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Urban sprawl and complexity are increasing at an
alarming rate causing huge energetic waste and
affecting the quality of life of people and life on earth
in general. This paper proposes Urban Dynamic Analysis
as a feasible approach to address this negative
phenomenon. Urban Dynamic Analysis is a
multidisciplinary holistic method that inquires into
temporal relations between structures and related
characteristics in cities. A range of simulation tools are
being adapted and developed aiming to assess
different morphological configurations of urban
spaces, to improve the welfare of citizens and to
optimise energy consumption. All these tools are
based on digital image utilization, with simple
computational techniques.
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1. Introduction
The rate and scale of contemporary city growth are phenomena with no
precedent. Control over urban evolution is frequently lost, producing
structural deformation, deficient functioning, energy waste, and
deterioration in the quality of life.
To mitigate these negative effects, mainly in major urban interventions, it
is necessary to predict environmental impact. The problem becomes critical
in extreme situations, as in the case of catastrophes, since adequate and
urgent decision-making should have precise auxiliary implements, and those
used presently have demonstrated just the contrary. Most of the available
methods and tools have been conceived for slow transformations and based
on a model of equilibrium.They therefore resist adaptation to deal with
permanently fluctuating processes (such as daily and periodical fluxes of
people and supplies).An alternative to get more efficient actions is Urban
Dynamic Analysis.

2. Urban Dynamic Analysis
Urban Dynamic Analysis (UDA) is the framework of multidisciplinary
knowledge that allows us to study -using a holistic approach- the evolution
in time of the relations between city structures and associate characteristic
functions [1].
UDA admits the formulation of new inquiries about city functioning,
involving issues related to different areas of interest. In addition, UDA allows
proposals could be linked to variable conditions in time, in generally welldefined cycles (daily, weekly, annual).These are some examples of the
questions UDA may naturally address: Which are the most convenient types
of urban tissues and what criteria should be used to establish physical limits
of buildings? Which patterns are better suited for urban forestry and open
spaces? How could artificial lighting be harmonized with foliage? Which is
the energy saving that could be attained by changing colours in large urban
sectors? How could the sound field be changed when modifying traffic flow
schemes?
In order to get precise results, UDA uses tools that allow a quick
comparison of different conditions, preferably digital resources and
simulation procedures.
Evaluations are based on criteria supporting the improvement of urban
sustainability and citizens’ welfare. UDA uses the concept of environmental
comfort, which involves all the features that affect human nature -at least
those ones that can be measured- [2].
Because of its multidisciplinary approach, UDA may be applied to the
formulation of strategies different from those obtained using traditional
methods. For example, in the case of roadways, UDA will not only provide
with an adequate estimation of expected flows, but also allow to evaluate
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the effects of sound absorption from pavement, light reflection, short and
long wavelengths thermal behaviour, non-slipping surfaces capacity under
different humidity conditions, non-interference with natural mechanisms of
aquifers provision in order to maintain its level with non-contaminated
water and reduce danger for unforeseen floods due to heavy rain.
We have been dealing for several years with UDA’s knowledge gathering
features as well as with the development of different tools, mainly those
related with energy use.

3. Urban Dynamic Analysis Tools
Undoubtedly, UDA requires the aid of tools such as Geographical Information
Systems (GIS) taking advantage of its dynamic potential. In addition, new types
of problems make necessary the adaptation of existing tools as well as the
incorporation of new ones especially designed for this task.
In this context, remote sensing plays an important role. This resource,
invented at the end of XIX century, has evolved from elementary fixed and
mobile aerial platforms to sophisticated equipment deployed in satellites.
Through these sensors, urban studies have provided some certainty
regarding hydrological resources, hinterland, green spaces, biomass
production, contamination, land use, “heat islands”, roads engineering
structure and building morphology.
Satellite sensing has the great advantage of covering a vast territory and
delivering a wide diversity of data reported on various measurements. This
is due to their multiple sensors and orbital iteration -for instance, Landsat
passes over the same point of our planet every sixteen days.
As it is well known, this data acquisition technique is based on
radiometric collection of photons from the terrestrial surface, which its
different materials can be recognized by means of spectral signature.This
identification method is founded in the particular form in which each
substance distributes incoming radiation, and then immediately it is
reflected, absorbed and transmitted in the electromagnetic spectrum. Due
to photoelectric effect, photons that arrive to each sensor from the points
of visualized solid angle, produce electrons emission. These photoelectrons
are a function of the current they generate. This electric magnitude is
directly proportional to the light intensity received.To be managed in a
convenient form, this analogous signal must be previously converted into a
digital one. In this operation, a discrete value called digital number (DN) is
assigned, in a finite range, for each point of the scene collected -in Landsat
this varies between 0 and 255.
With this information, it is possible to differentiate materials and physical
processes, through the subdivision of the electromagnetic spectrum into
several bands. Each of them is associated with the characteristics under
study. For instance, Landsat Band 4, which comprises wavelengths between
760 and 900 nm (near infrared), is closely related to healthy vegetation.
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All these bands are generally considered as monochromatic images (in
grey values). For instance, in the previous example, the presence of vigorous
vegetation will be limited to the clearer zones of the image, corresponding
to the highest DN values.
Analysing the data collected means to choose among a range of tools
that possibly use matrix operations with DN values. The interpretation task
is relatively easy since results can be shown graphically. Image animation,
such as mounting consecutively successive images taken from a region at
different time periods, is particularly helpful.
Advantageous observations may be obtained by the visual combination
of bands, with three primary colours (RGB).This technique is called
composed colour. Following the Landsat example, combination of bands 4-3-2
for red, green and blue respectively, shows healthy vegetation in bright red,
and so on.Then, multiple combinatory possibilities can result.
There is another important application of remote sensors: urban sprawl
monitoring. Through the use of satellite images obtained over several years,
it is possible to study chaotic dispersion, comparing changeable limits. In
practice, this task is extremely difficult and slow.
Marc Imhoff, a biologist from NASA’s Goddard Space Flight Center,
wanting to find a simpler solution to this problem. He used night images
from a satellite network devoted to security in aircrafts. Using the photos
obtained in periods with no light from the moon, he could delimit cities
contours, defined correctly with artificial lighting patterns.This a good
example of the use of tools originally created for other purposes [3].
The application of satellite images is limited by their resolution, which
usually depends on the distance between sensor and object – approximately
700 km for Landsat 7 –. In more precise applications distance should be
reduced to hundreds of meters. This is the aerial photograph domain, now
also enriched by multi-spectral acquisition techniques. Perhaps, the most
frequent use of aero photography in UDA is volumetric restitution, essential
for the construction of electronic scale models that constitute a basic tool
for simulation processes. They are particularly suitable for energy exchange
tests. At present we are working with three-dimensional representations of
Rosario -our “laboratory”- a city of about one million inhabitants, located by
the Paraná river, in a humid-temperate region (33°S, 60 °W) of Argentina.
The tools mentioned so far are not enough to deal with specific tasks. In
our case, it was necessary to design special ones, described next. For
identification purposes, a designation has been assigned to each tool, which
is composed by an “ADU” prefix, followed by a suffix related to the task
fulfilled. For example: “ADUlux”, for lighting evaluations.

3.1. Surface estimation
For analysis and study purposes, it is essential to know the amount of surface
considered. Frequently, it is necessary to calculate the areas devoted to different
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uses, or the envelope relation emptiness-fullness in volumes affected by thermal
and lighting aspects. In most cases, we are dealing with irregular shapes with not
well-defined contours.Therefore evaluation results extremely complex.
Traditionally, this problem was solved with scale images and planimeters
aid -tools used to estimate surfaces from perimeter measurements. Vectorial
methods, that estimate areas with CAD tools, follow a similar idea.These
techniques are not practical when applied to complex contours or to a
great variety of isolated sectors.
The arrival of digital images enabled pixels calculation in an easier way.This
is the procedure we have used for the computational module developed:
ADUsup.This programme estimates surfaces with black and white images
(b&w), calculating only white dots. It works with data files, which must be in
bitmaps (BMP), format with a structure consisting of a headline followed by
graphical information. For operation purposes, the area covered by each pixel
(900 m2 in Landsat images) must be known.The module interface for ADUsup
facilitates file searching and visualization before calculation.
ADUsup has been tested in a variety of situations (Figure 1) and
represents the basic module of specific tools described next.

3.2. Solar energy estimation
Improving urban sustainability means to give priority to renewable energies
utilization.Thermal and lighting energy belong to this field, characterized by a
pulsatile behaviour, being an essential counterbalance to avoid climatic extremes.
The challenge is to address these fluctuations, at a large scale, with reduced
consumption.This is the reason to study this phenomenon comprehensively.
Radiant flow estimation makes it essential to compare the surfaces
involved as well as subtended solid angles. Since these are complex threedimensional configurations, to be examined iteratively, traditional
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Figure 1. Left: São Paulo (Brazil) at
night, colour and b&w. Right: Rosario
and hinterland; Landsat images, colour
(combination of bands 4-3-2) and b&w
(band 4).

procedures require unaffordable amounts of time and effort. For this
reason, it is essential to use specially designed tools. Some computational
developments are presented to simplify a number of basic operations.These
will be explained in the following sections:




Short wavelength energy estimation collected by complex volumes.
Assessment of direct solar radiation interference rate.
Computation of radiant exchange between extensive sources.

In all cases, these procedures are to be executed for different periods
and intervals.Their length depends on the phenomenon nature under study.
3.2.1. Short wavelength energy estimation collected by complex volumes
In order to estimate the amount of radiation impinging on complex volumes at
any latitude and date, sun path CAD simulation has been selected.The method
consists in drawing the elements to study, rotating them for different dates and
hours, as if they were “seen” by the sun. Located on this situation, there are no
shadows cast, since volumes hide them. In the figure so obtained, partial areas
are proportional to received energy.The problem lies in their estimation.
For simplification purposes, the method of vectorial measurement was
disregarded, substituting it by a monochromatic image examination procedure,
similar to the one explained for surfaces estimation. But in polyhedrons it is
necessary to differentiate diverse orientation planes. Each of them would
require a singular image, thus demanding a long time of graphical edition task.
To overcome this difficulty, a procedure has been implemented. It consists in
disarranging volumes drawn in regions, and then grouping then according to the
azimuth of their perpendicular axis. Finally, these regions are arranged in
different layers identified by colours. In the case of groups of buildings, different
tints are assigned to roofs, ground, vegetation and walls for each quadrant.
Once elements are set in this way, layers activated and colour applied to
surfaces, the volume is rotated according to azimuth and sun altitude in the
instant selected. Then, the image displayed is captured and with a graphical
editor, the portion to be analysed is selected and saved into BMP format.
At this point, with the assistance of ADUsol – another module developed
– surfaces corresponding to each orientation are estimated, using pixels
computation.This procedure must recognize different tints and values, by
means of logical operations on data in files. ADUsol has also a visual
interface and offers users similar possibilities as ADUsup.
Once surfaces are known, energy values are obtained with another
programme (ADUrad), developed some time ago, which will not be explained
this time, since its numerical nature goes beyond the scope of this article [4].
The method has been tested in energy behaviour simulation for the
large urban areas of Rosario, with the assistance of electronic threedimensional models (Figure 2).
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Figure 2. Left:Aerial photograph.

3.2.2.Assessment of direct solar radiation interference rate
This aspect is related to daytime and annual behaviour of natural and
artificial shading devices. Particularly, deciduous trees represent an
interesting example. In this case, ADUtau is the module developed to
estimate thermal and lighting transmittance, using the calculation of solar
energy transmitted and incident radiation ratio.This requires digital
photographs of sky hemisphere, seen through the shading device. The
method has three steps: a) photographing the shading device in counter
light, b) transforming the image into black and white, and c) estimating
transmittance from the file obtained (Figure 3).

Middle:Volumetric restitution. Right:
ADUsol estimates areas for each

.

orientation.

Figure 3. Left: Photograph the
shading device in counter light. Middle:
Transform the image into grey values.
Right: Estimate transmittance with
image (b&w) and ADUtau.
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ADUtau estimates transmittance by a simple computation of white
pixels in relation with the whole contained in the image. Its interface offers
similar facilities for users [5].
Images can be saved in compact files, for space economy purposes.
Partial loss of information is not significant.
3.2.3. Computation of radiant exchange between extensive sources
Radiant emitters are called extensive sources when they range large sectors
in the hemisphere “seen” by a point receiver.These ones are distinguished
from point sources – like sun, or lamps in streets –. Sky, walls and floors are
the most common extensive sources in urban spaces.
This is a subject linked with thermal, lighting and psychological features
of environmental comfort, such as: a) short wavelength thermal exchange
assessment, b) natural lighting level prediction, c) accessibility to direct
vision of sky hemisphere.
In the last decades, scientists have tried to overcome the difficulties of
this subject, but published information is scarce and not available to other
disciplines. In regards to implementation, software based on radiosity and ray
tracing represent excellent examples, in technique and concept, but their
potential cannot yet be used by UDA, because of the long processing time
required.
In order to address these shortcomings and facilitate results attainment,
an acceptable assumption is that surfaces and sky behave like perfect
diffusers.This hypothesis takes into account the concept of projected solid
angle [7], and allows reducing the difficulty to angular factor estimation for
each radiant source.
This factor can be obtained using the ratio between the emitter surface,
cast on the plane-base of the hemisphere that passes through the point
under study, and the resulting circle after projecting the whole hemisphere
on that plane.
Dealing with real spaces, the technique proposed is to project radiant
sources images on a reflective hemisphere, located at the point under
analysis. A camera, located in their rotating axis, photographs the convex
mirror built in this way and the resulting image is processed (Figure 4).The
problem is limited to angular factors estimation. Using digital images, these
values are obtained with the ratio between quantity of pixels in each
projected area and the whole included in the comprised circle. The tool we
have developed to simplify this task: ADUlum, makes this calculation by a
method similar to those already described.
The non-dimensional value given by this module is to be adopted as a
final result when the scope is to search accessibility to direct vision of sky
(case c). But when studying thermal exchanges (case a), or lighting levels
(case b), these values must be multiplied by the reflectance -i.e., the ratio of
the radiant energy reflected by a body to the energy incident on it.These
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results must be multiplied by the impinging instantaneous radiation on each
surface (case a), or by the illuminance (case b).The first value can be
obtained with ADUrad aid -already mentioned- while the second one
requires other module: ADUlux, developed some time ago. We will not
describe it here, taking into consideration its numerical character.
This technique of hemispherical mirror can be used to study how virtual
spaces behave. A three-dimensional modelling programme is used, in which
volumes are represented. Sky and floor are simulated with hemispheres and
the mirror with a net covered by a material that allows ray tracing. The
whole set must be illuminated by the programme’s device.The same
methods explained above for real situations are used on the resultant image
when rendering the virtual mirror.

m

Figure 4. Left:The mirror is
photographed. Middle:The resultant

4. Some UDA Documents
In order to exploit the potential of the information involved in Urban
Dynamic Analysis, special documents had to be created.

4.1. Shadow maps
Solar radiation is necessary in cities for hygienic reasons, mental health, as
well as thermal and daylighting utilization. But as any energy flow, useful
solar radiation should be in a determined range. If it exceeds its limits,
consequences can be very harmful [8].
For this reason, during hot periods, cities should guarantee that
pedestrians and (not motorized) vehicles paths are protected from direct sun.
There are different proposals to determine the period in which protection
is essential. For this application, dealing with latitude and average temperature
of the location has shown good results. For example, for Rosario (33° of
latitude), shadow is required when temperature exceeds 21.7°C [1].
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image (grey). Right: Estimate angular
factor with image (b&w) and ADUlum.

Addressing the urban challenge of hot periods demands to know
shadow casting variations from buildings and trees, mainly in public areas
that require sun protection.This is an important aspect to be considered
either in already existing zones as well as in spaces to be built.The shadow
map is a specific tool that has been introduced to deal with this issue. It is
the instantaneous representation of shadow cast by surrounding elements
on surfaces.
A three-dimensional representation is essential for this task, again with
an electronic scale model aid. Only contours of shadow cast on the floor
(neglecting other elements) are obtained using sun radiation simulation for
the instant selected.
By direct observation, shadow maps permit the evaluation of solar
protections characteristics. For the analysis of annual periods, the
progressive change of foliage transmittance should be taken into account.
A subsequent procedure with the modules described above, gives us
information about thermal and lighting intensities arriving on the floor.
Shadow maps are useful in animations, through layers corresponding to
different instants.

4.2. Sensorial maps
Several urban problems are measured by instruments.Temperature,
pressure, rain, sound, and light are tested in this way. However, they may not
be enough to account for the complexity of urban events. For example:
How would one evaluate the multiple sensations experienced daily by a
citizen – most of them related to quality of life? There has not been great
advance about how to study this type of issue. Some interesting
contributions, coming from Environmental Psychology, remain restricted to
the phenomenological effects of buildings. In assessing a given space, binary
semantic pairs are commonly used: nice-ugly, boring-varied, luminous-dark,
busy-quiet, and so on.Within each of these combinations, several numerical
degrees of significance are considered (very > fair > none). In addition,
positive and negative values demonstrate possible benefits for the analysed
category (for instance, in clean-dirty, the testing scale may vary from +3
“very clean”, to -3 “very dirty”, and 0 or “no value” for “neither clean nor
dirty”) [9].
Another interesting method is called commented city walk.The main step
of this approach is to register on tape the feeling of individuals when
walking through a selected district. People are equipped with conventional
instruments (thermometer, photometer, sound pressure meter, etc).This
method accumulates different subjective experiences (visual, tactile,
olfactory, kinaesthetic, etc) and simultaneously compares them to the
measurements (for instance: thermal sensation with temperature). Data are
then confronted with linguistic and statistical analysis with the goal of
formulating different characteristics of the space under study [10 ].
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With similar approaches to the ones mentioned, and using techniques
like multi-spectral images, we have developed sensorial maps.We use this
designation for the cartographic documents where objective and subjective
features of the district under study are recorded in a chromatic fashion.
Whenever the “commented city walk” technique is used, the paths will have
to be chosen according to the degree of their use.
The peculiarity of these maps is that: a) information is previously
separated by subject and digitalized (in 0 -255 range); b) spatial distribution
of thematic data is shown using tonal scales, based on digits; and c) different
bands are combined in colour composite images.
There are no limits for these subjects. For example, one image could be
assigned themes completely diverse for different colours, such as: land value
(red), artificial lighting level in streets (green), and sense of security (blue). In
this image, white zone will be identified with expensive urban areas, with
high levels of lighting and security.Yellow colour will correspond also to
valuable districts, correctly illuminated but insecure. Red will matched for
most costly sectors, but with poor illumination and security, and so on.
Sensorial maps are also useful in animations, through layers for different
time collection (for example, security sensation changes according to the
hour of the day).

4.3. Phonic maps
In the past few years, sound pollution in cities has required urgent control.
Addressing this challenge has meant to develop noise maps and acoustic
maps.These are graphs that represent sound level distribution, expressed in
decibels (measured pressure and reference value ratio). However, these
values do not provide information covering other sonic characteristics [2].
Phonic maps constitute a particular application of sensorial maps, yet not
fully studied. Besides, it is possible to work with semantic couples like: noisysilent for spaces, and natural-artificial for sound.These may be identified
(voices, music, engine, anomalous, and so on).Animation is of great value
dealing with these maps.

5. Conclusions
Digital tools can help to solve complex problems with simple resources. The
Urban Dynamic Analysis would be unfeasible without them.
The set of tools that have been described in this paper is an example of
simplicity without loss of efficiency. All of them are continuously being
tested and are part of a larger set in permanent evolution. For instance, at
present the study of energy exchange between extensive sources is being
extended to long wavelength. In this case another digital-image-based
technique, i.e., thermography, is of help.This issue is central in order to
improve night cooling in summer, taking maximum profit of natural
resources.
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Our research project will be improved and completed, as new
information becomes available and new topics included. Any contribution
will be welcome. This is just the beginning.
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