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Why consider multicriteria?

• All current particle sensors detect more than just 
smoke:

Dust, steam, theatrical smoke are false alarm sources
Some of the effect can be mitigated with processing and 
chamber design

• Multicriteria detection:
– Improves performance of detection

Detect flaming and smoldering fires equally well
– Improves nuisance immunity

Detect the fire and only the fire

Can you cost effectively accomplish both #1 and #2?
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What is multicriteria?

3.3.59.11* Multi-Criteria Detector. A device that contains 
multiple sensors that separately respond to physical 
stimulus such as heat, smoke, or fire gases, or 
employs more than one sensor to sense the same 
stimulus. This sensor is capable of generating only one 
alarm signal from the sensors employed in the design 
either independently or in combination. The sensor 
output signal is mathematically evaluated to determine 
when an alarm signal is warranted. The evaluation can 
be performed either at the detector or at the control 
unit. This detector has a single listing that establishes 
the primary function of the detector.

From NFPA 72 2010 edition…
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What is multicriteria? CONT’D

• Multiple sensors
• Mathematically evaluated
• Only one alarm signal
• Single listing

From NFPA 72 Handbook 2010 edition…

A photo-ion detector could meet this definition.A photo-ion detector could meet this definition.

Sensor 1 Sensor 2

Brain

Alarm?

Sensor n…
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What is multicriteria? CONT’D

But, NFPA differs from:
• Future UL standards definition

– Task Group is currently working to add requirements to UL 
268/217

– UL standards may require one of the sensors to detect 
particulates

– We should require sensing two separate phenomena

Photo or Ion Sensor 2

Brain

Alarm?

Sensor n…



February 2011

Multicriteria vs. Combination

• Combination Detector has 2 or more sensors for:
– Different phenomena, e.g., smoke and heat -OR-
– The same phenomena, e.g., smoke (photo and ion)

• Sensor signals are not mathematically evaluated

Photo Ion

OR

Alarm?
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Strategies to Improve Detection

• Enhance photoelectric smoke sensing technology:
– Use of multiple scattering angles
– Use of other wavelengths
– Current research focus is on photoelectric sensing, not 

ionization
Challenging global regulatory environment for products 
with radioactive sources
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Strategies to Improve Detection, continued

• Add additional sensors
– Heat
– Gas, such as carbon monoxide
– Light
– Humidity
– Sound
– Microwave radiation?

• Various combinations of the above
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Photoelectric Smoke Sensor

• Most detectors use forward light scattering with 
standard near infrared LED (880 nm) light source

• LED pulses every ~5 seconds
• Dust and smoke scatter light similarly

– Overlap in particle sizes
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Photoelectric Smoke Sensor, CONT’D

• Standard photoelectric sensor works better on 
larger, lighter colored particles from smoldering 
fires

• Electronic techniques can be used to improve the 
performance
– Smoothing/filtering
– Dynamic sensitivity
– Drift compensation
– Cooperative detection
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Other wavelengths

• LED technology is making advancements
– Blue LED’s (450 nm or 0.45 micron)
– UV LED’s/UV enhanced photodiodes (< 380 nm)

• What happens when you use a shorter 
wavelength?
– Like a ruler with finer increments
– Wavelength is closer to the particle size
– Smaller wavelength means better detection of small 

particles, i.e. flaming fires
Mean particle size in smoldering fire = 250 nm
Mean particle size in flaming fire = 80 nm

Shorter wavelengths improve flaming fire performance.Shorter wavelengths improve flaming fire performance.
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Multiple scattering angles

• Light scatters in all directions when a particle is 
illuminated

• Measure light at two angles
– Calculate the ratio of the signal at the two angles

• Ratio will change as the particle size changes
• Typically dust is bigger than smoke so it can be 

discriminated
• Are water droplets different than cotton wick 

smoke?



February 2011

Considerations for Adding Other Sensors

• Does the added sensor generally complement the 
smoke sensor?
– Agency test fires versus reality

• Is it selective?
• Is it small in size?
• Is it cost effective?
• Does it have low power consumption?
• Is it life limited?
• What maintenance/calibration is required?

Performance enhancement depends mostly on the 
algorithm.

Performance enhancement depends mostly on the 
algorithm.
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Heat Sensor (thermistor)

• Inexpensive to add
• Also, low power, small size, etc.
• By itself, not very useful

– Little heat generated in many agency test fires
– Can’t modify the operation of the photo
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Gas Sensor

• Fires produce mostly (by volume) CO2 and CO
– CO can be detected with…

Electrochemical gas sensors
– Low power, but life limited

Metal oxide semiconductor gas sensor
– Higher power, but long life

CO is only produced as a byproduct of combustion
– CO2

No small, low power, low cost sensors available
Produced by humans and combustion

– Atmospheric CO2 concentration can vary rapidly

A CO sensor is the logical choice.A CO sensor is the logical choice.
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CO Sensor

• CO sensing is not a big help in flaming fires
– Can the operation of the photo be modified?
– Would greatly help ion sensor in smoldering smoke test

• CO can discriminate steam or dust thereby 
improving nuisance immunity
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Other Effluent Gases…

Depending upon the fuel, other gases are produced
– Hydrogen cyanide

Produced by some foams
Electrochemical sensor

– Hydrogen chloride
Produced by PVC
Electrochemical sensor

– Formaldehyde
Produced by wood or paper

– Methane
Produced by wood or paper
Pellistor based detection

– Nitrogen dioxide
Produced by flaming liquid fuels
Electrochemical sensor
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Newer Gas Sensor Technologies

• Metal Oxide Semiconductor (MOS) gas sensors
– Not selective to one gas
– Several companies (e2v, Applied Sensor) have MEMS 

version
Much lower power

– Apollo has a fire detector with MOS sensor
• FAIMS (Field Asymmetric Ion Mobility 

Spectroscopy)
– Highly sensitive, used in DHS applications
– Expensive
– Requires radioactive source
– Kidde partnering with FAIMS innovator
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Light Sensor

• Sense the flames from flaming fires
– Offset weakness of photoelectric sensor in flaming fires

• Challenges
– Sense only flames and not changes in ambient light
– Field of View
– Cost

• Potential sensor choices:
– Photodiode: visible light/UV light
– Thermopile: mid-IR
– Pyroelectric detector: mid-IR
– Lead selenide: mid-IR
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Open questions for UL standards task group

• How should detector operate if one sensor fails?
– Trouble signal, degraded mode

• What happens at the end of the sensor life?
– Replaceable sensors

• Should all sensors contribute in agency fires?
– What about other scenarios?

• Is a smoke (particulate) sensor required?
– Must a smoke detector be combined with other sensors?

• What performance is required of the smoke sensor 
portion?
– Does sensitivity need to be 0.5 to 4.0 percent/foot?

Multicriteria detectors will have to pass UL fires.Multicriteria detectors will have to pass UL fires.
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Multicriteria Detector Performance Evaluation

• No industry standard steam/mist test
• No industry standard cooking test
• Only four types of “standard” smoke (4 UL fires)
• Manufacturers create their own tests

– Different fuels
e.g., higher heat with little smoke

– Different room geometries
e.g., smaller room

More standardization of tests is needed.More standardization of tests is needed.
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Multicriteria Case Study

• A 25K ft2 night club with occupancy of 1000
• Uses theatrical smoke on dance floor
• Had frequent false alarms with standard detectors

– Entire club and adjacent restaurant required evacuation
• Placed detectors in supervisory mode and required 

confirmation of alarm
• Replaced 25 photo detectors with multi-criteria
• Problem was solved
• Cost premium was offset by avoiding downtime and 

unwanted alarm activations
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Summary

• Technologies are available today to reduce 
unwanted alarms

• Largest improvement results from careful sensor 
selection and sophisticated algorithms

• Every major detector manufacturer has 
multicriteria capability



February 2011

Thank You!

Questions or Comments?
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