
Subhro Guhathakurta, Harry West Professor of City and Regional Planning

Director, Center for Urban Resilience and Analytics

Georgia Institute of Technology

Beyond Smart Cities
The Role of Technology in

Resilient Urban Futures



What makes cities “smarter”?

T I M E

Im
a
g

e
 M

a
rk

 B
y
rn

e
s
/C

it
y
L

a
b

Cities EVOLVE



We make cities smarter by understanding its 

evolutionary trajectory and its “DNA,” which shapes 

its culture, society, traditions, and its way of life



How did we “design” smart cities?



Arcosanti, Arizona

Tianjin Eco-City

Masdar City, Abu Dhabi

PlanIT Valley, 

Portugal

Songdo, South Korea



What characteristics do these cities share?
• Flat Cartesian plane 

– generic anyplace = no place

• People appear after the infrastructure is in 
place
-- people adapt to the built environment 
rather than the environment adapting to 
culture and social norms of people

• A singular logic imposed by corporate 
entity on government
-- Eschews conflict, difference, and 
internals distinctions in that logic

• Antiseptic! Devoid of a sense of wonder 
and joy



Smart Planning – A {complex} systems perspective



Smart Planning

EVOLVE

Monitor / Study/ 

Learn / NegotiateControl / 

mitigate

Develop visionsInspire

COMPLEX SYSTEMS
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engine 
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interaction
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Political 

movements

adaptive

History!

Future Cities
SMARTER



SMART 

GROWTH

CITIES

PLANNING

MOBILITY

GOVERNANCE

SECURITY

Decisions

Making 

{Knowledge / 

Information 

supported and goal 

oriented}

Goal 

Agents

Decision 

Space

Ideally Social optima 

(not guaranteed)

How do we think about “SMART” {anything}?





Why we should be careful about the marketing hype

No accepted 
standards

Proprietary technology

Challenges of interoperability 
of different systems

Increasing complexity

Increasing specialization

Lock –in!

Expensive to shift if other more 
promising technologies are 

available

Creating more natural 
monopolies

Constrains on decision making

Specialized administrative 
structure

Possible 

effect on 

social 

choices in 

future and 

on equity

Serious issues about data security and privacy – who manages the data and how?



Becoming Smarter

SMART 

CITIES

Mostly Top-

down 

technology-

driven 

approach

Based on 

a set of 

normative 

principles

Ahistorical 

& 

acontextual

GROWING 

SMARTER

Place-

based 

approach

Behavioral 

analytics 

and tools to 

“nudge” 

choice 

Capture / 

monitor 

high-fidelity 

spatio-

temporal 

data

Seek knowledge of individual / 

social behavior by analyzing 

the decisions they make 

Undertake place-based 

research and engage deeply 

with communities

Conduct experiments to 

determine what forms of 

intervention / messaging work

Promote success stories in 

more personal and engaging 

formats and multiple venues

From.. To..



Charting the path forward

Groundedness
(Place-based solutions)

Wicked problems exist 
on the ground and 

often they cannot be 
generalized outside 

their context

“It is only through the 
critical examination of this 
groundedness can wicked 

problems be solved”
Brown 2010 quoting 

Rittel and Webber (1973)

Smarter Cities
• Socio-technical 

analytics using new 
forms of data to 
understand social 
behavior

• Experimental designs  
to see what messages 
and interventions 
matter for growing 
smarter

• Better (more personal 
and creative) 
storytelling 

The essential role 

of 

smart design
Design is about

grounded solutions!

• Engages multiple 
experts and 
stakeholders to 
address a problem

• Requires extended 
“peer”
communities

Smart Planning

In a world of uncertain facts, disputed values, high stakes, and urgent decisions



Strategic Approach in Adopting Technology in 
Urban Systems

✓Evolutionary – Problem focused
❑ Seek out “appropriate technologies” through public deliberation for 

specific solutions

❑ Eschew large complex “systems integration” type approaches

❑ Open standards should be emphasized

❑ Should be able to evolve with new innovations with minimum costs

✓Concentrate on “enabling” technologies
❑ Opening up information / data (with appropriate security controls) for 

enabling innovative applications

❑ Create a climate where small firms and individuals can use the ICT 

backbone to develop tailored solutions for different groups

✓ Enable large set of choices
❑ Redundancy is preferred

❑ Guard against solutions that are “too big to fail”



Our Work at CSPAV

• Pedestrian Navigation

• Walkability and livability

• Neighborhood Quality

• Biking and Complete Streets

• On-Demand Transit (equity)

• Urban growth scenarios of 
Atlanta

Exemplars







1. Sidewalk: 
-> Width 
-> Shade
-> Slope

2. Traffic control: 
-> Traffic lights 
-> Stop signs

3. Street Crossing:  
-> curb cuts 

-> pedestrian signals 
-> crosswalks 

-> intersection density

4. Building density: 
-> Residential density 

-> Business Safety: 
5. Safety: 

-> Streetlights 
-> Traffic volume 

-> Crime rate 
6. Resting Areas: 

-> Bus shelters

Using 

Computer 

Vision 

techniques 

on Google 

StreetView

images

Selectable Parameters



Google StreetView Feature Detection

• We used a pretrained model 
called Faster R-CNN with Inception 
Resnet v2 atrous version for object 
detection.

• We used the COCO dataset for 
detecting traffic light, bench, and 
stop sign

• Since COCO dataset does not include 
curb cut, crosswalk, streetlight and 
walk signal, we prepared our own 
training dataset 



How well do we predict?

TP FN TN FP Accuracy Recall Precision

Traffic Light 115 1 377 7 0.98 0.99 0.94

Stop Sign 31 9 450 10 0.96 0.78 0.76

Walk Signal 107 5 331 57 0.88 0.96 0.65

Streetlight 181 12 259 48 0.88 0.94 0.79

Cross Walk 167 19 277 37 0.89 0.90 0.82

Curb Cut 123 25 342 10 0.93 0.83 0.92

500 randomly chosen objects of each type



Design Framework



1. Calculate the mobility cost of each 

segment using the formula:

𝑀𝐶𝑗 =
𝐷𝑗

σ𝑖=1
𝑛 (𝑉𝑖𝑗𝑊𝑖)+1

Routing System

2. Dijkstra Shortest Path Algorithm

Dj = Length of Street Segment

Vij = Value of the attribute selected for j (normalized)

Wi = Weight of the attribute selected (Primary or secondary)



APP FOR LOCATIONAL INTELLIGENCE AND 
GEOSPATIAL NAVIGATION (ALIGN!)

Included 
Feedback on 

Route Conditions

A Simpler Rating 
System (essential 

and secondary

Included Audio 
Feedback



App Interface



Crowdsourcing transient and incorrect 
information 

• Most routes have points where the user preferences are not 
met, and these are pointed out on the route plan

• Users can long press on a point on their route and upload 
images and comments about unexpected hurdles or facilitators

• Other users on the routes can see these images and 
comments and endorse with ”thumbs up” or “thumbs down”

• When enough users (three) offer “thumbs down” on a particular 
issue, that issue is removed from the information that is shared 
(resolved)



• Most routes have points where the 
user preferences are not met, and 
these are pointed out on the route 
plan

• Users can long press on a point on 
their route and upload images and 
comments about unexpected hurdles 
or facilitators

• Other users on the routes can see 
these images and comments and 
endorse with ”thumbs up” or “thumbs 
down”

• When enough users (three) offer 
“thumbs down” on a particular issue, 
that issue is removed from the 
information that is shared (resolved)

Crowdsourcing



Measuring & validating walkable environments using 

Google Street View and computer vision
Bon Woo Koo



NHTS Walking Trip Origins in Atlanta (2016-2017)



𝒃𝒖𝒊𝒍𝒅𝒊𝒏𝒈‐ 𝒕𝒐‐ 𝒔𝒕𝒓𝒆𝒆𝒕 𝒓𝒂𝒕𝒊𝒐 =
𝑠ℎ𝑎𝑟𝑒 𝑜𝑓 𝑏𝑢𝑖𝑙𝑑𝑖𝑛𝑔 𝑝𝑖𝑥𝑒𝑙𝑠

𝑠𝑢𝑚 𝑜𝑓 𝑡ℎ𝑒 𝑠ℎ𝑎𝑟𝑒 𝑜𝑓 𝑠𝑖𝑑𝑒𝑤𝑎𝑙𝑘, 𝑟𝑜𝑎𝑑, 𝑎𝑛𝑑 𝑝𝑎𝑡ℎ 𝑝𝑖𝑥𝑒𝑙𝑠

𝒈𝒓𝒆𝒆𝒏𝒏𝒆𝒔𝒔 = 𝑠𝑢𝑚 𝑜𝑓 𝑡ℎ𝑒 𝑠ℎ𝑎𝑟𝑒 𝑜𝑓 𝑡𝑟𝑒𝑒, 𝑔𝑟𝑎𝑠𝑠, 𝑎𝑛𝑑 𝑝𝑙𝑎𝑛𝑡 𝑝𝑖𝑥𝑒𝑙𝑠

𝒔𝒊𝒅𝒆𝒘𝒂𝒍𝒌‐ 𝒕𝒐‐ 𝒔𝒕𝒓𝒆𝒆𝒕 𝒑𝒓𝒐𝒑𝒐𝒓𝒕𝒊𝒐𝒏 =
𝑠ℎ𝑎𝑟𝑒 𝑜𝑓 𝑠𝑖𝑑𝑒𝑤𝑎𝑙𝑘 𝑝𝑖𝑥𝑒𝑙𝑠

𝑠𝑢𝑚 𝑜𝑓 𝑡ℎ𝑒 𝑠ℎ𝑎𝑟𝑒 𝑜𝑓 𝑠𝑖𝑑𝑒𝑤𝑎𝑙𝑘, 𝑟𝑜𝑎𝑑, 𝑎𝑛𝑑 𝑝𝑎𝑡ℎ 𝑝𝑖𝑥𝑒𝑙𝑠

Base 

Model

Model 1 Model 2 Model 3

Constant 24.496***   

(5.726)

3.157***   

(5.231)

2.907***   

(5.076)

3.11***   

(5.060)

Personal-, trip-level 

covariates

Age 0.978*   

(-2.384)

0.732   

(-1.62)

0.715†   

(-1.731)

0.737    

(-1.553)

Employment status

(Unemployed)

0.239***   

(-3.905)

0.314**   

(-2.741)

0.436†   

(-1.951)

0.438†   

(-1.860)

Driver status  

(Not a driver)

6.805***   

(3.411)

8.279**   

(3.135)

8.785***   

(3.357)

7.185**   

(2.854)

Number walking 

activities in the past 

7 days

1.107***   

(5.271)

2.617***   

(5.041)

2.355***   

(4.800)

2.58***   

(4.884)

Trip distance 0.006***   

(-8.213)

0.287***   

(-7.202)

0.287***   

(-7.132)

0.285***   

(-7.030)

Macro-scale Employment 

Density

2.662**   

(2.949)

1.395    

(0.816)

Land Use Diversity 1.214    

(1.170)

1.507*   

(2.034)

Intersection Density 1.878**   

(2.694)

1.541†   

(1.651)

(ln) Distance to 

Transit

1.390    

(1.163)

1.239    

(0.714)

Walk Score® 0.997    

(-0.015)

1.010    

(0.043)

Meso-scale Building-to-Street 

Ratio

5.879***   

(4.361)

4.620**   

(2.97)

Greenness 1.812*   

(2.015)

2.480*   

(2.507)

sidewalk-to-street 

proportion

1.090    

(0.420)

1.129    

(0.537)

No. of observation 364 364 364 364

LL -153.60 -135.74 -133.60 -130.06

Adj. McFadden’s R2 0.329 0.383 0.400 0.394

Bayesian Info. Criteria 342.59 336.36 320.28 342.68

- The regression results are in 
𝑂𝑑𝑑𝑠 𝑅𝑎𝑡𝑖𝑜 ∗∗∗

(𝑧−𝑠𝑡𝑎𝑡𝑖𝑠𝑡𝑖𝑐)
format, where the 

Odds Ratio is the exponent of the standardized coefficient 

from the logistic regression.

† Significant at the 10% level; * Significant at the 5% level; 

**Significant at the 1% level; *** Significant at < 1% level.

Results of the logistic regression models using 
600-meter GSV buffer (dependent variable  = 
walking / non-walking in binary)
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Measuring Streetscape Attributes



Is Neighborhood Perception Close to Reality?



Using Social 
Media to 
Assess 
Popular 

Sentiments





Classification Results: Neighborhood related or not

Classifier Accuracy

(%)

Precision (%) Recall (%) F1-score (%)

Neighb

orhood

Non-

Neighborhood

Neighb

orhood

Non-

Neighbor

hood

Neighbor

hood

Non-

Neighborhood

NB 80.06 75.25 82.75 71.13 85.55 73.12 84.12

10NN 82.91 82.10 83.28 70.64 90.48 75.93 86.73

SLAP 82.36 76.07 86.45 78.47 84.78 77.22 85.59

SVM 86.71 85.71 87.23 78.22 91.96 81.78 89.52

NB: Naïve Bayes

10NN: Nearest Neighbor

SLAP: A Supervised Learning Approach to Priority Cuts 

SVM: Support Vector Machine



Classification Results: Positive or Negative?

Classifier Accuracy (%) Precision (%) Recall (%) F1-score (%)

Positive Negative Positive Negative Positive Negative

NB 91.42 97.40 28.02 93.50 50.32 95.40 34.95

10NN 94.62 96.23 42.25 98.22 24.00 97.20 28.53

SLAP 94.29 97.24 42.31 96.75 45.62 96.99 42.89

SVM 95.88 96.09 84.17 99.73 19.61 97.87 30.62

NB: Naïve Bayes

10NN: Nearest Neighbor

SLAP: A Supervised Learning Approach to Priority Cuts 

SVM: Support Vector Machine



Classification Results: Identifying Attributes Noted

Classifier NB 10NN SLAP SVM

Accuracy (%) OVERALL 86.61 88.71 90.4 90.27

Precision (%)

Aesthetics 53.1 51.54 57.34 54.54

Crime 56.15 94.17 92.38 95.83

Maintenance 81.38 58.68 77 70.78

OpenSpace 34.74 50.07 38.18 54.35

Entertainment 78.82 86.02 83.49 84.31

Traffic 51.32 49.44 49.65 47.73

Walkability 36.82 84.26 64.28 75.62





Summary “take-home” message
❖Cities evolve together with the environment, culture, history, economy, 

and customs of a place and its inhabitants

❖The joy of experiencing cities is embedded in the significance and 

meaning that places imbibe over time – it highlights particular moments in 

its history through its physical character and its people

❖Smart cities are cities that celebrate the culture and history of the place 

and enable appropriate technologies to enhance livability of all inhabitants 

without compromising democracy and social choice in all spheres of city 

life

❖Smart cities focus on enabling technologies that allow multiple solutions to 

emerge to enhance quality of life and offer choices with minimal 

constrains on making similar choices in the future



The Shoulders I Stand On 

Gordan Zhang Florina Dutt Bon Woo Koo Jon Sanford

Wen Wen Zhang Uijeong Hwang Nisha Botchwey



Visit us at www.cspav.gatech.edu
Follow us on Twitter and Facebook 

Thank You!

I look forward to your questions and comments

http://geospatial.gatech.edu/Gorilla3D/
http://www.cgis.gatech.edu/
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