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is a nonprofit
accelerating the smart city movement

and creating value for an entire ecosystem
by guiding communities into the connected future,

creating a path for private sector growth,
and advancing technology research

that’s at the heart of smart city development.



How Much Data is About You?



Measuring Volumes of Data

1 Kilobyte (KB) = 1000 characters (bytes) of data
1 Megabyte (MB) = 1,000,000 bytes
1 Gigabyte (GB) = 1,000,000,000 bytes (English Wikipedia text approx. 20 GB)
1 Terabyte (TB) = 1,000,000,000,000 bytes (All of Glenn’s photos – lifetime – 50,000)
1 Petabyte (PB) = 1,000,000,000,000,000 bytes (Human brain approx. 2.5 PB)
1 Exabyte (EB) = 1,000,000,000,000,000,000 bytes (All the files backed up by Backblaze)
1 Zettabyte (ZB) = 1,000,000,000,000,000,000,000 bytes

Measuring Speeds to Move Data
1 Kbps = 100 bytes / sec. (dial-up modem)
1 Mbps = 100 KB / sec. (25 Mbps (down) = broadband (FCC))
1 Gbps = 100 MB / sec. (Google Fiber introduced 1 Gbps; fastest networks now 10 Gbps)
1 Tbps = 100 GB / sec. (FABRIC Research Network intended speed per fiber)

Measuring Time
1 ms = 0.001 seconds
1 µs = 0,000001 seconds



1970s: Dial-up, 14.4 Kbps ARPAnet only
1980s: Dial-up, 28 Kbps AOL & others
1990s: Cable, 10 Mbps; graphics & browser
2000s: DSL at 1.5 Mbps; cable at 10 Mbps

2.5% of homes to 28%
2010s: Fiber at 1 Gbps
2020s: Fiber at 10 Gbps
2030s: FABRIC at 1 Tbps (in research now)
Glenn’s Postulate: speeds double every two years 

History of speeds to homes and small businesses





Source: Encyclopedia Brittanica, article 
on Psysiology, retrieved online 
10/21/2020.



Size of Glenn’s Data (personal account)
My personal data being kept at home = 10 TB
Everything Google says they have about me = 80 GB





Size of Glenn’s Data (personal account)
My personal data being kept at home = 10 TB
Everything Google says they have about me = 80 GB
Number of web sites storing stuff about me = 187
Number of remembered passwords = 746
Number of authenticators = 6

Continuous Reporting
My location
My heart rate, steps, floors climbed, distance traveled, Afib, SpO2
Presence detected by Alexa and Google

Home Internet Usage (no TV) during COVID-19
6 GB down; 6 GB up; per day = 12 GB/day



Ohio second highest state at 24.2%











Data Drives Smart Things



Smart City

Smartphone

Smart Speaker
(Digital Assistant)

Smart autonomous 
vehicle

Smart Home

Smart Watch

Smartfood

Smart 
Thermostat

Smart Kids



Collects about 1 TB/h of operation







Data Drives Smart Cities



Growth of Smart Services
Smart and Connected Community Applications Require Low-Latency,
High-Bandwidth

Smart and connected communities

Smart and connected autonomous vehicles
Smart health: e.g., continuous health monitoring
Smart digital assistants
Just-in-time education
Built-in cybersecurity
Smart workspaces



Growth of Smart Services
Smart and Connected Community Applications Require
Low-Latency, High-Bandwidth

Bandwidth needed for:
AR/VR, AI, big data

Latency converging on:
- Human response times
- Mechanical / chemical response times
- Electromagnetic response times
- Speed-of-light response times





Perishable Data from sensors or to actuators
Value in immediately actionable decision-making decreases over time

Value of data in
Decision-making
(e.g., in
cyber-physical 
system loops)

Time (delay in data delivery)

μs             ms s              m                 h                   d

Actionable, e.g.,
ML Recognition
Cyberphysical systems

HistoricML training



Power Microgrid Coordination
Milliseconds count

Image: Penn State EMPower Research Group

Image: Husham I. Hussein

Time accuracy: 32 μs
React in < 10 ms

https://www.researchgate.net/profile/Husham_I_Hussein


Connected Vehicle Management
Milliseconds count

Platooning Vehicles

Time accuracy: 1 ms
React in < 10 ms



Connected Vehicle Management
Milliseconds count

Intersection sharing

Time accuracy: 1 ms
React in < 10 ms

Dresner, Kurt, and Peter Stone. "A multiagent
approach to autonomous intersection 
management." Journal of artificial intelligence 
research 31 (2008): 591-656.



Earthquake Prediction / Notification
Seconds count

P-wave precedes damaging S-wave

Time accuracy: 0.5 s
React in < 0.5 s









Data Drives Smart
Research and Learning

(See George Turner’s session earlier today)



CC BY 4.0 Gabriel Ravanhani Schleder



Big Research Data: Square Kilometre Array
South Africa and Western Australia

132,000 antennas

generating157 TB/s

= about twice estimated global
Internet traffic



Deep Brain Stimulation Tuning

SCI Institute, U. Utah
US Ignite
National Science Foundation



Data Drives 
Artificial Intelligence
(Machine Learning)

(See Erin McCabe’s session earlier today)







Things Can Go WRONG





WIRED Magazine



Data’s Ability to Carry Meaning

Discourse – Debate – Name-calling – Slander

Comprehensive – Tailored – Selected – Taken out of context

Emotions – Feelings – Support – Arguments – Manipulation

Concepts – Reasoning – Theories  – Postulates – Musings - Misleading



Data’s Ability to Describe and Measure

Appropriately – Misunderstood – Inappropriately – Intentionally Misused

Clean - Inaccurate – Outdated – Corrupted – Wrong 

Secure – Vulnerable – Forgotten – Lost – Stolen – Kidnapped

Matches – Closely describes – Proxy for - Correlates with – Related to  



Data Drives Smart Economies









Source: WIRED Magazine, The WIRED Guide to Your Personal Data 
(and Who is Using It), 2/15/2019. The data broker industry is 

believed to be worth about $200 
billion.
Source: LA Times, David Lazarus, Nov. 5, 2019, Shadowy data brokers make 
the most of their invisibility cloak.







Project Overcome
• Creative ways of connecting the unserved and underserved

• Fiber self-install kits, TV White space, CBRS, etc.
• Five pilot communities; one year timeline
• Community-based organizations within each community
• Looking for measurable social impact
• Working in league with existing organizations in this space





Data Drives a Smart You



Image: © Image courtesy of MGH-UCLA Human Connectome Project

About 2.5 Petabyte
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