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Or saw something like this?

Img: https://www.businessinsider.com/photos-national-parks-trash-government-shutdown-2019-1
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Introduction

WAIT

https://www.strongtowns.org/journal/2016/12/13/best-of
-2016-about-those-pesky-pedestrian-crossing-buttonsImg:

WAIT

WAIT

Or wait a substantial amount of time for this

Inconveniences like these are becoming: 

● More prevalent

● More avoidable



1.  Background

2.  The Network 
(SOXFire)

3.  Conflicts
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Background: Smart City Basics
Smart City: a city with a network of technology systems that aid in typical 
city tasks.

● Data collection

● Data analysis

● Response to the data

Meets the following goals:
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Background:  Smart City Basics
Feedback loop of a smart city:



Types of Sensors

Shaping Smart City Systems April 20, 2019

Background:  Sensors



Types of Sensors

Shaping Smart City Systems April 20, 2019

Background:  Sensors

● Fixed Sensors - Most Common
- Quantitative Data
- Cover small area
- Expensive

Img: https://enterpriseiotinsights.com/20170619/smart-cities/20170619smart-citiesconnected-lighting-s
mart-city-platform-tag23



Types of Sensors
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Background:  Sensors

● Fixed Sensors

● Vehicle-Mounted Sensors - Quantitative data
- Cover large area
- Inexpensive
- Less reliable data

Img: https://www.sensorsmag.com/components/three-sensor-types
-drive-autonomous-vehicles

- Quantitative Data
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Background:  Sensors

● Fixed Sensors

● Vehicle-Mounted Sensors

● Crowd Sensing - Participatory & Expert
- Qualitative Data

Img: https://www.istockphoto.com/illustrations/crowd-looking-up?so
rt=mostpopular&mediatype=illustration&phrase=crowd%20loo
king%20up

- Quantitative Data

- Quantitative Data
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The Network:  SOXFire



● Built on XMPP
○ Used for online chat
○ Extensibile
○ Decentralized
○ Built in security
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● Subscription and publish events with 
federation

○ More scalability for a city scale

● Virtual sensor
○ Data node
○ Metadata node

Img: SOXFire: A Universal Sensor Network System
for Sharing Social Big Sensor Data in Smart Cities
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SOXFire Dashboard
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Visualization Tools:  SOXFire

● A “Widget” Interface
● Provides customizable locations 

and information

Img: SOXFire: A Universal Sensor Network System
for Sharing Social Big Sensor Data in Smart Cities



- “Heatmap” 
approach

- Garbage truck 
mounted sensors 
gather data on 
various 
environmental 
statistics within 
Cambridge, MA

MIT City Scanner

https://docs.google.com/file/d/11r8IKKLUqceaNQ4p_R-bSR00SS3oWRF4/preview
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● Device Conflicts
○ Pedestrians vs traffic on same light

● Environmental Conflicts
○ Congestion service vs emergency

System Conflicts: Conflict Types



Shaping Smart City Systems April 20, 2019

System Conflicts: CityGuard



Shaping Smart City Systems April 20, 2019

● Addresses Conflicts via
○ Feedback loop algorithm
○ Actuators

System Conflicts: CityGuard



Shaping Smart City Systems April 20, 2019

● Addresses Conflicts via
○ Feedback loop algorithm
○ Actuators

● Overview
○ Takes in service actions

Img: CityGuard: A Watchdog for Safety-Aware Conflict Detection in
Smart Cities

System Conflicts: CityGuard



Shaping Smart City Systems April 20, 2019

● Addresses Conflicts via
○ Feedback loop algorithm
○ Actuators

● Overview
○ Takes in service actions
○ Looks for conflicts

System Conflicts: CityGuard



Shaping Smart City Systems April 20, 2019

● Addresses Conflicts via
○ Feedback loop algorithm
○ Actuators

● Overview
○ Takes in service actions
○ Looks for conflicts
○ Actuators automate response

System Conflicts: CityGuard



Shaping Smart City Systems April 20, 2019

● Addresses Conflicts via
○ Feedback loop algorithm
○ Actuators

● Overview
○ Takes in service actions
○ Looks for conflicts
○ Actuators automate response
○ Cycle Repeats

System Conflicts: CityGuard
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System Conflicts: Algorithm

Img: CityGuard: A Watchdog for Safety-Aware Conflict Detection in
Smart Cities
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System Conflicts: Algorithm
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Pre-processing
● Takes set of actions

○  
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Pre-processing
● Takes set of actions

○  

● CityGuard SUMO run
○ Returns simulation 

state: 

System Conflicts: Algorithm
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Device Conflict Resolution
● Takes set of actions

○  

● Check for Conflict

● If no device conflict
○ Move on

● Else 
○ Categorize
○ Resolve

System Conflicts: Algorithm
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Environmental Conflict Resolution
● resolved DC actions rerun in 

SUMO
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Environmental Conflict Resolution
● Takes SUMO rerun actions

○ {A’i … A’n}

System Conflicts: Algorithm
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Environmental Conflict Resolution
● Categorized by conflict

○ Also requires city 
requirements

System Conflicts: Algorithm
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Environmental Conflict Resolution
● All results get passed to the 

overall resolver

System Conflicts: Algorithm
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System Conflicts: Algorithm
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Overall Resolver
● Actions deemed safe by both resolvers are okayed
● Actions rejected by the ECRC are rejected
● Actions deemed unsafe by the Device Resolver:

○ Rechecked for possible solutions
○ If none found, it is rejected.

System Conflicts: Algorithm
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System Conflicts: CityGuard
Results

● Car collisions are eliminated with CityGuard

● Traffic jams greatly reduced

● Carbon Monoxide (air pollution) reduced 
significantly

● Vehicle waiting time greatly reduced

● Compromise of wait time for normal vehicles 
increased 2%

○ Still better than without a service though



Conclusion
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Conclusion:

● Smart city networks must be extendable, decentralized, and seamless

● Conflicts of all kinds can be mitigated on the network with an algorithm.

● Smart city systems have the potential to greatly improve city performance 
and safety metrics.
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