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Abstract. Studies have shown that walkable communities reduce 
traffic-related pollution and the risk of chronic illnesses, promote 
economic growth and prosperity, and stimulate community 
participation and the growth of social capital. To assess the walkability 
of urban areas, various methodologies have been developed around 
shortest-distance calculations between various points of interest (POIs), 
yet their outcomes do not guide potential urban design improvements. 
The absence of appropriate measurements and procedures that may give 
quantitative and actionable feedback to support design decision-making 
is one of the primary issues in building walkable neighborhoods. The 
work presented in this paper revolves around a new workflow, that 
employed Urbano, a mobility simulation and assessment tool, and 
integrated it within a generative design process to allowing for the 
quantitative evaluation on amenity accessibility for several alternative 
design scenarios for a case study site in Mong Kok, Hong Kong. The 
results show how this data-driven urban design process benefits from 
generative techniques to produce solutions with improved contextual 
connectivity, energy-efficient urban form, and good quality public 
spaces that contribute to the walkability of neighbourhoods. 

Keywords. Generative Urban Design; Walkability; Urbano; SDG 3; 
SDG 11. 

1. Introduction 

There has been a recent surge in the amount of research providing methodologies and 
tools for assessing the walkability of urban environments. This practical endeavour 
reflects the increased interest in pedestrian-oriented urban design and planning among 
academics, practitioners, and public policymakers. The idea of walkability has evolved 
into a critical theoretical and operational set of planning goals. Studies have shown that 
walkable communities considerably reduce traffic-related pollution and the risk of 
chronic illnesses (Frank et al. 2006; Lee and Buchner 2008), promote economic growth 
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and prosperity (Claris and Scopelliti 2016), as well as encourage growth in social 
capital and political involvement (Leyden, 2003). One of the most significant qualities 
of a walkable city is access to varied amenities within walking distance, which has been 
linked to socioeconomic growth and quality of life. 

From being considered merely a question of accessibility relating to pedestrians, 
the concept of walkability has evolved into a richer, more nuanced, and intrinsically 
multidimensional description of the relationships and interactions between people, 
urban space, and its social practices of use through debate and practice. As a result, 
there has been a wide range of attempts to operationalize the idea of walkability, 
including the development of formal measurements, audit processes, assessment 
methodologies, and tools (Blecic et al., 2017; Frank et al., 2006; Saelens et al., 2003).  

The fundamental drivers and motivation behind promoting walking activities are 
generally accepted to be proximity to and availability of facilities (Clark et al., n.d.). To 
assess cities' walkability, efforts have been undertaken to rank them based on a shortest-
distance study between various Points of Interest (POIs). These walkability ratings, 
known colloquially as Walkscores (Brewster et al., 2009; ESRI, 2019; Walkscore, 
2019), are calculated on a one-to-one scale and include criteria such as access to 
services and facilities such as grocery stores, doctors, parks, schools, hospitals, and 
public transit. The Walkscore metric can be computed using the Urban Modeling 
Interface (Reinhart et al. 2013). The key problem with this tool is providing proper 
inputs (e.g., street networks, buildings, and the locations of facilities) that the user must 
manually enter. Furthermore, a single value like the Walkscore does not give enough 
knowledge to assist with design. For example, the services and amenities that are 
important to have walking access to differ depending on the demographic group, hence 
it is necessary to be able to analyse demographic-specific factors. 

Rapid technological advances are leading to the integration of  information and 
communication technologies (ICT) within the built environment, resulting in the 
emergence of a new urban science around sensing, data gathering, and analysis of 
urban processes. Meanwhile, the evolution of generative urban design techniques that 
utilise new computational tools and large datasets can assist in optimising urban form 
(Alonso et al., 2019; Noyman et al.,2019), energy efficiency (Nagy et al.,2018), and 
walkability of neighbourhoods Rakha & Reinhart, 2012; Sonta & Jain, 2019). Urbano 
is an urban analytics toolset that enables an automated workflow for analysing the 
accessibility of facilities, as well as how the distribution of amenities affects people 
walking in a neighbourhood (Yang, Samaranayake, et al., 2020). It uses multi-source 
open data to import contextual GIS, OpenStreetMap, and Google Places data into 
Grasshopper to create an urban mobility model (Dogan et al., 2018). This new 
modelling framework incorporates travel behaviour modelling as well as the 
innovative urban design metrics of Streetscore, Amenityscore, and an upgraded 
Walkscore. 

Using building-based local population statistics and the distribution of facilities, 
Urbano simulated the geographical distribution of potential pedestrian trips in the 
analysis findings. Previous research has examined the validity of Urbano's three 
walkability indices in the context of the United States (Yang, Dogan, et al., 2020; Yang, 
Samaranayake, et al., 2020). It examines the mobility models of two New York 
neighbourhoods and deduces the morphological concerns behind the variance in 
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walkability. Furthermore, Yang & Samaranayake, et al. used Urbano to investigate the 
spatial and dynamic variation of amenity demand in neighbourhoods over the duration 
of a day. It used Google Place API (popular time) as location-based social network 
(LBSN) data, and the results included suggestions for potential design interventions. 
However, few studies used Urbano in a generative design process to model the 
walkability outcomes of various design choices. 

Design methods that integrate generative and parametric characteristics allow 
designers to explore a broader range of potential solutions. Computational optimisation 
is increasingly being used in this area to tackle difficult design challenges ranging from 
energy consumption to structural performance (Brown et al., 2020; Wortmann & 
Nannicini, 2017). The absence of appropriate measurements and procedures that give 
quantitative and actionable feedback to support design decision-making is one of the 
primary difficulties in urban design practice, leading to a lack of evidence-based 
decision making in urban planning. The hypothesis of this study is that Urbano, as a 
simulation tool, may be integrated withing generative urban design processes, to 
explore the impact of several alternative design scenarios on amenity accessibility. 

2. Case Study Context: Mong Kok, Hong Kong 

High-density development is promoted by smart growth, new urbanism, and other 
comparable planning programs (Jenks, 2019). High density enables access to a variety 
of social, health, recreational, and other services, facilitating most daily trips to be 
accomplished on walking (Foord, 2010; Raman, 2010). Using Mong Kok as a case 
study site, this research project explored the novel possibility of using Urbano as a 
walkability evaluation toolkit to test generative design outcomes. 

Previous studies usually included a traffic road network to analyse pedestrian 
activity and street connections. A study of the Belfast footpath network, however, 
found that evaluating pedestrian network systems predicted physical activity 
behaviours more effectively than road network data (Ellis et al., 2016). In the case of 
Hong Kong, the variations are significant when employing a pedestrian network rather 
than a road network. Pedestrian networks in densely populated cities, particularly hilly 
ones like Hong Kong, feature several non-vehicular shortcuts between two-
dimensional (2D) road network linkages, some of which create a three-dimensional 
road network (3D) (Sun et al., 2021). Recent research used a geographic information 
system to create a three-dimensional network for Hong Kong territory, with the dataset 
displaying distinct levels for pedestrian activities such as footbridges and subterranean 
linkages (Zhao et al., 2021). This newly available information offers more accurate 
urban data which can be used effectively in walkability simulations due to the 3D 
capabilities of Urbano. 

Mong Kok is situated in the centre of Hong Kong's historic urban core, and is 
characterised by dense urban form and complex 3D pedestrian networks typical of 
Hong Kong's old urban districts. The area features tall commercial, residential and 
mixed-use blocks and is a popular shopping destination within the urban region (Villani 
& Talamini, 2019; Xue et al., 2001). Next to the Mong Kok East MTR station lies an 
urban regeneration site which will be the largest urban block to be redeveloped in a 
decade. With busy markets, stores, restaurants, residential units, and offices within the 
area, it is an appropriate case study site for testing new site modelling techniques that 
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avoid oversimplification in  spatial, economic and cultural terms. 

   Figure 1. Analytics Framework 

3. Methodology and Results 

Our original walkability analysis study is based on the Urbano mobility model. 
Initially, we collected various information from multiple open data sources and entered 
them into Urbano to analyse the present walkability situation in Mong Kok. Following 
automatic data processing, this model produced two major indications, Walkscore and 
Streetscore, as well as two visual outcomes, Amenity Hits, and Street Hits. 
Subsequently, we employed a generative toolset, Design Explorer, to create design 
scenarios at the Mong Kok East site that included different density, typology, 
circulation routes, skyline, and open space characteristics. Finally, we integrated these 
various design alternatives into the Urbano walkability model, to evaluate the impact 
of the designs on the surrounding neighbourhood, shown as Amenity Hits and Street 
Hits, using a quantitative comparison analysis in Walkscore and Streetscore to select 
the most optimised solutions. 

3.1. DATA COLLECTION AND PRE-PROCESSING 

The initial stage in our workflow was to create a mobility model using urban data such 
as streets, buildings, services, and population densities. Figure 2 illustrates the 
information flow for our data collection process. Urbano combined several input 
streams including buildings, streets, amenities, and associated metadata. It 
automatically performed post-processing and cleaning up of the street networks before 
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connecting the buildings to the nearest street segment to construct a mobility network. 
A topological network was then created with street segments as edges and intersections 
and endpoints as vertices, after the detection of crossings in streets and the 
segmentation of street curves. This graph was later utilized to obtain routes. A shortest-
distance path matrix was produced for all of the graph's vertices as part of this 
procedure. 

Figure 2. Data Input Process 

3.2. MOBILITY MODEL OF THE CURRENT CONDITION 

3.2.1. Auto-generative Mobility Model in Urbano 

To evaluate the potential pedestrian volumes of streets and amenities through a 
mobility simulation, two evaluation indicators: Walkscore and Streetscore were 
included. Firstly, the generated advanced Walkscore in Urbano is based on the well-
known Walkscore statistic. A higher Walk Score, a destination-based rating method, is 
associated with a shorter distance and/or a broader range of facilities (Walk Score, 
2019). The Walk Score method employs a distance decay function and categorizes 
facilities as categorical variables (grocery stores, restaurants, hardware stores, etc.). A 
decay function (Equation 1) is used to rate trips based on distance, with the score 
decreasing to 0 as trip duration increases.  

The Walkscore in Urbano is based on a shortest-distance study between various 
places of interest (POIs) using OpenStreetMap and the Google Place API, of which 
categories are consistent with Walkscore amenities. According to Table 1, various 
categories of facilities were assigned varying weights. A cumulative Walkscore for 
each building and a neighbourhood average could be produced at the neighbourhood 
level, to show the general accessibility of various amenities. 

Secondly, our workflow assessed streets using a simple counter called Streetscore, 
which predicts how many people utilize specific street sections. This function could be 
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used to evaluate the liveliness of a street within the overall network, or at a certain time. 
The walkability evaluation model also includes two parts of visual results. Amenity 

Hits represent pedestrian hits that an amenity received during a simulated round. 
Through the input of the popular times of each amenity through Google Maps API and 
census metrics by building clusters level, this measure is primarily generated by 
Urbano's shortest-path routing methodology, determining the population numbers 
arriving from all sources. Street Hits measures how many people utilize a certain street 
section on all visits, which may be used to simulate the Street Score outcomes. 

Table 1. Study Type of Amenities and Weights based on Walkscore 

3.2.2. Mobility Simulation Results in Mong Kok  

Through the creation of a mobility simulation in the current condition in Mong Kok, 
our study provided evaluation results of this overall area and generated quantitative 
data on the popularity, capacity, and accessibility of varied amenities and streets. To 
explore the different amenities' needs patterns across varied periods of the day, which 
could reflect different user groups' need of amenities, we further generated three 
Amenity Hits result at 8 am (weekday), 1 pm (weekend), 7 pm (weekend). As shown 
in Figure 3, the amenities are concentrated in the southwest area of Mong Kok. With a 
dense cluster of restaurants, mall stores and convenience stores, this area achieved 
higher Amenity Hits and building-level Walkscores. Due to its the dense and 
continuous pedestrian network, the streets in the south section show vibrancy, indicated 
by higher Street Hits values compared with the northern part. Comparing the results 
from three different time periods shows that most of the retail and leisure amenities, 
such as restaurants, mall stores, markets, and convenience stores received more hits at 
1pm (weekend). Service amenities such as banks, government offices received more 
hits at 8am. 
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Figure 3. Mobility Simulation Results in Mong Kok  

The simulation results indicate that although the northwest area, near the 
regeneration site, is close to the Mongkok East MTR station, this area received much 
less Amenity Hits and a lower building-level Walkscore, due to a lack of potential 
attraction and destination points, and poor connections in the pedestrian walking 
system. The planned introduction of new functions and routes in the regeneration area 
may have the potential to link the fragmented pedestrian paths and provide multiple 
new destinations for potential users. 

3.3. GENERATIVE DESIGN TESTING 

Based on the evaluation of the current condition, our study integrated walkability 
analysis within a generative urban design workflow to provide varied design scenarios 
for the regeneration site, create new linkages and enhance the walkability the area. The 
generative workflow in Grasshopper was set up as follows: 

● Three input parameters were used, based on the results of the mobility model: 
Access/attractor points, Paths, and Skyline. Access/attractor points represent 
potential destinations outside the site that need to be linked through the new urban 
cluster. Paths represents the division pattern within the site and Skyline is a measure 
that ensures that views from both sides of the site are connected. 

● The size of the urban cluster units was entered, resulting in a generative design result 
that divides the site into different modules according to the size of the unit. 

● Three basic typologies of urban modules were defined, describing different forms 
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of tower-podium and open space massing. 

● Using Interactive Evolutionary Algorithms (IEAs) in Biomorpher and Colibri, 
different combinations of urban modules and clusters were iterated based on the 
above inputs. 

● Metrics for different design scenarios were exported to .json and .csv, including the 
Skyline, Path, Attractor, Attractor location, Total area, Open space area values, and 
the numbers of Typologies 1,2,3. 

Figure 4. Generative Design Intervention and design examples in Design Explorer 

3.4. COMPARATIVE EVALUATION OF DESIGN ALTERNATIVES  

In its final stage, our study involved evaluating the selected design scenarios against 
the original mobility model of the case study site, to compare the walkability 
improvements within the design site and their impact on the surrounding area. Three 
chosen design scenarios all optimise the connectivity of the amenities and street 
network on both sides of the site, to improve the current disconnect of the Mong Kok 
East MTR station zone from the Mong Kok area. Scenario (a) is defined as a mixed-
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used cluster, with different types of ground floor amenities and a high building density 
and less open space (3548  m2). Scenario (b) provides a different linkage pattern, where 
the northeast and southwest parts are linked to optimizing leisure needs. Scenario (b) 
also incorporates additional amenities like restaurants and bars. Scenario (c) uses the 
same linkage pattern as Scenario (a), but provides more public open space (4630 m2). 

In this study, Scenario (a) (b) (c) were entered into the original mobility model in 
Mong Kok via Urbano. Figure 5 documents some of the results, showing that Scenario 
(a) has a higher average Amenity Hit (614.74), as it provides multiple potential 
destinations. In terms of Walkscore, the within-site Walkscore varied little across 
Scenario (a) (b) (c), however, when comparing the overall study area, Scenario (a) has 
the highest score (39.01), indicating that it is the most optimised for the accessibility of 
amenities over the wider Mong Kok district 

Figure 5. Comparative Result of Design Scenarios 

4. Discussion and Conclusion  

Understanding the consequences of urban design decisions on urban inhabitants' 
mobility during the very early phases of urban design processes can assist in the 
development of better proposals that incorporate walkability comprehensively. The 
work presented in this paper revolves around a new workflow, that connects the 
simulation of a mobility model to the optimisation of generative urban design solutions, 
allowing for the quantitative evaluation of the optimisation results. This data-driven 
design method, which includes generative and parametric characteristics, allows 
designers to explore a broader range of potential solutions. In addition, as the impact 
of design outcomes on the surrounding environment can be reflected in real-time in the 
simulation results, designers can benefit from the involvement of a wider range of data 
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and metrics from these areas in the design solution-seeking process during a multi-
stakeholder engagement process. 

The simulation model of walkability conditions is a complicated assignment that 
can develop in line with the development of new forms of urban studies and a better 
understanding of urban districts as complex systems. With the ongoing efforts to 
improve urban data quality and accessibility, future studies could apply the mobility 
model in a wider context to test its validity. Moreover, although this work integrates 
factors beyond amenities in the process of generative design, the mobility model was 
simplified to convey pedestrians through the shortest path, and future research could 
combine with street visual quality elements to optimise the multi-indicators of the 
mobility model for assessing walkability. Our future work will focus on the expansion 
of the new methodology towards more comprehensive generative urban design 
applications, aimed at promoting human-centric design strategies for inclusive, 
supportive and sustainable urban environments. 
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