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AIM: The purpose of this paper is to highlight a new paradigm in the urban design practice, assigning a possible role to computer cognition in architecture.
MATERIAL AND METHODS: Computer cognition is a synthesis of theories of cognitive science and the
latest artificial intelligence-based computer principles. First, the development of computer systems used in
architecture and urban design has been examined with the emphasis that one of the most important representations of urban systems is based on the cognitive aspect of urban environment.
RESULTS: Thus, the relationship between urban environment and cognitive science and computer science
has been established. A framework of the implementation of computer technology into the urban design process has also been created.
CONCLUSIONS: Through the research framework of the new urban design tool – named DesignTool – the
paper presents the initial theoretical postulates concerning the urban environment from the aspect of cognitive
perception and their genesis.

Introduction
In present architectural, urban and planning
practice, the role of information technology has
become increasingly important. The use of computer
models in architecture and urban planning dates back
to the early 1950s. The early architectural drawing has
undergone certain transformation by the introduction
of computer - aided design software packages (CAD),
as the widespread AutoCAD, ArchiCAD or other
products available at the market. The breakthrough of
computer applications in urban planning was marked
by the use of municipal information systems,
transportation system's modeling and land use
programs. In recent decades, important visualization
and representation tools have been developed,
particularly within the framework of geographic
information systems (GIS). With the development of
GIS technology, it is likely to connect 2D and 3D
spatial data by the use of software packages like

ArcInfo, ArcView or MapInfo, which are common tools
of urban planners used in urban planning and related
disciplines. On the other hand, for many years, urban
design has almost been neglected in the development
of computer systems. Nowadays, this situation is
slowly changing.

The development of computer systems in
urban design
Urban design is a discipline placed between
architecture and urban planning – a discipline dealing
with both architectural objects and blocks of buildings,
with streets and landscapes. Urban design is an
operational arrangement in the urban planning
process which according to Barnet [1], provides
urban growth, conservation and change with
physically designed guidelines.
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Urban design is a part of activities of urban
planning and arrangement of appropriate relationships
between objects, infrastructure, landscape and the
like. In urban design, all the technical, economic,
social and aesthetic factors are involved, highly
harmonized and mutually synthesized.
According to Batty, et al. (1998), urban design
is almost neglected in the process of computerization.
Since the late 1950s, both architecture and urban
planning have been actively involved in software
development, which simultaneously followed the
developments in the electronics industry – both
computer and satellite. CAD systems have
dramatically and fundamentally changed the daily
practice and organization of architectural offices. This
made architectural practice much more efficient. New
opportunities in the field of realistic 3D and real-time
visualization like immersive virtual reality [2], have
additionally changed the perspective of development
of the architectural and planning profession.
Furthermore, the architectural profession and its
cooperation with participants at all stages of project
design and construction (including maintenance) have
been enhanced by the rapid development of BIM
(Building Information Model) technology [3]. From the
early 1960s, Geographic Information Systems (GIS)
have completely changed the field of urban planning
through the incorporation of satellite-collected spatial
data, accurately constructing a broad spatial
environment, or even the entire world (Google Earth,
for example – an all available Internet application),
with 2D or 3D components satisfying a wide scope of
interests and professional needs.
The development of urban design software is
disregarded, being almost unavailable in an
appropriate form, as it is the case with architectural
and urban planning software. There are several
reasons for this 'software vacuum': the main one is in
diversity of the urban design process and its large
amount of participants with strong political influence,
which cannot be software-processed. Another
possible reason is the difficulty to synthesize the
urban design methods with visualization techniques,
which is now successfully completed through the
connection between the CAD and GIS.
Within the GIS framework, several research
efforts have been undertaken in urban design
development for sketch planning, visualization and
analyses that include GIS functionalities and
multimedia visualization [4-8]. Some of the reaserches
are focused on resolving issue of public participation
in planning using utilitized graphical interface [9,10].
Most of these researches are intended to assist the
urban design process in its various stages, rather than
the implementation of urban design itself. Some
decision-making assistance systems have been
developed to assist planning for specific purposes,
such as locating facilities and installations, or retails
and the like [11-13].

The creative aspect of urban design has not
been implemented in the development of computer
applications; however, some basic supplementary
tools are under development for the CAD, GIS and the
Internet.

Urban design-related problems
There are several possible questions that may
indicate some of the problems related to urban
design. Some of the most important ones are the
following: How to present the functional model of
urban environment effectively? How to test the
proposed solutions and how to choose the best? How
to get the feedback of interested citizens? How to
prepare the analysis of potential impacts and
consequences? How to integrate all information with
the new functional and conceptual model? How to
make decisions based on experts and ‘non-experts'
(layman) democratic voting? How to implement the
selected model? Modification of these issues to the
level of computer technology may look as follows: Is it
possible to create computer tools that integrate the
analyses, appearances, shapes, shape changes, tests
and decision making – all based on expert knowledge
and the existing technologies, such as the CAD, GIS
or the Internet, and which can be applied by both
professionals and citizens? This single question can
be replaced by hundreds of related questions, but
there could be only few answers. The theoretical basis
for the development of computer tools is briefly
discussed below, contributing thereby only partially to
the elimination of the urban design software-related
vacuum.
Urban design manipulates at small scales,
and it is less abstract than urban planning that
operates at large scales. Urban design provides
people with a clear picture of how design will look like.
The potential of inclusion of new technologies in urban
design is huge at the level of assistance at the
neighborhood scale, both for specialists and for
ordinary citizens. The large amount of different data,
presented in a visual and acceptable form for all
interested groups, can play a useful feedback in urban
design. Due to be efficient and as collaborative as
possible, designers need to determine the project
framework that provides physical environment for
users with the ability to directly participate in the
project through the Internet. Results of public
participation would be analyzed and included into the
urban design creating process. This kind of 'reflective
design' is an approach that will probably solve the
problem of design by obtaining acceptable plans for
urban systems [14].
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Representation of urban systems

Cognitive representation of urban design tends to be
realistic both from cognitive aspects and the aspects
of its implementation.

At the level of urban design, urban systems
consist of four types of representation according to
Batty, et al. [15]:
1) socio-economic information are traditionally
spatial, macro information that are normally
related to the area;
2) functional
information
relate
to
the
relationships among the system's spatial
elements;
3) 'acting' information are usually information
reflecting several micro information, e.g. the
way users react to imagery of the urban
environment; and
4) physical information is geometric (vectored) in
contrast to geographic (raster) information.
All these types of information are stored in
different data banks, mostly GIS's. The representation
of an urban system and the process design are
perhaps best integrated through the relevance of GIS.
Urban design consists of a small scale problem
requiring 2D or 3D considerations. Urban design also
includes a wide scope of interests, ranging from socioeconomic through functional, aesthetic, structural and
others. The designer should control and be
responsible for all these. In such circumstances it is
necessary to have a good design tool at disposal,
based on the latest development technologies, such
as CityEngine, which is based on work of Parish and
Mueller [16].
One
of
the
four
most
important
representations of urban systems is certainly the one
that is based on cognitive aspect of the urban
environment.

Cognitive representation in urban design
The idea of cognitive representation is defined
by the way people understand and perceive the space
around them. Cognitive representation in urban
design is based on the concept of cognitive mapping,
path-finding and navigation. Cognitive mapping is the
relationship between the physical environment and
psychological pattern of the related memorized
information. As a cognitive approach to urban design,
this research is based on the theory of urban design
and the theory of computer cognition. The theory of
urban design, as well as the concept of cognitive
mapping, is taken from Kevin Lynch [17]. Path-finding
and navigation are other aspect of integration of
cognitive representation adopted for the present
research.

Computer implementation into the urban
design
Batty, et al. (1998) suggests a framework for
the development of computer techniques that can be
applied in urban design. This framework illustrates the
stages of implementation of new computer
technologies into the process of urban design. This
framework consists of three main parts:
1) data representation – showing the four types
of representation of urban systems (socioeconomic,
functional,
'performing'
and
physical);
2) models and systems represented by CAD
models, functional models, economic models;
and
3) urban design process, presented in various
steps in the process, from problem defining to
decision making regarding the best plan
(implementation).
Data representation and models and systems
correlate with 'GIS tools' that are also related with
networks, photos, CAD, syntaxes, maps, graphic
editors, and 2D and 3D models. When respecting
certain criteria, this schematic framework can be
universal. For the cognitive representation approach
in the present study, the following components can be
implemented into this framework: psychological recategorization, technical support, DesignTool and
cognitive model. Batty's universal framework has been
adopted, modified and minimized in order to meet the
needs of cognitive approach to this specific research
[18].
The proposed framework of implementation of
computer technology into the urban design process in
relation to the cognitive approach of this study
consists of five parts (see Figure 1):
1) data representation indicates the relevant
types of representation which are dominated
by
'behavior'
and
'psychological
recategorization' (new type);
2) models and systems indicate the relevant
models such as 'functional models' and
'cognitive models';
3) technical support is the framework of the
existing computer techniques that can be
used in urban design, such as the CAD, GIS
or the Internet;
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4) DesignTool or designer's tool, is a new
software application that can improve the
urban design practice, and it is also the result
of the present research; and
5) urban design process is a schematic
representation of the process from indication
of design problem through implementation of
the DesignTool, and reaching alternative
design solutions to implementation of the
selected alternative.
The DesignTool has a central role in this
framework. All the parts of the framework belong to
each other directly or indirectly and thus establish
mutual interaction.

sequences during the motion and how to represent
effectively the result of that process for the purpose of
recognition.
Aspects of human vision, as well as the
neuro-cognitive aspects, complemented by the
theoretical postulates of computer vision are all part of
the initial basis of this research.
The human vision system consists of a
receptor system – the eyes, and a processor system –
the brain. David Marr [19] in his studies of vision and
Bruce and Green [20] thoroughly investigated the
functions of the human visual system. Vision is an
information processing task that provides information
about the shape and spatial relations of physical
objects. “Vision is a process that produces from
images of the external world a description that is
useful to the viewer and not cluttered with irrelevant
information” [19]. The process of reconstruction of
two-dimensional retinal images is required to obtain a
three-dimensional impression of the environment. It is
obtained using available information in the retinal
image.
An important part of this research is the
understanding of 'high level' vision or 'object
recognition' derived from the work of Shimon Ullman
[21] and his ideas about how the brain 'sees'.
Knowledge about the process of classification of
scene segmentations, visual routines, highlighted
elements, as well as the work of neural mechanisms
of the visual cortex which explains the functioning of
the visual system are also significant and
indispensible for the further research of the process of
computer vision and computation.

Figure 1: The framework of the implementation of computer technology in the urban design process according to a cognitive approach (based on Batty at al. [15])

On cognitive science and computation
In order to understand the knowledge on
cognitive aspect of the urban environment, it is
necessary to introduce the basic theory of cognitive
vision.
In the process of architectural and urban
design, the perception of the three-dimensional world
constitutes the crucial knowledge and experience of
space and its properties. Knowledge on how people
perceive their environment and how they reproduce
the related visual information is fundamental for
understanding the process of cognitive mapping. The
three-dimensional spatial perception indicates the way
people perceive the space around them through
vision. The theory of vision is focused on information
processing; there are different approaches to how to
reunite the whole picture emerged from the

These two theories, among others [22-24],
were chosen since they strongly support the vision in
the computational process required for this study.
Marr's theory provides a starting point for developing a
new model, while Ullman's theory provides an
appropriate method to overcome the basic problems
of object recognition and classification.

Computer modeling in cognitive science
Computation is the core concept of modern
cognitive science. It is now a common place to use
computers to model human cognition, which is again
one of the starting points of artificial intelligence.
Computation provides a general framework for the
research of cognitive processes and behaviors. Thus,
it is necessary to relate mathematical theory of
computation,
cognitive
science
and
artificial
intelligence, which are generally engaged in physical
systems. Therefore, it is needed to establish a system
that implements the relations between an abstract
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computer object and physical system. Implementation
may have cognitive and thus, syntactic features as
well. The physical system implements the given
computation when the physical structure of the system
is reflected as a formal structure of computation.
According to the type of mental traits, the
main requirements of the cognitive model are:
psychological – such as belief, learning and
perception, and manifestational – those that are
characterized by the way in which they are
consciously perceived. Psychological characteristics
are related to what makes the mind, while
manifestation characteristics are related to the way
they feel. However, the computer model is only a
simulation. If the computer simulation is convenient, it
will divide the informal system topology that is
modeled so that the system is replicated rather than
simulated. Some computer frameworks are able to
explain and replicate human cognitive processes.
Many researchers consider the implementation of
computer models as an important test of its suitability
for describing the internal mechanisms of human
cognition. The reason for considering computer
models suitable for cognitive models is that computerprocessed models need to be fully specified. Knowing
that the model of human cognition is necessarily
complex, there is a huge risk of inadequate
specification of functions.
Testing the model by computer involves the
creation of an appropriate test. The model generates
the same results as the system it is created upon,
which strongly supports the hypotheses that the
model is made on the same principles as the basic
system. When the model is constructed with the
operation of human cognition, it is spatially huge, and
thus should be optimized to the highest possible
extent. Without additional restrictions, the correlation
between the behavior of human cognition and some
specific models cannot be used as a correct record of
the model. In some cases, large models will replicate
the behavior of the system at random.
Given the amount of information about human
behavior and the spatial size of the model of intelligent
systems, the verification of these models will require
indefinitely long time. It is therefore essential to put
more restrictions on the model space. Generally,
models that are made for computers need to be
completely specified. They are usually highly dynamic;
every change in their functionality, such as learning
through observation, is made with full action of the
brain controlled by an external source. Thus, when the
model is created for one action of human cognition,
we intend to support the complex self-adaptive or selflearning systems.
The belief that simple models are probably
correct for complex systems is based on the following
two assumptions:
1) complex systems perform operations on a

simple manner; and
2) there is a very small number of simple ways
to perform operations.
The second assumption is reasonable while the
first is not, especially for self-learning operations.
The possible advantage of simplification is in the
reduction of the number of items, making thereby
simple sequences more cost-effective. Simplicity is
important because it enables the 'exterior designer' to
evolve changes in the system much easier.
Before accepting it as a possible model of human
cognition the following main conclusions can be
applied to the operational aspect of the computer
model:
1) that rather strict constraints are to be imposed
on the possible model, significantly increasing
its likelihood to be correct; and
2) that the model of self-learning operations
cannot be simple, since its implementation is
not simple as well.
The last possible conclusion is that it is
difficult to find an applicable generic model for the
operation of human cognition. However, computation
is sufficiently flexible that it can cover almost all types
of organizations, regardless that informal relations are
conducted between low-level neural processes or
high-level representations.

Some observations on cognitive science
and urban environment
An urban environment can be highly complex.
The structure of its representation in computer images
is also complex and usually contains too much
information to be effective in the process of
recognition. The fundamental problem is how to
organize this amount of information in an efficient
manner for the given process of object recognition
within the DesignTool.
There are three main prevailing theories on
object recognition:
1) method of invariant properties leading to the
representation
of
invariants,
spatial
characteristics, groupings and separation
techniques;
2) method of decomposition of parts leading to
representation
of
symbolic
structural
explanations, hierarchy of forms and syntactic
pattern recognition; and
3) method of regulation, a trade-off method
between variable separation of the observed
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object and the appropriate model (predefined
and saved) and their comparison.
'The method of regulation', as defined by
Ullman, is a 'more correct' method that can be applied
to all possible circumstances. By the acceptance and
integration of this method, the proper recognition of
objects based on images taken from the urban
environment is enabled.
According to the given tasks that DesignTool
needs to resolve, and according to the cognitive
approach and computation, a series of questions
emerge that should be addressed properly. The basic
question is: what information needs to be saved from
one image to be used to design its adequate
representation? Or, is it necessary to use all
information from one image and have them all
represented? Or more specifically, if the object is
recognized from one image of the urban environment
through the analysis of its forms and through the
process of comparison, is it required to add the
appropriate common attribute data to the subsequent
computation process? These are several questions
that reasonably emerge from this research context.
In conclusion, this paper suggests a new
paradigm in the urban design practice, where the role
of computer cognition is of crucial importance. The
multidisciplinary
research,
whose
theoretical
framework is based on computer cognition aims to
assist urban design professionals by the development
of a new software tool called DesignTool. The
purpose of the tool is to provide assistance in the
analyses and verification of visual quality of the urban
environment, as well as in the formation of alternative
solutions, taken from the urban scenes based on their
images. Due to achieve this objective, the research
generates and integrates some of the methods and
techniques for structuring and designing a new
DesignTool. In addition to other applied sciences, the
focus was also on the cognitive science, where two
appropriate theories were elaborated for the object
recognition system: Marr's 'computer vision' theory
and Ullman's 'high-level' vision theory. Both theories
allow theoretical and practical approach to human and
computer vision. The paper presents the basic
postulates of computer vision and cognitive perception
from the aspect of urban environment, as the primary
tasks of fundamental research concepts.
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