
A People–Friendly Smoke Alarm 
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Presenter
Presentation Notes
Our lives are awash in new technologies such as iPod, Nook, Kindle, Droid, iPad, Blackberry, iPhone, etc.  The list of electronic gadgets grows longer every day.  One thing that these ubiquitous devices have in common is that their designers strive to adapt today’s technology to the way humans behave. 

The fire prevention community has expended enormous resources in attempts to change the behavior of the most at-risk citizens.  Our efforts have not been in vain, yet our nation continues to suffer needless deaths.  Why not change the technology we use to more closely match the behavior of those who the device is intended to help?  What technologies can be used or developed to reduce the incidence of nuisance alarms in homes, while at the same time providing an earlier and more reliable warning of potential danger? 

In no way am I advocating that we stop our educational outreach work.  This is good work, and has reached a great number of people.  The fact remains, however, that we have not been successful at reaching those most at risk.  




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

 Increasing fire risk in homes. 

 Ionization vs. photoelectric alarms. 
 



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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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.  
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Sensing 
 Aerosol Sensors 
 Ionization 
 Photoelectric 

 Material-Based Sensors 
 Sorbent Sensors 
 Heated Metal Oxide (Taguchi) Sensors 
 Catalytic Sensors 
 Electrochemical Sensors 

 Physical-Based Sensors 
 Solid-State 
 Electrochemical 
 Nondispersive Infrared (NDIR) 
 Hydrocarbon 
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Presentation Notes
This is a short list of the types of sensors considered during this project.  

Larger aerosols, blue & IR are roughly same

Smaller aerosols: blue is ~2-6x more sensitive

Smallest aerosols: ionization detection is far more sensitive




Deciding 
 Set Point 

 Rate of Rise 

 Simplified fuzzy logic (i.e., if – then adjustments) 

 Principal Components Analysis1: 
 Captures information about data variation but not 

necessarily to classify. 

 Curve Matching or Neural Networks2: 
 Recently proposed, shows promise. 

 

1. Cestari, L.A., C. Worrell & J.A. Milke, Advanced fire detection algorithms using data from the home smoke detector 
project. Fire Safety Journal 40 (2005) 1–28 

2. Jones, W.W., Implementing High Reliability Fire Detection in a Residential Setting, Fire Technology, 48, 233–254, 
2012, 233-254. 
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Presentation Notes
Fuzzy:  For example, decreasing the level for alarm of a photodetector with a high rate-of-rise in temperature. These rules are really simplified forms of fuzzy logic: ‘‘if sensor one is in this range, and sensor two is in this range then it is likely that…’’ It is an intuitive approach.  While such an approach has not yielded great results as yet, this is a reasonable choice as the number of available sensor signals increases.

PCA condenses multiple channels of correlated (redundant or interdependent) data into a series of variables or principal components that are independent (not redundant).   PCA can manage a large number of signal channels.
The goal of PCA is to capture information about data variation but not necessarily to classify.





Deciding 

 Linear Discriminant Analysis: 
 A proven technique to classify objects into groups based on a 

set of observations that describe the objects. 

 A supervised pattern recognition technique.   

 Training data is used to formulate rules to sort new 
observations as belonging to specified groups. 

 Useful for a small number of signal channels. 
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Presentation Notes
Fuzzy:  For example, decreasing the level for alarm of a photodetector with a high rate-of-rise in temperature. These rules are really simplified forms of fuzzy logic: ‘‘if sensor one is in this range, and sensor two is in this range then it is likely that…’’ It is an intuitive approach.  While such an approach has not yielded great results as yet, this is a reasonable choice as the number of available sensor signals increases.

PCA condenses multiple channels of correlated (redundant or interdependent) data into a series of variables or principal components that are independent (not redundant).   PCA can manage a large number of signal channels.
The goal of PCA is to capture information about data variation but not necessarily to classify.

PCA does more of feature classification and LDA does data classification. In PCA, the shape and location of the original data sets changes when transformed to a different space whereas LDA doesn’t change the location but only tries to provide more class separability and draw a decision region between the given classes.

The purpose of Discriminant Analysis is to classify objects (people, customers, things, etc.) into one of two or more groups based on a set of features that describe the objects (e.g. gender, age, income, weight, preference score, etc. ). In general, we assign an object to one of a number of predetermined groups based on observations made on the object. 
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The calculation resolves the inputs from multiple sensors into a pair of coordinates that can be plotted on a graph.  Using “training data” from tests, we can create classification rules, or regimes on the graph, that will classify the resulting point.  

In this example, the yellow dot represents the coordinates in LD space for a given set of sensor inputs.  In the example shown, the yellow dot falls into the region of LD space that represents a flaming fire.





Training Data 
 UL data1 from 18 fire tests 

in the UL217/UL268 Fire 
Test Room 

 NIST data2 from 21 fires 
each with multiple sensor 
locations (67 total) in a 
manufactured and a two-
story home plus 25 
nuisance tests  

 Sensors common to both: 
ion, photo, temperature 
and CO 

 

1  Fabian, T.Z. and Gandhi, P.D. 2007. “Smoke Characterization Project.” Northbrook, IL: Underwriters Laboratory Inc. 
2  Bukowski, R.W. et al. 2008. “Performance of Home Smoke Alarms.” NIST TN-1455-1 (Rev. 2008) 

 



LDA Development 
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 First two LDs show good segregation of fire events from normal and 
even nuisance conditions  

 Ion, CO and temperature sensors provided the most valuable sensor 
data for classification 

 LDA processing improves alarm performance 

 



Alerting 

 37% of fire deaths occur while people are sleeping in homes 
with working alarms (CPSC 2004). 

 Arousal is limited with sleep deprivation, alcohol/drugs, 
children, old age, hearing impaired. 

 Standard 3100Hz T-3 alerting tone is substantially less 
effective than low frequency or female voice. 

 520Hz square wave much more effective than 3100Hz for all 
at-risk groups. 

Thomas & Bruck 2010. Fire Technology, 46, 743 
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Presentation Notes
37%:   Lee A, Midgett J, White S (2004) A review of the sound effectiveness of residential smoke alarms. U.S. Consumer Product Safety Commission

Children:   with 3100Hz T-3 – only ~20% awakened by 60dBA and 57% at 89dBA but practically all awakened by 89dBA female voice or 520Hz square wave
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Sound frequency currently used in residential 
smoke alarms is sub-optimal for some target 
audiences (3,000 Hz vs. 520 Hz). 
Piezoelectric horns have low energy 

requirements 

Sounder Technology 

Size is to scale. 



LDA Alarm Prototype 
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Presentation Notes
Photo shows current research platform.  Four sensors are included, as is an 8-bit microcontroller.  Speaker is included for alert tones.

Microcontroller operates power, alerting, sensors and calculates: 
Baselines of all sensors for long-term drift correction.
Short-term baselines for rate-of-change.
Transformation of sensor channels to discriminant coordinates.
Decisions for fire or toxic alerting.




Recommendations 

 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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Take – Away 

 Home smoke alarm performance can 
be improved to be more user – friendly: 
 Earlier alarms 
 Fewer nuisance alarms 

 Cost will increase 
 Will still be a bargain 

 Pending UL changes may prompt 
changes 
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Presentation Notes
Photo shows the first commercially available residential smoke alarm sold in the U.S.  I purchased two of these for my parent’s home in 1971.  At that time, these alarms cost $112 each.  Adjusting that price for inflation, these would cost more than $700 each in 2012 dollars.  With this perspective, a $30 smoke alarm is a great bargain!  
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