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ABSTRACT 

The research explores the relationship between urban form, based on its configurational bias, and 

urban mobility, according to street network analysis. The aim is to analyse how the diachronic growth 

of the city of Uberlândia (Minas Gerais, Brazil) relates to the current displacement framework, in a 

systemic approach supported by the theoretical, methodological and technical procedures suggested 

by Space Syntax (Theory of the Social Logic of Space). The syntactic variables (number of axes, 

connectivity, local integration, global integration and choice) are compared with the public 

transportation network data (number of bus lines and bus terminals). The obtained results point to a 

lack of synchrony between the potential of the urban street network and the public transportation 

network, especially at an intermediate level of the districts. Besides that, the findings reinforce the 

role of the configurational tools for the discussion about urban planning and mobility. 
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1. INTRODUCTION 

The urban form as an external aspect or spatial configuration of a city is the result of historical 

processes diachronically settled, demonstrating the relations between space and society (DIAS, 2014). 

This urban structure is understood by Villaça (1998) regarding the relative location of spatial elements 

and their associations, as well as by Sampaio (1999, p.20), considering a kind of link connecting 

urban form and its respective generative processes. In this context, in the investigation of the city as a 

whole, in which its parts are assumed as interdependent, the urban connections are established through 

the displacements made in the structure and considered as one of the most important issues to be 

comprehended. 

 

As the cities experience a process of expansion, it becomes fundamental to establish axes that would 

ensure a coherent relationship between the parts and the whole, in order to ensure adequate 

associations among these components. The way in which population growth and urban expansion are 

shaped within the urban area becomes one of the main constraints for how people move in the 

settlements. Through this approach, the street network works is an expression of these relations and 

emblem to discuss urban mobility. 

Based on these premises, the main goal of this paper is to explore the urban expansion of Uberlândia 

(Minas Gerais, Brazil), read through its structure and its relations, emphasizing the city transformation 

effects over urban mobility. For this purpose, the aspects of accessibility investigated according to 

Space Syntax techniques (number of axes, connectivity, local integration, global integration and 

choice: the configurational perspective) and data from the public transport network (number of lines 

and bus terminals) are compared.  

 

The municipality has shown a significant urban and population growth both in the regional and 

national contexts and has had a prominent role as a service center and products distributor among the 

regions with the greatest economic expression in Brazil. Therefore, the city interpretation occurs 
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according to urban street network over the years, since its foundation, in 1851, focusing on the 

relations between morphology and urban mobility. 

In terms of research organization, the study is structured in 3 sections. The first one addresses the 

Uberlândia urban development, taking into account historical axial maps. The second is the evaluation 

of the present day urban mobility scenario according to the results obtained and the consequent 

discussion, which produces the third part, dedicated to the conclusions. 

2. DATASETS AND METHODS

The theoretical, methodological and technical procedures were developed to verify if there is a 

correspondence between the potential of Uberlândia's spatial configuration and the network of the 

city's public transportation system, that is, if the bus lines routes and terminal are located in the 

potentially more accessible roads. 

Firstly, in order to achieve this aim, the research was developed for the present day Uberlândia 

scenario (2017), considering the following steps related to Space Syntax procedures: 

a. Selection of Uberlândia cartographic database in QGIS© software (Google© satellite image);

b. Linear representation of the street network according to the cartographic database. The modelling

consists of a set of the smallest possible number of connected straight lines that illustrate all direct

access through the urban fabric (HILLIER and HANSON, 1984; MEDEIROS, 2013);

c. Processing of the linear representation, transforming it into an axial map through Depthmap©, a

plugin inside QGIS© environment;

d. Extraction of configurational variables – a) total number of axes, b) global integration, c) local

integration, d) connectivity  and e) choice – that measures the interdependence relationships among

parts of the city;

e. Correlation between the variables derived from Space Syntax and those related to urban mobility: a)

number of bus lines and b) number of bus terminals.

Secondly, the analysis of Uberlândia urban growth was performed according to a diachronic 

interpretation. Based on present day linear representation (2017) built according to the previous steps, 

modellings were created for the years 1851, 1891, 1920, 1940, 1960, 1980 and 1990. The selection of 

dates resulted from the availability of historical cartography (OLIVEIRA, 2017). The resulting axial 

maps were explored regarding parameters of segregation and centrality (integration core 

displacement). 

3. RESULTS

3.1 URBAN DEVELOPMENT OF UBERLÂNDIA 

The Brazilian state of Minas Gerais has regions with a great economic dynamism, as is the case of the 

Triângulo Mineiro/Alto Paranaíba, which is characterized by an agricultural, mineral and fast growing 

industry (PMU, 2017). The major urban settlement and regional center is Uberlândia (Figure 01). The 

city was created around 1850 and, in 1908, received an urban plan intending to better conduct the 

urban growth through the expanding center. From that moment on, the settlement begins to present a 

growth heading the northeast area, towards the railway station constructed in 1895.  
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Figure 01 – Location of Minas Gerais in Brazil, Triângulo Mineiro in the State of Minas Gerais and Uberlândia in the Triângulo 
Mineiro region, respectively (scale not indicated). Source: Prefeitura Municipal de Uberlândia. 

The set of axial maps created to illustrate the urban expansion allows us to perceive (Figures 02 and 

03) how the urban center, between the beginning of the occupation (1851) and the mid-twentieth 

century (1940), expanded little. From that moment on, the city experienced stages of robust 

transformation, which changed the relations between parts. This finding are noticeable by the 

variations in the accessibility potentials of the axial maps, evaluated qualitatively according to the 

transformations of the colors in the modeling (areas tending to reddish colors present a higher 

topological potential of accessibility while areas tending to blue means lower potentials). The group 

of reddish axes, called integration core, usually correspond to the urban active center and moves and 

expands progressively, although keeping itself close to the old urban center.  

 

Figure 02 – Urban growth for the years 1851, 1891, 1940, 1960 and 1980. 

It can also be observed that the urban structure has a long-term fragmented feature, despite an 

apparent homogeneous layout. From 1940 onwards, the intensification of the industrialization was 

marked by continuous urban growth in the following decades, as it is shown in the Figure 03. In a 

general analysis, the whole grid is characterized by the regularity of a chessboard layout, so that all 

regions demonstrate some level of planning at some point, but the overall elements of connection 

between parts are missing. The scenario produces what Medeiros (2013) called a “patchwork pattern”, 

characterized by the composition of regular grids with little or none articulation with each other. 
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In the axial maps it is possible to verify that the integration core, "the most integrated axes, which tend 

to be the most prominent urban center" (BARROS and MEDEIROS, 2014) increases with the growth 

of the system. The reddish lines expand towards the highways, both in the north and south, east and 

west. It is also noticeable that the urban center is contained in the integration core, indication that the 

historical center presents a higher configurational accessibility, justifying the present day maintenance 

of its role as an active urban center (OLIVEIRA, 2017). 

 

Figure 03 – Urban growth for the years 1990 e 2017 (present day). 

In order to better understand Uberlândia´s growth dynamics according to the configurational 

perspective based on Space Syntax, tables and graphs were developed, considering the following 

variables: a) total number of axes (total of axes of each axial map representing the period of analysis), 

b) global integration (degree of topological accessibility analyzed for the whole urban system), c) 

local integration (degree of topological accessibility analyzed only for contiguous axes at local level), 

and d) connectivity (average number of connections). The values obtained are shown in the Table 01 

and Figure 04. 

Table 01 – Diachronic comparison of values from the axial maps related to Uberlândia´s urban growth. 

Year Total Number of Axes Integration HH Integration  HH R3 Connectivity 

1851 27 2,369 2,422 5,26 

1891 50 1,961 2,197 5,16 

1940 347 1,832 2,613 7,83 

1960 1544 1,386 2,553 6,55 
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1980 3802 1,116 2,387 5,70 

1990 4998 1,059 2,367 5,48 

2017 6728 1,020 2,247 5,03 

 

 

 
Total Number os Axes 

 
Global Integration (HH) 

 
Local Integration (HH R3) 

 

 
Connectivity 

Figure 04 – Configurational variables over the years (Uberlândia/MG). 

Considering the graphs, it is observable that the city is growing progressively, mainly from 1940 on, 

as the variation in the total axes of the axial maps indicates, while the values of global and local 

integration decline. The local integration and connectivity graphs show a peak in 1940 and then a 

progressive fall. The data also suggests that until this period the city used to be compact and well-

articulated, but as it grew and its voids were filled, the urban structure seemed to have been 

deconstructed. Its parts were fragmented and gradually lost articulation and connectivity, becoming a 

model of low topological accessibility. The urban grid acquired a labyrinthine appearance, possibly 

due to the pattern of the "patchwork" from the local actions of urban planning. 

As a result, the decrease in the overall integration over time indicates that the largest system routes do 

not necessarily have a global character, which compromises the articulation between parts, due to the 

discontinuity of the grid in the patchwork pattern. It does not mean that this configuration has the 

worst performance, but it represents a planning problem because it was not considered a vision of the 

city as a whole for the additions that were made diachronically in the urban grid, with direct effect 

over mobility.  
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3.2 EVALUATION OF THE MOBILITY SCENARIO CONSIDERING THE URBAN 

EXPANSION 

Several studies have been dedicated to associate configuration and mobility in the last few years, 

whether focusing on vehicles, pedestrians or public transportation (see BARROS, 2014, 

CERQUEIRA, 2017, ROCHA, 2017, TORRES, 2017). Bruton (1979) apud Dias (2014), for example, 

points out the importance of considering the potential of transportation on the conformation of the 

urban structure, through the accessibility that they generate within the urban area, as an integrating 

element of transportation planning and land use.  

Based on the perspective, a comparison was developed among the quantity of bus lines (number of 

lines and number of bus terminals) and configurational attributes for the present day axial map (2017): 

global and local integration, connectivity and choice. For this purpose, a table was organized for a 

selection of road axes (Figure 05) (Table 02). The selection of the axes was made by choosing low, 

medium and high integration axes, based on the colors of the map. This association was performed to 

verify if there is a correspondence between the potential of Uberlândia's spatial configuration and the 

network of the city's public transportation system, that is, if the bus lines routes and terminal are 

located in the potentially more accessible roads. 

 

Figure 05 – Selected axes for the comparison of variables. 

 

Table 02 – Distribution of values for selected axes. 

Axes Integration  HH R3 Integration  HH Connectivity Choice Nº of Bus Lines Nº of Bus Terminals 

1 3,52 1,49 19 59049 6 0 
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2 4,09 1,42 32 1662980 4 0 

3 4,28 1,49 55 323747 8 1 

4 4,78 1,68 66 5400410 45 2 

5 3,27 1,27 19 2022 2 0 

6 4,48 1,57 64 9647300 3 0 

7 4,37 1,3 65 1036370 5 0 

8 3 1,29 9 418544 3 1 

9 4,2 1,2 34 2382140 5 0 

10 2,01 0,91 2 122 0 0 

11 3,21 1,34 9 2694070 0 0 

12 1,77 0,97 2 2 0 0 

13 3,14 1,13 4 400692 5 0 

14 2,52 0,89 5 11079 0 0 

15 4,3 1,34 51 7129020 4 0 

16 3,49 1,21 11 625865 2 0 

17 3,74 1,26 24 5021150 2 0 

18 0,94 0,8 1 0 0 0 

19 3,27 0,86 16 353637 1 0 

20 3,4 1,19 14 42993 4 0 

21 2,81 1,03 7 31740 6 0 

22 4,01 1,26 16 7574030 2 0 

23 4,1 1,32 34 3170710 14 1 

24 2,3 0,6 3 29 0 0 

25 4,18 1,45 43 10079700 0 0 

26 3,86 1,64 31 9277330 5 0 

27 3,92 1,62 30 1282440 1 0 

28 2,98 1,16 9 98435 3 0 

29 2,18 1,22 3 1304330 2 0 

30 2,11 0,99 5 107811 8 1 

31 3,6 1,22 25 786060 2 0 

32 4,39 1,43 43 2961940 3 0 

In order to contribute to the interpretation of the data, the Cohen Scale was used: it is  an auxiliary 

tool that, based on the correlation between variables, explains the intensity of the "r" and "R2" 

according to the correspondence between the numerical obtained value (positive or negative) and the 

classifications that vary from nonexistent to perfect (MEDEIROS, 2013) (Table 03). 

Table 03 – Evaluation of r and R2 values according to Cohen Scale. Source: Cohen apud Hopkins (2006); Jacques (2006) apud 
Medeiros (2013). 

CLASSIFICATION r R² 

Non-existent 0,0 a 0,09 0,0 a 0,008 

Small 0,1 a 0,29 0,01 a 0,08 

Moderate 0,3 a 0,49 0,09 a 0,24 

Large 0,5 a 0,69 0,25 a 0,48 

Very Large 0,7 a 0,89 0,49 a 0,80 

Almost Perfect 0,9 a 0,99 0,81 a 0,99 

Perfect 1 1 

 

Aiming at testing the measurements, the correlations were developed for four situations: (1) all axes, 

(2) only the axes with lower integration values, (3) only the axes with medium integration values and 

(4) only the axes with the highest values of integration (Figures 06 to 09). 

The results show that there is a great correspondence between integration and number of bus lines 

when considering the extremes of the graph (Figure 06), based on the Cohen Scale. The most 

integrated axes of the system present a high number of bus lines (global level) (R2=0,32), while the 

less integrated axes have a reduced quantity (local level) (R2=0,34). On the other hand, the 

correspondence is small in the intermediate integration values range (R2=0,08), which is believed to 

7



 Proceedings of the 12th Space Syntax Symposium 

be related to the issue of the grid, that is, the urban configuration associated with bus lines has 

considerable correspondence, but they lack these joints at the connection between global and local 

levels. 

 
a) Global integration vs. bus lines (all axes) 

 
b) Global integration vs. bus lines (less integrated axes) 

 
c) Global integration vs. bus lines (most integrated axes) 

 
d) Global integration vs. bus lines (medium integrated routes) 

Figure 06 – Global integration vs. bus lines (all scenarios) 

The same process occurs regarding the local integration (Figure 07). It can be observed that in the 

system as a whole (all axes considered), the correspondence with the number of bus lines is moderate 

(R2=0,15), but when only the high local integration axes are evaluated, this relation becomes very 

large (R2=0,73), whereas for the middle integration pathways, it becomes non-existent (R2=0,00). 

 

 
a) Local integration vs. number of bus lines (all routes). 

 
b) Local integration vs. bus lines (most integrated axes). 
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c) Local integration vs. bus lines (medium integrated axes). 

Figure 07 – Local integration vs. bus lines (all scenarios) 

Regarding the connectivity variable (Figure 08), for the less connected routes, there is a very large 

correspondence (R2=0,49), according to the Cohen Scale, between connectivity and the number of bus 

lines. Regarding the global connectivity routes, this variable decreases to a moderate scale (R2=0,13) 

and, in the complete system, this connectivity also has a moderate performance (R2=0,22). In general, 

axes with the highest number of crossings tend to correspond to streets where there is a larger number 

of bus lines passing. 

 
a) Connectivity vs. number of bus lines (all routes). 

 
b) Connectivity vs. bus lines (less connected axes). 

 
c) Connectivity vs. bus lines (most connected axes). 

Figure 08 – Connectivity vs. bus lines (all scenarios). 

Regarding the variable of choice (Figure 09), the correspondence with the bus lines is very low . Up to 

a certain limit for routes of high choice, this correspondence reaches almost 13%, which is considered 

moderate, but for the whole, is small (R2=0,03). As a result, the transport axes become deficient and 

often inaccessible to some urban areas: the configurational potential is not properly used, seeming to 

be synchronized only in global and local levels. 

 

 
a) Choice vs. number of bus lines (all routes). 
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b) Choice vs. number of bus lines (for high-choice routes). 

Figure 09 – Choice vs. bus lines (all scenarios). 

4. CONCLUSIONS  

The obtained results (see OLIVEIRA, 2017) allowed us to explore Uberlândia urban form 

relationships associating the configurational and urban mobility perspectives, based on the 

investigation of the streets network and its comparison with the information from the transportation 

system (bus lines).  

Uberlândia has been experiencing a vertiginous growth since its foundation at the end of the 

nineteenth century, especially from 1940 on. During this period, the process of consolidation of the 

active center and the beginning of the fragmentation of the urban structure was observed, due to the 

loss of integration between parts, resulting from the formation of different grid in a so-called 

"patchwork" pattern. 

In the city, the public transport network showed little correspondence with measures such as 

integration, connectivity and choice of routes, especially when compared to streets located in the 

middle range performance, which demonstrates the little articulated character of the grid. Taking the 

urban design as an agent for urban transformations in consonance with findings from the literature 

(see BARROS, 2014, DIAS, 2014, OLIVEIRA, 2017, ROCHA, 2017, TORRES, 2017), it was also 

observed that there is a lack of global articulating axes in the municipality connecting the global and 

local levels, in order to reinforce the articulation between zones and to soften the characteristics of the 

patchwork fabric. As a result, the transport axes become deficient and are often inaccessible to some 

areas of the urban system.  

The findings point to the need to observe with greater attention the role of the urban form in order to 

understand the street network and the urban mobility, as well as how it could support the comparison 

and evaluation of sequential researches. In addition, the analyzes carried out in this study may also 

assist in the study of planning guidelines and/or possible urban intervention strategies to improve the 

articulations between the municipality parts and to restructure the urban mobility and public transport 

network. 
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