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Urban Vitality

The people and their activities in the space
Urban Vitality

https://www.flickr.com/photos/15609463@N03/page2?ytcheck=1
https://www.tripsavvy.com/popular-french-cities-for-visitors-1517438
https://www.flickr.com/photos/adrianhu/


Interact with the Space or the Built
Environment in their day-to-day life.
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People in City Time lapse: https://www.youtube.com/watch?v=2_bByG7lVzQ
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Research Questions

Problems
• There are various indicators has been used for

evaluating urban vitality.
• E.g., POIs, transport accessibility, safety,

appearance, diversity, etc.

• The benchmark of factors used to quantify the
urban vitality has not come with a consensus.

• How the indicators change human footprints?

• Which indicator is more influential?

Objective
Develop a model that provides the flexibility for
exploring the impact of different urban vitality
indicators on human footprints.



Study area: Kampong Glam in Singapore 
• An ethnic enclave centered on 

busy Arab Street 
• Home to mosques
• Abundant activities

• Reasonably priced food
• Café, bars, nightclubs
• Accommodation
• Souvenir shops

• 7 areas for comparison
• 4 urban vitality indicators:

• Popularity
• Comfort 
• Diversity of POIs
• Safety 
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Figure 1. Map of Kampong Glam in Singapore. Labeled areas are seven distinct areas to be tested in the model

https://www.flickr.com/photos/42945623@N03/26083665062/in/photolist-FJVAT9-aoMvPf-c45MNW-2jDbFnL-BKoKp-aoMw2J-pemkWK-22shYn1-rKQLDK-CeP2o-29H5pKN-2gMhZwK-2hFxNJS-G5EpEW-RW9L6d-2jCAig9-CeNtr-4nW1f9-2dz7mX6-2eBLbj5-dakXPY-2jCDLDC-2htLg7Z-VmLqZE-2iJLXdn-CvaH
https://www.flickr.com/photos/lezlie-neo/50236289836/in/photolist-2jxd7Ld-du7kEq-27vEfGd-23qpHM-2agsPdk-23qpY8-27vEqDs-UbWirx-7vb4y3-hmXvzj-dseNbF-dseNpk-hmXw1C-hmXSYa-hmXx9j-hmXYmV-hmYFG8-hmYriE-D7xqK-hmYiio-hmZv9c-aiMpce-aiQdYJ-zrimeW-aiMobD-23FRqCt-D8p4P-rcsSfK-aiQc3q-zCZ3LD-aiMoBK-pZhYo9-dua7Mq-D7xJg-8sLjQY-qZzwpx-9d2dWw-dD58sc-dDawZm-9p5yvh-cPdDc3-dDax1q-MoQgX7-rXSQ2U-D7xmU-dCCPiW-brsmAB-qEt2Qy-7xVAEe-cPdDT9


Data preparation

Twitter data sent from 2012 to 2016 in Singapore
• ~ 22.4 million tweets, 405.6k users

Assumption: 𝑃𝑜𝑝𝑢𝑙𝑎𝑟𝑖𝑡𝑦 ∝ 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑢𝑠𝑒𝑟𝑠

Indicator 1: Popularity
DOLLY project 
(Poorthuis and Zook 2017)

𝑁!"#$" −min(𝑁!"#$")
max 𝑁!"#$" −min(𝑁!"#$)

Min-max normalization: 

73640 tweets, 27552 users

Spatial intersection Tweets sent only within Kampong Glam



Data preparation

Point of Interest (POI) data with a 
total number of 54 types

Filter POIs within Kampong Glam

Indicator 2: Diversity of POIs

8 types of POIs

𝐻 = − <
%&'

"

𝑝%𝑙𝑛𝑝%Shannon’s diversity index

Diversity of POIs

Diversity of POIs in different area
Area area1 area2 area3 area4 area5 area6 area7

Diversity 0.79 0.00 1.24 1.04 1.24 0.64 0.55
Norm Diversity 0.64 0.00 1.00 0.84 1.00 0.51 0.44



Data preparation

Indicator 3: Comfort Level Indicator 4: Safety
Assumption: Comfort level is a function of
occupancy, the more people in the space, the less
comfortable people perceived.

Negative	Logistic	regression:

𝑦(𝑥) =
1

1 + 𝑒()

Assumption: No significant difference within the
neighborhood.

Uniform	distribution:

𝑦 𝑥 =
1

𝑏 − 𝑎 (𝑎 = 0.5, 𝑏 = 0.7)



Model Development

Model Structure

• Individual properties of people à describe individual behavior
• Accumulation and feedback à describe system behavior

System Dynamics Model

Agent-Based Model
A multimethod simulation modelling tool
developed by The AnyLogic Company.



Model Development

System Dynamics

Negative	Logistic	regression:

𝑦(𝑥) =
1

1 + 𝑒()



Model Development

Agent-Based Model

Unit: hour

A𝑡𝑡𝑟𝑎𝑐𝑡𝑖𝑣𝑒𝑛𝑒𝑠𝑠 = *+,-+$. ∗0#%12.*+,-+$.34%5#$"%.6 +- 789" ∗0#%12.789"37+:!;<$%.6 ∗0#%12.7+:!;<$%.63=<-#.6 ∗0#%12.=<-#.6
>

Uniform distribution: U(0.1, 1.0)

Default: 0.25

Make Decision: 
• Perceived comfort < Acceptable comfort  à Must move
• Find area with higher attractiveness than that of the current area (target area)
• If available space of target area > 0 à move to target area
• Else search another place until find the suitable one to move. 
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Model Demo



Conclusion

Strengths

• Integrate system dynamic model with agent-
based model

• The model have the capability to investigate
the impact of urban vitality indicators on
human movement

• The model is flexible to add other indicators
based on specific research focus (e.g.,
economic status, demographic characteristic,
etc.)

Limitations

• Each indicator is assigned equal weight, it
could be better to add the flexibility for weight
tuning (e.g., slider) to reflect different
importance of indicators

• Simple linear regression is used to evaluate
the attractiveness, more complex model be
employed in future work



Reflection
Challenges:
• How to get dynamic feedback look (e.g., Comfort as a function of Occupancy)
• How to examine the areas separately (e.g., use array feature to transfer values

independently )
• How to constrain agents’ movements within the map (e.g., space makeup + design function

find agent position)
• How to trace model errors (e.g., add ‘traceln’ to java source code and monitor output message in

console)
• …

Learning Gains:
• Understand the modeling procedure (e.g., problem definition, dynamic hypothesis, model development, 

etc.)
• Gain basic knowledge of Anylogic software (e.g., create agents, write functions, add properties, 

integrate multiple types of models, setup database, debugging, etc.)  
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