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Advances in fire detector technology improve performance and reduce false alarms
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In a rightly conservative industry such as life safety, new products tend to be evolutionary developments of existing, proven and accepted technology rather than revolutionary ground-breaking advances.  Rigorous third party testing to international standards ensures that in such a critical industry, where the protection of people’s lives and property is the objective, detectors perform in accordance with a comprehensive specification.  Approved fire detectors, installed in accordance with well-understood principles, will offer rapid detection of incipient fires ranging from slow smouldering ones through to fast flaming alcohol or petrol-based ones.  
Obviously, it is intrinsically difficult to produce a single detector that can operate across such a wide input spectrum with equal effectiveness at all points.  It is an accepted fact that the smoke detector offers the best combination of speed of response with immunity to false alarms for the majority of ‘normal’ applications.  The ionisation smoke detector, originally developed in 1941, was the foundation stone for today’s multi-billion pound global life safety industry.  The ionisation technology is particularly effective in detecting the small particles of combustion produced by fast flaming fires; it is a less effective detector of the larger particles produced by smouldering ones.  The optical smoke detector’s effectiveness is the mirror image of the ionisation unit’s, and, while initially the optical unit was far more expensive to manufacture, today’s production engineering advances coupled with the health and safety requirements of working with the tiny amount of radioactive substances have eliminated the cost differential.  The optical detector is by far the most popular general purpose unit in use today; legislation and environmental considerations are heavily weighted in favour of optical technology.  In most countries, it is becoming harder to obtain approval for an ionisation detector, and the regulations surrounding the transportation of radioactive materials are becoming more stringent and consequently more expensive.  These two factors are rightly driven by environmental concerns and it is sensible that the use of products incorporating radioactive sources should be discouraged where a true alternative exists.

The other main factor is the cost of disposal of an ionisation detector.  When installing a system, the cost of eventual disposal of that system has to be considered.  For a system containing many ionisation detectors, it is not possible simply to dump the products, they must be returned to the manufacturer for disposal and, of course, this is not free.  Typically, the manufacturer will charge around 10-15 Euro for each detector, and the costs are increasing.  This figure does not include the cost of transportation of the detector, which can a further substantial amount.  Such costs are normally hidden from the original purchaser of the system; however, they will have to be paid eventually.  Lifetime cost of ownership is now becoming an increasingly important consideration in the purchase decision.  
All recent developments by the major smoke detector manufacturers seek to address one or more of four key technical objectives.  The first two are fundamental to the device’s operation; the third focuses on ease of installation, commissioning and use and the last driver addresses the need to extend the reach of the fire system into previously unprotectable areas.  The four main criteria are:
· To improve detection efficiency

· To improve false alarm immunity

· To improve operational functionality
· To enhance system capability
It is generally accepted that addressable systems have inherent advantages over conventional ones, mainly because the ability to interrogate and control detectors individually from the panel offers significant advantages in terms of system configuration, earlier detection of a possible fire through pre-alarm status monitoring and more precise identification of a fire’s location.  While the different manufacturers have all developed their own communications protocols between device and panel, with some being open, some managed and some closed, in general all variants of a protocol provide robust and resilient systems communications.  It is also now taken for granted that all optical addressable and conventional detectors, apart from those at the very lowest price point, will feature automatic drift compensation that automatically adjusts the sensitivity of the device with age and will possibly include other features such as remote interrogation and test.  
The most significant advance in detector technology has been the development of multi-sensor devices, primarily designed to overcome the relatively poor performance of the optical detector in responding to fast fires with low particulate generation but significant heat rise.  Originally crude units, in which two independent sensors, an optical and a thermal detector, were mounted in a single housing, the increased availability of low cost embedded microprocessors has enabled true composite units to be developed.  Signal processing in the detector head itself resulted in the panel being presented with a single composite result from the raw data generated by the two sensors, improving the effectiveness of the device across the fire spectrum.
The photo-thermal detector was developed to address the inevitable balancing act between increasing the sensitivity of a detector so that it responds more quickly to an incipient fire and the consequent increase in the false alarm rate.  False alarms are a major concern of both the automatic detection industry itself and the Fire and Rescue Services: in 2004, the last full year for which statistics are currently available, out of a total of 448,000 false alarms, more than 280,000 were attributed to automatic fire systems.  The percentage of false alarms attributable to automatic systems has risen steadily: in 1994, the figure was 123,000; ten years on it has increased by 230% to 286,000.  The false alarm problem is being addressed by control panel and detector manufacturers, who have invested heavily in hardware and software developments to reduce the incidence of unwanted alarms, and by the Fire Services, who have started to implement alarm management procedures in sites where there is an established track record of persistent false alarms.  In some cases, after working closely with the property’s security and facilities management departments, the Fire Service will not attend an incident until a trained member of staff has investigated the alarm and confirmed that it is genuine.
The concept of the successful photo-thermal detector has now been extended.  It is well known that every fire has a different profile during its development.  However variable the fire, and however different are the characteristics of the inflammable material, all fires have three characteristics in common: they all produce carbon monoxide, heat, and particulate matter.  The proportions change from one fire type to another, as does the time during which each element is produced, but in every case, to a greater or lesser extent, each of these three elements will be present, although in many phases the amount of each of the three elements may be very small.  In cases where the fire is flaming, it will additionally produce a changing light signature as the result of the flame generation.  Several manufacturers have introduced tri-sensor devices, in which the smoke and heat detectors are augmented by the addition of a carbon monoxide sensor.  Again, embedded intelligence in the head manages the inputs from the three sensors.  Extending this principle even further, System Sensor Europe has launched the first-ever quad sensor device, which combines optical, thermal, carbon monoxide and infra-red detectors into a single device.  
It has long been recognised that as a single sensor device, smoke detection is the most important early warning fire detector in existence.  However, due to its principle of operation, it is also highly prone to false alarms, particularly if installed in unsuitable environments.  The integration of continual monitoring of all four major elements of a fire has enabled the creation of a detector that responds far more quickly to an actual fire, has high immunity to nuisances and is highly configurable from the panel, allowing the detection system to be profiled to changes in the use and occupation of the protected building.  The operating philosophy behind the device was to configure it so that it normally operates at a high immunity level, changing to become very sensitive to fires when well-defined fire characteristics are sensed.  In this way, transient nuisances are monitored and ignored, reducing the false alarm rate.  The on-board intelligence runs a sophisticated set of algorithms, which dynamically adjust the detection profile of the device in response to the inputs from the individual sensors, enabling the characteristics of each sensor to be adjusted on the fly as the ambient conditions change.  Based upon the sensor signals, the program dynamically changes sensor thresholds, sensor gain, time delays, combination, sampling rates, averaging rates and, if any sensor fails, changing sensitivity of the remaining sensors as well as indicating a fault condition.  
A series of 21 different false alarm tests and 29 different fire tests showed conclusively that although the detector is highly insensitive to false fire alarms, its potential for fire detection is not compromised; it also conclusively demonstrates that it provides the best performance available for detection of fires across the full spectrum of different fire types, enabling it to be used as an environmentally friendly replacement for an ionisation detector without any degradation of detection performance of fast flaming fires.  It is expected that as the installed base of the latest high performance detectors increases with time, there should be a noticeable reduction in false alarm rates in the future.
Multi-sensor detector development is the key route by which the industry is addressing the issues of detection efficiency and false alarm reductions.  Other recent developments have included “hybrid” aspiration systems and radio-based systems, both of which extend the capabilities of hard-wired point detector systems into new areas while also reducing total installed costs, enabling the fire system to provide more comprehensive and reliable coverage throughout the protected building.
There have also been advances in other areas fire detection technology.  Until high sensitivity laser point detectors were introduced a few years ago, aspiration systems were the most effective way of providing very early warning protection for areas such as manufacturing clean rooms, telecoms facilities, high-tech diagnosis equipment in hospitals, data centres, computer suites, control rooms and other high value environments.  Although they are significantly more sensitive to incipient fires or overheating equipment than LED optical smoke detectors, they do nevertheless have several significant disadvantages: they are a separate independent system, installed in parallel to the main fire protection system, consequentially incurring additional cost, and, unlike an addressable detection system, the location of an alarm condition can only be identified to a general area, not a specific detector position.  Conversely, they have some significant advantages.  They are an effective method of providing high sensitivity protection for “difficult” areas such as under-floor cable voids in computer rooms, where air velocities can be quite high as the false floor is typically used to feed cooling air into the enclosures housing the equipment.  They also have obvious applications for inaccessible and difficult to reach areas, and by incorporating suitable filters in the inlet pipes, dusty and dirty areas can also be effectively protected.  
The new hybrid aspiration system takes the best of both worlds, using the classical Aspiration pipe network in conjunction with loop communications technology through the high sensitivity laser detectors addressed from the fire system loop as the detector for the aspiration system to integrate an aspiration capability into an addressable system.
Communicating without the need of traditional wires has also become available.  In some applications, for example historic or listed buildings, the building itself needs to be protected from the potential damage the installation of the detection system may cause, as well as the fire that is ultimately being detected.  It has also been seen that in some cases there be an impasse between the strict rules about what can and cannot be done to a listed building and the Health and Safety / Fire Service requirements for the same building.  So rather than hard wired connections, radio communications between the detectors, call points and panel provides greater flexibility in the design and implementation of the system.  Installations where running cables into particular areas is difficult, if not impossible because of the construction methods and materials is another opportunity, as are buildings where continual occupation and use makes it very difficult to have access for the time needed to run cables.  Protection of temporary facilities erected for major sporting functions is another area in which radio-based systems can be very cost-effective, as they can be if used for the protection of workers during the construction phase of large developments.
As an important part of the life safety industry, the world’s leading fire detector manufacturers are constantly improving their products to increase the protection levels and false alarm immunity provided to the users of the buildings they protect.  The provision of higher levels of performance than ever before is a trend that looks set to continue for the foreseeable future.
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System Sensor Europe is the world's largest manufacturer of fire detectors for use in conventional and addressable fire detection systems.
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