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ABSTRACT

The renewal of derelict innaity urban districts suffering from high levels of seeiconomic
deprivation and sustainability problems is one of the key research areas in urban planning and
regeneration. Subject to a wide range of social, economicalrasremental factors, decision
support for an optimal allocation of residential and service lots within such districts is regarded
as a complex task.

Preassessment of various neighbourhood factors before the commencement of actual location
allocation of various public services is considered paramount to the sutainable outcome of
regeneration project§patial assessment in such derelict hyiltareas requires planning of lot
assignment for residential buildings in a way to maximize accessibility tocpsdatvices 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 ic@amplextask. This is generally due to the highly
conflicting nature of various service structures with various secomomic and environmental
factors

In regards to the problem given aboudsthesispresentdhe development ofraevolutionary
Al-based decisn support systetn assist planners with the assessment and optimization of
regeneration districtsThe 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 thegemivationassessment moddihe twe

tiered framework initially assesses sacigdtural deprivation levels aggmployment, health, crime

and transport accessibility in neighbourhood areas and produces a deprivation impact matrix over



the regeneration layout lots based upon a trained, netvasdd fuzzy inference system. Based
upon this impact matrix a genetic atgbm is developed to optimize the placement of various
public services (shopping malls, primary scho@®s and post officgsn a way that maximize

the accessibility of all services to regenerated residential units as well as contribute to minimize
themeasure of deprivation of surrounding neighbourhood aféesoutcome of this research is
evaluated over two reavorld case studiegpresenting highly coherent result¥he work
ultimately produces ssmart urban regeneratidoolkit which providesdesigne and planner

decision support in the form of a simulation toolkit.
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Chapter 1 Background

CHAPTER 1

BACKGROUND

1.1 General Introduction

This chapter outlines the context and motivation of this researalith respect to urban
regeneration planning automation and decision suppdre context is elaborated by the
historical analysis of urban planning legislations and initiatives. Relevant sustainabdity a
smart growth architectures are discussed. Further to that, the neighbourhood impact to
regeneration initiatives is discussed and its relevance to successful project management is
elaboratedThe motivation idinked to and associatedth the advent ofCT and the availability

of sophisticated Al techniques. Various integration possibilities of virtual reality andassul
modelling tools to online modelling are considered. The extent and contribution of the research
is then documented to propose a rogecision support tool in the form of a virtual urban

regeneration simulator.

1.2 Background to the Research

Urban regeneration iggardedas a systematic reversal process of economic, social and physical
decayof such innefcity areas that are not deemadtable for any sort of building purposes
(Adair et al, 1999). With the end of the industrial booexperienced irthe UK and other
industrializedEU nationsby the late 28 century theenewal of derelict, inner city areas bee

an important aspect inrlban planningWith this rapid industrial decline vast stretches of land
were left unsuitable for reusBurthermore, mproper 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 brownfieldsdr good. The practice of landuseabandonment resulted iessbrownfields
utlizationand the subsequegteenfield accumulation; eventually generating a new terminology
now commonl y knowrNeamsan adhd Kebwonhyl39% p.2PwAreas witha

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 streetdmuiining transport infastructure, the sprawled

areas have poor linkage between public service facilities and residential districts resulting into a
high dependence awad vehicle useThe phenomena generally results in an increased number

of short automobile journeys by thesidents to their daily needs.

In some cases the road vehicles can be old models with subsequent environmentall mpact.
transformation of natural, open or agricultural land for highly dispersed urban building and
distant public services results in majenvironmental and ecological impacts over the built
environmentKuik and Verbruggen1991). The subsequenatk of sustainability of such areas

in terms of public needs results into districts sufferingm high level of isolation and
deprivation.

Desgn 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 daewmation procedures. The
ultimate decision and placement of a certain number and tym&lding units remain a daunting

task due topoorly connectedservice structures an@iusinessopportunities. Initiation of
residential refurbishment projects withinch areas along with thgrovision of various public

servicehubssuch as primary schools, shopping centres and f@Bsire a significant level of

2



Chapter 1 Background

persuasion to the associated stakeholders due to distant locdtigihscrime rates)esser
employment prgsects and business generating opportunities. vEmg process of systematic
reversal of economic, social and physical decay iwitucha built environment is generally
regarded as urban regeneratiohdair et al, 1999). The analysis and evaluation of Isuc
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 eadchrirze 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 ddte.conflicting nature ofhe positive

or negative impact the presenct various structures hawamakes 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 ed#tireflect 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
heal thier environments. Wi atobe andlsevergl moddi tewng o n c e
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 heaues 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 11, throughout the 1940s and 1950s that
the conceptof 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 teatcaed,

clean lined and organized built areas resulted into a range of social problems of crime, residential
segregation and communal exclusigiaiin, 2001 p.14; p.92). Also, with the industrial boom of

UK by the early 1970s, the concept of centralibetlding 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 limiteglobal, regional and national interaction for business, travel, and
employment to major citiesKox and Taylor, 1995p.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 automobilersivm
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 lowdensity city suburbs, separating residentiall &oisiness centres by zoning. This
practice of Obi furcatedo devel opment patter.
development with increased journey distanddewman and Kenworthy, 199%.31). Within

countries with acute land shortages like the &hd 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 (NEDD for 2007 shows

that the brownfield land reported by local authorities as being unused has remained the same.
However the total amount of previousigveloped land has reduceddrpund 86 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 arouri XZLG, 2007 p.8).

Other currentlyin Currentin use

with planning

permission or

allocation for

edevelopment
37%

use with
potential for
redevelopment
18%

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 previdestjoped land in UK. Out of
this, 33,600hectares 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 previouslgveloped land, as assessed bwllatithorities,

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 shownFigure 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 2007GLG, 2007, p. 12)

Total area of | Vacant | Derelict | Vacant | Allocated | Not allocated

developed Land |land and | buildings | for any for

land in 2001 | (%) buildings | (%) use redevelopment

(Hectares) (%) (%) (%)
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 14 0.2 1.4 1.2
England 1158900 1.1 15 0.4 15 0.9

In 2001, 33% of lan@dhanging to residential use in England was previously used for agriculture,
compared to 51% which was previously developed urban [Balol€1-2). To overcome thisni

an attempt to minimize the effect of new residential building on the greenfield sites, the
government set targets for the number of new
or previously developed sites in England. Nonetheless, the ovetlblowf previouslybuilt

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 imvest int
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 empgrdize 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 loitgrm measures that are often neglected due to adfck
forecasting #HNtoo scceerntaariino si whGaftt en r el ated to
net work, -thesendwmatly <contain parameters r
Paddison (1993)dislodged or socially excluded communitiddcGregor, 1995)overcrowding

in residential areasBentham, 1985)transport and supply chain disturbances, health & safety
issues, unavailability of employment and social segregatiBheghire, 1986) lack of
sustainability and energy efficiency in renewedrastructures, 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 placenmés 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 ndiglololcamd
provision of a GP would reduce healthcare deprivation. Yet, improper planning of such
placements within such renewal projects tends to have profound antefangmpacts over the

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

England Percentage
1985| 1990| 1995| 1999| 2000 2001

Rural uses

Agriculture 44 41 38 38 35 33

Minerals, landfill anddefence 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 an 11 13 21 20 24 24
derelict land

Other urban uses 7 7 8 12 12 13

All land previously developed fo 38 42 46 47 49 51
urban uses

Vacant- not previously 10 10 11 9 10 10
developed

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 gfrogressivesteps taken out for the last ¥8arsto curb urban sprawl within

urban regeneration schemes in the western world and partidhiakl)K, many urban areas still

face a wide range of soeeronomic problems. The problems range from crime, unemployment,
poor health and improper access to publenities, 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 segregatn, environmental decline and physical deprivation. Among many factors
thatexacerbat¢he level of deprivation in such areas, shortage to local employment opportunities
and poor transport access to distant ones is regarded as the foremost factor follaweebkly
connected public services infrastructuddcGregor and McConnachie, 1995Fonsequently,

areas with high levels of economical deprivation tend to show an increased crime rate and
heightened security fears among the residdtae@, 2003)Low accessibility to local or remote

retail outlets \\Vrigley et al., 2002) educational services, primary healthcare, post offices and
convenience stores seriously affect i ndi vi due
supply to the househol#prland et al.,2002) early diagnosis of ailments and diseadenéset

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 @borated 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 ecormanéfits 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 impactstio® 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 neighbourRabalsvely the
pertinent impacts of bikaing 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 obuaborri

made towards the overall so@gonomic 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 neighbourhoadhigrea urban

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

environmental and subsequent seec@nomical 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 1980IS-EA, 2008) The overall combination of propa

of greenhouse gas (CO2, methane, nitrous oxide, Hiutsoocarbons, pefluorocarbons and
sulphur hexafluoride) emissions from transport comprise of 18% of the total greenhouse
emissionsFigure 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 ardrnational aviation altogether.
Majority of CO2 emission from transport sources has been from road traisparpercent

which has almost remained the same for the period of 198006. Also, road transport

10
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emissions from private cars increased by L @etr 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 purposegWhelan, 2007; Dargay and Hanly, 200The situation appears to be much
complex at the micro level of local neighbourhoods where the trend of walking and cycling for
domestic, dayo-day activities has seen a rapid decline due to increased dependecae on
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 Departorentansport (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 citirdjstant public amenities to be a deterrent in their regular
wal king habits (DfT, 2008) . These statistics

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

The situatbn clearly points to the fact that a wplanned accessibility infrastructure and an
optimal placement of various public service structures can contribute to mitigate the overall
deprivation levels within urban regeneration communi#e@sexample may b&ée placement of

a metresubstation 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, r@dg the overall traffic emissions from the area
during rush hoursHowever, urban forms are generally regarded as being the most complex of
realworld systems with numerous, mutually conflicting variables and attributes. The realization

and subsequent maal modelling of such systems is a very complex process.

11
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M Total emissions M Road transport emissions

Figure 1-2: A cumulative comparison of overall atmospheric emissions from various
sources to road transport (ONSEA, 2008)

1.4 Aims and Objectives

The aim of thisstudy isto developan Al baseddecision support system ftre assessment and
optimization ofurban regeneration and planning projedtsis objective is to be achieved in a
stepwise mannethrough the utilization of statef-the-artinformaion processingtandards and
computing technologies in order to solve the urban regeneration lagssessment and
optimization problem. In order to achieve this aim, the following objectives were derived:

1. Investigaibn andreviewof thedevelopments intarban planning and design with respect to
various spatial planning methodologies, graphical modelling techniquesl atgorithms.

2. Exploration ofthe current statef-the-art into the possibility and use of Al technologies to
solve layout optimization gfublic services and residential structures with respect to the
sociceconomic situation of adjacent areas.

3. Developnentof an Al based methodology to assess built environment areas and predict the

subsequernimpacton newly planned regeneration districts

12



Chapter 1 Background

4. Implementatiorof an automation technique to procedurally model simulation outcomes of
massive urban layoutssing intelligent shape manipulation techniques to reduce or eliminate
modelling overhead from human designers.

5. Developnent ofan Al based optimizan techniqueo integrate th@eighbourhood
deprivationprediction model and the graphi@ltomation module witthe location
allocation optimization of the regeneration area in order to improve the overall sustainability

and smart growth of the area atgineighbourhood.

1.5 Urban Regeneration Planningand Decision Supportin Built Environment

The concepbf urban regeneratiohasoriginatedfrom the basic notion of planning and design
activities in built environment settings where conventional technigubsiloling are either not
applicable or are too cumbersome to implem8nth areagienerally contaimeft-over industrial
structures and associatkohdfill sites that were rendered uselessimsalvageablat the end of

the industrial boom athe 20th century. Such areas normally suffer fraaciceconomicdecline

with high levels of crime, unemployment, poor health aften little or no access to public
services. Due to sparsely connected street and road layouts, the areas offer poor linkage between
fadlity 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 camgidarious socio
economic deprivation measures from neighbourhood built environment districts. Land recovery
plansfor such sites generallgequire careful and expensive demolition and decontamination
procedures. Furthermore, decision and placement eftaic number and type of housing units
remain a daunting task due to distantly located public services, transport hubs and employment

opportunitiesin addition,provision of access to various transport hubs require a serious level of

13
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persuasion to the sasciated stakeholders due to sparsely planned residential locations, lack of
public influx resulting from lesser employment prospects and business generating opportunities.
Consequently, the feasibility stied andanalysis and evaluaticectivities of these regeneration
schemes requireeasonablefforts 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 environmehatexhibit trais of:
1 Compactness and connectivity: Avoid long journeys for the dwellers to access public
amenities and services
1 Diversity and inclusion: Promote equal and diverse opportunities to a wide range of
communities with a sense of cohesion.
1 Recreation and aesties: Contain a reasonable amount of open space, recreational
activities and visually appealing outlook.
1 Economic strength and good governance: Must be able to sustain itself in terms of daily

needs of its residents

The factors discussed above advocaterdralized 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 o$uch asustainable 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 rép@&{7)as:

14



Chapter 1 Background

Adevel opment t hat me e withouttcdmeromisime tlesabilibyfof futunee pr e

generations to meet their own needso

1.6 Work Context and Motivations

Recently developed approaches Aftificial Intelligence (Al), and in particular, parallel
processig systems such as Neural Networks (NN), Cellular Automata (CA) and-Mysint
Systems (MAS) allow problem solving through a bottomapproachThis method starts with

the micrelevel assessment and training of units without keeping the global situatithre
context Diappi et al, 2004) Generally regarded as Newctomputing problems, these Al
algorithms have the potential taddress decision support of urb@hanning systems by
discovering expestules, subsystem relationships and dattrieval fran knowledge
repositories. NN and CA in particular offer the possibility to increase the knowledge base of
urbanplanning or regeneratiotlynamics of database systems such aslyl8aining relevant
models and extrapolating informatiohhe specialty of NNot only lies in the enhancement of
speed and efficiency in urban data handling but alsmasitomated systetfinehaviour learning

tool. Since most of the urban spatial analysis and planning rely upon classification clustering or
categorization, patternecognition and optimization; the salfganization ability of NN

promotes it as a powerful tool in prediction and tu{iD@ppi et al, 2004)

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

The impact of a range of previoustyentiored socieeconomic factors can be efficiently
developed into an impact assessment model in order to simulate the overall sustainability of
various regeneration aread/ithin the scope of this research and relevant to the variability of

built environment faiors affecting sustainability,

15
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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 prospetis kocal
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 mixedse residential and public servidevelopment 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 andesultant deprivation due toareduced (cross) or
increased(circles) deprivation impact on neighbourhood districts

Neighbourhood deprivation

Type of | Employment | Health | Education | Housing | Crime | Living

regeneration & environment
services
barriers

Residential O X O X
(single unit,
family
houses, etc)

Official X

Oo|X
Oo|X

Industrial X O X
(Factories,
warehouses,
etc)

Open space X X X X
(Parks,

recreation
hubs, etc)

Public X X X X X
services
(Primary
schools, GPs
post offices,
etc)

However, there are a range of factors that directly affect the willingness of local residents to
walk or adopt public transport for their deorday routines. The resultant impact show able

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 geneidgnmess 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 residentialrsme 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 circumstancgmlitical 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 sustaifde 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 okxpert asvell aspublic level involvement in sustainable developmenbjects for
decision suppotbecomes widely accepted. There has l@sgnificant workdoneto assist three

core actors in urban regeneration namely policy makers, planners and citizengze pragécts

using GIS, simulation models and computer visualizatiat 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, adsafidual Reality technologies

(VR systems)Global Information Systems (GIS), sophisticated data mining and information
retrieval, Al techniques and high speed internet technologies has made it possible to integrate a

wide range of decision support syste(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 gravamsiderably The overwhelming advancement in
computing machinery in 1980s folled by the internet in late $Gentury 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 buele, 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 visualizewedd scenarios in redime, 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 thergergly complex behaviour the
wide range of urban stdystems 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 webabéd ICT systems were elaborated Algdul-
Rahman and Pilouk (2008)able 1-4 shows many possible useful scenarios in the wake of the
use of ICT technolgies and 3D applications in built environment planning.

Table 1-4: Possible areas of application within built environment for webbased ICT
systems based ofAltmaier and Kolbe, 2003

Sector Description Example Case Study
Event management Project simulation for public | Demonstration of constructio
participation and involvemen{ of a prospective recreational
park
Facility management Building of public service Analysis of supply roam
structures location in hospitals,
distribution units in
warehouses
Navigation support Navigation and network Route guidance applications,
systems Pedestrian route simulation f
urban transport optimization
Environmental Environmental issuein built | Traffic emission prediction fo
environment; impact residential neighbourhood,
simulation, assessment noise impact assessment for
sensitive areas; for e.g.
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systems hospitalsandschools
Disaster/Emergency Workflow organization, Rescue team support in case
Rescue team supp and of an emergency or disaster
training in case of an with real time integration of
emergency support data, training

Supply chain engineering Supply chain management in Optimization of delivery flows
distribution networks 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 displa
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 cancoessahis 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 grely 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 infomation 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 mobi{Bavagneet 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, whenduseconjunction with geographical data, introduce a

novel area of information processing and presentation known asirgatation. The fie is

concerned with the design and planning of construction oftagblution objecbased models

in order to investigate how spatial systems behave under the influence of variable factors. The
behaviour is generally modelled with simulation software é&bves a range of reakorld

problems and is defined as:

ASoftware i mplementation of models that inter
forms of flow, distancdecay, diffusion, dispersal, acti@ta-distance, centripetal and

centrifugal activity, linear and nofinear relationships, etGeertnan and H. (2002)

Generally gessimulation applications ithe urban decision support context are limited to simple
spatial objects and their interactive behaviours overtime. Moreover, the objects and mitaels in
geosimulation domain are generakyatially na modifiable with a unique size and shape that
cannot be reduced to a common sgédlenenson and Torrens, 2004, p.1Ihis makes geo
simulation tools an inappropriate choice for emergent, urban decision support systems where the
primary objetive operates around complex behaviours of range of smtnomic 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-sgolmomical as wehs economical
infrastructure. These can be used to model communal exclusion, social polarization and the
subsequent evaluation of the investigation of secienomic systems to achieve objectives of
sustainability and smart growtfCampagna2006, p.19% 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 generallpclude objective functions such as travel cost
minimization and average throughput maximization. Information and data modelling of such
scenariosmerely by manual analysis of data a cumbersome task which tend to vary widely
with respect to the levealf experience input of the personnel. Also, with an increase in the area
being considered, the numbarinter-connected entities associated with such objectives increase
overwhelmingly forexample humber of cars moving in or out of a traffic sect@mmmeasure of
supplydemand 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 preldeengenerally regarded as
NP-Hard in computer science which means that the problems cannot be solved by a conventional

approach in polynomial time.

The locatiorallocation of urban public service structures to optimize accessibility to variably
located esidential units in itself is an NRard problem. The objective, when combined with the
conflicting nature of optimization variables, turns the problem into a +objéctive
optimization problem. The evolutionary computation techniques that reduce adafdP

probl embs search space depth by explGeneticng a
Algorithms (GA) a perfect choice in optimization. Fuzzy systems, on the other hand, enable
using human knowledge in simple linguistic terms and rules. In twdetploit the strong points

of both the systems, two general possibilities exist within hybridcsofiputing 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 Zydogic parameters. Even though, the later technique is more

commonly used, within the scope of tMetual Urban Regeneration Simulatf/rURS) due to
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the twotiered setup of the system, the Fufzgnetic approach was selected for investigation.
The primay motivation was the ability of fuzzigic to model mutualhdependent 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.nilbedding of a

range of variables within an FIS embeds maljective 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 algoritamlme used to optimize the locatialiocation

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

residential infrastructure.

1.7 Development of @ Urban Regeneration Framework

In order to maximize the benefit$ 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
prewvent or restrict the implementation of a built environment assessment, planning and
optimization framework:
9 Simulation and modelling systems developed so far leagelybeen limited to a macro
level realization ofthe built environment which also lack ithe use of online
visualization domain for knowledge dissemination
1 Most of the renewal initiatives within built environment are substantially unaware of the
sociaeconomic attributes of neighbourhood areas
1 Decision support systems implementeefaolack n 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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1 Currently, there are nmtegrationtools available to enable plannersdastakeholders
with the impactassessmernmtf micro-level socioceconomicdeprivation and their futuristic
impacts on the sustainability of regeneration scheanelsthe subsequent automation of

planned urban layouts

1 The urban layout optimization of massiueban neighbourhoods based on the socio
economic impact assessment of surrounding built environment infrastructure has not yet

been developed.

1 The design and simulation afbanplanning outcomes has largely been restricted over
manual/semautomated modkhg techniques.
Table 1-5 illustrates the alignment of research problems and the contributions to knowledge, together
with the methods that were employed for the ingmentation of the different tasks. In additign,

Figure 1-3 covers afurther in-depth designflow layout for the whole thesis documentation pldoy

incorporating theg 2 N Qa O2y {iNARodziAz2zy (2 (y2¢6fSR3IST (GKS

methodology.

Table 1-5: A tabular depiction of the problemsaddressed, the contribution to knownledge
and the researchmethodologies used to solve the problems

Problem

Contributions to knowledge

Research Methodology

Assessment of soc@economic

deprivation

Accurate prediction ol
deprivation based on adjacer
built environment

neighbourhood statistics

A hybrid neuralnetwork based
model to tune a fuzzy logic rul
base to predict socie@conomic
deprivation in  regeneratior

areas as a function of its closeg

neighbourhood statistics
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Smart generation of large urba

areas

Context sensitive street layol
generation that carbe used with
embedded Al

for structure

locations in the vicinity

A recursive map generatio
algorithm based or
plant/cellular ~ sub  divisior

phenomena to automatically
generate cityscape street layou

and vacant lots

Optimization of residential ani
public service location in urbat

plan layouts

Location allocation optimizatio

of buildings based on th
assessment model discussed

step 1

Based on the lot grid discussed
step 2, a set of genetic operato
to generate a diversel
populated genetic system of
optimized allocation of variou

regeneration building units
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Phase 1: Background Scope,
Review and Synthesis

Impact of Socio-economic
Factors in Regenerations

Impact on Location-
allocation

Impact on Sustainability
and Smart Growth
Relationship between
socio-eeonomic deprivation
and public service location

Introduction and review of
Existing Literature in the

| Field of Urban Regeneration
(Chapter 1/2)

"

Role of Spatial and Graphical

Maodeling in Urban Planning

+ Review of spatial modeling algorithms

¢ Cellular automata and multi-agent
systems in urban simulation

Simulation and Virtual Reality

Modeling systems

*  Survey of desktop based visualization
and modeling tools

¢ Integration of online VEML and X3D
based modeling for spatial planning

*  Review of graphical automation
technigues for massive domains

Artificial intelligence based
decision support in
planning — Review of:

Supervised/unsupervised
techniques in knowledge
based engineering for urban
planning

Fuzzy logic and neutral
network decision support
atd analysis

Evolutionary computation
algorithms in urban layvout
optimization

[ ]

Phase 2: System
Analysis and Design

Phase 3: System
Development

Phase 4: System
Implementation and
Evaluation

Development of the System’s Design
& Analysis Approach
(Chapter 3)

Data Analysis, System Requircments
and Collection

(Chapter 3/6)

1

System Modelling

*  Approach for urban deprivation
assessment using various supervised’
unsupervised Al algorithms

(Chapter 4)

Layout Generation Automation
*  Grammar application to automatically
generate street network and vacant lots

(Chapter 5)

Layout Optimization

(Chapter 5)

*  Layout optimization technique to solve the resultant high complexity search algorithm
*  Algorithm to methodically allocate service structures to minimize predicted deprivation

System Implementation of

the Software Tool
’/ (Chapter 6)

\‘

Evaluation of Software Tool using
Urban Regeneration Case Studies
(Chapter 7)

Development of Appropriate Index
to Assess Al Algorithms’ Parameters
(Chapter 7)

1

(Chapter 8)

Conclusions and Recommendations

Background

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

The thesisdocumentsthe development of aovel integrated framework ofAl based
methodologies to assess and optimize urban regeneration plans with respect to various
surrounding built environment attributes. This is done through the implementatiowigtial

Urban RegenerationSmulator (VURS) based upora dualtier assessment and optimization
infrastructure. The first tiefTier i 1) is based upon the exploitation of fuzzy uncertainties and
sociceconomic constraints embedded within built environment deprivation data available from
the Officeof National Statistics (ONS). The second part (Tié?) utilizes the outcome of the

Tier i 1 fuzzy framework to optimize the location allocation of a range of public service
structures within a regeneration scheme in order to improve the sustainaflligynant growth

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

Chapter 21 iteratureReview

A comprehensiveiterature survey of relevant urban regeneration parameters, ICT technologies,
Al and simulation techniques presentedn this chapter The chapter introduces in further
details various problems encountered to urban regeneration planning domain. Further to that, a
thoroughreview of ICT domains addressing different aspects of this field is made along with
varous Al 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 sdmmgiic. 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 3System Analysis and Design for Urban Regeneration Simulation

The chapter discusses various method@s 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 areu&ured Analysis andDesign (SA/SD) and
Objective Oriented Analysis andDesign (OOA/OOD). Also, an #depth comparison of merits

and demerits of both thenethodsis made with respect to uséras well as developers
perspective The chapteultimately describes theletaileddesign of the VURS with the use of

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

Chapter 4ANFIS based Neighbourhood Impact Assessment Module

The chapter documents the theoretical as well as computational aspectsud ®riechniques

within the scope of knowledge based engineering and simulation to model a regeneration
deprivation prediction system. The chapter presents various Al methodologies and analyzes
individual shortcomings of each to cater the problem of dectisupport for complexly built

urban areas. The chapter develops an integrated and hybridized approach to solve the problem of
sociaeconomic deprivation modelling on regeneration plans due to surrounding depriation.
neurcfuzzy inference based methddgy is first described for theneighbourhood deprivation
impact assessment framework that takes input from a district level classification of socio
economic deprivation levels from standardized Wdistricts The chapteithan describes the
extraction methdology used to extract membership functions data and fuzzy rules from office of
national statisticsordnance survey dataddaving developed the cor@NFIS basedimpact
assessment module for theedictionof built environment impacts of various built enviroent

parameters fime, employment, health and transport) from the LSOAs located in the
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neighbourhood, the next stage of reseadhen detailed in the next chapter which describes

development of a location optimization simulator.

Chapter 5GA-basd Urban Regeneration Layout Optimization

The chapter discusses the detailed Al methodology fointegration of the deprivatiommpact
assessment architecture of neighbourhood areas to a regeneration idisadlctition to an
evolutionary layout optinziation frameworkThe 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
streetlot infrastructure which is then used for the purpose of locatilmtation optimization.

For this purpose, a genetic algorithm solution based on specialist crossover techniques and
fitness ranking criteria is presented. The objective outcome evaluatioime oevolutionary

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

Chapter 6Implementation of the VURS

This chapter encompasses thentenddevelopment of an X3D (Xj3D) basexh online, virtual

urban regenerationirsulator (VURS) using Matlab and Java 2 technology platform. The
document also involves the psewde for the implementation of various design aspects
detailed in Chapter 3. The chapter also documents the user manuals for future application usage
support Various thirdparty APIs used are also documented to facilitate future extensions to the
projecb s wilthe ckapter alsseparatelylescribes various software modules developed during

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

The chapter is based on the evaluation of the
of two uniquely selected built environment case studies. The case study areas are chosen from

two urban and semi urban districtsEnglish county West Midlands.

Chapter 8Conclusion andruture Work

This chapterconcludes andeports thenovel contributiors made undethis research in the area
of decision support, simulation and modelliwgth respect to the proposed Al and advahce
graphics technologiedt 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 environmedisgassed in
conjunction with the application of sophisticated Al algorithms to support decision support
simulation in built environment. The chapter presented an introduction of urban planning and
simulation activities in built environmeriong with a bief history of urban renewalt also
discussed the possibilities of integration of stat¢he-art technologies of VR, GIS and relevant
communication technologies and computing advances to a better understanding of complex

scenarios in decision suppoystems.

The advent ofCT disciplineshasmade it possible to manipulate organized informatelated
to various suisystems to realize the suitability of relative decision making efftirtsas 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 foir 3D models. VR simulations are now

a well investigated discipline and extensively used to build real world scenarios during pre
implementation phasebitegration and modelling of such huge amounts of data to simulate the
entire process of urban desjgranning 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 statef-the-art ICT systems during the past two decades along with Al based data
manipulation and visualization technologies have now made the integration of various database,
communication and visualization tools into agsnonline 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 hardwafe, multi
media and interndiaseddata streaming and retrieval techniques and virtual reality technology
are utilized in a disjoint mode. The introduction of wesed VR technologies such as X3D,
automated CAD based modelling techniques, GIS data querying and analysis tools, improved Al
algorithms and higfspeed internébased information medium has made it possible to develop a

usercentric, 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 oflCT with a direct focus omformation visualization and decision support to&arting

with the historical background of urban planning and regeneratien chapter will also
investigate previous researctelated 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 ingatin into these parameters will cover
parameters of crime and safety, employment, health and accessntitythe subsequent
justification of the selection of thes&urthermore, the relevant scope and impact of these
parameters over the sustainabiliigd smart growth of regeneration schemwdkbe discussed

and analyzedn conjunction with the construction of various public service structures and
residential neighbourhood3he chapter will finally draw conclusions over the current siéte
the-art in the application of Al to the problem solvindomain of urban planning and
regenerationand corroborate knowledge gaps in the relevant Al dom&udject to the
conclusions madehe chapter will justify the scope ofethesearclkcarried out and reported

this thesis

2.2 Sustainable Urban Planning and Design Architecture

Sustainabl e devel opment i s based on the idea
environmental, economic and social factors while adopting an integrated approach to planning

and decision makingor carrying out thedevelopment. According t@Camagni et al.1998)
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sustainability meansnaunbiased development of basénvironmental factorof an urban
society.As shown inFigure2-3, these three factors are physical, economic and social issues that
should act in equilibrium for the environments of an urban sociétg. primary objectiveof

such equilibrium isto achievephysical, social ané&conomic growth in the form of a higher
living standard. Many countriegncluding the UK are recognizing the need for a change of
priorities to consider longerm sustainabilityandsmart growthssues without compromising the
econonic consequencer such developmenintegration of warious socieeconomic factors

that have dastingimpact overthe wellbeing ofurban neighbourhoods into civil planning and
design initiative is now considered a major research atndeban regeneratiomactivities 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 thectropthese deprivations over a period of time.
Prerealization 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 neigbourhoodsA software suite implementing a decision support tool to assess and
optimize such socteconomic variables of deprivation before the finalization of the actual
building allocation design plan would be a significant contribution to current agding

research in urban planning and simulation.

2.3 Integration of sociceconomicfactors 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 Britishdritect, 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 iaotlision as well as environmental
responsibility and ecological protectiomhe UTF initiative was objectively set to evaluate,
analyze and identify the causes of urban decline and setup plans to efficiently integrate the

existing socieeconomic as weks 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 tifctmsio
economic deprivationsvithin 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 architecturavith minimal automobile dependencd&he
architectures present the association of underlying urban design layouts with variable
sustainability levelsA car-oriented architecture tends to encourage several short distance drives
due to unavailability of lodaservice hubsas shown inFigure 2-1(a). Due to high automobile
usage, a bus network provision in such architecture is not a viable optieiguhe 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 purposesg( work, or professional/university level
study). Figure 2-1(c) describes a tightly knit, highly connected architecture that is highly
sustainable in tems o f provision of | ocal services.

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

Car-oriented architecture Hybrid architecture Walk-able, compact architecture
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Figure 2-1: Level of public service accessibility in high sprawl development (a) and
compact residential developmen{Rogers 2005)

The measure of accessibility shown kigure 2-1 primarily depends upon the underlying
structural layout of any built environment distridbepending upon the type of chosen
development architecture, the constructed localities be&ila impacts in terms of the overall

area sustainability. For example, -carented architectures generally tend to be less energy
efficient and generate high atmospheric emissions leading to poor environmental sustainability.
Further to that, due to Higtravel distances, even the dailged trips depend on private
automotive vehicles. Excessive reliance on motorized transportation generally reduces
community cohesion; discourage physical activity and increases atmospheric emise®ns. T
design pattern fogeneral trafficnetwork infrastructureés regarded as the principle structuring

elemento acts as the basis sfistainableirban design layouts.

Relevant to the various accessibility infrastructures presentdeigure 2-1, Duany (2002)
presenedsix models that constitugerange 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 showkigare2-2.
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[N\

(d) (e) (f)

Figure 2-2 :Urban structure thoroughfare patterns with variable environment impacts due
to specific design attributes (a) savannah Pattern, (biNantucket 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-fwein development patterrshown

in Figure2-2 (a) 1 (e). Web based patterns ofi@rbetter traffic flow andhetwork connectivity
betweenlocal public amenitiesStemmed patterns similar to the one showhkigure2-2 (f) are
generally termed as more pedestrian friendly and offer better connectivity fenastonzed

mode of travel due to a better pedestrian and bicycle trail infrastrucdueh stemmed
neighbourhoods are in gemral more likely to sustain local smart growth by increasing physical
activity and public service accdsiity without excessive reliance on automobilésowever,

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 variousasommmic deprivations within such

neighbourhoods and the underlying accessibility infrastructure.
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2.4 Neighbourhood Impact Assessment

A significantlevel of research is now being done in the area of design and planning optimization
of built environmenparameers thaimpacton 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 thepkegmeteran the control of urban sprawi an

area. Contextually, thegparametersare termed here disegeneration factoos
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Figure 2-3: Sustainability principles for built environment regeneration (Camagni et al,
1998)

Theimpact of these factors is summarized by the Office of National Statistics (ON®&paBure

andreport the level of sustainability of discrete urban regions. The factors are compiled in a
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report known as ARegional Tr s (Magndlan,a2608)ahes et o f
purpose of this classification is to bring together factors with the Neighbourhood Statistics
(NeSS) pertinent to planning, monitoring and evaluating activities associatedurban
deprivation minimization and neighbourhood neaé The report includes key area statistics on

the basis of 11 unique classifications, including crime and justice, labour market, health and care
and transportA major study done byRobson (1994p.185 given in Schneider and Kitchen

(2002 p.340 regading 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 statistibe, gelegon of these 4
parametersut of 11was made largely becausese four factors have statistically been proven

to significantly contribute to the overall deprivation level of localifiesthe West Midlands

region (ONS, 2008) Thus, for the purpose of thiresearch, four parameters of crime,
employment, health and accessibility have been selected to model sustainability and smart
growth withrespect 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 samplg
ranking variable as
6very i mpo

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  welfarel 61.7
services
7 Areafd6s Vvi su6l3
8 Employment prospects | 59.2
9 Pollution 58.2
10 Unemployment levels | 58.0

Ongoing research shows that containing the negative impacts of these (fBabde®-1) tend to
maximize the sustainability of urban neighbourhoods. A detailed review of the research done
regarding these attribut@sth respect tarrban 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 plantinpe measur e of c¢cr i me
perception of safety also play an important part in providing decision support for regeneration in
built environment . The measure of Anfl ow of
general class of inversdistance variations formulated as gravity models. Sidigv6) related

the role of distance and availability of opportunities as a main driving force behind criminals to
move from one area to anoth&eographical profiling of serial criminal offenders slsothe
prevalence of recurrent crimes (and crime types) to be concentrated within a small area of
operation Relevantcrime researchnto various socieconomic factors and relevant attributes
affecting urban crime levelsas changed in recent years withamd deal of work going on in the

areas of individual crime densities identificatigtharada and Shimagd2006), surveillance and

39



Chapter 2 LiteratureReview

resource allocation methodologi@atley and Eway2003)and micrelevel evaluation of street
crime (Weisburd et a).2004) Also, work has been done in the domain of crime hotspotting
techniques (Lu and Chen 2007 Grubesi¢c 2006) cumulative prevalence segmentation
techniques based on crime rates and co(Bitsnicombe 2004) and GIS based analysis and
decision supportPainet al, 2006) The subsequent research has resulted in the development of
planning support applications such as-fbdt based policing interventior(8raga 2006)
measuring r esi dd&Whitlsyé@andfPenac2005) and tcarsport iretated sjaics
(LoukaitouSideris 1999 LoukaitouSiderisand Eck 2007) Relevantly, the concept of a non
random, micrdevel distribution of crime patterns in a neighbourhoodpisven to bean
established pattern with various urban areas suffering from coneehtpatterns of crime
(Harries 2006) The impact of crime is generally regarded to have a significant influence over
the level of physical activity and walbility of neighbourhoodsThis subsequently affects the
overall economical as well as environmérsiduation of the neighbourhopdr a geographical

location within an area

Statistically, h 2004/05Greaterondonwhich contains one of the most densely populated built
environment districthad the highest percentagesindividuals who felt very worried about
crime. Males were most worried about tHedim their cars (19 percent) while similar percentage

of women was worried about being burgl(@NS-Crime, 2008) These figures showed a higher
trend of household insecurity among tlesidents of primarily urban residential districthe
statistics shown ifrigure2-4 given bySimmons and Aust (2008hows a significant increase in
various crime reges as the area type moves from rural to densely populated built environment
areas. Furthermorehe 2006/07 British Crime Survey (BCS) showed that 11.3 million crimes

were committed against adults living in privat@®anhouseholds in England and Waleedpite
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a decrease in crime figures during 2000/04, there appears to be a steady incrgésa in
household related crime®mpared to rural and semiban areagh UK. These statistics show a
strong relation between the physical demographics and suslignab resources in civilian

neighbourhoods to the local crime trends.

300
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200 J “ Burglaries
7 - ’
150 PR AL
/ == == Automobile related

100 ——;-'ﬂ" crime

Violence against the
50 person

0

Most Less Middling More  Most
Rural  Rural Urban Urban

Figure 2-4: Crime trends in UK areas (§ Worry about crime, (b) Aged 60 or over feeling
unsafeoutsideat night (ONS Website, 2009

On a different perspectivéhe measure of crime factor within communities has been related to
factors ranging from local unemployment levels and communal segregation to the
neighbourhood livelinesKeént et al, 2006 Laukkanen and Santtjl2006). Moreower, gudies

into the general walkability of neighbourhoods show a direct relatiostipeenthe level of

violence and group incivilities in the immediate neighbourho@tsman and Chalfin2008

Wood et al. 2008) Also, the physical impactrimeonresd ent s®é ment al as wel
health is quotedo bedirectly attributed to vandalism, fear atitk actual occurrence of crime

(Dunstan et al.2005 Doyle et al, 2006 Sampson et gl2002 Sundquist et g/.2006) Latest

research into environmentatiminology and urban planning shows a strong interdependence
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bet ween gener al physical acti vi t(houkatbuSidenis ar e a
and Eck 2007) Furthermore many reasons are cited for the prevalence of crime in built
neighbairhoods where weak social connectiiBrown et al, 2004) drug dealingd Bromley and

Nelson 2002) socially excluding design characteristigSozens 2002) lack of surveillance
(Yarwood and Edward4.995) economic decline and unemploymé@aergussoret al, 2001) are

citedto 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 icne. 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 thehavie

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 irttee overall crime rate of ared3espite a concentration

of employment prospects in British metropolitan citiegyure 2-4 (a) shows a comparatively

high and increasing unemployment rate urban metropolitan areas such lasndon. The

statistics show a genuine relationship between unemployment and the qualification levels of
individuals as shown ifrigure 2-4(b). By means of the comparison showedFigure 2-4(b),
employment opportunities avalal e t o an ar eads r dosthedeval bfs c an
education and the subsequent professional training opportunities in the nearby areas that are less

dependent on long distance travelowever, if such facilities in terms of schools, colleges,

42



Chapter 2 LiteratureReview

training institutes and universities are not available locally, there must be provisions made to

provide robust and sustainable transport networks to ensure accessibility.
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Figure 2-5. Employment trends in UK (a) Rates for people of working age (b) Highest
gualification attained by sex ONS Website,2009)

Urban transport problengenerallyoccur in many major cities of the world due to a growing
separation of origins and destinations for traeelvork or eduction purposes. Research shows

that workers of decentralized metropolitan areas like London and Los Angeles tend to commute
large distances to and from the employment locati@is et al, 2001) The major reason
behind such daily e@emplsoyamdnti bfurhagds ttor & rhsei tusnh av
job opportunities. The effects of nearby jobs on neighbourhoods employment not only depends
on the ratio of jobgo-workforce but also on the occupational levels of cloggobs and the

match of reient sd& ski | | s w{lmntergluckh I®%8F Comsequently,apblicies n s
that are designed to target commercial, residential and misedgglomerations in a manner

t hat resi dent s 0-to-daypeeds preneatered by olabely ditugtednbas sub
centres are expected to prove highly beneficial to the overall smart growth of tHAasaet

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

polycentric. These have mixegse commercial aggregatiopsoviding one or more employment
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clusters apart from the conventional CBD. On one hand suchenkes of employment exhibit
some of the agglomerative characteristics of a CBD, on the othersthiesentresoffer benefits
such as lower commuting costs fworkers and lower land costs for firms by creating local job

prospects for individual@cMillen, 2001, Ross and Yingerl995)

However there is still a lack of consensus in the way the impact of relocation of residential
masses onto a regeneration sohds assessed with respect to available employment resources
and any possible extensignsr 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. Implementatiosuaf 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 dgtadday trips to public services and

recreational purposes.

2.4.3 Health and Wellbeing

The overall heal th and well being of urban n.
designing regeneration layouts that ensure physical activity and a lesser autoei@nee.r

Relevantly, he percentage of adults classified as obese in England increased from 14 to 24
percent between 1994 and 2006, while the proportion for women rose48dam55 percent

(Figure2-6(a)). In 2004 in Britain, the proportion of children aged 5 to 16 with a mental disorder

44



Chapter 2 LiteratureReview

was more than twice as high among those livindaw d e p r i v a tareasthan mraongk 0

those livingin high rankingouilt environmentreagONS, 2008)
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Figure 2-6: Health trends in UK (a) Proportions of obeseindividuals or overweight (b)
Percent reporting an inpatient stay in the 12 months@QNS Website 2009)

Figure2-6(b) shows a greater need of accessibility to GPs and other health services for those of
age 65 and over. Howeven tlate, evaluatio of national regeneration assessment in iIK

shown to have rarely assessed the impact of regeneration on health cecemtmic
determinants of health as well as the social distribution of such im@damsonet 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

(Curtiset al, 2002)

Physical regeneration in the built urbform 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
ar eads (Hamdyketdile 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 plotsitasa

with the provision of footpaths and cycle tragdkéoudonet al, 2005) security enhancememt

visual appeal and access to public serv{€soraet al, 2003 Leslieet al, 2005) A review by
Badland and Schofie]d2005) specifies the develont 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, stet 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 diidgaineed to
combine and develop various ecological models that may assist in the understanding of transport

and physical activity behaviours.

The i mpact of wurban and built form on residen
decades.Relaionship between built environment and obesity among youth in US was
investigated byEwing et al. (2006) The analysis showed that the likelihood of US adolescents

and adults being overweight was strongly associated with the urban sprawl. The relatibnship o
urban design and the detrimental contributions of built environment are cited to cause chronic
ailments of asthma and allergies, obesity, heart diseases, diabetes and defresssactional

surveys dohave a consensus over the impact of urban spoaet the physical health of

individuals but differ to some exteanits affect over mental heal{®turm and Coher2004)

An assessment into the impact of geographical accessibility to primary care (GPs) and access to
public transport has also shown 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 distancgTwigger and Jesspi®00Q Joneset al, 2008) Furthermore, improper

access to public services and recreation spots and fear of crime and safety has also been cited to
have significant I mpact oV er dSituatthn i regardedlas 6 st |
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 mentisorder among children aged 3.6.

As a result of increased automobile reliance and unplanned location of industrial infrastructure
due to factors already discussed abowerdase in atmospheric emissogenerally affect
wellbeing of the area with habitat losgcological destructiorand environmental decline
(Brisbonet al, 2005) Studies show that factors of poor design and aesthetics, over crowdedness,
traffic and noise disturbances and lack of open and green space negaiviellgutes to the
general public health. A tool implemented Gynninghamet al. (2005) assessd specific built
environment forms to encourage and assist the elderly individuals in walking by promoting an
inclusive design plan. The outcome of investigatarried out byroneet al. (2007)presented a
crosslevel 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 & 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 populafi©asgurn 2004)

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

deprived neighbourhoods has also beied to affectthe general health of residents. This fact
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diverts focus to the availability of retail services such as supketsabearing a wide variety of

foods at lower prices. A survey carried outMgrland et al. (2002) for a number of US cities
shows major deviations in retail/supermarket access between various racially segregated
neighbourhoods to generglopulationto a ratio of 1:13. Various associations have been
investigated that relate food and retail acdéssrlandet al, 2002) physical activity(Ewing et

al., 2006)and communal segregatigGorburn 2004)as the prime factors affecting the overall
health of regslents. 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 industrialyactivit

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 variotganizationgMoore 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). Thmain 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 decggli et al., 2002). Furthermore, GIS has been objeety used by
Leslieet 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 byFranket al. (2005) The outcanes showed a significant correlation between
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objectively measured walkability index and a moderate intensity physical activigy 8D
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 physicalt at e of the areasd6 residents. Robu:
help improve the overall health of individuals by enhancing physical activity, visual appeal and
access to health and medical facilities. Moreover,rotion of prevention scienpestulates 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 environmerfHawkins et al, 2002) The ultimate solution to these
problems of health and wellbeing were givenJagkson (2003n the provision of retail and

civic resources in close proximity to residential neighbourhoods. Such an initiative was also
deemed to generate a randdozal job opportunities due to an improved access to business and
commercialopportunities.Furthermore, an increased health pattern within communities would
provide lesser burden over public funds and therefore improve the financial sustainabilgy of th

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 varioushtic services contribute to different deprivation types, an
allocation of various structures by means of an optimal street network would significantly

contribute to the areads sustainability.
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There were an average of 1014 and 1060 trips made by men arehwespectively in the year
2006 for any single main purpose; out of these, 65% trips made by men were Bigoseg-7.

38% of the households without a car repodéticulty 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 thHeir G
post office ormain food shop as shown kiigure2-7 (b). The trend generally shows an increased

dependence over automobile usage for daily access to public service
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Figure 2-7: General transport and accessibility situationin UK (a) Overall trips made for a

number of individual purpose (b) Residents perceived difficulty in getting to serviceONS,
2009)

Transport and land use planning have been-mafated for almost hal-century to establish
transitoriented development where higkdansity, mixed use areas are established around a
centralized transit system. This is done to objectively reduce @érgansport and increase a
general walk able access dmenities Newman and Kenworthy1996 Stead 2004) However,

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

Relevantly, the measure of closely knit act®bl/ infrastructure can also be considered to
affect the sustainable development in built environment. Neighbourhoods that argbleatie
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considered more likely to sustain the general smart growth as well as the health of their residents.
Studies shwe a significant difference in obesity levels among the residents who preferred living
inwalkabl e communities compared to thos@ankhat di
et al, 2005) Also, availability of public transport alternates such assttémetro and bus

stations accessibility does have a positive effect over the health of resident indi{Glakéset
al.,2008) . However the measure of crime and saf e
choices. Vicinities with safe andel-connected design plans promote an environment where
people are able to walk or cycle to basic public services such as retail outlets,caesalimd
employment servicegAytur et al, 2008) Furthermore, visual aspects of the surrounding
construction(Foltete and Piombini2007) travel and landise mix integratior{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 aweebk 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 molgy) and the overall accessibility of an arg&eston and

Raje 2007)

Contextually, welfare and public services, if not accessible locally, must be within easy reach of
an areads r esi de(engneval,2003) Hdwevercthe locabalabiptyoand

mix of destinations still remains an important aspect of built environment that may encourage
physical activity(Badland and Schofie]d®005). A research carried out bjcCormacket al.

(2008) shows a strong associative preference in pulolictransport related walking if there
exists a diversity in various public service facilities such as bus stops, convenience stores, post

officesandtransit stations. This phenomenon of the measure of access to local public services is
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directly attributel t o an ar eabds t(Kwokang ¥aht20043 insatdddionn a b i | i
provision of bicycle and pedestrian ins&ructure in neighbourhoods increases the likelihood of

people to commute or use bicyc(&sll and Carr 2003)

The review into the roland 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 tinat of

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

socicecanomic deprivation of built environment areas:

Metric 1. Crime and SecuritiMeasured 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 anmaterial victimisation at a small area level.

Metric 2: Employment and TrainirigMeasured by tracking changes in the number of New Deal
participants and the Jobseekerds All owance cl

individuals in a rangefd. 87 64.

Metric 3: Health and WellbeindMeasured by tracking changes in statistics related to a standard

morbidity/disability rate derived from a naverlapping number of persons receiving Disability
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Living Allowance, Attendance Allowance, Incapaciteriefit, Severe Disablement Allowance,

and the disability premium of Income Support.

Metric 4: Transport and Accessibilityleasured by calculating public serviGesesss distance
by road (in kms) from a population weighted centroid (using fotgulation) of an area to

primary schools, food outlets, GPs and post offices.

2.6 Spatial Modelling of Urban Environments

Various socieeconomic factors and modelling parameters mentioned above are generally
embedded into simulation software by means of a range of modelling techrigaéisional
simulations are generally devised as a combination of spatial interactionsmepatial 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 generallydalled 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 locaflonation behaviour of land use and the
relevant modal choiceihr ansport si mul ati on. An exampl e
relocate to a specific location based upon the maximization of certain objectives of living cost,
public service accesmdenvironmental aestheti¢G&eertman antillwell, 2002p.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 bottorup manner from the interaction @&rgje 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 socieeconomic and environmental factors affecting the specific akeeange of

various such modelling donms are discussed in the next sections.

2.6.1 Macro-level Spatial Simulation Models

One of the major collective efforts contributed to urban spatial modedfirentire citieswas
initiated by Paul Waddel 6s team i n UnbesityDepart
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, UrbanSira,s&t of interacting suimodels 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 metroptdin transport planningWaddell et al, 2007) urban
development and environmental impa¢iéoth et al, 2003) and compact development and

transport investment@Borning et al, 2006) The tool ds wultimate purp
residents and electedfficials 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
apgication development, model system validation and operational use. The study was further
continued byWaddell and Borning (2004by applying the system for simulating land use,
transportation and environmental impacts and its application in a numberropoigan areas.

This also covered a variable range of case studies relating performance measures with an
assessment phase in civil policy planning and design. Howevedatéothe work done lacks in

terms of providing visual interface for personnel wittid or no spatiaplanning experience to

interactively manipulate model parameters to obtain various decision support outcomes. The
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model also lacks in terms of a raahe online collaboration domain where a group of remotely
based construction or desigpersonnel 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 methodologiesain gene
depends upon the availability of data, level of visualization required and thel@pendencies

between variable system variables.

2.7 ICT Systems for Visualization of Urban Environments

Practical decision support as a response to the simulation outdeme is generally provided to

the urban planning and regeneration community in the form of visually interactive, graphical
rendering simulationsThere ha been a wide range of conventional methods usegrdeent

future layouts and demographics of esti These generally include visioning exercises, 2D
presentation tablets and sophisticated 2D software for decision outcome assessment. However, a
real time, multidimensional visualization medium provides a far robust way to analyze model
outcomes. For #last two decades, graphical visualization in built environment has been used to
enhance decision support for collaboration and representations of various urban environment
simulation outcomesHo we v er , the technol ogyds prtoper u
technical hardware and software limitations. Present dbgnusimulations increasingly use
ComputerAided Design(CAD) and GIS data to produce 3D/4D interactive modelsrder to
enhance developer interaction and supp8uch models can now expldite 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 physioadels, 3D models are affordable,
flexible andare able toincorporate complex operations like Monte Carlo simulationseal

time. Such systems are thus able to incorporate the behaviour of various physical and
mathematical systeiwutcomesThereforethese systems can react to environmental variables or
user inpus in reattime. The systems may also incorporate induction of real world effects like
fog, daytime, dusandsnow along with the real time mapping of applications. Also, the mapping
can incorpratepre-programmed data or Al logia order to enhance human decision making or,

where possible, automate it in its entirtety

2.7.1 Virtual reality in environmental and geographic visualization

Virtual Reality (VR) is a technology which allows usdp interact withrealworld depiction of

computer based simulation moslebuch systemsare generally and largelymited to visual
experiences only that are displayed either on a computer screen or stereoscopic displays. Lately,
simulation applications have alstarted 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 f@gl computing machinery; it is now possible to

render, snulate and manipulate realorld objects in real tim@Nomura and Sawagda999) In
geographic perspective, VR plays an important role in landscape visualization and presentation.

In additon,hvesti gations of publ i c 6ape visnatizatioreseows i nt o

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 visualiza{idaar, 2006Paniel and

Meitner, 2002Bryan, 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.réfateddomain, Alves and

Bartolo (2006) developed a rapid 3D prototyping system for historiddimgis using the
biological perception of human vision as its very basis. Similar areas in pure GIS perspective
have also been explored for 3D topological modelli@grmset al, 1999 Huang and Lin,

2002) Verbreeet al, 1998 de la Losa and Cervelle999), object orientated integration of 3D

GIS (Dollner and Hinrichs2000)and integration of digital terrain and building mod@hou 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 cetls @duoh 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, beoperty 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 purpog€arsjens and Ligtenberg007) The GIS/VR
hybridization has been implemented in a wide variety of research applications ranging from
landscape visualizatiofWu et al, 2008)to archaeological workflow modellingatsianiset al,

2008)

However due to extensively physical setup requirements of VR mgstemajority of such
implementations are limited to visualization only and lack in terms of remote collaboration and
user interactivity. Furthermore, wh the advent of synchronous collaborative virtual
environments the interest has shifted into the us&R®fas a replacement or extension to
collaboration using CAD systems for a broad range of industrial applicaidmsyen and

Selmin, 2006 Rosenmanet al, 2007) Additionally, with the introduction ofadvanced
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telecommunication technologies, it is now spible 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 applicgfinrSironimo et

al., 2006) However aother major drawback faced by VR based applicationd ibeenin 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 regeneRalevant to VR
based representation of rembrld 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 hardwaxécee and a broad range of applications
including prototyping, simulation and visualization enables incorporation of 3D data inr@Dnon
content. Also, being considered a successor to Virtual Reality Modelling Language (VRML), the
standar dbés Xkt it easypgopexpose 3bndata to veavices 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 vakimainof applications
including discete event simulation@Ouerghj 2008) rigid body dynamicgEngstrom 2006)
education and trainin@eronutti and Chittara2007) GIS (Hetheringtoret al,, 2006) procedural

3D object generatio(Murphy, 2008) virtual urban modellingCoelhoet al, 2003) architecture

& archaeology(Meyer et al, 2008) and haptic and medical simulatiofRurthermore, he
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flexibility of X3D to objectively simulate realorld situations makes it a suitable domain for a
large number of applications that require onlmetworked display of spatiemporal data.

Yet, dsplaying and manipulating 3D models in real time for environments as huayi@ity

layouts is a computationally intensive procéss/cock and Day2003)investigated the existing
methods for rapidlygenerating models of real scenes focusing the reconstruction of urban
models. The work eliminates the conventional, time consuming modelling applications such as
3D Studio Maxand 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 beerty user dependent

in terms of feature extraction and correspondence problem in model recdVverysecond

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
stochasticor 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 suskiséanis, fractals

and generative modelling are procedural techniques since they apply algorithms for creating
scenesvithout a need to involve human modelleTse set of rules may either be embedded into

the algorithms, configurable by variables or thé aferules 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 thigerasewhen modellindarge
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 systemd$at produce geometric shapes that are not stored in the computer previously.

A shapegrammar 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 fundarméntand a
termination rule. The usage ofdystems for procedural modelling was effectively used by
Prusinkiewicz and Lindenmayer (1990@)y simulating plant development. The core idea was to
utilize the positional information of a plant structure thalates 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 wbfxrocedural automation

produced a research domain in swaint 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 byuller et al. (2006) in the implementation of procedural modelling of

huge urban environments primarily for the graphical regeneration efigia@ic cities and
generic mass residential neighbourhoods. As discussed before, modelling domains as large as
citesisanegensi ve process and requires s eMuler al mar
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 evalestya 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 théimwes 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 ParisAnd 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 facade details. Similar to this pritiits, 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 envirtsaiiae 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 methodologs Hbeen 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 systa 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, Al or probabilistic rutesed methodologie® define the
geometry of building facade®A mass model thus obtainéd this waywould 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 stozha#ed 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 basit neighbouring building cells. The issue of

traversable and customizable building plans would also be a significant addition in this area.

61



Chapter 2 LiteratureReview

2.8 Al based Decision Support in Urban Impact Assessment and Optimization

Artificial intelligence (Al) is generallyregarded as a branch of computer science that is
concerned with the realizatioof automation of intelligence behaviour in complex real world
systems. Al algorithms automatically recognize patterns of functional relationships in data
simil ar t Gty di drawegisference blam datdhe algorithms generally learn from

historical data or experiential learning in order to uncover statistical relationships.

For complex reaworld systems like cities, in order to model statistical relationships among
various attributes such as crime patterns, unemployment levels, access to job opportunities,
traffic emissionsandgeneral public health, a human expert is still requiigaupt et al., 2009,

p.127).

To date Al algorithms have rarely been used in thenitrgiand evaluation of complex and
emergent urban systems. The term generally used for Al applications in urban planning has been
Oknowl edge engineeringd which is regarded as
expertly guided artificial systesn(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 ofyfuzerence 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 member&mptions where the boundaries for different
fuzzy sets are defined. An example of membership curves for different impact parameters is
shown inFigure 2-8. Second is in a rulbase defined to subjectively realize the situation
modelled in the membership functions. Possible sources for establishment of sudbaseldee
surveys (or data), expert guidance, literature or common intuition. Howevetq duaprecision

in the human based analysis of complex systamadsnappingof relevantmembership functions

of relevant variablessuch systems are prone to inaccuracies. Such shortcomings are generally

modelled by tuning the membership function parameteérsiterative/generative Al algorithms.
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Figure 2-8 : An FIS depicting expert knowledge incorporation in a Mamdani, Type- 1
system

Fuzzy inference based Al 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 1998s. doncept of urban land
evaluation was initially introduced bysui (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 investigationcoate r ai sed the I mportanc
approach to the analysis of GIS based data. Similar investigation onto this work was done by
Stefanakiset al.(1996)proposing a distance based location assessment based on fuzzy measures.
Neurcfuzzy based rulextraction for a constraint based analysis of GIS data was dafiecinyg

and Kainz (1999)Further in the domain, simulation of urban edge expansion was built upon a
GlS/cellular automata based visualization platform that employed fuzzy logic to capgure th
features of land conversion behavidgWu, 1998) Hybridization of knowledge based systems,
neural networks and fuzzy systems to provide for urban development alternatives and evaluation
of urban development was donefgng and Xu (1999a) and Feng anal (1999b) The concept

of fuzziness in cellular automata was then investigateiaz 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 laads regionalizatiofHall, 2002) urban design
(Xirogiannis et al, 2004) and accessibility to urban servicg3hériault et al, 2005) Also
addressed are the areas of transport manage(déiaing et al, 2007) and accessibility
optimization (da Silva andde Almeida, 2007) Furthermore, sustainable facility location
optimization problems have also been investigated for industrial and landfill site location
problems within urban region&Changet al, 2008) Investigation into a distance based risk
assessmerof urban areas to natural disaster hotspots and the subsequent impact was recently
examined byGalderisiet 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 Al algorithms that draw inspiration from the process of
natural evolution to a particular style of problem solvirtgat of triatanderror (Mitchell, 1996

p.3. Re@nt 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 Gais generally regarded as a genetic run which follthesbasic notion

of the HAsurvival of the fittesto to explore
solutions. The fitness of these individual solutibndetermined by an object function, relates

how well they perform in achieving their @atives which is mapped to their very own survival

and multiplication.

Modelling urban development as a whole for optimal design and planning was recently
investigated byChakrabarty (2007)The work presented an integrated compatded design
(CAD) sysem comprising of foucomponents: 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-CeasOptmizing

Model (LCO) and MosBenefit 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 gehlemtpress 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 obtahfiia best
solution. In asimilar application,Caldas ad 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 visialization 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 theses nteasu
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 modellin@kim, 2001) Further to urbamodelling domain, GA have been

used along with discrete mathematical models in allocation and optimization problems
(Babayigit, 2003) public service distribution evaluatiofyu et al, 2007) road layout and
network desigrfCantarellaet al, 2006) collection area optimizatio(Bautista and Pereira, 2006)

and integrated GA for parametrically optimized drainage mode(Bigwardene and Perera,
2006) In practical applications of spatial optimization, genetic algorithms were initially used for
land use @nning(Matthews, 2001)In construction automation, GA heuristics have widely been
used for facility layout and allocation problerf@hau, 2004Mawdesley and Alibouri, 2003

Janget al, 2007) public services layout optimizatidiYeh, 2006 Yu et al, 2007)and building
design(Caldas and Norford, 2002Vanget al, 2006) Also, a significantevel of research has

been done in the optimization of urban traffic netw(lantarellaet al, 2006)and bus routing

problemg(Bielli et al, 2002 Kuanet al, 2006)

I n the domain of urban | ayouts optail miozattii @m,
problem that determines the best or optimal location of services on geographical space using
solution models. Generally, these models maximize the accegsibitesidents 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 loadibboation

problems of medium to large sample spdGong et al. 1995 Gong et al.1997) proposed real

66



Chapter 2 LiteratureReview

value based GA approach to solve the capacity and obstacle leakbicetion and compared to

Alternative LocatiorAllocation (ALA ) heuristics.

In practical applications of spatial optimization, gga algorithms were initially used for land

use planningMatthews 2001). Planning activities in complex systems like built environment
with inherent emergent behaviours between various operating agents tgadetatemulti-
objective requirements. Irush 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
unenployment 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 tihes§ of a set of
conflicting, noncommensurate objectives are generally known to belong to a class of equivalent
solutions called Paretoptimal (Cutello and Narzisi, 2008)The base notion is, given a set of
alternative allocations of, a set of mutuallye | evant factors say 1 ncome
local accessibility; a change from one allocation to another that can improve the level of one
without making the other factor worsdf is called a Pareto improvement. An allocation is called
Pareto Efftient if no further improvement could be made to the situation. The technique is
frequently used in muHlbbjective domain to address applications with conflicting optimization

goals(Dietz et al, 2008)

Figure 2-9 shows a multobjective (dual) optimization case within a built environment impact
assessment as an example c&sggure 2-9(a) shows an association between two mutually non

conflicting cases where maximization of Objective 1 would automatically result in a lower
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atmospheric emissions rate due to a drop in level of slstdnce automobile usageéigure

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 oveall 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 inadvenaxitlyize 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 Pareteefficient solution

Relevant to the mulfiacet nature of sustainable regeneration in built environment, the scope of
this problem trasforms a basic urban plan into a mualkjective optimization problem. For a
dualobjective situation shown iRigure2-9, if the first objective is taken to be themmization

of environmental impact of Area 1 and Objective 2 is a locadlmtation set up to minimize the

travetto-service distance for thaverall public service area residents, the two objectives tend to
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