
Dr Shoumen Palit Austin Datta

MIT Auto-ID Labs and Research Affiliate, Department of Mechanical Engineering, Massachusetts Institute of Technology ● shoumen@mit.edu

Senior Scientist, MD PnP Lab, Medical Device Interoperability, Massachusetts General Hospital, Harvard Medical School ● www.mdpnp.org

http://bit.ly/IOT-MIT

Smart Cities ?

Euphoric about Utopia ?

mailto:shoumen@mit.edu
http://www.mdpnp.org/
http://bit.ly/IOT-MIT


What is a smart city? 
We don’t have to agree.

• GCTC (US), CEA (EU), JP, SK, IN, CN – awareness & PR

• Is the bus on time? Yes  since 1991

• Organisms are networks by design

• Habitats are complex systems by design

• Smart Cities “Smart Parking” 

• Connected solutions to reduce mortality and morbidity 



www.nature.com/articles/sdata201555

Hexbin map with logarithmic color scale of 

the Province of Trentino, Italy. Each layer 

represents a specific dataset. Energy - red 

color represents the sum of consumed 

electricity. Precipitation - blue (minimum 

mean intensity of precipitations) to red 

(max). Blue - minimum number of events.
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Trentino is a “Smart City” 
because you have data 

sets about events?

“Our wealth of 
information induces a 
poverty of attention” 

(Herbert Simon)

http://www.nature.com/articles/sdata201555


Energy “Intelligence”
Connecting local to national and may be even global
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No “Intelligence” in AI

See pdf EYE-in-AI
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• 1:45 – DR signal received

• 1:46 – Agents shift from BAU mode to curtailment mode

• 1:47 – Energy Operator dials in 2 MW curtailment goal

• 2:00 – L/R agent deploys speed reduction on largest fans in North and South

• 2:10 – 1MW reduction

• 2:15 – Agent releases first L/R; Agent assembles second L/R set; deploys

• 2:20 – 2MW reduction

• Repeats until 3pm

• 3:00 – SAT agent raises SAT at select buildings

• 3:15 – SAT shifts buildings

• 3:05 – 1.2 MW reduction

• 3:20 – L/R rotates groups

• Etc

• Electronic signal was sent from CA-ISO to building system 
• Curtail 2 MW for 4 hours across 78 retail sites

• Base load for 78 properties approximately 10 MW

• Signal received at 1:45 PM [15 minutes ahead of the start time of 2PM]

• Curtailment commenced at 2PM and completed at 6PM PDST

2002 ● MIT Demonstration ● Energy Auto-Load Balancing



D. Mahling

Curtailment: Trend Data and Energy Savings 
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Why the resurgence?



Low cost needs more volume - Smart Cities



Nature 464, 1025-1028
doi:10.1038/nature08932

Think Different

Cities

● Network of Systems

● Network Optimization

● Agent Driven Analytics

● Emergency / Resiliency

Smart City Emergency Management and Response System
Contingency/Resiliency planning and logistics operations:
Address failure/fault tolerance/redundancy/restoration
each key node in every layer
- data visualization portal
- citizen connectivity app





Simplicity v Complexity



Block Sliding Down an Inclined Plane (velocity at a certain point = v)

Macroscopic motion subject to gravity and friction (Newton’s Laws of Motion) 



Block Sliding Down an Inclined Plane (velocity at a certain point = v)

Microscopic behavior – local oscillations of groups of atoms – random and independent 



Block Sliding Down an Inclined Plane (velocity at a certain point = v)

Microscopic behavior of atoms in accordance with laws of thermodynamics 



States of Matter
WATER











(101.325kPa)



Renormalization group (RG) refers 
to a mathematical apparatus that 
allows systematic investigation of 
the changes of a physical system as 
viewed at different distance scales.



What does it signify?

You may not solve tomorrow’s problems using yesterdays 
tools, current thinking and conventional wisdom.

New ideas, new design, new engineering, new context, 
new worlds, new computation, new directions.



Intelligent Autonomy ● Resiliency and Emergency Response
Systemic foundational compass essential for smart anything



Think – People 
[1] Rehydration App [2] Reflected radiowaves
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Smart City concepts, tools 
and technologies have 
been around for more  

than two decades

Here is one example



Here is an illustration from 2008



Triggers for economic momentum

http://bit.ly/MIT-IOT

Platforms as triggers …

http://bit.ly/MIT-IOT




Wireless Vision



http://bit.ly/DK-BBC

Professor Dina Katabi, MIT

http://bit.ly/DK-BBC


http://bit.ly/DK-WiVi

http://bit.ly/DK-WiVi


 Non-invasive critical infrastructure monitoring
 Silent Seismic Impact on Essential Services
 Physical Security
 Cyber-security
 Healthcare 

Why it may be important for Smart Cities?



Autonomous vibration (accel-erometers), stress (strain gauges) & cracks    
(AE sensors) monitoring supported by vibration-based energy harvester

sites.google.com/site/marmoteplatform/Peter Volgyesi, Vanderbilt University

DATA COLLECTION FROM INFRASTRUCTURE – BRIDGES & OTHER MAJOR CRITICAL STRUCTURES

VEHICLE WITH 
UNDERBODY 
MONITORS



 Non-invasive critical infrastructure monitoring
 Silent Seismic Impact on Essential Services
 Physical Security
 Cyber-security
 Healthcare 

Why it may be important for Smart Cities?



2.5 million falls 2013
734,000 hospitalized
25,500 died from fall
$34 billion direct cost

38



Professor Dina Katabi (MIT) presenting RF Reflection to 
President Obama (White House Demo, 4 August 2015)

http://newsoffice.mit.edu/2015/president-obama-meets-mit-entrepreneurs-white-house-demo-day-0806

http://bit.ly/President-Obama-with-Dina-Katabi

http://newsoffice.mit.edu/2015/president-obama-meets-mit-entrepreneurs-white-house-demo-day-0806
http://bit.ly/President-Obama-with-Dina-Katabi


Fall Detection – Wire less, Sensor less, Without Wearables

RF Reflection Data - Professor Dina Katabi, Wireless Center, CSAIL, MIT ● IIC Member



Detect fall, then what ….
Respond and/or connect to appropriate network of services



Think …

Networks

Network Optimization

Cities

● Network of Systems

● Network Optimization

● Agent Driven Analytics

● Emergency / Resiliency



Business of Smart Cities
Repeating the mistakes of electrification and RFID

- connecting things -



www.nature.com/articles/sdata201555

MIT Media Lab

Smart Cities are complex systems of socio-technical networks which must integrate and analyze 
wide range of problems for which there must be adequate digital records for each data element. 

http://www.nature.com/articles/sdata201555


• Systems Science

• Network Optimization

• Food, Water, Health, Energy, Air

• Autonomy, Resilience, Communication

• Supply Chain, Logistics, Freight Transport

• Tools for the Evolution – The Smart City Vision

• What is important or differentiates your community? 

Smart City Business Needs to Integrate 

Dr Shoumen Palit Austin Datta (shoumen@mit.edu and datta@iiconsortium.org)  

mailto:shoumen@mit.edu
mailto:datta@iiconsortium.org


Architectural Guidance
Dynamic Composition? Composable Infrastructure Units?

http://smartcities.ieee.org/articles-publications/trento-white-papers.html

http://smartcities.ieee.org/articles-publications/trento-white-papers.html




Source: Industrial Internet Consortium

Formula In Use – Example from Industrial Internet Consortium



Business viewpoint - identification of stakeholders and their business vision, values and objectives in establishing an IIS and its regulatory context. 
These concerns are key business drivers of interest to business decision-makers, product managers and system engineers in order to deploy IIS.

Usage viewpoint - human in the loop sequence of activities necessary to deliver IIS functionality and achieving system capabilities.

Functional viewpoint - interrelationships and structure, interfaces and interactions between them and with external elements in the environment.

Implementation viewpoint - tools needed to implement functional components, their communication schemes and their lifecycle procedures.

IIC IIRA 3-Tier Architecture

http://industrial-iot.com/2015/06/the-industrial-internet-reference-architecture-first-impressions/

http://industrial-iot.com/2015/06/the-industrial-internet-reference-architecture-first-impressions/


http://bit.ly/IIRA-IIC

IEEE P2413 ● http://grouper.ieee.org/groups/2413/Intro-to-IEEE-P2413.pdf

http://bit.ly/IIRA-IIC
http://grouper.ieee.org/groups/2413/Intro-to-IEEE-P2413.pdf


To download a free copy, 
please join the CPS PWG

www.cpspwg.org

National Institute of Standards and Technology        
NIST, US Department of Commerce

CYBERPHYSICAL SYSTEMS (CPS) 
PUBLIC WORKING GROUP (PWG)

http://www.cpspwg.org/


EU - AIOTI REPORTS

EU - SINGLE DIGITAL MARKET

http://bit.ly/EU-AIOTI-REPORTS

http://bit.ly/DIGITAL-DECLINE

http://bit.ly/EU-AIOTI-REPORTS
http://bit.ly/DIGITAL-DECLINE


Conventional Wisdom



The generic 
Smart City 

REPRESENT OBJECTS



DETECT, CONNECT, CONTEXT, INTELLECT REPRESENT, SENSE, SEMANTICS, RESPONSE



The generic 
Smart City 

DATA ACQUISITION



DETECT, CONNECT, CONTEXT, INTELLECT REPRESENT, SENSE, SEMANTICS, RESPONSE

Jan Holler



The generic 
Smart City 

CLOUD OF CONNECTED THINGS



DETECT, CONNECT, CONTEXT, INTELLECT REPRESENT, SENSE, SEMANTICS, RESPONSE

Jan Holler



What stops the “generic” 
Smart City                               

from being generic? 

SEMANTICS →→ CONTEXT

Quintessential prelude to ambient intelligence 

but, we are not there, yet. 



DETECT, CONNECT, CONTEXT, INTELLECT REPRESENT, SENSE, SEMANTICS, RESPONSE

Jan Holler



Emerging View
platforms & end-2-end connectivity

Smart Cities 
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Smart Cities → Smart Nations → Smart World → Smarter Planet



Patch-work Pilots
point-to-point connectivity of things



● Smart Cities ● Yokohama ● Santander ● Nice 



A SMARTER PLANET begins with SMART CITIES



Conventional Wisdom    
- Deployment Plan -

SINGAPORE



Challenge?
Smart Cities

I invented nothing new. I simply assembled into a car the discoveries of other men behind whom were centuries of work ▪ HENRY FORD

Grand Unifying
Internet

of
Systems

69



GLOBAL SMART CITIES – GRAND UNIFYING IoS PLATFORMS?

How groups within Whirlpool are responsible for 
optimizing commonality gains through product 
development stages – a lesson for smart cities.

Smart energy and electricity micro-grid network

Smart transportation and traffic management

Smart water and waste water treatment

Smart maintenance and infrastructure

Smart data and connectivity

Smart waste management

Smart healthcare

Smart parking

Smart homes

Smart drone

http://bit.ly/ALIBABA-AND-40-DRONES


Smart Nation (?) Singapore

The next 26 charts are copied from the briefing by Mr Steve Leonard, Executive 
Deputy Chairman, IDA delivered to the industry on 10 October 2014, Singapore

Paradox to Paradigms to Platforms to Populations?



Start
here

http://www.ida.gov.sg/~/media/Files/Collaboration%20Initiatives/Collaborations/2014/1010_SNP_IR/SNPBriefingSlides.pdf



http://www.ida.gov.sg/~/media/Files/Collaboration%20Initiatives/Collaborations/2014/1010_SNP_IR/SNPBriefingSlides.pdf















Smart Nation – Operating Systems

www.ida.gov.sg/~/media/Files/Collaboration%20Initiatives/Collaborations/2014/1010_SNP_IR/SNPBriefingSlides.pdf

Internet
of

Systems











Earthquake
Monitoring



http://www.ida.gov.sg/~/media/Files/Collaboration%20Initiatives/Collaborations/2014/1010_SNP_IR/SNPBriefingSlides.pdf





http://www.ida.gov.sg/~/media/Files/Collaboration%20Initiatives/Collaborations/2014/1010_SNP_IR/SNPBriefingSlides.pdf



http://www.ida.gov.sg/~/media/Files/Collaboration%20Initiatives/Collaborations/2014/1010_SNP_IR/SNPBriefingSlides.pdf







http://www.ida.gov.sg/~/media/Files/Collaboration%20Initiatives/Collaborations/2014/1010_SNP_IR/SNPBriefingSlides.pdf







http://www.ida.gov.sg/~/media/Files/Collaboration%20Initiatives/Collaborations/2014/1010_SNP_IR/SNPBriefingSlides.pdf







What did you notice?
apparent lack of hype about Big Data or IoT

Smart Nation Singapore



But there is more to 
Smart Cities 

much more



Smart City 
Stress Test



Can a Smart City reduce 
Food Waste?



Global Grand Challenge



Kg/person

FOOD WASTE PER PERSON



http://bit.ly/HBR-IoT-PDF

Food Waste Ecosystem - Smart Farming

http://bit.ly/HBR-IoT-PDF


Real-Time 
Precision 
Farming 

PLATFORM

SALES

DATA

Agro-Machine 
Manufacturer

Supply

-Weather data
-GPS micro-localization data
-Soil chemistry (GCMS) specifics
-Seed (sterile unless cultivated)
-Fertilizers (catalytic vs toxicity)
-Protection (pesticide, herbicide)
-Storage, shelf-life and waste
-Country of origin - goods supply

▪ Optimize MRO to improve asset uptime
▪ Mobile data collection and dissemination
- soil sample / nutrient analysis (GCMS)
- moisture monitors / field connect data 
- temperature / dielectric constant
- color and chemistry of crops
- growth rate / fertilizer distribution
- weather micro-impact / acidity-alkalinity

-Measure, understand and apply
-Impact of data on quality & yield

Leverage data to run long and 
short term simulations to plan for 
“what if” to optimize profit
- Weather patterns
- Demand uncertainty
- Export and import
- Tariff, cost, excise
- Regulatory policy

Retail Supply Chain – Sourcing / Distribution / Warehouse / Transportation
Track & Trace – Commodity Traders – Risk Management – Regulators (FDA)

The potential convergence of

Precision Farming ecosystem

- Seed to Mouth (S2M)

- Farm to Fork (F2F)

with other ecosystems, such as:

- Smart Cities 

- Autonomous Transportation

and operations management 

for trusted and secure supply 

chain network of partners. 

Compliance with SOX-409 type 

regulations and DHS e-manifest

are a part of this scenario. 

Additional links to energy and 

environmental systems are also 

obvious. Food safety, security, 

nutrition, availability and 

consumption are inextricably 

linked with global health, 

malnutrition, infant mortality 

and healthcare, in general.

Seed

Pesticide

Fertilizer

Smart Farming Ecosystem - Food Supply Chain + Logistics of Farm2Fork  

Field Connect Sensors 
John Deere

Farming in California alone is a $50 billion industry

NASA Soil Moisture Active Passive (SMAP)http://bit.ly/FARM-RECORDS

http://bit.ly/FARM-RECORDS


NASA SMAP



Smart Cow in the Food Supply Chain ● Farm 2 Fork  



What about water?



I am 
thinking ….

What is your plan 
for distribution of 
water around the 

smart city?



I am thinking of a 
cloud-based 

solution

What is your plan 
for distribution of 
water around the 

smart city?



Reality Check   Water 



San Francisco top earning $423,000 ● San Francisco water pipes 

www.sacbee.com/opinion/opn-columns-blogs/foon-rhee/article15518342.html

http://www.sacbee.com/opinion/opn-columns-blogs/foon-rhee/article15518342.html


www.salmonarm.ca/images/pages/N141/WTP_flowDiagram.jpg

Sensors for Data ?
Management ?
Maintenance?
Efficiency?
Quality?
Energy?
FIRE HYDRANTS ?
Heavy Metals?
Minerals?
Bacteria?
Viruses?
Prions?



Water Systems Management (illustration based on chemical plant from NIST CPS PWG)

Sensors for Data ?
Management ?
Maintenance?
Efficiency?
Quality?
Energy?
FIRE HYDRANTS ?



Reality Check   Arsenic in Water in Bangladesh causes acute morbidity  

Internet
of

Things

Internet
of

Systems



www.youtube.com/watch?v=LIRz9Ul7SUw

DIGITAL 
WATER

Socio-Economic Impact and Healthcare Improvement due to Medical IoT



www.pnas.org/content/111/51/18162.full.pdf

http://www.pnas.org/content/111/51/18162.full.pdf


http://pubs.acs.org/doi/abs/10.1021/acscentsci.7b00021

Food Testing. Blood 
Testing? Sputum? 

Mucus? Fluids?

http://pubs.acs.org/doi/abs/10.1021/acscentsci.7b00021




Smart City Air Quality?
Pollution sensor data may indicate need to plant trees

Global Air Quality (WHO)



Polluters and Pollutants



Global Fuel Economy 
Standards



http://bit.ly/SMART-CT-TREES

LOCAL
AIR QUALITY

Source: Heather Hansman

http://bit.ly/SMART-CT-TREES




Smart City Healthcare?
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Healthcare

and

Medical IoT 
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Monitor and Predict Physiological Status of Humans in Vehicles
Transport Connects to Healthcare through Smart City Platform



Dr Leslie Saxon, University of Southern California





www.seas.upenn.edu/sunfest/docs/slides/MALAMASPETER.pdf

Circular pathways in the heart conduction 
system is a common cause of arrhythmias

CARDIAC ARRHYTHMIA 
DIAGNOSIS & REPORTING

CARDIOLOGIST-in-a-POCKET

http://www.seas.upenn.edu/sunfest/docs/slides/MALAMASPETER.pdf


Smart City Healthcare Emergency Network 
platform, information, context, connectivity



Can a Smart City 
optimize energy?



Smart City Digital Mitochondria Internet
of

Systems



MICRO-GRIDS?



Ubiquitous Energy?



Glucose

Liquid Fuel
Generator

C 4  
C 5

C 6
Low Insolation

Commodity

Butanol
Pentanol

Micro 
Algae
Cyano

Bacteria

Glucose

High Insolation

Renewables – Domestic Micro-Manufacturing Non-fossil Carbon-Neutral Liquid Fuel   



GLOBAL ENERGY CONSUMPTION (2010)

http://burnanenergyjournal.com/wp-content/uploads/2013/03/WorldMap_EnergyConsumptionPerCapita2010_v4_BargraphKey.jpg



Reality Check  G2 favors the GHG producers – Coal and Gas, naturally  



Energy Intelligence
Connecting local to national and may be even global



• 1:45 – DR signal received

• 1:46 – Agents shift from BAU mode to curtailment mode

• 1:47 – Energy Operator dials in 2 MW curtailment goal

• 2:00 – L/R agent deploys speed reduction on largest fans in North and South

• 2:10 – 1MW reduction

• 2:15 – Agent releases first L/R; Agent assembles second L/R set; deploys

• 2:20 – 2MW reduction

• Repeats until 3pm

• 3:00 – SAT agent raises SAT at select buildings

• 3:15 – SAT shifts buildings

• 3:05 – 1.2 MW reduction

• 3:20 – L/R rotates groups

• Etc

• Electronic signal was sent from CA-ISO to building system 
• Curtail 2 MW for 4 hours across 78 retail sites

• Base load for 78 properties approximately 10 MW

• Signal received at 1:45 PM [15 minutes ahead of the start time of 2PM]

• Curtailment commenced at 2PM and completed at 6PM PDST

2002 ● MIT Demonstration - AI in Demand Response



D. Mahling

Curtailment: Trend Data and Energy Savings 

141



Emergence of Energy Intelligence Start-ups 



Is the Smart City adaptable 
to autonomy & disruption?



Flour Mill-on-Wheels

Mobile Church





Rival Robot Cars in California



www.techinasia.com/didi-kuaidi-confirms-2-billion-bucks-funding/ 10 July 2015

說中國的超級

DIDI
KUAIDI

http://www.techinasia.com/didi-kuaidi-confirms-2-billion-bucks-funding/


Intelligent Transport Systems ?



Dead-weight of old technologies?



Is the Smart City 
resilient from disasters? 



Intelligent Autonomy ● Resiliency and Emergency Response
Systemic foundational compass essential for smart anything



UC Irvine, MIT, IBM, Intel, AT&T, SigFox, Brivo Labs, Senseware, N5 Sensors, Responder, Del Ray Analytics, biobright, 
EIC Data, IoT DC, Captiva, Earth Networks, US DoD (TATRC), Victory Housing and Montgomery County, Maryland, USA.

Proprietary platform 
conforming to industry 

standard

Proprietary platform 
conforming to industry 

standard

Proprietary platform 
conforming to industry 

standard

Open platform 
conforming to industry 

standard

Open and Interoperable IoT Platform

Ecosystem of IoT
products in real 
world test beds.

Open standards 
and protocols for 
diverse device data 
(secure) sharing

IoT Apps IoT Apps IoT Apps IoT Apps

Public Sector IoT Apps

Phase Two

Diverse forms 
of connectivity

IoT Apps



SERS ● NIST Global Cities Team Challenge (June 1, DC)

Queen Maxima of Netherlands at GCTC

Smart Emergency Response System



Seismic and Infrastructure Monitoring

Buildings Bridges and Roads Water/Sewer

Critical Infrastructure Monitoring (CIM)

154



CIM – Hagia Sophia – Axial Stress (North-West)



Autonomous vibration (accel-erometers), stress (strain gauges) & cracks    
(AE sensors) monitoring supported by vibration-based energy harvester

sites.google.com/site/marmoteplatform/Peter Volgyesi, Vanderbilt University

DATA COLLECTION FROM INFRASTRUCTURE – BRIDGES & OTHER MAJOR CRITICAL STRUCTURES

VEHICLE WITH 
UNDERBODY 
MONITORS



CONNECT DATA and ANALYTICS for EMERGENCY VEHICLE TRAFFIC

SURE ▪ Sandeep Neema & Peter Volgeysi, Vanderbilt University



EMERGENCY
MANAGEMENT

DATA and ANALYTICS for EMERGENCY & RESILIENCY MANAGEMENT

Data, Message, Alert Dashboard for Communities & City Managers158



Robotic Tools in Infectious Diseases Management
Need for Medical Device Interoperability Platform 

www.gereports.com/post/104422691785/hospital-hack-a-thon-attacks-ebola-with-robots

http://www.gereports.com/post/104422691785/hospital-hack-a-thon-attacks-ebola-with-robots


Is the Smart City data 
communication secure?





TODAY ??

5G  

www.gov.uk/government/uploads/system/uploads/attachment_data/file/404743/Digital_Economy_Strategy_2015-18_Web_Final2.pdf

http://www.gov.uk/government/uploads/system/uploads/attachment_data/file/404743/Digital_Economy_Strategy_2015-18_Web_Final2.pdf


Data 



Communication and Cybersecurity
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CYBERSECURITY
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Smart City Data Silos? 

FarmingVehicles

Manufacturing

Grid



SAFTI
Semi-Autonomous Freight Transportation Initiative

Connect Data

SECURE
PLATFORMS



Data from Edge: Analytics and Feedback at the Edge                              
The Rise of the GPIO - CPU, Memory (16 GB), WiFi, Bluetooth 

Edge Ambient Intelligence – Analytics in the Mist
If latency boundaries unsuitable for fog or cloud analytics 



Edge Analytics at Point of Customer Value – Grand vision but where are the systems? 



From the Past               
For the Future

Transport



Travel Behavior, Transport 
and Autonomous Vehicles



Humans, like animals, 
are territorial, naturally.

Anthropological studies suggest that there appears to 

a mean traveling time per day (aka exposure time), 

when multiplied by mean speed of movement (an 

animaI) it fixes a distance or a range or territory.

http://www.cesaremarchetti.org/archive/electronic/basic_instincts.pdf

http://www.cesaremarchetti.org/archive/electronic/basic_instincts.pdf


How long is the human 
exposure time aka 

territory?

1-hour
Yes, of course, there are exceptions and deviations 

from the hour rule which fuels transport innovation



How far can you travel in
1-hour

5 km if you are walking
25 km if you are in public bus

50 km if you are in a private vehicle
500 km if you are transported by the Hyperloop



Each way commute time is 
30 min. Thus, total exposure 

1-hour
5 km (1800’s) all in a small compact village/town
25 km (1950’s) if your office is located downtown
50 km (2000’s) if you live in the sprawling suburbs

500 km (2050’s) you use the Hyperloop to the office



From horse drawn coaches, electric trams to Hyperloop: mean travelling time per day is 1 hr

http://www.cesaremarchetti.org/archive/electronic/basic_instincts.pdf

http://www.cesaremarchetti.org/archive/electronic/basic_instincts.pdf


Travelling Time Per Day in select global cities exceed Marchetti’s Constant (1 hr) 



Marchetti’s constant, a sturdy observation that humans since the Paleolithic Era have 

always lived roughly 30 minutes from their work even as transport tech evolved from 

bare feet to carriage to train to automobile. Current commute times of 90-120 minutes

will be changed by Hyperloop. Innovation in transport reverts exposure time to 1 hour.

What can Hyperloop do for these travel times?

http://en.wikipedia.org/wiki/Marchetti's_constant




Can Hyperloop impact the 2-bedroom housing wage?

http://nlihc.org/oor

http://nlihc.org/oor


California Commutes
are 80km or 50miles
Approx 1-hour drive

http://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0166083&type=printable



Bay Area Commutes
are 80km or 50miles
Approx 1-hour drive

http://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0166083&type=printable



80 km or 50 miles approx 1-hour drive

http://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0166083&type=printable



http://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0166083&type=printable

https://phe.rockefeller.edu/green_mobility/

https://en.wikipedia.org/wiki/Marchetti's_constant

www.surveyarchive.org/Zahavi/TravelTime_Budgets.pdf

https://phe.rockefeller.edu/green_mobility/
https://en.wikipedia.org/wiki/Marchetti's_constant
http://www.surveyarchive.org/Zahavi/TravelTime_Budgets.pd
http://www.surveyarchive.org/Zahavi/TravelTime_Budgets.pdf


Mean Speed (30 mph) has not changed since Henry Ford’s times. The use 
of cars (10,000 miles per year or about 1 hour per day) is still the current 
average for calculating vehicle use by auto insurance companies in the US

www.cesaremarchetti.org/archive/electronic/basic_instincts.pdf

http://www.cesaremarchetti.org/archive/electronic/basic_instincts.pdf


www.cesaremarchetti.org/archive/electronic/basic_instincts.pdf

http://www.cesaremarchetti.org/archive/electronic/basic_instincts.pdf


The next logistics evolution - 13 km long - Bridge Africa with Eurasia

187



The next logistics evolution – 13 km long – Why delay the construction?



Kouvola to Beijing - TRANS-SIBERIAN / TRANS-MONGOLIAN RAIL 
The next logistics revolution – South Africa connects to China

189



www.cesaremarchetti.org/archive/electronic/basic_instincts.pdf

http://www.cesaremarchetti.org/archive/electronic/basic_instincts.pdf


https://en.wikipedia.org/wiki/Pneumatic_tube_mail_in_New_York_City
http://www.pbs.org/newshour/updates/is-traveling-on-hyperloop-a-ticket-to-puke-city/
https://www.yahoo.com/style/bp/hyperloop-inspired-100-years-ago-pneumatic-tubes-cat-204600601.html
http://www.theatlantic.com/technology/archive/2013/08/that-time-people-sent-a-cat-through-the-mail-using-pneumatic-tubes/278629/

Hyperloop started 1897 
by the NY Postal Service 

https://www.yahoo.com/style/bp/hyperloop-inspired-100-years-ago-pneumatic-tubes-cat-204600601.html
https://www.yahoo.com/style/bp/hyperloop-inspired-100-years-ago-pneumatic-tubes-cat-204600601.html
https://www.yahoo.com/style/bp/hyperloop-inspired-100-years-ago-pneumatic-tubes-cat-204600601.html
http://www.theatlantic.com/technology/archive/2013/08/that-time-people-sent-a-cat-through-the-mail-using-pneumatic-tubes/278629/


http://pure.iiasa.ac.at/5297/1/RR-97-13.pdf

1997 - Prediction by Schafer and Victor (MIT)
By 2050, automobiles will supply less than two fifths of global volume

Share of High Speed Transport in 2050 = 41%

http://pure.iiasa.ac.at/5297/1/RR-97-13.pdf


There are many others steps and stations ahead 



Autonomous Cars?

What happens to 
them in 2050 ?



Autonomous  Vehicles
Let us explore the journey on the road ahead







NYC
1900

NYC
1913

This happened in 13 years! We will have autonomous cars in a couple years. 
Correct? 



Telecommunications - Fixed Broadband by Country

N u m b e r  o f  h o u s e h o l d s  ( m i l l i o n s )



US Internet Use at Home by Income

http://digitaledition.technologyreview.com/technologyreview/january_february_2017?sub_id=hNVmoSnEIMeF&pg=92#pg92 MIT Technology Review (Jan-Feb 2017)

http://digitaledition.technologyreview.com/technologyreview/january_february_2017?sub_id=hNVmoSnEIMeF&pg=92%23pg92


USA Mobile Broadband Plan 10GB=$85/month (2% GNI per person)

www.economist.com/blogs/graphicdetail/2013/10/daily-chart-5
http://www.itu.int/en/ITU-D/Statistics/Pages/stat/default.aspx

http://www.economist.com/blogs/graphicdetail/2013/10/daily-chart-5
http://www.itu.int/en/ITU-D/Statistics/Pages/stat/default.aspx


Cost of 3G (2013) vs 3G/4G (2016) US Data Plans

http://www.toptenreviews.com/services/internet/best-mobile-broadband-providers/

http://www.toptenreviews.com/services/internet/best-mobile-broadband-providers/




4,000GB/day
120TB/month
1.44PB/year

2016 US Data Plans 10 GB data (per month) = $85 or 2% of GNI per person

$12.41 million per car per year 

US

2,666 internet users

www.oafrica.com/broadband/african-internet-and-broadband-facts-from-measuring-the-information-society-2013-report/

http://www.oafrica.com/broadband/african-internet-and-broadband-facts-from-measuring-the-information-society-2013-report/


https://ec.europa.eu/digital-single-market/en/news/mobile-broadband-prices-europe-2016
http://www.rewheel.fi/downloads/Rewheel_EU27_mobile_data_cost_competitiveness_report_May_2013_FINAL.pdf

Lowest cost of Mobile Broadband in EU approx. US$26.30/GB (highest US$231.4/GB)

https://ec.europa.eu/digital-single-market/en/news/mobile-broadband-prices-europe-2016
http://www.rewheel.fi/downloads/Rewheel_EU27_mobile_data_cost_competitiveness_report_May_2013_FINAL.pdf


4,000GB/day
120TB/month
1.44PB/year

Lowest cost of 0.1GB data in EU27 approximately US$2.63 or $26.30 / GB

EU

$38.40 million per car per year 



US
EU

What may be the key trigger for mass adoption of autonomous vehicles?

US
EU

SIX ORDERS OF MAGNITUDE DECREASE IN COST FOR MOBILE 5G DATA

$12.41 million per car per year 

$38.40 million per car per year 

$12.41 million per car per year 

$38.40 million per car per year 



Do you think data usage will be limited to 4,000GB/day or 1.44PB/year?

US
EU

6 ORDERS OF MAGNITUDE DECREASE IN COST + 10-FOLD DATA INCREASE

US
EU

$12.41 million per car per year 

$38.40 million per car per year 

$124.10 millionper car per year 

$384.00 millionper car per year 



US
EU

In reality expect 1000-FOLD INCREASE in DATA for autonomous vehicles

Today’s estimate of autonomous vehicle data

By 2020, estimate of autonomous vehicle data

$12,410 millionper car per year 

$38,400 millionper car per year 



US
EU

You earn €35K pa. Can you afford to pay €35K pa for your car’s data plan?

€35K

$53K US
EU

$12,410.00 milliper car per year 

€35,600.00 milliper car per year 

Do you want to own a car or share? At what cost will your autonomous car’s data plan fit your 
budget? 2% of GNI per person? Can technology & economy drive down the cost to that level?

GNI per capita

GNI per capita



US
EU

Where is the tipping point for autonomy in freight transport if €35,600 
per year is a estimate for (personal use) a private vehicle’s data plan?

€35K

$53K US
EU

$12,410.00 milliper car per year 

€35,600.00 milliper car per year 

Countries where cost for transport driver is below €35,600 pa 

www.cnr.fr/en/CNR-Publications/2016-social-synthesis-of-CNR-s-European-studies

GNI per capita

GNI per capita

http://www.cnr.fr/en/CNR-Publications/2016-social-synthesis-of-CNR-s-European-studies


If you live in the EU when will you be able to afford your car’s data plan?





How long it may take for creative destruction and cannibalization to      
restructure the global auto industry employing ~50 million people? 

www.oica.net/category/economic-contributions/auto-jobs/

http://www.oica.net/category/economic-contributions/auto-jobs/


Autonomous Vehicles
NEW tools, NEW technologies, NEW economic models,          

NEW transaction cost structures, NEW digital businesses,                      
NEW engineering design, NEW computational paradigms

The NEW normal – SERVICES – not products
Adoption (of autonomous cars) is unrelated to cost of product (car) but determined by the cost of 
essential services (zero latency, mobile computation, connectivity, cybersecurity, energy recharge)



http://medcitynews.com/2017/01/vinod-khosla-healthcare-startups-hate/

(in partnership with Herbert Boyer of UCSF).

http://medcitynews.com/2017/01/vinod-khosla-healthcare-startups-hate/




https://dspace.mit.edu/handle/1721.1/56251

2005 – Swap form factor for “atoms” (connect bits, cars, engines, toilets)  

2006

12 years later, swappable car batteries are in discussion, but form factor for energy is still large.

https://dspace.mit.edu/handle/1721.1/56251


Swap “atoms” form factor – a different way of thinking about inventory at hand  

12 years ago, the idea was of “portability” of atoms [eg: running your car on (metallic) hydrogen] 

http://www.ptep-online.com/index_files/2011/PP-26-07.PDFS. Datta, published
(by TEKES in 2006)

https://dspace.mit.edu/handle/1721.1/56251

http://www.ptep-online.com/index_files/2011/PP-26-07.PDF
https://dspace.mit.edu/handle/1721.1/56251


The rationale of “portability” of atoms was based on the theory of metastable metallic hydrogen 

http://news.harvard.edu/gazette/story/2017/01/a-breakthrough-in-high-pressure-physics/

Ranga Dias, Harvard (in the
Laboratory of Isaac Silvera)

http://news.harvard.edu/gazette/story/2017/01/a-breakthrough-in-high-pressure-physics/


https://dspace.mit.edu/handle/1721.1/562512006

Swap “atoms” form factor – a different way of thinking about inventory at hand  

12 years ago, the idea was of “portability” of atoms [eg: running your car on (metallic) hydrogen] 

Drive any vehicle – car, ship, plane, rocket 
Use metallic hydrogen in a USB drive form

Think SCM - near-zero inventory of fuel, the weight of fuel,
inventory carrying cost and energy used to carry inventory 

Swap it anywhere to replenish

https://dspace.mit.edu/handle/1721.1/56251


Swap “atoms” form factor – a different way of thinking about a typical taxi ride  

http://www.nyc.gov/html/tlc/downloads/pdf/2014_taxicab_fact_book.pdf

http://map.mathshell.org/download.php?fileid=1706

http://www.nyc.gov/html/tlc/downloads/pdf/2014_taxicab_fact_book.pdf


www.teslarati.com/tesla-model-s-weight/

72 lb @ 6 lb/gal

1323 lb

How much energy (inventory) 

and weight of energy (gas or 

battery) is a vehicle carrying      

for an average 2.6 mile trip?

http://www.teslarati.com/tesla-model-s-weight/


Swap “atoms” form factor – a different way of thinking about a typical taxi ride  

http://www.nyc.gov/html/tlc/downloads/pdf/2014_taxicab_fact_book.pdf

http://map.mathshell.org/download.php?fileid=1706

1300 lb battery for a 2.6 mile trip?

http://www.nyc.gov/html/tlc/downloads/pdf/2014_taxicab_fact_book.pdf


www.teslarati.com/tesla-model-s-weight/

72 lb @ 6 lb/gal

1323 lb

10 gram Hydro-Stick
(Shoumen Datta, 2017)

Change the equation!

http://www.teslarati.com/tesla-model-s-weight/


The form factor of energy and its source for transportation 
may undergo many radical metamorphoses because one 

solution may not suit all the different type of needs.          
Tesla’s approach may be overdue for an overhaul.

New ideas. New solutions. New engineering.

Swap “atoms” form factor – Hydro-Stick of metallic Hydrogen is not a panacea  



ISAAC ASIMOV

Swap “atoms” form factor – a different way of thinking about mobility of matter  



Why the Internet of Things 
is not only about “Things”

IoT is a design metaphor
IoT needs identity of things

IoT is identification of things

The NEW normal – SERVICES – not “things”



http://pure.iiasa.ac.at/5297/1/RR-97-13.pdf

1997 - Prediction by Schafer and Victor (MIT)
By 2050, automobiles will supply less than two fifths of global volume

Share of High Speed Transport in 2050 = 41%

http://pure.iiasa.ac.at/5297/1/RR-97-13.pdf


Problems at hand





PR about Autonomous Vehicles 



Routing Auto-Dispatch Range Analytics

PR about Autonomous Vehicles



Autonomous Vehicles

May start to become useful 2035-2040



Can Smart Cities improve 
supply chain, logistics and 
transportation of freight?



SMART CITY LOGISTICS - REQUIRE UBIQUITOUS SYSTEMIC CONNECTIVITY

http://bit.ly/DHL-IOT

http://bit.ly/DHL-IOT


Focus on Freight

Ports of LA and Long Beach, CA
February 6, 2015 

http://bit.ly/ALIBABA-AND-40-DRONES

http://bit.ly/ALIBABA-AND-40-DRONES


In praise of inefficiency - Average speed of trucks 

5.60
mph

1.01
mph

Autonomous Transportation ? Analyze This !!

http://www.trucking.org/News_and_Information_Reports_Industry_Data.aspx

3.46 million class 8 trucks in the US 
travelled 169.8 billion miles in 2014

31.4 million trucks registered in US 
travelled 279.1 billion miles in 2014

http://www.trucking.org/News_and_Information_Reports_Industry_Data.aspx


www.starbright.se/growth-in-refrigerated-transports/

Refrigerated transport of perishable food items and bio-pharmaceuticals (vaccines) critical to life  

Sensor Data

Why focus on freight ?



Global Merchandise
Trade Flow, DHL 2014

w
w

w
.dhl.com

/content/dam
/Cam

paigns/gci2014/dow
nloads/dhl_gci_2014_study_high.pdf



MAPPING FREIGHT

www.brookings.edu/~/media/Research/Files/Reports/2014/11/freight%20networks/Srvy_GCIFreightNetworks_Oct24.pdf



$ (millions)

10% of US trade corridors move ~80% of all goods, the most valuable of which are concentrated 
in the country’s 100 largest metropolitan areas. The national trade network—which includes the 
exchange of goods between different metropolitan areas, non-metropolitan areas, and foreign 
countries—moved $20.3 trillion worth of goods in 2010 (Brookings Institution, November 2014)

www.brookings.edu/~/media/Research/Files/Reports/2014/11/freight%20networks/Srvy_GCIFreightNetworks_Oct24.pdf

National Goods Trade ($20 trillion) exceeds GDP $15 trillion



Top 1% of corridors (888 corridors) traded goods worth $4.4 trillion (2010)

www.brookings.edu/~/media/Research/Files/Reports/2014/11/freight%20networks/Srvy_GCIFreightNetworks_Oct24.pdf



www.brookings.edu/~/media/Research/Files/Reports/2014/11/freight%20networks/Srvy_GCIFreightNetworks_Oct24.pdf

Long Distance Truck Loads and Highway Congestion



www.iihs.org/iihs/topics/t/large-trucks/fatalityfacts/large-trucks

DEATHS



PORTS

VOX.com



Beyond the Connectivity Paradigm

Smarter Planning Tools?

When the concept of smart cities matures from models 
to mainstream, city planners will need tools that may 
not exist within their knowledge base, at present. This 
section proposes creation of tools which may be useful 
to determine requirements of cities on their journey to 
become smart cities or participate in smart ecosystems.



If we build a 10 floor 
apartment complex or a 

25-story office tower with 
a retail floor or a shopping 
arcade plus a playground

How does it affect the neighborhood, facilities, 
transportation, energy load balancing, water and 

sewer systems, carbon dioxide and noise pollution? 



Can you answer the question?

Yes, we’ll have to work out each version of the plan.



What if you had a tool 
where you plug in your 
numbers, criteria and     

the user requirements?

This is a tool Smart Cities can use globally, rather   
than re-inventing the wheel for every configuration



Meta Tool Suite Architecture

The creation of a digital duplicate as an entity level agent based model is 
essential to analytics and simulation of what-if scenarios (deterministic) to 
better prepare for the non-deterministic states (emergency). This approach is 
not limited to any field but crucial for any “atom” with connected bits (data). 

Digital duplication will be the underpinning of all most all elements in the 
context of connectivity (IoT, IIoT). Data from each individual node of this 
model (eg sensor data from each part in a machine with hundreds of parts) 
will feed the digital duplicate connected to algorithm engines in the cloud to 
drive real-time analytics, provide feedback to improve efficiency or precision 
of the machine or device or process or decision support system in a manner 
that is context-aware and delivers intelligence at the edge to boost autonomy.

AVM Component Model



Can we create that tool?

http://norvig.com/design-patterns/design-patterns.pdf

http://norvig.com/design-patterns/design-patterns.pdf




http://rajivsethi.blogspot.com/2010/02/case-for-agent-based-models-in.html

http://tuvalu.santafe.edu/~jdf/papers/EconomyNeeds.pdf

http://rajivsethi.blogspot.com/2010/02/case-for-agent-based-models-in.html
http://tuvalu.santafe.edu/%7Ejdf/papers/EconomyNeeds.pdf


Re-visit an old idea

with new eyes



1977



Section 246 on page 1137 in Pattern Language by Christopher Alexander (1977)
http://library.uniteddiversity.coop/Ecological_Building/A_Pattern_Language.pdf

http://library.uniteddiversity.coop/Ecological_Building/A_Pattern_Language.pdf


Pattern Language

We have to re-visit “pattern” in terms of smart city 
concepts and apply the same principles in this tool



The “Pattern Language” Revolution  

• A Pattern Language: Towns, Buildings, Construction, Christopher Alexander, 1977

• The Timeless Way of Building, Christopher Alexander, 1979

• Using Pattern Languages for Object-Oriented Programs (a paper at the OOPSLA-87 conference), Ward 
Cunningham and Kent Beck, 1987

• Design Patterns, Erich Gamma, Richard Helm, John Vlissides, and Ralph Johnson (known as the “Gang of 
Four”, or GoF), 1994

• Refactoring: Improving the Design of Existing Code, Martin Fowler, 2000

OOP
UML
JAVA

• Creational patterns:
• Deal with initializing and configuring classes and objects

• Structural patterns:
• Deal with decoupling interface and implementation of classes and objects
• Composition of classes or objects

• Behavioral patterns:
• Deal with dynamic interactions among societies of classes and objects
• How they distribute responsibility



For Smart Cities - elements of this “tool” may need 
innovation similar to network design and planning 

What factors may influence the use and ecosystem of a 
building (or shopping mall or train station or park area) 

• How many people occupy the building during what hours?
• How many people may visit these offices?
• How many parking spaces will be necessary?
• Where will the occupants and visitors park?
• How long will it take to enter/exit during rush hour?
• What type of traffic condition it may create locally?
• What provisions are there for public transportation?
• How many people may use the toilets at what frequency?
• How much water will be used in the building?
• How much energy will be consumed? 
• What type of waste will be generated? 



Can we use entity level model building?  
The illustration below is only to indicate that each element will have to be decomposed

and associated with characteristics or attributes. For example, if a toilet flushes 4.6L of

water per use then it is a characteristic associated with that element / object. The number

of flushes will be dependent on rate of use which is dependent on occupancy of the area. 



Each object associated with attributes, task, process, etc.  

KPI related Data Elements – 100, 1000, 10,000 ???



Planners only need to assign (numeric/semantic) values to applicable attributes  



Dependencies, co-dependencies, relationships, levels  



Users will only need to input their data – room utilization/floor traffic  



Unit level entity then 
combines with network 
level entity models for   

essential functions 

and then
VIRTUALIZE
the network 



AVM Component Model + Meta Tool Suite Architecture

The creation of a digital duplicate as an entity level agent based model is 
essential to analytics and simulation of what-if scenarios (deterministic) to 
better prepare for the non-deterministic states (emergency). This approach is 
not limited to any field but crucial for any “atom” with connected bits (data). 

Digital duplication will be the underpinning of all most all elements in the 
context of connectivity (IoT, IIoT). Data from each individual node of this 
model (eg sensor data from each part in a machine with hundreds of parts) 
will feed the digital duplicate connected to algorithm engines in the cloud to 
drive real-time analytics, provide feedback to improve efficiency or precision 
of the machine or device or process or decision support system in a manner 
that is context-aware and delivers intelligence at the edge to boost autonomy.

VIRTUALIZATION OF NETWORK AS AN ENTITY



Nature 464, 1025-1028
doi:10.1038/nature08932

- Cities -
Cascade of Networks

Smart City Emergency Management and Response System
Contingency/Resiliency planning and logistics operations:
Address failure/fault tolerance/redundancy/restoration
each key node in every layer
- data visualization portal
- citizen connectivity app



Combined tool de-mystifies 
the design of smart cities 
and disseminates “smart” 

principles, world-wide.

It will spur the business ecosystem and may trigger 
economic growth, jobs & improve quality of life      
and living for communities and all its citizens.





Other components of this 
complex systems tool are

as follows ….



Spatial Network Tool
MIT







http://arxiv.org/pdf/1509.09055v1.pdf

UNDERSTANDING CITIES
as

SPATIAL NETWORKS



Semantic Context Tool
CITYSCAPE



www.cityscapes-dataset.net/

Understanding the context and semantics of the city  

http://www.cityscapes-dataset.net/


Understanding the context and semantics of the city  

www.cityscapes-dataset.net/

http://www.cityscapes-dataset.net/


Understanding the context and semantics of the city  

www.cityscapes-dataset.net/

http://www.cityscapes-dataset.net/


Understanding the context and semantics of the city  

www.cityscapes-dataset.net/

http://www.cityscapes-dataset.net/


CPS Resiliency Tool
UC BERKELEY



Shankar Sastry, UC Berkeley ● http://bit.ly/FORCES-UCB

Optimization based on dynamics of infrastructure in smart city simulation – resiliency by design.

FORCES (Foundations of Resilient Cyber Physical Systems) – UC Berkeley

http://bit.ly/FORCES-UCB


Jan-Jun 
2015

Is resiliency necessary?



www.resilience.osu.edu/CFR-site/pdf/Sheffi.pdf http://sheffi.mit.edu/the-power-of-resilience

http://www.resilience.osu.edu/CFR-site/pdf/Sheffi.pdf
http://sheffi.mit.edu/the-power-of-resilience


Design Automation Tool
VANDERBILT UNIVERSITY



META Approach – Design Automation Substrate for Smart Cities

• Design Reuse, Distribute Workload
• Leverage cross-domain Component 

Libraries

• Explore, Evaluate, Understand 
Tradeoffs

• Maintain Design Flexibility/Agility

• Auto-compose models/invoke 
domain analysis tools

• Minimize repetitive engineering 
labor

Component Based Design Design Space Exploration Executable Requirements

Meta Programmable Tools and Semantic Backplane

• Support integration of new tools and analysis
• Applicable across new domains and engineering processes

http://bit.ly/META-TOOLS

http://bit.ly/META-TOOLS


Model Integration Platform for Smart Cities using CyPhyML

Semantically Sound, Open Language Engineering Environment; Accommodates New Tools & Languages

SL/SF
MetaModel

CAD Integration
MetaModel

CAD
Meta

Model Integration Language - CyPhy

ab
st

ra
ct

io
n

Hierarchical Ported Models /Interconnects 
Structured Design Spaces
Model Composition Operators

Semantic 
Interface

Structural 
Semantics

Semantic
Translators

CyPhy
SL/SF

CyPhy
Mod

CyPhy
 CAD

Transformation
Semantics

Semantic
Backplane

Behavioral
Semantics

CyPhy
 FEA

Domain Specific Tools and Frameworks

Pro-E Dymola

http://bit.ly/META-TOOLS

http://bit.ly/META-TOOLS


Meta – Automated Smart City Design Tool

Components Designs Design Spaces Test Benches Parametric
Explorations

. . .

Job Manager

Data Visualizer

Local File system and/or Cloud Storage Simulation Trace Files, Analysis Results, Computed Metrics

Impact
Tools

Verif. 
Tools

. . . OpenMDAO

Analysis
Scheduling

Tool Integration Platform

Component
Exporter

Design
Composer

Modeling &
Model- Integration

in CyPhyML

Model
Transformations 

(CyPhyML →
Domain Models)

Execution runtime

Results storage

Visualization of 
results

Geometry Dynamics
Experiment

Specifications

Simulation
Tools

CAD 
Tools

Execution Integration Platform

Static An.
Formal
Models

Model Integration Platform

http://bit.ly/META-TOOL-SUITE

http://bit.ly/META-TOOL-SUITE


Application to Smart Cities?

Agent-based virtualization of entity level models 

Systemic Design Tools – Abstraction and Synthesis 



Systemic Design Tools – Abstraction and Synthesis 

The future of autonomy, optimization and intelligent support

may involve the process of building entity level models for each

granular component (or process), the ability to virtualize the

objects and connect component (node) specific data with curated

ecosystem data relevant to the context of “things” or function. In

principle, it may be applied to machines (cars, planes), smart cities, 

healthcare, energy, finance and other verticals as well as core

horizontals (security). The development of high granular agent

based models will be a departure from the traditional software

in vogue. Each agent will be part of an hierarchy yet may remain

flexible (modular) to adapt when processes change or evolve. The 

data from agents is expected to be semantically interoperable and

feed intelligent analytical frameworks (ANN, ML, AI) to generate

profitable information which may offer rich transactional value. 



How to converge the tools with 
context aware data analytics in  
real time to help city or town 
planners design requirements 
for resilient and smarter cities?

Granular tools for Evolution of the Future Smart City Vision  

CADA - http://bit.ly/CONTEXT-AWARE ● See http://bit.ly/IIC-NY ● Explore http://bit.ly/IIC-TB-eoi

http://www.isis.vanderbilt.edu/sites/default/files/TechReport_13_102.pdf

http://bit.ly/CONTEXT-AWARE
http://bit.ly/IIC-NY
http://bit.ly/IIC-TB-eoi
http://www.isis.vanderbilt.edu/sites/default/files/TechReport_13_102.pdf


Big Data
Reduce, Reconstruct, Respond



Edward  Osborne  Wilson

May 2014
Harvard

We are drowning in information, while starving for 

wisdom. The world henceforth will be run by synthesizers, 

people able to put together the right information at the    

right time, think critically about it, and make important 

choices, wisely.



CURATE



CURATE



Principle of Differential Curation and De-identification of Data





MONEY



Predictive Analytics

Shipments

Inventory

Consumption

Decision Support 

Logistics Schedule

Curated Data

Safety Stock

Replenishment

Forecast

All Data

Do you control and command all the nodes to drive convergence and fuel intelligence? 



Predictive Analytics

Shipments

Inventory

Consumption

Decision Support 

Logistics Schedule

Curated Data

Safety Stock

Replenishment

Forecast

All Data

Do you control and command all the nodes to drive convergence and fuel intelligence? 

ECO 
SYSTEM



How to extract ambient intelligence?

Innovation in Curation Algorithms 

Postgres

Introduced the object-relational 

model, effectively merging DB with 

abstract complex data types eg

CAD, geospatial, so-called big data

www.csail.mit.edu/node/2459

Michael Stonebraker
Turing Award 2015

32-G922 CSAIL MIT on 9th April 2015
Photograph taken by Shoumen Datta 

http://www.csail.mit.edu/node/2459


Challenges in Data Curation
● Noise obscures signal

● Data acquired is a blend of noise with signal

● Signal volatility introduces noise which is often proportional to signal

→ How do we correct/reduce the error due to this “noisy channel” factor?

→ Can novel algorithms reduce/deconstruct data to subtract “noise” and reconstruct the signal?

→ What about the application of the principles of (Shannon, Kalman-Bucy) error correcting algorithms?

 https://en.wikipedia.org/wiki/Kalman_filter
 http://news.mit.edu/2010/explained-shannon-0115
 http://www.cs.cmu.edu/~guyb/realworld/errorcorrecting.html
 http://www.cs.cmu.edu/~aarti/Class/10704/lec16-shannonnoisythrm.pdf

http://news.mit.edu/2010/explained-shannon-0115
http://news.mit.edu/2010/explained-shannon-0115
http://news.mit.edu/2010/explained-shannon-0115
http://www.cs.cmu.edu/%7Eguyb/realworld/errorcorrecting.html
http://news.mit.edu/2010/explained-shannon-0115
http://www.cs.cmu.edu/%7Eaarti/Class/10704/lec16-shannonnoisythrm.pdf


Data Curation Concepts from Laminar Flow

Smart City data is not an unique issue in this context. This is applicable across all data domains.

This a data curation problem. We are observing related signal/noise issues in big data analytics.

Are there any concepts related to data curation which may be triggered by laminar flow?

http://bit.ly/LAMINAR-FLOW-DATA-CURATION-CONCEPT

http://bit.ly/LAMINAR-FLOW-DATA-CURATION-CONCEPT


PLATFORMS
The Holy Grail is about ambient intelligence from data. 

Why you need to collaborate, build ecosystems and pursue open connectivity



Security



CYBERSECURITY
Intruder detection, repulsion, prevention in real-time

www.nist.gov/cyberframework/upload/cybersecurity_framework_bsi_2015-04-08.pdf

http://www.nist.gov/cyberframework/upload/cybersecurity_framework_bsi_2015-04-08.pdf






Smarter Cities?

A Common Sense of the New Utopia 

What is important to you? 

Personalization - Your Smart City -



Smart Nation ?

A Tell-tale Tale of Two Americas



Fifth Solvay International Conference on Electrons and Photons (Brussels, 1927)

http://bit.ly/1927-SOLVAY-BRUSSELS

Smart Citizens ?



Apple Developers Conference ● Santa Clara Convention Ctr ● March 2014

Apple Developers Conference ● Santa Clara Convention Ctr ● March 2014

Is this your Smart City ? 



Irrational Exuberance?

Elusive Euphoria for the New Utopia?



I have created nothing new
This document suggests ideas and comments which are neither original nor the outcome of 

the author’s research or creativity. The synthesis of existing facts and weaving them to 

propose new streams may be attributed to the author. The author has no claim or rights 

over the data, visuals and graphics used in this document. The material is sourced from the 

world wide web and expressly used for the sole purpose of explaining thoughts presented 

in this document. This presentation may be shared with anyone and disseminated or used 

for non-commercial or academic purposes. shoumen@mit.edu ▪ sdatta8@mgh.harvard.edu

Thank you

Dr Shoumen Palit Austin Datta

MIT Auto-ID Labs and Research Affiliate, Department of Mechanical Engineering, Massachusetts Institute of Technology ● shoumen@mit.edu

Senior Scientist, MD PnP Lab, Medical Device Interoperability, Massachusetts General Hospital, Harvard Medical School ● www.mdpnp.org

mailto:shoumen@mit.edu
mailto:sdatta8@mgh.harvard.edu
mailto:shoumen@mit.edu
http://www.mdpnp.org/
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