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Motivation 
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Home Structure Fire Deaths by Smoke Alarm 
Performance, 2005 – 2009* 

*  Ahrens, Marty, “Smoke Alarms in U.S. Home Fires,” NFPA, Quincy, MA 02169-7471, September 2011. 



Project Goals 
 Functional – earlier alarm than existing products. 

            – improved awakening performance. 

 Reliability – improved resistance to nuisance 
alarms. 

 Power – capable of battery operation. 

 Cost – mass-produced product < $30 per unit. 

 Size – production unit should have a form factor 
similar to current products. 

 Durability – extended service life. 
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Presenter
Presentation Notes
Cost is an issue for adoption.  $30 is the current price point for high-end residential smoke alarms.  The first residential smoke alarm, the SmokeGard® cost about $100 each in 1970 (which equates to more than $700 each in 2012 dollars).  The SmokeGard® required three special 4.5 V batteries that cost about $25 to replace each year.  



Findings 

 More data can yield better decisions! 
   – more sensors  
   – time dependent rate of change 

 CO sensor – smoldering fires and CO poisoning. 

 Upgrade Photoelectric sensing  
  – blue LED, dual λ or dual angle. 

 Microcontroller based decision making 
  – LDA 

 Alert Tone can be improved.   

 On horizon: NDIR sensors – CO2, H2O, CO & HCs. 
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Commercial Developments 

Promotional video 
 http://www.youtube.com/watch?v=mOjtxqBeL8A&featu

re=em-subs_digest 

USI 

Kidde 
 Intelligent Alarm 
Worry-Free Series 
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USI Iophic Alarm 
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 Ionization with microprocessor 

 Fixed threshold 

 Dynamic thresholds 

 Manufacturer recommends placement 
as close as 7 ft. to stove. 

 Limited in-situ testing 6 ft. from cook 
top showed typical sensitivity to steam 
and cooking vapors.   
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The microcontroller calculates dynamic averages: Environmental average is calculated incrementally: VEnv-Avg = (VEnv-Avg * 214 + Vion )/(214 + 1) or about 6 hours or so to account for temperature, humidity, and pressure changes Smoldering average is calculated incrementally: VSmd-Avg = (VSmd-Avg * 27 + Vion )/(27 + 1) or about 10 minutes Signal average is calculated incrementally: VAvg = (VAvg * 22 + Vion )/(22 + 1) or roughly 30 seconds Alarm:When the ion signal drops about 1V from the VEnv-Avg, the alarm immediately sounds. The alarm also sounds for smaller ion-signal droop that persists for about 10 minutes. If the ion signal is less that VSmd-Avg, it is counted as part of the persistence. Given enough counts, the sensitivity is raised such that only 0.2V below the VEnv-Avg causes an alarm. 



Kidde Intelligent Alarm 
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 Ionization &  CO with microprocessor. 

 Provides both CO and Fire alarms.   

 The threshold sensitivity of the 
ionization sensor increased when 
significant CO (> 40 ppm) was 
present. 

 Limited in-situ testing 6 ft. from cook 
top showed considerable 
improvement in nuisance alarm 
resistance to kitchen sources.   

 

 



Kidde Worry-Free Line 

 Photoelectric detectors 
with sealed 10-yr. 
battery. 
 CR2 battery 

 Several options 
 Living Area  
 Hallway alarm w/ LEDs 
 Bedroom alarm w/ Voice 
 Kitchen alarm w/ 

Photoelectric & CO 
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