to provide details of the generation of such facilities in the future. 

 

Note that only a limited set of illustrative networks are shown in this thesis. Many more 

network examples generated by this framework with all the necessary information about links’ 

features, connections, zonal information, demand agents, etc. can be found in this repository: 

Web page (https://github.com/Negin-Shariat/Transportation-Networks). We hope to develop an 

entire set of study networks and make them available in the future.  

 

The network generator described in this study is currently being used to generate 

networks and model them using agent-based simulations to study their performance under future 

scenarios.  These scenarios are based on advanced transportation paradigms with shared and 

autonomous mobility, and with concepts such as subscription services and personal mobility 

https://github.com/Negin-Shariat/Transportation-Networks
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portfolios. Much further results will be available in the future, from modeling exercises based on 

a variety of networks. These networks will include various freeway alignments with respect to 

arterial streets, various levels of density of circular rings of freeways in large urban networks, 

various density of entries/exits along the lengths of the freeway segments, etc.  Studies that 

compare radial vs. rectangular structures of freeways, location parking facilities are also 

expected to be available in the future. 
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