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ABSTRACT 

The renewal of derelict inner-city urban districts suffering from high levels of socio-economic 

deprivation and sustainability problems is one of the key research areas in urban planning and 

regeneration. Subject to a wide range of social, economical and environmental factors, decision 

support for an optimal allocation of residential and service lots within such districts is regarded 

as a complex task.  

Pre-assessment of various neighbourhood factors before the commencement of actual location 

allocation of various public services is considered paramount to the sutainable outcome of 

regeneration projects. Spatial assessment in such derelict built-up areas requires planning of lot 

assignment for residential buildings in a way to maximize accessibility to public services while 

minimizing the deprivation of built neighbourhood areas. However, the prediction of socio-

economic deprivation impact on the regeneration districts in order to optimize the location-

allocation of public service infrastructure is a complex task. This is generally due to the highly 

conflicting nature of various service structures with various socio-economic and environmental 

factors. 

In regards to the problem given above, this thesis presents the development of an evolutionary 

AI-based decision support systemto assist planners with the assessment and optimization of 

regeneration districts. The work develops an Adaptive Network Based Fuzzy Inference System 

(ANFIS) based module to assess neighbourhood districts for various deprivation factors. 

Additionally an evolutionary genetic algorithms based solution is implemented to optimize 

various urban regeneration layouts based upon the prior deprivation assessment model. The two-

tiered framework initially assesses socio-cultural deprivation levels of employment, health, crime 

and transport accessibility in neighbourhood areas and produces a deprivation impact matrix over 
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the regeneration layout lots based upon a trained, network-based fuzzy inference system. Based 

upon this impact matrix a genetic algorithm is developed to optimize the placement of various 

public services (shopping malls, primary schools, GPs and post offices) in a way that maximize 

the accessibility of all services to regenerated residential units as well as contribute to minimize 

the measure of deprivation of surrounding neighbourhood areas. The outcome of this research is 

evaluated over two real-world case studies presenting highly coherent results. The work 

ultimately produces a smart urban regeneration toolkit which provides designer and planner 

decision support in the form of a simulation toolkit. 
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CHAPTER 1  

BACKGROUND   

1.1 General Introduction  

This chapter outlines the context and motivation of this research with respect to urban 

regeneration planning automation and decision support. The context is elaborated by the 

historical analysis of urban planning legislations and initiatives. Relevant sustainability and 

smart growth architectures are discussed. Further to that, the neighbourhood impact to 

regeneration initiatives is discussed and its relevance to successful project management is 

elaborated. The motivation is linked to and associated with the advent of ICT and the availability 

of sophisticated AI techniques. Various integration possibilities of virtual reality and web-based 

modelling tools to online modelling are considered. The extent and contribution of the research 

is then documented to propose a novel decision support tool in the form of a virtual urban 

regeneration simulator.  

1.2 Background to the Research  

Urban regeneration is regarded as a systematic reversal process of economic, social and physical 

decay of such inner-city areas that are not deemed suitable for any sort of building purposes 

(Adair et al., 1999). With the end of the industrial boom experienced in the UK and other 

industrialized EU nations by the late 20
th
 century the renewal of derelict, inner city areas became 

an important aspect in urban planning. With this rapid industrial decline vast stretches of land 

were left unsuitable for reuse. Furthermore, improper waste disposal standards left a substantial 

portion of these brownfield lands almost impossible to recover for general public usage. The 
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reclamation costs of such contaminated areas were so high that most of the owners abandoned 

these brownfields for good. The practice of land reuse abandonment resulted in less brownfields 

utlization and the subsequent greenfield accumulation; eventually generating a new terminology 

now commonly known as ñurban sprawlò (Newman and Kenworthy, 1999, p.59). Areas with a 

high level of sprawl normally suffer from social, environmental, ecological and economic 

decline with high levels of crime, unemployment, poor health and little or no access to public 

services. Due to sparsely connected street and declining transport infrastructure, the sprawled 

areas have poor linkage between public service facilities and residential districts resulting into a 

high dependence on road vehicle use. The phenomena generally results in an increased number 

of short automobile journeys by the residents to their daily needs.  

In some cases the road vehicles can be old models with subsequent environmental impact. The 

transformation of natural, open or agricultural land for highly dispersed urban building and 

distant public services results in major environmental and ecological impacts over the built 

environment (Kuik and Verbruggen, 1991). The subsequent lack of sustainability of such areas 

in terms of public needs results into districts suffering from high level of isolation and 

deprivation.  

Design and planning of projects within such areas normally requires years of brainstorming and 

collaborative work to attract potential stakeholders to invest. Land recovery plans for abandoned 

industrial lots require careful and expensive demolition and decontamination procedures. The 

ultimate decision and placement of a certain number and type of building units remain a daunting 

task due to poorly connected service structures and business opportunities. Initiation of 

residential refurbishment projects within such areas along with the provision of various public 

service hubs such as primary schools, shopping centres and GPs, require a significant level of 
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persuasion to the associated stakeholders due to distant locations, high crime rates, lesser 

employment prospects and business generating opportunities. The very process of systematic 

reversal of economic, social and physical decay within such a built environment is generally 

regarded as urban regeneration (Adair et al., 1999). The analysis and evaluation of such 

regeneration schemes require extensive efforts to model and forecast the smart growth of such 

areas. 

With regards to design automation and decision support of such regeneration initiatives and 

pertaining to a diverse range of public services with each bearing variable impacts on the 

residential lots within the regeneration units as well as the neighbourhood, the solution to this 

problem remains a computationally intensive task to date. The conflicting nature of the positive 

or negative impact the presence of various structures have makes manual modelling of such 

systems difficult to achieve.  

1.3 History of Urban Planning and Regeneration  

Urban planning as an organized, professional domain has existed for less than a century. 

However, most settlements and cities reflect various degrees of meditated and purposeful design 

in their layout and functioning.  In developed countries, planning and architecture is said to have 

gone through various stages of general accord within the last 200 years. In early 19th century, 

during the industrial era, the cities were majorly owned by businesses and the wealthy elite. 

Around, 1900s, movements began to provide workers, especially those of the labour class, with 

healthier environments.  With this, the concept of ñgarden citiesò arose and several model towns 

were built (Taylor, 1998, p.22). However, these were smaller in size, typically containing only a 

few thousand residents. It was not until the 1920s that the concept of modernism began to 
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surface using skyscraper building techniques to concentrate populations within green belts and 

broad thoroughfares in order to eliminate disorder, congestion and small scale development 

(Low, 1999, p.95).  It was however after the World War II, throughout the 1940s and 1950s that 

the concept of modernist theory resulted in the implementation of government subsidized 

housing blocks to cope with the needs of housing. By the start of the 1970s, city planners began 

to realize the imposition of the modernist approach. These came to light as the concentrated, 

clean lined and organized built areas resulted into a range of social problems of crime, residential 

segregation and communal exclusion (Kahn, 2001, p.14; p.92). Also, with the industrial boom of 

UK by the early 1970s, the concept of centralized building began to emerge. The phenomena 

promoted a city building pattern that bore completed forms and spaces with little room to future 

change. The pattern did help in the determination of the transport development situation. 

However, the practice limited global, regional and national interaction for business, travel, and 

employment to major cities (Knox and Taylor, 1995, p.127). Also, the advancement of 

mechanical and industrial sector focused development of factories closer to such urban centres, 

major transportations hubs and waterways. Consequently, a high proportion of working class 

individuals chose to stay in areas with close proximity to these Central Business Districts 

(CBDs). Those working in the executive or managerial sector with automobile ownership 

generally chose to stay away from the CBD over distant, purposely built neighbourhoods. As a 

response to centralized industrial cities, by the late 1970s and 1980s, this sort of development 

yielded low-density city suburbs, separating residential and business centres by zoning. This 

practice of óbifurcatedô development patterns gave way to decentralized, distant urban 

development with increased journey distances (Newman and Kenworthy, 1999, p.31). Within 

countries with acute land shortages like the UK and most of the EU countries, this practice of 
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high-spread building and residential preference resulted into a rapid accumulation of greenfield 

sites for housing and general construction.  

1.3.1 Extent of land re -use within UK and the need of urban regeneratio n 

The National Land Use Database for Previously Developed Land (NLUD-PDL) for 2007 shows 

that the brownfield land reported by local authorities as being unused has remained the same. 

However the total amount of previously-developed land has reduced by around 6% which shows 

some level of land reuse. This is further supported by the fact that vacant and derelict land is 

down by 17.5% compared with 2002 while the land currently in use with potential for 

redevelopment has increased by around 12%  (CLG, 2007, p.8).  

 

Figure 1-1: Previously-developed land suitable for housing by land type (CLG, 2007, p.5) 

In 2007 there were an estimated 62,130 hectares of previously-developed land in UK. Out of 

this, 33,600 hectares of previously developed land were vacant or derelict, making more than 

half of the total land. The remaining 28,520 were in use but with potential for redevelopment 

(CLG, 2007, p.8). 26,510 hectares of previously-developed land, as assessed by local authorities, 

was specifically suitable for housing out of which only 37% was currently in use with planning 
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permission from relevant bodies as shown in Figure 1-1. Table 1-1 shows a comparative 

land/building reuse situation for various UK regions to the national average. 

Table 1-1: Previously-developed land as a proportion of all developed land, by land type 

and Government Office Region: England 2007 (CLG, 2007, p. 12) 

 Total area of 

developed 

land in 2001 

(Hectares) 

Vacant 

Land 

(%) 

Derelict 

land and 

buildings 

(%) 

Vacant 

buildings 

(%) 

Allocated 

for any 

use 

(%) 

Not allocated 

for 

redevelopment 

(%) 

North East 60200 2.1 1.9 0.3 1.4 0.9 

North West 160300 1.6 3 0.4 1.2 0.6 

Yorkshire/Humber  121000 2 2.1 0.8 1.3 1.4 

East Midlands 100900 1.2 1.9 0.4 1.3 1.6 

West Midlands 129200 1 1.4 0.4 1.2 0.7 

East of England 134900 1 1.2 0.3 1.3 1.3 

London 130500 0.3 0.2 0.2 1.9 0.4 

South East 205100 0.7 0.5 0.2 2.3 0.7 

South West 116700 0.8 1.4 0.2 1.4 1.2 

England 1158900 1.1 1.5 0.4 1.5 0.9 

In 2001, 33% of land changing to residential use in England was previously used for agriculture, 

compared to 51% which was previously developed urban land (Table 1-2). To overcome this, in 

an attempt to minimize the effect of new residential building on the greenfield sites, the 

government set targets for the number of new housing which were to be built on óbrownfieldsô, 

or previously developed sites in England. Nonetheless, the overall outlook of previously-built 

land reclamation eventually gave way to the establishment of urban land rehabilitation, structural 

re-use and neighbourhood renewal programs. 

With regards to the situation discussed above, pursuading the stakeholders to invest into 

regenerating construction within derilict, vacant leftover urban land instead of pursuing relatively 

straightforward design plans required for the outlying greenfield areas requires an assurance 

from the planning companies that such an effort would not jeopardize their investment by any 
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means. An assessment program, therefore, that could present the opportunities and benefits 

available to the new residents or businesses due to the surrounding neighbourhoods would be a 

highly desirable tool. 

1.3.2 Impact of accessibility over the socio -economic integration in urban planning  

Even though, the overall renewal efforts in rehabilitation projects have a sound effect over the 

urban living, there are certain long-term measures that are often neglected due to a lack of 

forecasting into certain ñwhat-ifò scenarios. Often related to a poor accessibility and transport 

network, these ñwhat-ifsò normally contain parameters related to poor economical situations 

Paddison (1993), dislodged or socially excluded communities (McGregor, 1995), overcrowding 

in residential areas (Bentham, 1985), transport and supply chain disturbances, health & safety 

issues, unavailability of employment and social segregation (Cheshire, 1986), lack of 

sustainability and energy efficiency in renewed infrastructures, destruction of ecology and 

greenfields. Furthermore, almost all regeneration projects are carried out in densely populated 

civilian neighbourhoods with a large fraction of them being set close to industrial or commercial 

hubs. The placements of various structures planned within such projects have variable impacts 

on the existing as well as the planned residential neighbourhoods. For example, placement of 

commercial structures contributes to the overall employment prospects of the neighbourhood and 

provision of a GP would reduce healthcare deprivation. Yet, improper planning of such 

placements within such renewal projects tends to have profound and long-term impacts over the 

social, economical and environmental sustainability of the neighbourhoods. 
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Table 1-2: Land changing to residential use (CLG, 2007, p.23) 

England          Percentages 

  1985 1990 1995 1999 2000 2001 

Rural uses       

Agriculture 44 41 38 38 35 33 

Minerals, landfill and defence 1 1 1 1 1 2 

Other rural uses 7 5 5 5 5 4 

All rural uses 52 47 43 43 41 39 

       

Urban uses       

Residential          21 22 17 15 14 15 

Previously developed vacant and 

derelict land      

11 13 21 20 24 24 

Other urban uses 7 7 8 12 12 13 

All land previously developed for 

urban uses 

38 42 46 47 49 51 

Vacant - not previously 

developed 

10 10 11 9 10 10 

All urban uses 48 53 57 57 59 61 

       

All uses 100 100 100 100 100 100 

       

All previously developed land  39 43 47 48 51 48 

       

All land changing to residential 

use  

      

 (hectares)   

8,755  

    

8,160  

    

6,685  

    

4,730  

    

4,890  

 

    5,470  
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1.3.3 Socio-economic impact of structural allocation planning  

Despite a range of progressive steps taken out for the last 10 years to curb urban sprawl within 

urban regeneration schemes in the western world and particularly the UK, many urban areas still 

face a wide range of socio-economic problems. The problems range from crime, unemployment, 

poor health and improper access to public amenities, as well as, a dilapidated economic and 

employment infrastructure. A large number of areas that are taken into consideration by 

regeneration partnerships contain disproportionate number of poor individuals with a higher 

level of social segregation, environmental decline and physical deprivation. Among many factors 

that exacerbate the level of deprivation in such areas, shortage to local employment opportunities 

and poor transport access to distant ones is regarded as the foremost factor followed by a weakly 

connected public services infrastructure (McGregor and McConnachie, 1995). Consequently, 

areas with high levels of economical deprivation tend to show an increased crime rate and 

heightened security fears among the residents (Raco, 2003). Low accessibility to local or remote 

retail outlets (Wrigley et al., 2002), educational services, primary healthcare, post offices and 

convenience stores seriously affect individualsô ability to sustain a variable and healthy food 

supply to the household (Morland et al., 2002), early diagnosis of ailments and diseases (Jones et 

al., 2008), social interaction, and proper training and employment opportunities.  

A practical example of such an effort among stakeholders and planners in regeneration industry 

can be elaborated by following practices and outcomes that minimize the level of deprivation of 

neighbourhood areas by contributing to the overall sustainability of the district. As discussed 

previously, a typical commercial regeneration would have its own economic benefits and would 

also contribute to the employment, investment and income levels of the area. Similarly, transport 
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and housing regeneration would share a common attribute of investment with commercial 

development, but would result in variable impacts on the social and economic situation of the 

area respectively. Further to this, issues of business support, crime prevention, community safety 

and health would rather have core social impact over nearby neighbourhoods. Relatively, the 

pertinent impacts of building regeneration structures in built environment are normally attributed 

to the measure of compactness and sustainability that neighbourhoods achieve upon completion 

(contrary to sprawl). Such impacts are generally attributed towards the level of contribution 

made towards the overall socio-economic and environmental sustainability of the 

neighbourhood. Compactness is generally regarded as an urban smart growth parameter that 

relates to the measure of urban sprawl present in a specific neighbourhood. Areas high in urban 

sprawl tend to exhibit a high level of automobile dependence which results into a wide range of 

environmental and subsequent socio-economical problems. 

1.3.4 Environmental impact of underlying built environment transport infrastructure  

In the UK, high level of sprawl has resulted in an increased dependence over motorized 

transportation where there has been a 54% increase in carbon dioxide (CO2) emissions from 

domestic transport sources since 1980 (ONS-EA, 2008).  The overall combination of proportion 

of greenhouse gas (CO2, methane, nitrous oxide, hydro-fluorocarbons, per-fluorocarbons and 

sulphur hexafluoride) emissions from transport comprise of 18% of the total greenhouse 

emissions Figure 1-2. Even though emissions of local air pollutants have declined due to an 

increased use of catalytic converters, cleaner fuels and vehicle fuel efficiency, the fuel 

consumption has increased due to growth in traffic and international aviation altogether. 

Majority of CO2 emission from transport sources has been from road transport ï 92 percent 

which has almost remained the same for the period of 1980 ï 2006. Also, road transport 
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emissions from private cars increased by 4 percent between 1990 and 2006 with a 10 percent 

increase in the car KMs travelled. The process is evident from the increasingly high number of 

cars in Britain as the past 50 years have seen a tenfold increase in ownership primarily for travel-

to-work purposes (Whelan, 2007; Dargay and Hanly, 2007). The situation appears to be much 

complex at the micro level of local neighbourhoods where the trend of walking and cycling for 

domestic, day-to-day activities has seen a rapid decline due to increased dependence on car-

based journeys. In 2006, the average time spent walking or cycling on trips per day was 11.8 

minutes compared with 12.9 minutes per day in 1995/97; resulting in an 8% decrease. This 

decline was still present when, in a survey carried out by Department for Transport (DfT), 95% 

of the respondents agreed or strongly agreed that walking is a good way to lose weight and stay 

fit. In fact, almost 75% of the respondents agreed or strongly agreed that their area was secure to 

walk with a small percentage citing distant public amenities to be a deterrent in their regular 

walking habits (DfT, 2008). These statistics does establish a relationship between publicôs 

engagement in physical activity and the provision of a robust accessibility infrastructure. 

The situation clearly points to the fact that a well-planned accessibility infrastructure and an 

optimal placement of various public service structures can contribute to mitigate the overall 

deprivation levels within urban regeneration communities. An example may be the placement of 

a metro-substation in the vicinity of an area suffering from unemployment and poor health. Such 

a placement will generate employment prospects for the local residents and also generate an 

electrical alternative to car travel, thereby, reducing the overall traffic emissions from the area 

during rush hours. However, urban forms are generally regarded as being the most complex of 

real-world systems with numerous, mutually conflicting variables and attributes. The realization 

and subsequent manual modelling of such systems is a very complex process.  
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Figure 1-2: A cumulative comparison of overall atmospheric emissions from various 

sources to road transport (ONS-EA, 2008) 

1.4 Aims and Objectives 

The aim of this study is to develop an AI based decision support system for the assessment and 

optimization of urban regeneration and planning projects. This objective is to be achieved in a 

step-wise manner through the utilization of state-of-the-art information processing standards and 

computing technologies in order to solve the urban regeneration layout assessment and 

optimization problem. In order to achieve this aim, the following objectives were derived: 

1. Investigation and review of the developments into urban planning and design with respect to 

various spatial planning methodologies, graphical modelling techniques and AI algorithms. 

2. Exploration of the current state-of-the-art into the possibility and use of AI technologies to 

solve layout optimization of public services and residential structures with respect to the 

socio-economic situation of adjacent areas. 

3. Development of an AI based methodology to assess built environment areas and predict the 

subsequent impact on newly planned regeneration districts 
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4. Implementation of an automation technique to procedurally model simulation outcomes of 

massive urban layouts using intelligent shape manipulation techniques to reduce or eliminate 

modelling overhead from human designers. 

5. Development of an AI based optimization technique to integrate the neighbourhood 

deprivation prediction model and the graphical automation module with the location-

allocation optimization of the regeneration area in order to improve the overall sustainability 

and smart growth of the area and its neighbourhood. 

1.5 Urban Regeneration Planning and Decision Support in Built Environment  

The concept of urban regeneration has originated from the basic notion of planning and design 

activities in built environment settings where conventional techniques of building are either not 

applicable or are too cumbersome to implement. Such areas generally contain left-over industrial 

structures and associated landfill sites that were rendered useless or unsalvageable at the end of 

the industrial boom of the 20th century. Such areas normally suffer from socio-economic decline 

with high levels of crime, unemployment, poor health and often little or no access to public 

services. Due to sparsely connected street and road layouts, the areas offer poor linkage between 

facility hubs and bear a high dependence on automotive travel. Design and planning of such 

projects normally requires years of brainstorming and collaborative work to attract potential 

stakeholders to invest and cannot be robustly catered for without considering various socio-

economic deprivation measures from neighbourhood built environment districts. Land recovery 

plans for such sites generally require careful and expensive demolition and decontamination 

procedures. Furthermore, decision and placement of a certain number and type of housing units 

remain a daunting task due to distantly located public services, transport hubs and employment 

opportunities. In addition, provision of access to various transport hubs require a serious level of 
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persuasion to the associated stakeholders due to sparsely planned residential locations, lack of 

public influx resulting from lesser employment prospects and business generating opportunities. 

Consequently, the feasibility studies and analysis and evaluation activities of these regeneration 

schemes require reasonable efforts into the forecasting and modelling of sustainability of such 

areas. The core objective of such urban regeneration planning activities remains to provide a 

sustainable, social environment that exhibit traits of: 

¶ Compactness and connectivity: Avoid long journeys for the dwellers to access public 

amenities and services 

¶ Diversity and inclusion: Promote equal and diverse opportunities to a wide range of 

communities with a sense of cohesion. 

¶ Recreation and aesthetics: Contain a reasonable amount of open space, recreational 

activities and visually appealing outlook. 

¶ Economic strength and good governance:  Must be able to sustain itself in terms of daily 

needs of its residents. 

The factors discussed above advocate a centralized approach to planning where most of the day-

to-day needs are made available within walking distance from the resident dwellings.  The idea is 

to promote development within a built environment exhibiting traits of sustainability and smart 

growth.  

The concept of such a sustainable urban development was initially introduced in 1980s when the 

rapid environmental and ecological degradation due to industrialization became scientifically 

proven. The terminology is most commonly defined in Brundtland report (1987) as: 
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ñdevelopment that meets the needs of the present without compromising the ability of future 

generations to meet their own needsò 

1.6 Work Context and Motivations 

Recently developed approaches of Artificial Intelligence (AI) , and in particular, parallel 

processing systems such as Neural Networks (NN), Cellular Automata (CA) and Multi-Agent 

Systems (MAS) allow problem solving through a bottom-up approach. This method starts with 

the micro-level assessment and training of units without keeping the global situation in the 

context (Diappi et al., 2004). Generally regarded as Neuro-computing problems, these AI 

algorithms have the potential to address decision support of urban planning systems by 

discovering expert-rules, sub-system relationships and data-retrieval from knowledge 

repositories. NN and CA in particular offer the possibility to increase the knowledge base of 

urban planning or regeneration dynamics of database systems such as GIS by training relevant 

models and extrapolating information. The specialty of NN not only lies in the enhancement of 

speed and efficiency in urban data handling but also as an automated system-behaviour learning 

tool. Since most of the urban spatial analysis and planning rely upon classification clustering or 

categorization, pattern recognition and optimization; the self-organization ability of NN 

promotes it as a powerful tool in prediction and tuning (Diappi et al., 2004). 

1.6.1 Socio-economic Impact Assessment and Simulation: Context of Research  

The impact of a range of previously-mentioned socio-economic factors can be efficiently 

developed into an impact assessment model in order to simulate the overall sustainability of 

various regeneration areas. Within the scope of this research and relevant to the variability of 

built environment factors affecting sustainability,   



Chapter 1                       Background 

16 

 

Table 1-3 shows a relationship between various neighbourhood deprivation factors and a range 

of regeneration initiatives carried out in close proximity. A cross (X) shows a positive impact of 

a building effort whereas a circle shows an initiative that may put additional strain over the 

proximal neighbourhood. For example: An industrial building within a residential environment 

may provide a high level of employment and educational placement prospects to the local 

residents. On the other hand, this type of construction would have a detrimental impact on the 

health, barrier to housing and living environment deprivation of the neighbourhood. 

Alternatively, a range of mixed-use residential and public service development would not only 

provide local employment prospects but would also lower the overall crime deprivation of the 

area by making the neighbourhood livelier and increasing the available job opportunities to the 

local residents.  
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Table 1-3: Various regeneration types and resultant deprivation due to a reduced (cross) or 

increased (circles) deprivation impact on neighbourhood districts 

 Neighbourhood deprivation 

 

Type of 

regeneration 

Employment 

 

Health Education Housing 

& 

services 

barriers  

Crime Living 

environment 

Residential 

(single unit, 

family 

houses, etc) 

O   X O X 

Official  X    X X 

Industrial  

(Factories, 

warehouses, 

etc) 

X O X  O O 

Open space 

(Parks, 

recreation 

hubs, etc) 

X X   X X 

Public 

services 

(Primary 

schools, GPs, 

post offices, 

etc) 

X X X  X X 

 

However, there are a range of factors that directly affect the willingness of local residents to 

walk or adopt public transport for their day-to-day routines. The resultant impact shown in Table 

1-3 along with the neighbourhood deprivation impact is generally regarded as a measure of 

distance of regenerated structures to the neighbourhood districts. Here the distance is generally 

taken as an entity comprising of a walkable value in miles a general resident is willing to travel 

by foot to reach to a specific destination every day. The reason of considering the walkability 

measure commonly relates to the fact that a sustainable neighbourhood is generally regarded as a 
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closely knit, compact residential scheme that is highly pedestrian/bicycle oriented with decreased 

automobile dependence for daily general purpose visits.  

In the domain of urban regeneration, a greater number of case studies are inherently shaped by 

their own unique regional circumstances, political and organized concerns. Yet, commonly 

shared are the universal issues such as a forecast on traffic congestion based on a specific 

regeneration plan, meeting the air quality standards and the challenge of environmentally and 

economically sustainable cities. These give way to scenario based simulations that follow best 

practices in urban regeneration to achieve a design which is sustainable and robust.  

1.6.2 Motivation in Industrial Context: ICT integration to planning optimization  

The need of expert as well as public level involvement in sustainable development projects for 

decision support becomes widely accepted. There has been a significant work done to assist three 

core actors in urban regeneration namely policy makers, planners and citizens to analyze projects 

using GIS, simulation models and computer visualization that generally form the base of ICT 

(Wang, 2005). The advent and advancement of ICT has opened an entirely new era to urban 

planning and visualization. During the past two decades, advanced Virtual Reality technologies 

(VR systems), Global Information Systems (GIS), sophisticated data mining and information 

retrieval, AI techniques and high speed internet technologies has made it possible to integrate a 

wide range of decision support systems (Masser et al., 1996, p.12).  

Also, with these recent advances in the areas of ICT, the level of collaboration and interaction in 

construction design and planning has grown considerably. The overwhelming advancement in 

computing machinery in 1980s followed by the internet in late 20
th
 century and its subsequent 

upgrade to broadband has revolutionized the way information is being transmitted, shared and 
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presented worldwide. Also, satellite data gathering and mining facilities are now standardized to 

let common users zoom to bird-eye, flyby levels and visualize ground terrains as well as 

topographical and spatial data; all customized for their personal use. Advanced computing 

hardware and software is now widely used to visualize real-world scenarios in real-time, lifelike 

situations in many disciplines. It is now possible to display highly rendered 3D graphics over 

desktops machines over internet links using mere broadband based internet browsers.  

The continual growth of urban environment along with the emergently complex behaviour the 

wide range of urban sub-systems posses, the location of various structures within built 

environment must be well organized. Possible fields in urban domain and built environment 

planning that draw the applications of web-enabled ICT systems were elaborated by Abdul-

Rahman and Pilouk (2008). Table 1-4 shows many possible useful scenarios in the wake of the 

use of ICT technologies and 3D applications in built environment planning.  

Table 1-4: Possible areas of application within built environment for web-based ICT 

systems based on (Altmaier and Kolbe, 2003) 

Sector Description Example Case Study 

Event management Project simulation for public 

participation and involvement 

Demonstration of construction 

of a prospective recreational 

park 

Facility management Building of public service 

structures 

Analysis of supply roam 

location in hospitals, 

distribution units in 

warehouses  

Navigation support Navigation and network 

systems 

Route guidance applications, 

Pedestrian route simulation for 

urban transport optimization 

Environmental Environmental issues in built 

environment; impact 

simulation, assessment 

Traffic emission prediction for 

residential neighbourhood, 

noise impact assessment for 

sensitive areas; for e.g. 
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systems hospitals and schools 

Disaster/Emergency Workflow organization, 

Rescue team support and 

training in case of an 

emergency 

Rescue team support in case 

of an emergency or disaster 

with real time integration of 

support data, training  

Supply chain engineering Supply chain management in 

distribution networks 

Optimization of delivery flows 

in complex demand/supply 

chains such as warehouses, 

industrial distribution units 

 The way in which the mapping information is handled has evolved from conventional 

spreadsheets to advanced database technologies. Cartographic software systems that display 

digital map information for users to query and analyze geographical and spatial data are now 

widely accessible. The advent has made it possible to store, create, analyze and manage spatial 

data and associated attributes. Modern GIS technologies can now access this digital information 

to represent real world objects like roads, land use, elevation with digital data over multi-

dimensional domains. 

Furthermore, web based 3D technologies, standards and high speed broadband has moved 

desktop modelling to an entirely new domain of visualization over the internet with 

internationally established standards such as VRML and X3D. Availability of high bandwidths 

over mobile devices now makes it feasible to collaborate and integrate various layers of 

ontological information among a range of remotely connected personnel and organizations. 

Highly robust communication networks can now globally locate and point precise locations and 

users in real time without compromising their mobility (Cavagna et al., 2009). 
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1.6.3 Motivation of work in academic context: Role of ICT and simulation in Built 

Environment 

The abovementioned techniques, when used in conjunction with geographical data, introduce a 

novel area of information processing and presentation known as geo-simulation. The field is 

concerned with the design and planning of construction of high-resolution object-based models 

in order to investigate how spatial systems behave under the influence of variable factors. The 

behaviour is generally modelled with simulation software to solve a range of real-world 

problems and is defined as: 

ñSoftware implementation of models that interactively simulate geographical objects in variable 

forms of flow, distance-decay, diffusion, dispersal, action-at-a-distance, centripetal and 

centrifugal activity, linear and non-linear relationships, etc Geertman and H. (2002)ò 

Generally geo-simulation applications in the urban decision support context are limited to simple 

spatial objects and their interactive behaviours overtime. Moreover, the objects and models in the 

geo-simulation domain are generally spatially not modifiable, with a unique size and shape that 

cannot be reduced to a common scale (Benenson and Torrens, 2004, p.11). This makes geo-

simulation tools an inappropriate choice for emergent, urban decision support systems where the 

primary objective operates around complex behaviours of range of socio-economic attributes that 

tend to change over time. On the other hand, spatial micro simulation models are used to model 

and monitor trends and characteristics embedded within socio-economical as well as economical 

infrastructure. These can be used to model communal exclusion, social polarization and the 

subsequent evaluation of the investigation of socio-economic systems to achieve objectives of 

sustainability and smart growth (Campagna, 2006, p.195). However, both the approaches get 

overwhelmingly complex with the extension and scope of the objective being considered. Most 
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urban support problems generally count towards the minimization or maximization of certain 

objectives. Such objectives generally include objective functions such as travel cost 

minimization and average throughput maximization. Information and data modelling of such 

scenarios, merely by manual analysis of data, is a cumbersome task which tend to vary widely 

with respect to the level of experience input of the personnel.  Also, with an increase in the area 

being considered, the number of inter-connected entities associated with such objectives increase 

overwhelmingly for example, number of cars moving in or out of a traffic section or measure of 

supply-demand networking with respect to time and day in a shopping centre. Solving such 

complex problems for the most optimal solution using a direct, brute force algorithm is 

practically unachievable due to time complexity issues. Such problems are generally regarded as 

NP-Hard in computer science which means that the problems cannot be solved by a conventional 

approach in polynomial time. 

The location-allocation of urban public service structures to optimize accessibility to variably 

located residential units in itself is an NP-Hard problem. The objective, when combined with the 

conflicting nature of optimization variables, turns the problem into a multi-objective 

optimization problem. The evolutionary computation techniques that reduce an NP-Hard 

problemôs search space depth by exploring a diverse search space of solutions makes Genetic 

Algorithms (GA) a perfect choice in optimization. Fuzzy systems, on the other hand, enable 

using human knowledge in simple linguistic terms and rules. In order to exploit the strong points 

of both the systems, two general possibilities exist within hybrid soft-computing systems.  Fuzzy 

logic can be used to improve the behaviour of genetic algorithms, or genetic algorithms can be 

used to assist in the setup of fuzzy logic parameters. Even though, the later technique is more 

commonly used, within the scope of the Virtual Urban Regeneration Simulator (VURS) due to 
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the two-tiered setup of the system, the Fuzzy-Genetic approach was selected for investigation. 

The primary motivation was the ability of fuzzy-logic to model mutually-dependent system 

variables with expert guidance. The integration of a large number of variables into a genetic 

objective function itself is regarded as a tedious, if not impossible, task. The embedding of a 

range of variables within an FIS embeds multi-objective logic into the fuzzy logic rule base, 

effectively making room for the second motivation of this work. Subsequently, on the basis of an 

aggregated output of the FIS, a genetic algorithm can be used to optimize the location-allocation 

of a range of service structures with respect to planned residential units as well as the existing 

residential infrastructure. 

1.7 Development of an Urban Regeneration Framework 

In order to maximize the benefits of ICT integration to the field of urban design and planning, it 

is essential to provide an integrated framework which will enable the functional benefits of state-

of-the-art smart technologies discussed above. However, there are some requirements that 

prevent or restrict the implementation of a built environment assessment, planning and 

optimization framework: 

¶ Simulation and modelling systems developed so far have largely been limited to a macro-

level realization of the built environment which also lack in the use of online-

visualization domain for knowledge dissemination 

¶ Most of the renewal initiatives within built environment are substantially unaware of the 

socio-economic attributes of neighbourhood areas 

¶ Decision support systems implemented so-far lack in terms of the assessment of various 

built-environment attributes and their relationship to the placement of an optimized 

public service infrastructure in urban regeneration schemes. 
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¶ Currently, there are no integration tools available to enable planners and stakeholders 

with the impact assessment of micro-level socio-economic deprivation and their futuristic 

impacts on the sustainability of regeneration schemes and the subsequent automation of 

planned urban layouts. 

¶ The urban layout optimization of massive urban neighbourhoods based on the socio-

economic impact assessment of surrounding built environment infrastructure has not yet 

been developed. 

¶ The design and simulation of urban planning outcomes has largely been restricted over 

manual/semi-automated modelling techniques. 

Table 1-5 illustrates the alignment of research problems and the contributions to knowledge, together 

with the methods that were employed for the implementation of the different tasks. In addition,, 

Figure 1-3 covers a further in-depth design flow layout for the whole thesis documentation plan by 

incorporating the ǿƻǊƪΩǎ ŎƻƴǘǊƛōǳǘƛƻƴ ǘƻ ƪƴƻǿƭŜŘƎŜΣ ǘƘŜ ǎƻƭǳǘƛƻƴ ŀǇǇǊƻŀŎƘ ǘŀƪŜƴ ŀƴŘ ǘƘŜ ǊŜǎŜŀǊŎƘ 

methodology.  

Table 1-5: A tabular depiction of the problems addressed, the contribution to knownledge 

and the research methodologies used to solve the problems 

Problem Contributions to knowledge Research Methodology 

Assessment of socio-economic 

deprivation 

Accurate prediction of 

deprivation based on adjacent 

built environment 

neighbourhood statistics 

A hybrid neural network based 

model to tune a fuzzy logic rule 

base to predict socio-economic 

deprivation in regeneration 

areas as a function of its closest 

neighbourhood statistics 
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Smart generation of large urban 

areas 

Context sensitive street layout 

generation that can be used with 

embedded AI for structure 

locations in the vicinity 

A recursive map generation 

algorithm based on 

plant/cellular sub division 

phenomena to automatically 

generate cityscape street layouts 

and vacant lots 

Optimization of residential and 

public service location in urban 

plan layouts 

Location allocation optimization 

of buildings based on the 

assessment model discussed in 

step 1 

Based on the lot grid discussed in 

step 2, a set of genetic operators 

to generate a diversely 

populated genetic system for 

optimized allocation of various 

regeneration building units 
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Figure 1-3: Top level system context diagram for the thesis documentation layout 
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1.8 Thesis Outline 

The thesis documents the development of a novel integrated framework of AI based 

methodologies to assess and optimize urban regeneration plans with respect to various 

surrounding built environment attributes. This is done through the implementation of a Virtual 

Urban Regeneration Simulator (VURS) based upon a dual-tier assessment and optimization 

infrastructure. The first tier (Tier ï 1) is based upon the exploitation of fuzzy uncertainties and 

socio-economic constraints embedded within built environment deprivation data available from 

the Office of National Statistics (ONS). The second part (Tier ï 2) utilizes the outcome of the 

Tier ï 1 fuzzy framework to optimize the location allocation of a range of public service 

structures within a regeneration scheme in order to improve the sustainability and smart growth 

at the district level. The content of the thesis are detailed in the following chapters: 

Chapter 2: Literature Review 

A comprehensive literature survey of relevant urban regeneration parameters, ICT technologies, 

AI and simulation techniques is presented in this chapter. The chapter introduces in further 

details various problems encountered to urban regeneration planning domain. Further to that, a 

thorough review of ICT domains addressing different aspects of this field is made along with 

various AI and smart technologies used. The chapter also discusses various systems and 

methodologies that were developed to assess, evaluate and analyze relevant urban planning 

problems and the extent to which the relevant research has added to the scientific domain. The 

chapter concludes with the identification for the need of a new methodology and the presentation 

of the objectives of this research. 
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Chapter 3: System Analysis and Design for Urban Regeneration Simulation 

The chapter discusses various methodologies and tools for efficient system analysis and design 

and selects one of these techniques based upon the characteristics of the system being developed. 

The techniques investigated for suitability are Structured Analysis and Design (SA/SD) and 

Objective Oriented Analysis and Design (OOA/OOD). Also, an in-depth comparison of merits 

and demerits of both the methods is made with respect to usersô as well as developersô 

perspective. The chapter ultimately describes the detailed design of the VURS with the use of 

various data/control flow and process modelling tools using SA/SD methodology.   

Chapter 4: ANFIS based Neighbourhood Impact Assessment Module 

The chapter documents the theoretical as well as computational aspects of various AI techniques 

within the scope of knowledge based engineering and simulation to model a regeneration 

deprivation prediction system. The chapter presents various AI methodologies and analyzes 

individual shortcomings of each to cater the problem of decision support for complexly built 

urban areas. The chapter develops an integrated and hybridized approach to solve the problem of 

socio-economic deprivation modelling on regeneration plans due to surrounding deprivation. A 

neuro-fuzzy inference based methodology is first described for the neighbourhood deprivation 

impact assessment framework that takes input from a district level classification of socio-

economic deprivation levels from standardized UK districts. The chapter than describes the 

extraction methodology used to extract membership functions data and fuzzy rules from office of 

national statistics ordnance survey data. Having developed the core ANFIS based impact 

assessment module for the prediction of built environment impacts of various built environment 

parameters (crime, employment, health and transport) from the LSOAs located in the 
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neighbourhood, the next stage of research is then detailed in the next chapter which describes the 

development of a location optimization simulator.  

Chapter 5: GA-based Urban Regeneration Layout Optimization 

The chapter discusses the detailed AI methodology for the integration of the deprivation impact 

assessment architecture of neighbourhood areas to a regeneration district in addition to an 

evolutionary layout optimization framework. The connection between the model outcome from 

Chapter 4 to the layout optimization module discussed in this chapter is made possible by means 

of a specialist procedural layout generation module that results in an automated network 

street/lot infrastructure which is then used for the purpose of location-allocation optimization. 

For this purpose, a genetic algorithm solution based on specialist crossover techniques and 

fitness ranking criteria is presented. The objective outcome evaluation of the evolutionary 

algorithm presented in this chapter is evaluated based on a fitness ranking function. 

Chapter 6: Implementation of the VURS  

This chapter encompasses the frontend development of an X3D (Xj3D) based on online, virtual 

urban regeneration simulator (VURS) using Matlab and Java 2 technology platform. The 

document also involves the pseudo-code for the implementation of various design aspects 

detailed in Chapter 3. The chapter also documents the user manuals for future application usage 

support. Various third-party APIs used are also documented to facilitate future extensions to the 

projectôs work. The chapter also separately describes various software modules developed during 

the research to extend those particular domains.  
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Chapter 7: Case Study based System Evaluation  

The chapter is based on the evaluation of the entire thesisô methodological presentation by means 

of two uniquely selected built environment case studies. The case study areas are chosen from 

two urban and semi urban districts of English county West Midlands.  

Chapter 8: Conclusion and Future Work 

This chapter concludes and reports the novel contributions made under this research in the area 

of decision support, simulation and modelling with respect to the proposed AI and advanced 

graphics technologies. It also suggests a range of extensions possible to various domains of the 

implementation and the development to a range of scopes. 

1.9 Summary 

In this chapter the problem of urban regeneration planning in built environment was discussed in 

conjunction with the application of sophisticated AI algorithms to support decision support 

simulation in built environment. The chapter presented an introduction of urban planning and 

simulation activities in built environment along with a brief history of urban renewal. It also 

discussed the possibilities of integration of state-of-the-art technologies of VR, GIS and relevant 

communication technologies and computing advances to a better understanding of complex 

scenarios in decision support systems.  

The advent of ICT disciplines has made it possible to manipulate organized information related 

to various sub-systems to realize the suitability of relative decision making efforts. It has also 

made it possible to share expert knowledge over a global domain and model it visually. Huge 
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amount of cartographic data is now available online and it is possible to incorporate certain 

decision variables in architecture and design in the form of 3D models. VR simulations are now 

a well investigated discipline and extensively used to build real world scenarios during pre-

implementation phases. Integration and modelling of such huge amounts of data to simulate the 

entire process of urban design, planning and development have not yet been done. Solution to 

this problem provides the core of the research being done in this work where a set of intelligent 

algorithms are to be developed while utilizing the computation and rendering abilities of the 

current hardware. 

The advent of state-of-the-art ICT systems during the past two decades along with AI based data 

manipulation and visualization technologies have now made the integration of various database, 

communication and visualization tools into a single online collaborative simulation platform. 

However, simulation in planning support for urban built form refurbishment has largely been in a 

disaggregated manner. The overwhelming advances in physical computation hardware, multi-

media and internet-based data streaming and retrieval techniques and virtual reality technology 

are utilized in a disjoint mode. The introduction of web-based VR technologies such as X3D, 

automated CAD based modelling techniques, GIS data querying and analysis tools, improved AI 

algorithms and high-speed internet-based information medium has made it possible to develop a 

user-centric, integrated, analysis and optimization tools.  
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CHAPTER 2  

LITERATURE REVIEW  

2.1 Introduction  

This chapter will critically evaluate the work done in the area of urban planning and renewal in 

terms of ICT with a direct focus on information visualization and decision support tools. Starting 

with the historical background of urban planning and regeneration, the chapter will also 

investigate previous research related to modelling and visualization domain for urban 

subsystems. Also, a survey of research in the area of various built environment parameters over 

regeneration areas will be documented. The investigation into these parameters will cover 

parameters of crime and safety, employment, health and accessibility and the subsequent 

justification of the selection of these. Furthermore, the relevant scope and impact of these 

parameters over the sustainability and smart growth of regeneration schemes will be discussed 

and analyzed in conjunction with the construction of various public service structures and 

residential neighbourhoods. The chapter will finally draw conclusions over the current state-of-

the-art in the application of AI to the problem solving domain of urban planning and 

regeneration and corroborate knowledge gaps in the relevant AI domains. Subject to the 

conclusions made, the chapter will justify the scope of the research carried out and reported in 

this thesis. 

2.2 Sustainable Urban Planning and Design Architecture  

Sustainable development is based on the idea of providing peoplesô lives with a combination of 

environmental, economic and social factors while adopting an integrated approach to planning 

and decision making for carrying out the development. According to (Camagni et al., 1998) 
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sustainability means an unbiased development of basic environmental factors of an urban 

society. As shown in Figure 2-3, these three factors are physical, economic and social issues that 

should act in equilibrium for the environments of an urban society. The primary objective of 

such equilibrium is to achieve physical, social and economic growth in the form of a higher 

living standard. Many countries, including the UK, are recognizing the need for a change of 

priorities to consider long-term sustainability and smart growth issues without compromising the 

economic consequences for such development. Integration of various socio-economic factors 

that have a lasting impact over the wellbeing of urban neighbourhoods into civil planning and 

design initiatives is now considered a major research area. Urban regeneration activities are 

generally carried out within already built areas that exhibit various levels of physical, economic 

and social deprivations. Consequently, as a result of the surrounding neighbourhoods, the 

renewed regeneration areas tend to sustain the impact of these deprivations over a period of time. 

Pre-realization and assessment of these neighbourhood impacts beforehand is therefore regarded 

as a key step in the sustainability of these regeneration districts as well as the wellbeing of the 

adjacent neighbourhoods. A software suite implementing a decision support tool to assess and 

optimize such socio-economic variables of deprivation before the finalization of the actual 

building allocation design plan would be a significant contribution to current and ongoing 

research in urban planning and simulation. 

2.3 Integration of socio-economic factors to built environment planning and design 

Within the UK, the latest of the breakthroughs in regeneration in built environment came when 

Lord Richard Rogers, a British architect, was invited to chair a government task force charged 

with transforming sustainable urban development principles into strategic advice for planning 

authorities (Rogers, 2005). The task force investigated possibilities into regeneration initiatives 
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that could result into communities with robust design attributes, support for a range of services, 

efficient transport integration and adaptability. The core objectives were to achieve excellence in 

structural and environmental design, social wellbeing and inclusion as well as environmental 

responsibility and ecological protection. The UTF initiative was objectively set to evaluate, 

analyze and identify the causes of urban decline and setup plans to efficiently integrate the 

existing socio-economic as well as environmental deprivations within communities. 

2.3.1 Role of transport infrastructure to sustainable planning in urban regeneration  

Among various areas specified in the UTF, the underlying transport and accessibility 

infrastructure of urban neighbourhoods was regarded as one of the driving factors of socio-

economic deprivations within urban districts. Figure 2-1 shows comparative accessibility 

architectures for residents of three separate types of residential patterns derived from Richard 

Rogers (2005) sustainable city architecture with minimal automobile dependence. The 

architectures present the association of underlying urban design layouts with variable 

sustainability levels. A car-oriented architecture tends to encourage several short distance drives 

due to unavailability of local service hubs as shown in Figure 2-1(a). Due to high automobile 

usage, a bus network provision in such architecture is not a viable option. In Figure 2-1(b), less 

than a third of residents live 500 meter away from the centre making it possible for individuals to 

only make distant trips for infrequent purposes (e.g.: work, or professional/university level  

study). Figure 2-1(c) describes a tightly knit, highly connected architecture that is highly 

sustainable in terms of provision of local services. Rogersô base plan envisaged centralized 

development of public services in a way to provide public with alternatives for their day-to-day 
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needs without excessive dependence over automobiles and public transport. 

 

Figure 2-1: Level of public service accessibility in high sprawl development (a) and 

compact residential development (Rogers, 2005) 

The measure of accessibility shown in Figure 2-1 primarily depends upon the underlying 

structural layout of any built environment district. Depending upon the type of chosen 

development architecture, the constructed localities bear variable impacts in terms of the overall 

area sustainability. For example, car-oriented architectures generally tend to be less energy 

efficient and generate high atmospheric emissions leading to poor environmental sustainability. 

Further to that, due to high travel distances, even the daily-need trips depend on private 

automotive vehicles. Excessive reliance on motorized transportation generally reduces 

community cohesion; discourage physical activity and increases atmospheric emissions. The 

design pattern of general traffic network infrastructure is regarded as the principle structuring 

element to acts as the basis of sustainable urban design layouts.  

Relevant to the various accessibility infrastructures presented in Figure 2-1, Duany (2002) 

presented six models that constitute a range of options with variable impacts on the environment 

and health level of residents. The first five patterns bear a web structure where as the sixth form; 

Radburn shows a stem pattern as shown in Figure 2-2.  
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Figure 2-2 :Urban structure thoroughfare patterns with variable environment impacts due 

to specific design attributes (a) savannah Pattern, (b) Nantucket pattern, (c) Mariemont 

pattern, (d) Washington pattern, (e) Riverside pattern, (f) Radburn pattern. (Duany, 2002) 

The measure of closely knit accessibility infrastructure can positively contribute to sustainable 

development in built environment and is best evident in web-form development patterns shown 

in Figure 2-2 (a) ï (e). Web based patterns offer a better traffic flow and network connectivity 

between local public amenities. Stemmed patterns similar to the one shown in Figure 2-2 (f) are 

generally termed as more pedestrian friendly and offer better connectivity for non-motorized 

mode of travel due to a better pedestrian and bicycle trail infrastructure. Such stemmed 

neighbourhoods are in general more likely to sustain local smart growth by increasing physical 

activity and public service accessibility without excessive reliance on automobiles. However, 

such neighbourhoods generally suffer from increased traffic congestions due to a reduced 

number of traffic thoroughfares. Regardless of the definite impact of variable accessibility design 

plans to the sustainability of urban neighbourhoods, there has not been a certain investigation 

made to date to establish a relationship between various socio-economic deprivations within such 

neighbourhoods and the underlying accessibility infrastructure. 
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2.4 Neighbourhood Impact Assessment  

A significant level of research is now being done in the area of design and planning optimization 

of built environment parameters that impact on the liveability of resident masses. Accessibility to 

the basic public services of employment & education, health services, transport network and 

commercial services is regarded as one of the key parameters in the control of urban sprawl in an 

area. Contextually, these parameters are termed here as ñregeneration factorsò.  

 

Figure 2-3: Sustainability principles for built environment regeneration (Camagni et al., 

1998) 

The impact of these factors is summarized by the Office of National Statistics (ONS) to measure 

and report the level of sustainability of discrete urban regions. The factors are compiled in a 
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report known as ñRegional Trendsò as a set of classification indicators (Macmillan, 2008). The 

purpose of this classification is to bring together factors with the Neighbourhood Statistics 

(NeSS) pertinent to planning, monitoring and evaluating activities associated with urban 

deprivation minimization and neighbourhood renewal. The report includes key area statistics on 

the basis of 11 unique classifications, including crime and justice, labour market, health and care 

and transport. A major study done by Robson (1994, p.185) given in Schneider and Kitchen 

(2002, p.340) regarding the factors affecting the quality of life in major urban areas is given in 

Table 2-1. The study involved 1,299 residents in 15 different areas of Greater Manchester, 

Merseyside and Tyne and Wear to rank 20 different variables affecting the quality of life in the 

area. Furthermore, in addition to the previously shown statistics, the selection of these 4 

parameters out of 11 was made largely because these four factors have statistically been proven 

to significantly contribute to the overall deprivation level of localities for the West Midlands 

region (ONS, 2008). Thus, for the purpose of this research, four parameters of crime, 

employment, health and accessibility have been selected to model sustainability and smart 

growth with respect to the ultimate layout optimization objective. 

Table 2-1: Public perception of factors affecting the quality of life in British urban areas 

Rank Variable Percentage of sample 

ranking variable as 

óvery importantô 

1 Violent crime 79.3 

2 Quality of healthcare 73.7 

3 Cost of living 71.9 

4 Non-violent crime 67.2 
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5 Quality of housing 64.2 

6 Quality of welfare 

services 

61.7 

7 Areaôs visual perception 61.3 

8 Employment prospects 59.2 

9 Pollution 58.2 

10 Unemployment levels 58.0 

Ongoing research shows that containing the negative impacts of these factors (Table 2-1) tend to 

maximize the sustainability of urban neighbourhoods. A detailed review of the research done 

regarding these attributes with respect to urban and geospatial planning identified the knowledge 

gap in the use of these factors: 

2.4.1 Crime and Security  

In the broader perspective of city and regional planning, the measure of crime and the publicôs 

perception of safety also play an important part in providing decision support for regeneration in 

built environment. The measure of ñflow of crimeò from one area to another is subject to the 

general class of inverse distance variations formulated as gravity models. Smith (1976) related 

the role of distance and availability of opportunities as a main driving force behind criminals to 

move from one area to another. Geographical profiling of serial criminal offenders shows the 

prevalence of recurrent crimes (and crime types) to be concentrated within a small area of 

operation. Relevant crime research into various socio-economic factors and relevant attributes 

affecting urban crime levels has changed in recent years with a good deal of work going on in the 

areas of individual crime densities identification (Harada and Shimada, 2006), surveillance and 
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resource allocation methodologies (Oatley and Ewart, 2003) and micro-level evaluation of street 

crime (Weisburd et al., 2004). Also, work has been done in the domain of crime hotspotting 

techniques (Lu and Chen, 2007; Grubesic, 2006), cumulative prevalence segmentation 

techniques based on crime rates and counts (Brimicombe, 2004) and GIS based analysis and 

decision support (Pain et al., 2006). The subsequent research has resulted in the development of 

planning support applications such as hot-spot based policing interventions (Braga, 2006), 

measuring residentsô fear perception (Whitley and Prince, 2005) and transport related spreads 

(Loukaitou-Sideris, 1999; Loukaitou-Sideris and Eck, 2007). Relevantly, the concept of a non-

random, micro-level distribution of crime patterns in a neighbourhood is proven to be an 

established pattern with various urban areas suffering from concentrated patterns of crime 

(Harries, 2006). The impact of crime is generally regarded to have a significant influence over 

the level of physical activity and walk-ability of neighbourhoods. This subsequently affects the 

overall economical as well as environmental situation of the neighbourhood, or a geographical 

location within an area.  

Statistically, in 2004/05, Greater London which contains one of the most densely populated built 

environment districts had the highest percentages of individuals who felt very worried about 

crime. Males were most worried about theft from their cars (19 percent) while similar percentage 

of women was worried about being burgled (ONS-Crime, 2008). These figures showed a higher 

trend of household insecurity among the residents of primarily urban residential districts. The 

statistics shown in Figure 2-4 given by Simmons and Aust (2002) shows a significant increase in 

various crime rates as the area type moves from rural to densely populated built environment 

areas. Furthermore, the 2006/07 British Crime Survey (BCS) showed that 11.3 million crimes 

were committed against adults living in private urban households in England and Wales. Despite 
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a decrease in crime figures during 2000/04, there appears to be a steady increase in urban 

household related crimes compared to rural and semi-urban areas in UK. These statistics show a 

strong relation between the physical demographics and sustainability of resources in civilian 

neighbourhoods to the local crime trends. 

 

Figure 2-4: Crime trends in UK areas (a) Worry about crime, (b) Aged 60 or over feeling 

unsafe outside at night (ONS Website, 2009) 

On a different perspective, the measure of crime factor within communities has been related to 

factors ranging from local unemployment levels and communal segregation to the 

neighbourhood liveliness (Kent et al., 2006; Laukkanen and Santtila, 2006). Moreover, studies 

into the general walkability of neighbourhoods show a direct relationship between the level of 

violence and group incivilities in the immediate neighbourhoods (Roman and Chalfin, 2008; 

Wood et al., 2008). Also, the physical impact crime on residentsô mental as well as physical 

health is quoted to be directly attributed to vandalism, fear and the actual occurrence of crime 

(Dunstan et al., 2005; Doyle et al., 2006; Sampson et al., 2002; Sundquist et al., 2006). Latest 

research into environmental criminology and urban planning shows a strong interdependence 
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between general physical activity of an area and publicôs perception of safety (Loukaitou-Sideris 

and Eck, 2007). Furthermore, many reasons are cited for the prevalence of crime in built 

neighbourhoods where weak social connectivity (Brown et al., 2004), drug dealing (Bromley and 

Nelson, 2002), socially excluding design characteristics (Cozens, 2002), lack of surveillance 

(Yarwood and Edwards, 1995), economic decline and unemployment (Fergusson et al., 2001) are 

cited to be most common. 

The review into the abovementioned factors clearly shows a relationship between the physical, 

social, economical and environmental demographics of built areas to have a direct association 

into the prevalence of crime. Local provision of opportunities that generate more job prospects, 

training opportunities and an enhanced physical activity are likely to increase the criminal 

sustainability of regeneration as well as neighbouring areas. It was evidenced by the review that 

the crime factor needs to be taken into consideration in modern regeneration planning. 

2.4.2 Employment and Training  

As discussed in the previous section, unemployment and lack of education and training facilities 

does have a significant contribution into the overall crime rate of areas. Despite a concentration 

of employment prospects in British metropolitan cities, Figure 2-4 (a) shows a comparatively 

high and increasing unemployment rate in urban metropolitan areas such as London. The 

statistics show a genuine relationship between unemployment and the qualification levels of 

individuals as shown in Figure 2-4(b). By means of the comparison showed in Figure 2-4(b), 

employment opportunities available to an areaôs residents can be associated to the level of 

education and the subsequent professional training opportunities in the nearby areas that are less 

dependent on long distance travel. However, if such facilities in terms of schools, colleges, 
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training institutes and universities are not available locally, there must be provisions made to 

provide robust and sustainable transport networks to ensure accessibility. 

 
Figure 2-5: Employment trends in UK (a) Rates for people of working age (b) Highest 

qualification attained by sex (ONS Website, 2009) 

Urban transport problems generally occur in many major cities of the world due to a growing 

separation of origins and destinations for travel-to-work or education purposes. Research shows 

that workers of decentralized metropolitan areas like London and Los Angeles tend to commute 

large distances to and from the employment locations (Sim et al., 2001). The major reason 

behind such daily employment ñmass transitsò is attributed to the unavailability of suitable local 

job opportunities. The effects of nearby jobs on neighbourhoods employment not only depends 

on the ratio of jobs-to-workforce but also on the occupational levels of close-by jobs and the 

match of residentsô skills with those occupations (Immergluck, 1998). Consequently, policies 

that are designed to target commercial, residential and mixed-use agglomerations in a manner 

that residentsô employment and day-to-day needs are catered by closely situated business sub-

centres are expected to prove highly beneficial to the overall smart growth of the area (Anas et 

al., 1998). Built areas bearing such characteristics of sub-centres are often described as 

polycentric. These have mixed-use commercial aggregations providing one or more employment 
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clusters apart from the conventional CBD. On one hand such sub-centres of employment exhibit 

some of the agglomerative characteristics of a CBD, on the other these sub-centres offer benefits 

such as lower commuting costs for workers and lower land costs for firms by creating local job 

prospects for individuals (McMillen, 2001; Ross and Yinger, 1995).  

However there is still a lack of consensus in the way the impact of relocation of residential 

masses onto a regeneration scheme is assessed with respect to available employment resources 

and any possible extensions, or additions. Making provisions to optimally interconnect 

residential areas to remote job opportunities by means of bus stops, metro links and train stations 

are likely to increase localized physical activity and reduce private automotive reliance. Further 

to that, additional networks could be provided in the form of pedestrian/cycling trails to 

interconnect local commercial and public service hubs. Implementation of such optimally 

accessible transport architecture would contribute to the environmental and ecological 

sustainability of the area. Additionally, the availability of localized pedestrian/bicycle network 

would ensure that lesser motorized trips are made for day-to-day trips to public services and 

recreational purposes. 

2.4.3 Health and Wellbeing  

The overall health and wellbeing of urban neighbourhoodsô residents can be improved by 

designing regeneration layouts that ensure physical activity and a lesser automotive reliance. 

Relevantly, the percentage of adults classified as obese in England increased from 14 to 24 

percent between 1994 and 2006, while the proportion for women rose from 48 to 55 percent 

(Figure 2-6(a)). In 2004 in Britain, the proportion of children aged 5 to 16 with a mental disorder 
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was more than twice as high among those living in 'low deprivation rankô areas than among 

those living in high ranking built environment areas (ONS, 2008).  

 

Figure 2-6: Health trends in UK (a) Proportions of obese individuals or overweight (b) 

Percent reporting an inpatient stay in the 12 months (ONS Website, 2009) 

Figure 2-6(b) shows a greater need of accessibility to GPs and other health services for those of 

age 65 and over. However, to date, evaluation of national regeneration assessment in UK is 

shown to have rarely assessed the impact of regeneration on health or socio-economic 

determinants of health as well as the social distribution of such impacts (Thomson et al., 2006). 

However, it is evident from latest health research and case studies that there has always been a 

potential for health gain and reduction of health inequality as an outcome from regeneration 

(Curtis et al., 2002). 

Physical regeneration in the built urban form itself is regarded as one of the prime factors 

affecting the overall health of its occupants. The layout and structural design of built 

environment also have a significant impact over the physical activity as well as the health of the 

areaôs residents (Handy et al., 2002). Increasing evidence now prove that the combination of 

urban design, land use patterns and transportation systems create active, healthy and livelier 
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environments. Composite design plans in built neighbourhood increase such physical activities 

with the provision of footpaths and cycle tracks (Moudon et al., 2005), security enhancements, 

visual appeal and access to public services (Pikora et al., 2003; Leslie et al., 2005). A review by 

Badland and Schofield, (2005) specifies the development of various tools to assess the measure 

and relation of urban design to cycling and physical activity. A range of assessment tools were 

reviewed in the study that included spatial parameters of residential density, land use mix, modal 

travel usage, street network length and connectivity. The review also addressed a range of 

environmental variables related to population and land use diversity, public facilities, crime and 

traffic safety, proximity to open space and aesthetics. However, the review did point to a need to 

combine and develop various ecological models that may assist in the understanding of transport 

and physical activity behaviours. 

The impact of urban and built form on residentsô health has been investigated for the last many 

decades. Relationship between built environment and obesity among youth in US was 

investigated by Ewing et al. (2006). The analysis showed that the likelihood of US adolescents 

and adults being overweight was strongly associated with the urban sprawl. The relationship of 

urban design and the detrimental contributions of built environment are cited to cause chronic 

ailments of asthma and allergies, obesity, heart diseases, diabetes and depression. Cross-sectional 

surveys do have a consensus over the impact of urban sprawl over the physical health of 

individuals but differ to some extent on its affect over mental health (Sturm and Cohen, 2004).  

An assessment into the impact of geographical accessibility to primary care (GPs) and access to 

public transport has also shown to have a relationship with early diagnosis and survival in 

individuals suffering from life threatening illnesses. Access to hospitals however played no role 
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in the early diagnosis and survival as the number of admissions for mandatory illnesses was not 

affected by distance (Twigger and Jessop, 2000; Jones et al., 2008). Furthermore, improper 

access to public services and recreation spots and fear of crime and safety has also been cited to 

have significant impact over individualsô state of mental health. The situation is regarded as 

more problematic for elderly individuals, especially single females, the unemployed and ethnic 

minorities (Guite et al., 2006). Areas with high level of deprivation in Britain are also cited to be 

twice more likely to have a mental disorder among children aged 5 ï 16. 

As a result of increased automobile reliance and unplanned location of industrial infrastructure 

due to factors already discussed above, increase in atmospheric emissions generally affect 

wellbeing of the area with habitat loss, ecological destruction and environmental decline 

(Brisbon et al., 2005). Studies show that factors of poor design and aesthetics, over crowdedness, 

traffic and noise disturbances and lack of open and green space negatively contributes to the 

general public health. A tool implemented by Cunningham et al. (2005) assessed specific built 

environment forms to encourage and assist the elderly individuals in walking by promoting an 

inclusive design plan. The outcome of investigation carried out by Fone et al. (2007) presented a 

cross-level interaction showing areas with high incapacity claimant ratio to have lowest mental 

health score. Pertaining to the role of these factors into the smart growth of neighbourhood, there 

appears to be a need of integration of various factors truly affecting the state of urban health. 

Such factors may, for example, include studies to associate the built environment and the health 

disparities among low income or segregated populations (Corburn, 2004). 

The access and availability of healthy foods of certain racially segregated communities and 

deprived neighbourhoods has also been cited to affect the general health of residents. This fact 
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diverts focus to the availability of retail services such as supermarkets bearing a wide variety of 

foods at lower prices. A survey carried out by Morland et al. (2002) for a number of US cities 

shows major deviations in retail/supermarket access between various racially segregated 

neighbourhoods to general population to a ratio of 1:13. Various associations have been 

investigated that relate food and retail access (Morland et al., 2002), physical activity (Ewing et 

al., 2006) and communal segregation (Corburn, 2004) as the prime factors affecting the overall 

health of residents. The presence of such factors plays a crucial role in the decision making 

process to draw investment opportunities. Potential investors may feel reluctant to put their 

assets into residential regeneration schemes with high level of industrial activity.  

Still a major part of research has been either on health or urban design instead of wholesome 

attitudes over collaborative efforts. Globally, such deprivations could be eliminated or reduced 

by planning urbanization in close coordination with various organizations (Moore et al., 2003). 

The possibility of integration of various ICT disciplines brings into focus the role and review of 

usefulness of GIS and spatial point pattern analysis in health research which was reviewed by 

Cockings et al. (2004). The main aim was to explore user views on the potential usefulness of 

GIS based techniques and systems in terms of understanding, suitability, scope and scientific 

flexibility. Another study addresses the use of GIS for health and environmental issues. The 

work demonstrates basic filtering methods for addressing relationships between health and 

environment investigating spatial variation of disease including neighbouring influences 

weighted by distance decay (Ali et al., 2002). Furthermore, GIS has been objectively used by 

Leslie et al. (2007) as a measurement tool to perceive such features of an environment that affect 

the overall walkability of a built environment. These measures were later on combined into a 

walkability index by Frank et al. (2005). The outcomes showed a significant correlation between 
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objectively measured walkability index and a moderate intensity physical activity of ² 30 

minutes. The study showed that people tend to be more physically active when they live close to 

public services and amenities.  

The above literature review clearly establishes a link between better regeneration planning and 

the mental and physical state of the areasô residents. Robust urban design patterns can effectively 

help improve the overall health of individuals by enhancing physical activity, visual appeal and 

access to health and medical facilities. Moreover, the notion of prevention science postulates that 

it is possible to prevent or reduce health risks in populations arising from lack of physical 

activity by reducing or eliminating risk factors as well as introducing protective factors among 

individuals and their environment (Hawkins et al., 2002). The ultimate solution to these 

problems of health and wellbeing were given by Jackson (2003) in the provision of retail and 

civic resources in close proximity to residential neighbourhoods. Such an initiative was also 

deemed to generate a range of local job opportunities due to an improved access to business and 

commercial opportunities. Furthermore, an increased health pattern within communities would 

provide lesser burden over public funds and therefore improve the financial sustainability of the 

area. 

2.4.4 Transport and Accessibility  

With respect to the three factors of crime, employment and health deprivations among urban 

residents, it can be established that an optimized street network remains the core requirement. 

Based on the fact that various public services contribute to different deprivation types, an 

allocation of various structures by means of an optimal street network would significantly 

contribute to the areaôs sustainability. 
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There were an average of 1014 and 1060 trips made by men and women respectively in the year 

2006 for any single main purpose; out of these, 65% trips made by men were by cars Figure 2-7. 

38% of the households without a car reported difficulty accessing their chemist, GP, post office, 

main food shop or local hospital. Overall, 20 percent of adults said that they experienced 

difficulties getting to their local hospital while 6% experienced difficulty accessing their GP, 

post office or main food shop as shown in Figure 2-7 (b). The trend generally shows an increased 

dependence over automobile usage for daily access to public services. 

 

Figure 2-7: General transport and accessibility situation in UK (a) Overall trips made for a 

number of individual purpose (b) Residents perceived difficulty in getting to services (ONS, 

2009) 

Transport and land use planning have been inter-related for almost half-a-century to establish 

transit-oriented development where higher-density, mixed use areas are established around a 

centralized transit system. This is done to objectively reduce personal transport and increase a 

general walk able access to amenities (Newman and Kenworthy, 1996; Stead, 2004). However, 

the issue of accessibility and transport at local district level has rarely been addressed. 

Relevantly, the measure of closely knit accessibility infrastructure can also be considered to 

affect the sustainable development in built environment. Neighbourhoods that are walk-able are 
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considered more likely to sustain the general smart growth as well as the health of their residents. 

Studies show a significant difference in obesity levels among the residents who preferred living 

in walk-able communities compared to those that didnôt of 11.7% to 21.6% respectively (Frank 

et al., 2005). Also, availability of public transport alternates such as transit/metro and bus 

stations accessibility does have a positive effect over the health of resident individuals (Stokes et 

al., 2008). However the measure of crime and safety also plays a vital role in the residentsô travel 

choices. Vicinities with safe and well-connected design plans promote an environment where 

people are able to walk or cycle to basic public services such as retail outlets, health care and 

employment services (Aytur et al., 2008). Furthermore, visual aspects of the surrounding 

construction (Foltete and Piombini, 2007), travel and land-use mix integration (Bertolini et al,. 

2005) are also considered paramount to the general walkability of an area. Communities with 

low access to mobility hubs or transport nodes are more socially excluded due to a weak inter-

connectivity with the adjacent districts. The measure of travel in an area is generally divided into 

3 particular levels of accessibility: travel in the areas as a whole (area mobility), travel done by 

individuals or groups (individual mobility) and the overall accessibility of an area (Preston and 

Raje, 2007). 

Contextually, welfare and public services, if not accessible locally, must be within easy reach of 

an areaôs residents via public transport (Kenyon et al., 2003). However, the local availability and 

mix of destinations still remains an important aspect of built environment that may encourage 

physical activity (Badland and Schofield, 2005). A research carried out by McCormack et al. 

(2008) shows a strong associative preference in public for transport related walking if there 

exists a diversity in various public service facilities such as bus stops, convenience stores, post 

offices and transit stations. This phenomenon of the measure of access to local public services is 
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directly attributed to an areaôs transport sustainability (Kwok and Yeh, 2004). In addition, 

provision of bicycle and pedestrian infra-structure in neighbourhoods increases the likelihood of 

people to commute or use bicycles (Dill and Carr, 2003).  

The review into the role and impact of transport and accessibility infrastructure indicates a need 

to integrate robust transport network layout within the regeneration scheme to improve the 

accessibility of the newly refurbished area within its own premises as well as with that of the 

surrounding areas. 

2.5 Deprivation Assessment Metrics  

The review of the four deprivation factors given in the previous section can be materialized into 

a set of deprivation assessment metrics that can be used as a standard of measurement for the 

socio-economic deprivation of built environment areas: 

Metric 1: Crime and Security: Measured under four key areas of crime, namely, burglary, theft, 

criminal damage and violence. These four types are designated by the ONS (2008) to represent 

levels of personal and material victimisation at a small area level. 

Metric 2: Employment and Training ï Measured by tracking changes in the number of New Deal 

participants and the Jobseekerôs Allowance claimants as a rate of the relevant population for 

individuals in a range of 18 ï 64. 

Metric 3: Health and Wellbeing: Measured by tracking changes in statistics related to a standard 

morbidity/disability rate derived from a non-overlapping number of persons receiving Disability 
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Living Allowance, Attendance Allowance, Incapacity Benefit, Severe Disablement Allowance, 

and the disability premium of Income Support. 

Metric 4: Transport and Accessibility: Measured by calculating public services access as distance 

by road (in kms) from a population weighted centroid (using total population) of an area to 

primary schools, food outlets, GPs and post offices. 

2.6 Spatial Modelling of Urban Environments  

Various socio-economic factors and modelling parameters mentioned above are generally 

embedded into simulation software by means of a range of modelling techniques. Traditional 

simulations are generally devised as a combination of spatial interaction models, spatial or 

discrete choice models and the basic functional logic. Spatial models are generally known as 

gravity models that enable the forecasting of space and vector (directional) flow of structural 

change within built environment. This is generally modelled using independent variables that 

measure some structural properties of the environment being modelled. Spatial choice models, 

on the other hand, are generally related to the location-allocation behaviour of land use and the 

relevant modal choice in transport simulation. An example might be a householdôs decision to 

relocate to a specific location based upon the maximization of certain objectives of living cost, 

public service access and environmental aesthetics (Geertman and Stillwell, 2002 p.5). However, 

the traditional modelling techniques are limited in a manner that the urban form realization tends 

to start from a macro to micro level realization. However, a temporally evolving built form tends 

to adopt a bottom-up manner from the interaction of large number of elements and entities at a 

micro-scale extending up to a macro scale. Also, the nature of modelling urban scenarios differs 
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with the socio-economic and environmental factors affecting the specific area. A range of 

various such modelling domains are discussed in the next sections. 

2.6.1 Macro-level Spatial Simulation Models  

One of the major collective efforts contributed to urban spatial modelling of entire cities was 

initiated by Paul Waddelôs team in the Department of Urban Design and Planning at University 

of Washington, US. The work investigated the context, policy applications and major design 

choices in the process of developing an operational urban simulation model. The continued work 

defines the development of a simulation model, UrbanSim, as a set of interacting sub-models for 

demographic and economic transitions, household and employment relocation and choice, real 

estate development and land prices. The model so far has incorporated and analyzed areas 

including, but not limited to metropolitan transport planning (Waddell et al., 2007), urban 

development and environmental impacts (Noth et al., 2003) and compact development and 

transport investments (Borning et al., 2006). The toolôs ultimate purpose is to aid planners, 

residents and elected officials into alternate plans related to issues of housing, business, 

economic development, sprawl, open space, traffic congestion and resource consumption. The 

work includes methodologies for model parameter estimation and system calibration, software 

application development, model system validation and operational use. The study was further 

continued by Waddell and Borning (2004) by applying the system for simulating land use, 

transportation and environmental impacts and its application in a number of metropolitan areas. 

This also covered a variable range of case studies relating performance measures with an 

assessment phase in civil policy planning and design. However, to-date the work done lacks in 

terms of providing visual interface for personnel with little or no spatial-planning experience to 

interactively manipulate model parameters to obtain various decision support outcomes. The 
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model also lacks in terms of a real-time online collaboration domain where a group of remotely 

based construction or design personnel may interact, discuss and analyze their planning 

outcomes.  

Nonetheless, simulation and modelling solutions to problems similar to UrbanSim are catered 

using a wide range of tools and methodologies. The selection of these methodologies, in general, 

depends upon the availability of data, level of visualization required and the inter-dependencies 

between variable system variables.  

2.7 ICT Systems for Visualization of Urban Environments  

Practical decision support as a response to the simulation model outcome is generally provided to 

the urban planning and regeneration community in the form of visually interactive, graphical 

rendering simulations. There has been a wide range of conventional methods used to present 

future layouts and demographics of cities. These generally include visioning exercises, 2D 

presentation tablets and sophisticated 2D software for decision outcome assessment. However, a 

real time, multi-dimensional visualization medium provides a far robust way to analyze model 

outcomes. For the last two decades, graphical visualization in built environment has been used to 

enhance decision support for collaboration and representations of various urban environment 

simulation outcomes. However, the technologyôs proper utilization was hampered due to 

technical hardware and software limitations. Present day urban simulations increasingly use 

Computer Aided Design (CAD) and GIS data to produce 3D/4D interactive models in order to 

enhance developer interaction and support. Such models can now exploit the sophisticated 

computing hardware to graphically render entire sites with near photorealistic quality. Such 

scenarios may include interior or exterior building geometry, surrounding terrain as well as 
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dynamic behaviour visualization. Compared to physical models, 3D models are affordable, 

flexible and are able to incorporate complex operations like Monte Carlo simulations in real 

time. Such systems are thus able to incorporate the behaviour of various physical and 

mathematical system outcomes. Therefore, these systems can react to environmental variables or 

user inputs in real-time. The systems may also incorporate induction of real world effects like 

fog, daytime, dust and snow along with the real time mapping of applications. Also, the mapping 

can incorporate pre-programmed data or AI logic in order to enhance human decision making or, 

where possible, automate it in its entirety.  

2.7.1 Virtual reality in environmental and geographic visualization  

Virtual Reality (VR) is a technology which allows users to interact with real-world depiction of 

computer based simulation models. Such systems are generally and largely limited to visual 

experiences only that are displayed either on a computer screen or stereoscopic displays. Lately, 

simulation applications have also started using sensory or haptic inputs with standard or multi-

modal input devices such as wired gloves or treadmills. With the use of three dimensional 

computer graphics, interactive devices and high-end computing machinery; it is now possible to 

render, simulate and manipulate real-world objects in real time (Nomura and Sawada, 1999). In 

geographic perspective, VR plays an important role in landscape visualization and presentation. 

In addition, investigations of publicôs interest into photorealistic landscape visualization shows 

promising prospects for 3D visualization.  

In landscape planning there is an increased expectation among planning organizations of the 

future prospects of 3D visualization in planning and visualization (Paar, 2006);Daniel and 

Meitner, 2001;Bryan, 2003). This has given way to 3D reconstruction techniques to emerge as an 
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evolving area of research in photorealistic model construction. In a related domain, Alves and 

Bartolo, (2006) developed a rapid 3D prototyping system for historic buildings using the 

biological perception of human vision as its very basis. Similar areas in pure GIS perspective 

have also been explored for 3D topological modelling (Germs et al., 1999; Huang and Lin, 

2002); Verbree et al., 1998; de la Losa and Cervelle, 1999), object orientated integration of 3D 

GIS (Dollner and Hinrichs, 2000) and integration of digital terrain and building models (Zhou et 

al., 2004). The integration of 3D visualization into GIS further extends the role of cartographic 

information representation and sharing. The two core methods to data storage in GIS are raster 

and vector formats. Raster data consists of rows and columns of cells where each cell stores a 

single value such as land use, a continuous value like CO2 footprint or a null value if no data is 

available at all. Vector data types use geometries such as points, lines and polygons to represent 

objects which may, for example, be property boundaries for industrial estates or points for oil 

well positions. Vector oriented data is more often used with GIS based tools to convert maps to 

specific grids for survey and planning purposes (Carsjens and Ligtenberg, 2007). The GIS/VR 

hybridization has been implemented in a wide variety of research applications ranging from 

landscape visualization (Wu et al., 2008) to archaeological workflow modelling (Katsianis et al., 

2008).  

However, due to extensively physical setup requirements of VR systems, majority of such 

implementations are limited to visualization only and lack in terms of remote collaboration and 

user interactivity. Furthermore, with the advent of synchronous collaborative virtual 

environments the interest has shifted into the use of VR as a replacement or extension to 

collaboration using CAD systems for a broad range of industrial applications (Nguyen and 

Selmin, 2006; Rosenman et al., 2007). Additionally, with the introduction of advanced 
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telecommunication technologies, it is now possible to initiate remote customer/client 

collaboration in industrial prototype evaluation. This is generally made possible with the 

employment of presentation concepts of virtual reality in industrial applications (Di Gironimo et 

al., 2006). However another major drawback faced by VR based applications had been in its 

limitation to network remotely seated personnel to facilitate communication and collaboration. 

These limitations have now largely been addressed with the coming of high speed internet and 

computation technologies.  

2.7.2 Extension to online VR simulation based on X3D standardization  

The ability of VR to develop immensely realistic representation of model outcomes makes it an 

ideal medium to develop support software for urban planning and regeneration. Relevant to VR 

based representation of real-world scenarios, X3D was introduced as an open standard for the 

online communication of real time, interactive, 3D content for visual effects and behavioural 

modelling. Its wide domain usage across hardware devices and a broad range of applications 

including prototyping, simulation and visualization enables incorporation of 3D data into non-3D 

content. Also, being considered a successor to Virtual Reality Modelling Language (VRML), the 

standardôs XML support makes it easy to expose 3D data to web-services and distributed 

applications provide it a prime leverage over other desktop based modelling tools and VR 

applications (Web3D, 2007). To date X3D is being utilized in a vast domain of applications 

including discrete event simulations (Ouerghi, 2008), rigid body dynamics (Engström, 2006), 

education and training (Ieronutti and Chittaro, 2007), GIS (Hetherington et al., 2006), procedural 

3D object generation (Murphy, 2008), virtual urban modelling (Coelho et al., 2003), architecture 

& archaeology (Meyer et al., 2008) and haptic and medical simulation. Furthermore, the 
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flexibility of X3D to objectively simulate real-world situations makes it a suitable domain for a 

large number of applications that require online, networked display of spatio-temporal data. 

Yet, displaying and manipulating 3D models in real time for environments as huge as entire city 

layouts is a computationally intensive process. Laycock and Day (2003) investigated the existing 

methods for rapidly generating models of real scenes focusing the reconstruction of urban 

models. The work eliminates the conventional, time consuming modelling applications such as 

3D Studio Max and CAD for modelling purposes and emphasizes on a sensor based modelling 

framework. The two promising domains discussed in this work use: multiple view geometry and 

domain specific modelling. The first approach has its drawbacks in being overly user dependent 

in terms of feature extraction and correspondence problem in model recovery. The second 

method does follow an unsupervised approach but lacks in accurate outcome of model shapes.  

2.7.3 Automation of spatially massive simulation outcomes  

A step further to accurate dynamic modelling is the automation of design models based on 

stochastic or probabilistic model input. The technique is commonly referred to as procedural 

modelling. The term is conventionally used for a genre of computer graphics based techniques to 

help create 3D models and textures using sets of rules. Techniques such as L-systems, fractals 

and generative modelling are procedural techniques since they apply algorithms for creating 

scenes without a need to involve human modellers. The set of rules may either be embedded into 

the algorithms, configurable by variables or the set of rules are separate from the evaluation 

stage. Such modelling techniques are often applied when the creation of 3D models is too 

cumbersome to be done by conventional modellers. This is often the case when modelling large 

landscapes, complex biological life-forms or massive urban areas. Procedural modelling 

approach is generally accompanied with specific grammars to support the process of 3D mass 
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modelling. Assembly of such models follows specific shape grammars which are a class of 

production systems that produce geometric shapes that are not stored in the computer previously.  

A shape grammar consists of shape rules and a generation engine that selects and processes rules. 

There is, in general, a minimal of three shape rules: a start rule, a fundamental rule and a 

termination rule. The usage of L-systems for procedural modelling was effectively used by 

Prusinkiewicz and Lindenmayer (1990) for simulating plant development. The core idea was to 

utilize the positional information of a plant structure that relates features of a plant to their 

position along plant axes. The procedural approach followed in the work removes the tedium of 

specifying and placing each plant component individually. The work of procedural automation 

produced a research domain in constraint based usage for such models.  

Another interesting problem in this genre of modelling was the need of a direct manipulation 

interface that could enable a user to interactively update any such model. This work was 

eventually inspired by Muller et al. (2006) in the implementation of procedural modelling of 

huge urban environments primarily for the graphical regeneration of pre-historic cities and 

generic mass residential neighbourhoods. As discussed before, modelling domains as large as 

cities is an expensive process and requires several man yearsô worth of 3D development. Muller 

et al. (2006) used a specialized shape grammar (CGA Shape) for the modelling of massive urban 

layouts. The shape grammar iteratively implemented production rules that evolved a design by 

gradually adding graphical details to a 3D environment. In the context of buildings, the 

production rules initiate a process by first creating a crude volumetric model of a building which 

is often termed as a mass model. The methodology then continues with the relatively finer details 

of building facades and eventually moves in to finest details of windows, doors and other visual 
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features. However, the idea of modelling urban environments using shape grammars was initially 

investigated by Parish and Muller (2001). The system named as CityEngine created a complete 

city to the degree of generating traffic network and buildings where each building consisted of a 

simple mass model and shaders for façade details. Similar to this practice, Muller et al. (2006) 

demonstrated a novel methodology of generating geometric details on facades of individual 

building structures. The latest work by Muller, discussed previously, is an integration of these 

two approaches to generate large and detailed urban environments. The authors claim the work 

to be the very first effort to address volumetric mass modelling and roof design. The approach 

describes rule implementation for the combination of shapes using control grammars and 

stochastic rules. Procedural methodology has been further elaborated to cater for housing 

interiors by Martin (2006). The methodology, instead of emphasizing building exteriors, starts 

with housing interiors and uses it to define the exterior model of a building infrastructure. The 

resultant system was able to robustly generate 50,000 houses in less than 3 minutes. 

Summarizing the work done in visualization and procedural modelling, there exists a promising 

domain of using deterministic, AI or probabilistic rule based methodologies to define the 

geometry of building facades. A mass model thus obtained in this way would not be limited to 

mere stochastic graphical representations for urban systems but an evolving city on the basis of 

urban demographics and growth parameters. The integration of such automated visualization 

systems with online 3D modelling techniques presents a vast area of research in the domain of 

internet based collaboration and support tools. Also, such systems may well be incorporated with 

CA to derive building geometry on the basis of neighbouring building cells. The issue of 

traversable and customizable building plans would also be a significant addition in this area. 
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2.8 AI based Decision Support in Urban Impact Assessment and Optimization  

Artificial intelligence (AI) is generally regarded as a branch of computer science that is 

concerned with the realization of automation of intelligence behaviour in complex real world 

systems. AI algorithms automatically recognize patterns of functional relationships in data 

similar to humansô ability of drawing inference from data. The algorithms generally learn from 

historical data or experiential learning in order to uncover statistical relationships.  

For complex real-world systems like cities, in order to model statistical relationships among 

various attributes such as crime patterns, unemployment levels, access to job opportunities, 

traffic emissions and general public health, a human expert is still required (Haupt et al., 2009, 

p.127).  

To date AI algorithms have rarely been used in the training and evaluation of complex and 

emergent urban systems. The term generally used for AI applications in urban planning has been 

óknowledge engineeringô which is regarded as a process of codifying human knowledge to train 

expertly guided artificial systems (Laurini, 2001). This section discusses the extent of work done 

within fuzzy inference and evolutionary algorithms for the development of environmental 

decision support and assessment tools. 

2.8.1 Fuzzy logic based systems for built environment applications  

Up till now FIS based research in urban planning and decision support has primarily focused 

application specific areas and models. Moreover, focus has largely been on spatial modelling of 

transport and environmental applications. However, the ability of fuzzy inference systems to 

embed expertly guided rules makes it a good choice to model uncertainties arising in built 
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environment systems. Expert knowledge is generally modelled at two places in an FIS. One is in 

the membership curves defined in the membership functions where the boundaries for different 

fuzzy sets are defined. An example of membership curves for different impact parameters is 

shown in Figure 2-8. Second is in a rule-base defined to subjectively realize the situation 

modelled in the membership functions. Possible sources for establishment of such a rule-base are 

surveys (or data), expert guidance, literature or common intuition. However, due to imprecision 

in the human based analysis of complex systems and mapping of relevant membership functions 

of relevant variables, such systems are prone to inaccuracies. Such shortcomings are generally 

modelled by tuning the membership function parameters with iterative/generative AI algorithms.  

 

Figure 2-8 : An FIS depicting expert knowledge incorporation in a Mamdani, Type - 1 

system 

Fuzzy inference based AI systems have been used in built environment application planning and 

optimization for a range of problems. The implementation of fuzzy logic to urban planning and 
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decision support was initially investigated during the late 1990s. The concept of urban land 

evaluation was initially introduced by Sui (1992). The work primitively analyzed the 

classification of land pixels with respect to their distance measures to public service locations 

such as shopping centres. The investigation outcome raised the importance of a ñfuzzifiedò 

approach to the analysis of GIS based data. Similar investigation onto this work was done by 

Stefanakis et al. (1996) proposing a distance based location assessment based on fuzzy measures. 

Neuro-fuzzy based rule extraction for a constraint based analysis of GIS data was done by Zheng 

and Kainz (1999). Further in the domain, simulation of urban edge expansion was built upon a 

GIS/cellular automata based visualization platform that employed fuzzy logic to capture the 

features of land conversion behaviour (Wu, 1998). Hybridization of knowledge based systems, 

neural networks and fuzzy systems to provide for urban development alternatives and evaluation 

of urban development was done by Feng and Xu (1999a) and Feng and Xu (1999b). The concept 

of fuzziness in cellular automata was then investigated by Mraz et al. (2000) and evaluated on 

the spread model of a physical phenomenon of fire spread prediction in natural environments. 

Lately, fuzzy systems have been used in landscape regionalization (Hall, 2002), urban design 

(Xirogiannis et al., 2004) and accessibility to urban services (Thériault et al., 2005). Also 

addressed are the areas of transport management (Zhang et al., 2007) and accessibility 

optimization (da Silva and de Almeida, 2007). Furthermore, sustainable facility location 

optimization problems have also been investigated for industrial and landfill site location 

problems within urban regions (Chang et al., 2008). Investigation into a distance based risk 

assessment of urban areas to natural disaster hotspots and the subsequent impact was recently 

examined by Galderisi et al. (2008). The resulting tool serves as a decision support platform for 

designers to plan construction with respect to proximal hazard sites.  
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2.8.2 Genetic algorithms in urban planning optimization  

Evolutionary computation is a genre of AI algorithms that draw inspiration from the process of 

natural evolution to a particular style of problem solving ï that of trial-and-error (Mitchell, 1996, 

p.3). Recent advances in evolutionary approaches have made it possible to implement fitness-

based design optimization algorithms generally known as Genetic Algorithms (GA). The process 

of genetic evolution in GAs is generally regarded as a genetic run which follows the basic notion 

of the ñsurvival of the fittestò to explore an entire search space for best (or relatively best) 

solutions. The fitness of these individual solutions ï determined by an object function, relates 

how well they perform in achieving their objectives which is mapped to their very own survival 

and multiplication. 

Modelling urban development as a whole for optimal design and planning was recently 

investigated by Chakrabarty (2007). The work presented an integrated computer-aided design 

(CAD) system comprising of four components: geometric modelling, design analysis and design 

optimization, drafting, drawing and data management and, storage and transfer. The work 

encompassed infusion of the two existing types of optimization models: Least-Cost Optimizing 

Model (LCO) and Most-Benefit Optimizing Model (MBO) to develop an urban management 

tool. Generally, evolutionary design processes do focus on problem solving within a constraint 

optimization domain. Within this domain, optimization variables generally express how an 

environment may be modified to ensure optimal operation. Also, there are sets of constraints 

generally embedded in the objective function that require satisfaction in order to obtain a best-fit 

solution. In a similar application, Caldas and Norford (2002) developed a generative tool to 

optimize the design elements of buildings in terms of their environmental performance. The tool 

used GA as a search engine, a thermal and lighting simulation program, and an AutoLisp routine 
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for solution visualization which calibrated window sizes to optimize energy conservation in 

buildings. The investigation also resulted into an Inverse Problem Formulation technique that 

operated over a set of desired measures for acoustic performance. Provided these measures, the 

formulation suggested material properties and geometrical configuration that matched closely 

with the target. In urban planning and management, GA has also been used as an optimization 

technique for spatial modelling (Kim, 2001). Further to urban modelling domain, GA have been 

used along with discrete mathematical models in allocation and optimization problems 

(Babayigit, 2003), public service distribution evaluation (Yu et al., 2007), road layout and 

network design (Cantarella et al., 2006), collection area optimization (Bautista and Pereira, 2006) 

and integrated GA for parametrically optimized drainage modelling (Siriwardene and Perera, 

2006). In practical applications of spatial optimization, genetic algorithms were initially used for 

land use planning (Matthews, 2001). In construction automation, GA heuristics have widely been 

used for facility layout and allocation problems (Chau, 2004; Mawdesley and Al-Jibouri, 2003; 

Jang et al., 2007), public services layout optimization (Yeh, 2006; Yu et al., 2007) and building 

design (Caldas and Norford, 2002; Wang et al., 2006). Also, a significant level of research has 

been done in the optimization of urban traffic network (Cantarella et al., 2006) and bus routing 

problems (Bielli  et al., 2002; Kuan et al., 2006). 

In the domain of urban layouts optimization, GA is used to solve the ñlocation-allocationò 

problem that determines the best or optimal location of services on geographical space using 

solution models. Generally, these models maximize the accessibility of residents to the services 

by minimizing the travel cost or maximizing customer demands. In 1996 binary string based GA 

was developed by Houck et al. (1996) which proved GAs to be useful for location-allocation 

problems of medium to large sample space. (Gong et al., 1995; Gong et al., 1997) proposed real 
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value based GA approach to solve the capacity and obstacle location-allocation and compared to 

Alternative Location-Allocation (ALA ) heuristics.  

In practical applications of spatial optimization, genetic algorithms were initially used for land 

use planning (Matthews, 2001). Planning activities in complex systems like built environment 

with inherent emergent behaviours between various operating agents tend to generate multi-

objective requirements. In such systems, generally, it is not possible to maximize the fitness of a 

single outcome without affecting the outcome of the other. For example, provision of local 

employment opportunities by building a large industrial unit does help in minimizing the 

unemployment rate of the district. However, the atmospheric emissions from the unit would 

likely maximize cumulative negative impacts from the resultant environmental and ecological 

degradation of the immediate vicinity. Solutions that gradually improve the fitness of a set of 

conflicting, non-commensurate objectives are generally known to belong to a class of equivalent 

solutions called Pareto-optimal (Cutello and Narzisi, 2008). The base notion is, given a set of 

alternative allocations of, a set of mutually relevant factors say income, individualsô health or 

local accessibility; a change from one allocation to another that can improve the level of one 

without making the other factor worse-off is called a Pareto improvement. An allocation is called 

Pareto Efficient if no further improvement could be made to the situation. The technique is 

frequently used in multi-objective domain to address applications with conflicting optimization 

goals (Dietz et al., 2008).  

Figure 2-9 shows a multi-objective (dual) optimization case within a built environment impact 

assessment as an example case. Figure 2-9(a) shows an association between two mutually non-

conflicting cases where maximization of Objective 1 would automatically result in a lower 



Chapter 2                    Literature Review 

68 

 

atmospheric emissions rate due to a drop in level of short-distance automobile usage. Figure 

2-9(b), on the other hand, shows an urban regeneration scenario where Objective 1 is the 

maximization of public service access to Area 1 (Regeneration 1) in a way that would also 

minimize the overall atmospheric emissions in the neighbourhood district(s) as well. Such a case 

may result in mutually conflicting urban planning layout where the provision of employment 

provision structures at a certain location in a regeneration area may inadvertently maximize the 

overall road transport emissions from neighbourhood areas due to an increased distance between 

the destinations.  

 
Figure 2-9 : Cost minimization within a dual-objective optimization (a) Objectives have 

minimal or no mutual conflict, (b) Case with a highly conflicting situation; the middle two 

arrows show a Pareto-efficient solution 

Relevant to the multi-facet nature of sustainable regeneration in built environment, the scope of 

this problem transforms a basic urban plan into a multi-objective optimization problem. For a 

dual-objective situation shown in Figure 2-9, if the first objective is taken to be the minimization 

of environmental impact of Area 1 and Objective 2 is a location-allocation set up to minimize the 

travel-to-service distance for the overall public service area residents, the two objectives tend to 


























































































































































































































































































































































































































































































































































