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Abstract. This paper outlines some investigations from a project which utilizes computing and scripting of specific site components, spatio-temporal
movement and behavioural patterns to explore how designer might understand people activities and formulate design interventions within public
spaces. This research looks at how generative tools can facilitate designers
to integrate the large volume of information received by hybrid data collection, and conventional data analysis directly into the design process.
Through an examination of sensing urban space, this research proposes a
method to track and record people’s movement patterns in order to implement them via generative design tool. To facilitate this, a scripting method
is specified; which uses sensors and motion tracking devices to capture the
use of a specific public space. This project proposes a methodology for
developing designed spaces and optimal pathways generated from real-time
data and feedback captured by sensors.
Keywords. Real-time computation; generative design; sensing space;
design simulation.

1. Introduction
The complexity which forms the ‘hidden dimension’ of people in public spaces
has been noted by theorists such as Edward Hall (1966). Those dimensions are
important to understand how people use urban space and move in it. Sensing space
can give designers a lot of information regarding people activities, however, the
challenge for designers is to consider, and actively respond to the data that is captured by conventional analysis and sensing technologies in design processes. This
paper suggests a system to create meaningful design decisions by processing the
captured data in a generative design tool.
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The implementation of generative methods in digital design has produced
intangible outcomes; the design produced, using these methods, is not linked to
people activities in a specific urban environment. By using generative tools,
designers are able to create interesting aesthetic shapes, simulate environmental
conditions, and/or illustrate people movements. However, such use of generative
methods has not solved a connection between the data gained by site analysis and
design process. This research creates an outline of how generative tools can be
linked to tangible parameters which will be processed to solve urban problems.
Designers are not equipped with the ability to simultaneously grasp, consider
and implement the results of such rich data into design outcome (Alexander,
1964). By using data storing algorithms and feeding the culled data to a generative tool, designers will be able to isolate and directly include relevant data
gathered by hybrid and conventional methods into their designs.
This paper outlines a method for sensing space and recording information from
public spaces using motion tracking sensors. It demonstrates, through a case
study, how the captured data can directly inform generative design tools, and
establish feedback loop. Utilizing Processing programming language, this aims at
recognizing and recording the use of movement patterns in public space, and
forming parameters which are transferred into Rhino and Grasshopper for design
generation, thus allowing the development of architectural threads to create new
public nodes and alternative connections between new and existing site nodes in
three dimensions. This research suggests a way to test and improve public spaces
by capturing the use of those urban hubs.
2. Background
The development of digital tools and design scripting has informed architecture
and stimulated a paradigm shift in which a new language of generative form creation has emerged (Heinich and Eidner, 2009). Scripting platforms as Processing
and C# have become available for designers, such platforms made it easier for
them to generate their own complex scripts (Reas and Fry, 2007). These tools have
thus far neglected people. Algorithms utilized here are yet to properly address the
relationship between people and the surrounding environment within a proposed
generative design system. Generative tools, in this research, have the potential to
utilize information gathered from a site, and assist designers to create designs that
will better acknowledge and respond to how people use public space (Figure 1).
Recent initiatives in real time tracking of people’s positions using aggregate
records, collected from communication networks, can expose movement patterns.
Those methods provide means for understanding the present use of space and
anticipate future patterns of urban movement (Calabrese et al., 2011). However,
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Figure 1. Intimacy – a Processing sketch – still images shows initial study of particle
relationships to define the study parameters.

such analytical methods have rarely been used in digital design tools; this may
prevent many designers to easily test their design in the virtual environment.
Most of the work that has been done with generative scripting, which looks like
the swarm behaviour, was to simulate the movement of people in space or to create aesthetic illustrations. If the moving particles were driven by realistic data from
a specific site, a designer can develop an understanding of how people will use that
space, furthermore, she/he can use this script to test her/his design outcome before
applying it. This method will help urban designers predict activities and movements in the future by understanding the behaviour of people in present time.
3. Problem Definition
In order to test the tools created as part of this research project, the digital scripts
have been applied to a case study site in Hong Kong.
As one of the most densely populated cities in the world, Hong Kong has
developed unique conditions of public space and is characterized as a forest of
high-rise cul de sac towers (Shelton et al., 2011). The tested site is a transportation
hub, directly adjacent to an aging hybrid development; the Shun Tak Centre and
the Hong Kong-Macau Ferry Terminal and Heliport.
Much publicly accessible space in Hong Kong is not available as a true civic
space, due to it is being privately owned and security surveillance discourages
relaxed social gathering from occurring. There is however, a strong history of a
fluid mixing of public and private space in Hong Kong, and extraordinary examples of transformative spaces which accommodate huge shifts in the uses of public
spaces. A notable example is the way the HSBC headquarters ground level is given
over for use as essentially private space to the Filipino maids on Sundays. It is this
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changeable space that has motivated the investigation of a method of sensing
space which demonstrates patterns of space utilization.
The project aims to identify principles which could define volumetric public
spaces through the coding of connections, pathways, and people’s movement
within the site. Furthermore, it will redefine the connections between the site and
the surrounding city. Data sensing was conducted using photo-recognition and
motion tracking sensors, then sent to generative tools in Processing and
Grasshopper.
4. Tool Design and Description
Recently, image recognition, image detection and people tracking technologies
have been developed for game-based devices. Most of these techniques are used
in architectural design as surveillance systems. For example these monitoring systems can be encapsulated by the development of intelligent buildings
(Albrechtslund and Ryberg, 2011). Image recognition tools and techniques can
also be applied in a specific site to track and test the overall patterns of people
movement. Furthermore, 3D motion tracking methods can be applied to certain
public spaces to analyse the relationships that exist between people utilizing the
space. From these two techniques, we can isolate parameters such as distances
between people and feed them to a generative tool. For this research, two methods
of sensing space were utilized: Microsoft Kinect as a motion tracking sensor, and
Time-lapse Image Processing. In addition, one generative tool is being developed
to process data and create new nodes and pathways (Figure 2).
Digital video content analysis is an important part of visual surveillance systems. Some interesting programs have been developed which use generic object
detection and/or tracking (D&T) algorithms such as; subtraction (BS),
Continuously Adaptive Mean Shift (CMS), and Optical Flow (OF) (Karasulu and
Korukoglu, 2011). However, these techniques are rarely used in urban analysis
and design. Within this research project a component has been created in
Grasshopper which can inform the generative tool. This algorithm can track people in any video or sequential images captures from a specific site and create
parameters of people’s locations and movements (Figure 3).
Gaming technology has produced devices that potentially have interesting
design implications and experiments are currently conducted using devices such
as Nintendo Wii console in 3D programs (Payne and Johnson, 2012). Specifically,
Microsoft Kinect has been utilized due to its ability to allow users to be freed
using sensing devices, by directly detecting bodily movement in three dimensions
(Brennan et al., 2012). Using those tools will give good results for people’s positions and the relationships between one to another. Furthermore, it gives the ability
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Figure 2. Study flowchart diagram.

Figure 3. Testing video inputs to record people movement using Quokka add-on in Grasshopper.

Figure 4. Diagram shows recording data into parameters.

to pin-point and track main joints of an individual and provides feedback as to
whether the individual is standing, walking, or sitting.
Using the above two techniques (surveillance systems and Microsoft Kinect) has
created rich data to be used as parameters for the algorithm developed in this
research (Figure 4). By using Quokka add-on in Grasshopper (Brennan et al., 2012),
all the work can be processed in nearly real-time. Furthermore, the data gained can
be saved in an excel sheet file for future use.
The current research aims to develop the algorithm to store and process data,
gathered from sensors, and simplify it to use as variables with which to feed the
generative component. The generative tool establishes pathways in a 3D volumetric space (Figure 5). This space is limited by the constraints of a specific site. The
tool will enable nodes to be identified as potential locations to form public spaces.
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Figure 5. Testing the generative tool in a sphere.

Figure 6. The generative tool principles:
a. define location of attraction, repulsion; b. use group of points (which represent people) as path
generators; c. allow the points to move and respond to the tool parameters; d. focus on the
pathways created; e. allow further movement and pathways to be created over time; f. addition of
behaviours for movements.

In order to simplify the scope of the research, the code investigated two major
relationships: the behavioural relationship between people moving in space, and
points of avoidance and attraction (Figure 6).
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Figure 7. The generative tool behaviour diagram.

Figure 8. The urban brain calculator.

Some behavioural relationships in this experiment were: people’s alignment as
a public group, and cohesion and separation to represent personal space of individuals and groups. Within the urban context, two factors were considered to aid
calculation of the optimal pathways/public spaces- in terms of volume and location: the distance to points of avoidance and attraction, and the location of those
points (Figure 7). Whilst there is provision for further factors to be added to the
algorithm, only the above mentioned proxemic relationships were analysed within
this phase of the research.
The above parameters will be calculated in a C# script in Grasshopper, which
has been named The Urban Brain Calculator (Figure 8).
5. The Urban Brain Calculator
Steering behaviours have been developed in gaming technologies to represent virtually the flocking behaviours of birds (Reynolds, 1999), these experiments have
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Figure 9. Testing the code on one node of the site: the connection between the pedestrian bridge
and Shun Tak centre.

been further expanded for use in generative art and design applications (Pearson,
2011).
The Urban Brain Calculator runs in Grasshopper environment (in Rhino 3D)
and calculates all the previous behaviours, that were captured from the sensors,
and processes them to create pathways. The creation of the pathways depends on
the notion of Proxemics (Hall, 1966), and therefore adding, time or duration of
movement as another factor within the code.
Any designer can use the proposed script to test his design or create pathways
that is driven by the available parameters described above. To use the script, you
need to specify the important urban nodes in or around the site, the points that are
not desirable, and the new proposed activities as points in Rhino. After running the
script, she/he will be able to see the suggested pathway that will be created by the
script in volume, furthermore she/he can assess her/his design by comparing the
generative pathways with the design (Figure 9).
6. Outcome and On-going Experiments
The exploration of the outcomes based on behavioural relationships between people and the urban environment shows that experimental applications such as this
are valid and can achieve interesting outcomes. The Hong Kong experiment has
enriched the understanding of the volumetric calculations of personal and public
space and the computation of generative tools as design statements. These statements may serve as multi-objective representations between people and public
space.
This paper demonstrates how the application of such an approach enables the
relationships between people who occupy a specific public space to be reconstructed and implemented within design process so that design that can include a
multitude of decision making factors can be tested virtually.
The current script bring all of the parameters and use them equally, one development for this script is to define another parameters which can be factors
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multiplied by the existing parameters in order to create more accurate results of
translating people relationships in an urban space.
The research is still at an early stage; such sophisticated analytical and simulation techniques can provide sufficient set of design parameters. In carrying this
work forward, more studies will be dedicated to different computational simulation strategies including agent based systems and more investigations of how to
translate conventional urban design analysis into number based parameters.
The current work can help designer understand people relationships and
desired locations in new environment, therefore a designer in Germany for example can create a design in China and test it using this tool. The tool will help him
understand people behaviours which vary between cultures.
The testing of ‘repulsive’ and ‘attractive’ identifications is driven by parameters, therefore, the final round of images suggests a test of a specific area in the
site, however, this paper doesn’t claim that those images can formulate a completed design for that specific site. It is actually showing one of the possible
outcomes by some assumptions as the script was tested and tweaked in that site
for three days only. The research will give more accurate outcomes if the same
object(s) is tested over the passage of time in a week and/or in a season.
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