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Key	  Concepts
SMART	  :	  Specific,	  Measurable,	  Attainable,	  
Relevant	  and	  Timely
CPS	  :	  Cyber	  Physical	  Systems
•World	  of	  Cyber	  Physical	  Systems	  composed	  
of	  three	  basic	  areas:
1)	  Gathering	  of	  Data (Communication)
2)	  Processing	  of	  Data (Computation)
3)	  Use	  of	  Data (Targeted	  Decision	  Making)

Focus	  Here:	  “CPS-‐ Smart”
• Not	  to	  be	  confused	  with	  other	  efforts	  to	  
introduce	  scientific	  approaches
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1)	  Gathering	  of	  Data (Communication)
2)	  Processing	  of	  Data (Computation)
3)	  Use	  of	  Data (Targeted	  Decision	  Making)
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Robotics	  
and	  
Smart	  
Fire	  

Fighting	  

Note:	  Terminology	  is	  
evolving,	  for	  example…
• Aerial	  Robotics
• UAVs	  (Unmanned	  Aerial	  
Vehicles)
• UASs	  (Unmanned	  Aerial	  
Systems)
• Drones
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CPS:	  Cyber	  Physical	  Systems
Today’s	  World	  -‐-‐-‐ Increasingly	  Sensor	  Rich
• Consider	  quote	  on	  use	  of	  data	  by	  Eric	  Schmidt,	  Google	  CEO	  2010,	  at	  Googles’	  

2010	  Atmosphere	  Convention,	  leading	  to	  much	  discussion,	  such	  as…

• “23	  Exabytes of	  information	  was	  recorded	  &	  replicated	  in	  2002.	  	  We	  now	  
(2011)	  record	  and	  transfer	  that	  much	  information	  every	  7	  days”	  	  -‐ RJMetrics,	  
The	  Data	  Point

STORAGE
CAPACITY

COMPUTER	  
PROCESSING	  SPEEDS

TECHNOLOGY	  
COSTS

One	  Exabyte	  =	  1	  x	  1018 Bytes
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• Big  data  is  not  a  new  thing….the  U.S.  Bureau  of  Labor  
Statistics  has  been  in  effect  since  1884.
•Big	  data	  is	  about	  the	  size	  of	  the	  problem,	  and	  distilling	  
key	  insights	  from	  different	  forms	  of	  data.
•Key	  Characteristics:
• Volume:	  	  Amount	  (e.g.,	  Petabytes,	  Exabytes,	  Zettabytes,	  Yottabytes,	  etc.)
• Variety:	  	  Type	  of	  content	  (e.g.,	  numeric,	  GIS,	  text,	  voice,	  surveys,	  etc.)
• Velocity:	  Speed	  at	  which	  data	  is	  generated/processed	   (e.g.,	  real-‐time)
• Veracity:	  Data quality	  and	  reliability

What	  is	  “Big	  Data”?
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WHAT DATA IS OF INTEREST TO
EMERGENCY RESPONDERS?

EVERYTHING!
FOR EMERGENCY RESPONDERS,	  ALL DATA

HAS VALUE.	  	  VIRTUALLY NOTHING IS
EXCLUDED!

1)  Review  of  Smart  Fire  Fighting  Basics
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2)  Realizing  the  Vision:
“CPS  Smart  Fire  Fighting  Scenarios”

1) WUI
2) Residential Fire 
3) Hi-Rise Fire
4) Vehicle 

Extrication
5) Train Derailment 

(HazMat)
6) Hi-Challenge 

Warehouse 
7) Illegal  Nightclub 
8) Tornado
9) EMS (Mass 

Casualty Event)
10) Elevator Rescue

Ten Basic Fire Fighting Scenarios for CPS Application

• Hypothetical challenging scenarios
• Intent to inspire and promote insight
• Loosely based on real events
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Project	  Report	  available	  on	  the	  Foundation	  website
www.nfpa.org/SmartFireFighting
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• All  Activities  Handled  by  
the  Fire  Service  

• All  Fire  Service  Tasks
– i.e.,  Consistent  with    
NFPA  Pro-Qual Standards

• All  Types  of  Events
– Structural,  Wildland,  
Special  Ops,  etc.

• All  Stages  of  Events
– Pre-Event,  During  Event,  
Post-Event,  etc.  

Project	  Scope:	  

Project	   funded	   by
National	   Institute	  of	  Standards	  and	  Technology

3)  The  Research  Roadmap  for  Smart  FF
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Research	  
Priorities	  for	  
CPS	  Smart	  
Fire	  Fighting
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4)  Overview  of  Robotics
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Example  of  Robotics  with  Specific  Focused  Task

4)  Overview  of  Robotics

• Doffing  of  PPE  (Emergency  Responder)  
and  PCs  (Nuclear)

• Example:  Project  by  Northeastern  
University  on  “doffing”  of  contaminated  
gear
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4)  Overview  of  Robotics
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Research	  
Priorities	  for	  
CPS	  Smart	  
Fire	  Fighting

5)  Next  Steps  and  
Future  Direction
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• Example  of  Research  Priorities  for  Mobile  Sensors
– Robotics



5)  Next  Steps  and  
Future  Direction

33

• Example  of  Performance  Requirements  
– Component  Attributes
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Related  Activities  and  Outreach
• Example  of  Related  NFPA  Standards  Activity:  

– NFPA  801:  Standard  for  Fire  Protection  for  Facilities  Handling  Radioactive  
Materials

– NFPA  805:  Performance-Based  Standard  for  Fire  Protection  for  Light  Water  
Reactor  Electric  Generating  Plants

– NFPA  950:  Standard  for  Data  Development  &  Exchange  for  the  Fire  Service
• Example  of  Other  Related  Standards  Activity:  ISO  37120

– ISO  37120:  Sustainable  Development  of  Communities  (Chap  10)
• Example  of  Related  other  Activity:  Smart  America

– A  White  House  Presidential  Innovation  Fellow  project,  bringing  together  
research  in  CPS  by  combining  test-beds,  projects  and  activities.

• Example  of  Related  other  Activity:  Global  Cities  Team  Challenge
– A  NIST  effort   to  involving  collaborative  project  teams  addressing  innovative  
applications  of  IoT technologies  in  a  smart  city  environment.

• Example:  “Smart  Home  Summit”  (hosted  by  FPRF)
– 20-21  October  2015;;  Palo  Alto,  CA

• Example:  “Smart  Enforcement  Workshop”  (hosted  by  FPRF)
– 19  November  2015;;  Tempe,  
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NFPA	  Membership

IEEE	  Membership SFPE	  Membership

NFPA	  Membership

Examples	  of	  targeted	  outreach	  relating	  to	  CPS-‐Smart	  Fire	  Fighting
(demonstrating	  the	  broad	  diversity	  of	  the	  involved	  constituents)
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Contact  Information:

One  Batterymarch Park,  Quincy,  MA  USA  02169-7471
Phone:  01-617-984-7284          Email: cgrant@nfpa.org

FPRF  Website:  www.nfpa.org/Foundation

Smart  FF  Website:  www.nfpa.org/SmartFireFighting

Casey  C.  Grant,  P.E.
Fire  Protection  Research  Foundation


