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Abstract—Building fires cause incredible life and property losses. €Xit” can also be a consequence of the fire detection is too late.

In order to enhance buildings safety a framework of building up It i clear that fire detection should be as early as possible. If
intelligent space based fire detection and evacuation system is the building fire prevention system fails damages should be
clarified in this paper. On the base of building fire defence Mminimized. A proper evacuation is crucially important in such
analysis, this paper illustrates the application of intelligent space cases (Gupta and Yadav, 2004; Pires, 2005).

with functionalities of intelligent building fire detection and

emergency evacuation spatial decision support. Geo-spatial data .
mining approach (SPDA) has been used to design the artificial can be unpredictable (Kobes, et al. 2010). It was shown that

intelligent module of fire sensors to improve their ability of fire ~ PEOPI® prefer to use their familiar ordinary exits even if the
detection. And a web-GIS based spatial decision support system distances are longer than the nearest one (Benthorn and
can provide dynamic routing service for evacuees and emergency Frantzich, 1999). This might be one of the reasons for the high
managers. The intelligent space provides reliable fire alarm influence of “no time to escape” condition. If we increase the
detection, effective fire suppression, and adaptable evacuation POssibility that there might be a fire in a certain path to exit,
strategies for occupants, which will enhance evacuees’ survival two most influential “conditions preventing escape” are related
possibility in building fires. to evacuation. That means in building fire emergencies people
guidance system are valuable.

When people are under stress (in fires), their behaviours
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decision support system Il FIRE DEFENCESYSTEMS INBUILDINGS
All buildings are designed with active fire defence systems
| INTRODUCTION and passive fire defence systems for fire emergencies. And the
Rapid urbanization in China makes cities become croweBuilding fire defence systems perform high efficiency of fire
and complex. Large-scale buildings, super high rise buildingsuppression and human life safeguarding. Human behaviours
and huge underground constructions bring more fire safetyre alternating and complex.
problems. Building Fires present an enormous cost of human L
life, livelihood and properties. Deaths and injuries occurd-  Active fire Defence Systems
when people cannot escape fires (Lee, 2013). Fire detectors are small devices that sense the intrusion of

I . combustion products. Detectors are designed to sense heat,
Substantial interruption due to false alarms may occur a8,

the area where alarm systems are vacated and thorougia&me’ smoke, or other products of combustion. Performance

. . pends on their location relative to the fire, the movement of
checked before work is resumed (Gupta and Dharmadh'kali'he combustion products, and detector sensitivity. Detection

e e B im0 el lam servics have severl uses. The most common one i
ound an alarm or other signals intended to alert occupants
may threat evacuees (Mowrer and Pecht, 1995).. in fire emergencies. The second is transmitting signals to a
According to an extensive analysis of fatalities and injurieslefinite location (such as a fire station). The third operation is
in building fires (Hasofer and Thomas, 2006), “conditiontriggering activation of other fire defences such as closing
preventing escape” is the first reason to casualties, and “ritpors, automatic fire suppression, or smoke control systems.
time to escape” is the second. As “fire between casualty and
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B. Passive Fire Defence System problems. It is namely difficult to distinct them from false fire

Buildings can provide many special features that help i@nd real fire.
fire suppression, egress, and emergency operations. Changing
an air-handling system into an emergency smoke management
mode is becoming a common feature in many building
designs. A design may integrate a variety of other features that
can enhance life safety features. For example, emergency
lighting and signage can help occupants and fire fighters to
move through the building with a better sense of direction and e oeccionaaam sysiem  suicing Fire Evacuation SDSS Al Unit  Evacuation Decision Suppor
confidence. Communication systems for alerting occupants FiIGURE I. BUILDING FIRE EVACUATION INTELLIGENT SPACE
and providing emergency information are available. Detection STRUCTURE
instruments can trigger the closing of selected doors held open
by magnetic devices and the shutting of dampers in air ducts.
Reliability can be enhanced by using emergency electrical RE—
systems that operate when the building’s normal power supply
is interrupted.
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. INTELLIGENT BUILDING SPACEFRAMEWORK

The concept of intelligent space was proposed in 1995 by
Hashimoto Lab. of University of Tokyo (Lee and Hashimoto, e :
1995). The first intelligent space was defined as rooms or pmmnite
areas, which are equipped with sensors which enable them to o
perceive what is happening in them (Appenzeller et al, 1997).
With an ongoing development the definition has bee T . .
extended. Besides being capable of perceiving what I;% D|St|ﬂgU|shab!e_Flre.AIarm AIg_onthm ]
happening, state of the art intelligent spaces should also In order to distinguish false fire and real fire alarm, we
understand what is happening in and around them. They a@&ploy spatial data mining method to discover images
also able to build their own models, to communicate with theigaptured by video camera. And set up comparable association
inhabitants and to act on the basis of decisions they make (LE#des with other different kinds of sensors (such as smoke/gas
and Hashimoto, 2003). The ability of the environment to act a§ensors, temperature sensors, etc.) to confirm the build fire
a context-sensitive user interface and to react in certai@ctual happening.

situations promises a range of application scenarios, such as g gpatial Pattern Discovery Algorithm (SPDA) has been
intelligent hospital, offices, factories, nurse rooms for the agef,,nssed to deal with all these challenges in descriptive task
etc. Intelligent spaces are usually equipped with active angk aqqociation rules discovery from spatial data. The multi-

gasgve camr(]eras, tactllet sei?sors, mtgractl\ée appz, W!rel%%l spatial associative classification problem can be
evices such as smart phones and pads, and wirele§Smaiized as follows:

information publishing platforms based on Web-Spatial

Decision Support System (W-SDSS). Information perceived Given a spatial database (SDB), aSef reference spatial
by intelligent space is to be provided to the occupants anabjects tagged with a class lalgél{c,---, ¢} , some setRR , 1
emergency decision makers as well. General devices K < m of task-relevant spatial objects, a background
distribution framework of building fire evacuation intelligent knowledgeBK including spatial hierarchiel, on objects in

space of this research is shown as Figure 1. R., M granularity levels in the descriptions (1 is the highest

Iv. INTELLIGENT FIRE DETECTIONAND ALARM SYSTEM while M is the lowest), a set of granularigy which associate

A. Fire And Smoke Sensors Fault each object imd, with a granularity level to deal with several
Common fire detection sensors detect the presence of fifierarchies at once, a couple of thresholds mifigiand

based on smoke or gas. Some studies show that they apénconf[l] for each granularity level, a language biaB

neither reliable nor fast (Derbel, 2004). The basic problemghich constrains the search space. For each granularity level:
with these types of sensor are presented in Figure 2.

FIGURE Il. FIRE AND SMOKE SENSORS’ FAULT

(1) a set of strong spatial association rules capturing
The response time of the sensor can be improved if th@ssociations between the properties of reference objects and
threshold is lower as shown in Figure 2. A lot of research hatie corresponding class labgs
been done in order to improve the sensor performance from
the reliability and response speed point of view. Gas detectors
for example show better performance than smoke detectors, Spatial association rules are extracted in the form
because during the initial fire phase, gases are transported_, c(s g, whereA (antecedent) an@ (consequent) are sets
more rapidly than smoke particles. From reliability point O,fof items with ANC=0 . The supports estimates the

view the detection of smouldering fires is one of the ma"brobability p(ANC) , while the confidence estimates the

probability p(C|A . The conjunction of literals imUC is

(2) a classifier to predigtfor reference objects.
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named spatial pattern since the relations and the objects The geographical location in GIS data format is
involved in this pattern have a spatial nature. represented by line, point or polygons (in vector data models)

. . . .and by pixel or set of pixels (in raster data model). Therefore,
The basic idea .Of SPDA is that a spatial database bof the spatial decision problem, listing the alternatives is quite
down to a deductive relational database once the spati

relations between reference objects and task-relevant obje fficult because the number of the alternatives are very large.

. el ! re we assume the alternatives in building fire evacuation
have been extracted. For instance, spatial intersection betweggh be presented as a set of variabs{a,y,a an:
objects is represented in a derived relatieterseds (X ,Y), G2 Amy

) ; ] ) Ao={asy,a00, ..., 80 Av={a@nn8n2 - &g -
D(S) is obtained by augmenting the user supplidwith the et _ ) nhenz o
data extracted from SDB and concerns both the A constraint map displays the limitations on the value that
referencé $ and task-relevanbbjec{ R . The ground facts attributes and decision variables may assume. The evaluation

. . L . ,.. . criteria maps are also referred to as attribute maps, data layers
inD(S) can be grouped into distinct (not necessarily disjointh 4 thematic maps, etc. in GIS terminology. Here we assume
subsets. Each group(d is uniquely identified by a reference that a set of certain criteria could be used in building fire
object sO Sand corresponds to the description of a spatial unigvacuation management decision makiBw(B, B,---, B} .

of analysis. The uniqueness of the reference object associatgfbe structure of building fire evacuation decision could be
to a spatial unit allow us to well define both the support an@escribed in Figure 4.

confidence of a spatial association rule. More precisely, the

spatial association rulea= C(%, %), means that irs% of = ol

spatial units of analysis ,both conjunctighandC hold and in I

c% of spatial units of analysis whe#es true, alscCholds. | & | |B]| = 5, ]

Once large patterns have been generated, it is possible to
generate strong spatial association rules. For each p&tern
SPDA generates antecedents suitable for rules being derived

from P. The consequent corresponding to an antecedent is.q oe . INTELLIGENT SPACE BUILDING FIRE EVACUATION

A

S Alternatives

simply obtained as the complement of atom#® iand not in DECISION TREE
the antecedent. Rule constraints are used to specify literals
which should occur in the antecedent or consequent of VI. CONCLUSION

discovered rules. In a more recent release of SPDA, new

pattern (rule) constraints have been introduced in order t ; - ) - Ny
specify exactly both the minimum and maximum number o etection, fire suppression, and evacuation .eff|C|ency. Thg
§1qeed of response is the same as in basic image processing

occurrences for a literal in pattern (antecedent or consequebased on SPDA. The reliabilty can however be further
of arule). ; L e .
improved by the application of mobile fire sensors. Increasing

\V2 FIRE EVACUATION SPATIAL DECISION SUPPORT fire extinguishing is also possible. It is also can be concluded
. . ) . _that intelligent space is a very elegant approach for evacuation
Intelligent space differs from common fire evacuation

) Lo urpose. As it is an open platform, the building fire evacuation
procedures mainly because it is situation adaptable. It c;%\ P ben p ' 9

The intelligent space could be used to improve fire

X -~ DSS can easily be adapted to complex and huge ground or
namely guide people out of the building along the route th nderground bli/ildings, F:';md could pbe used ?or gcrowed

takes the least time. In order to do that, the intelligent Spacgyation, such as terminal buildings and subway stations. It is
must be able to determine which parts of the building arEnportant to note that the application of intelligent space for
_under f|.re, and prowdes, rellablg routing  decision SUPPOTre detection and evacuation is very effective, especially in
information for occupants’ evacuation. extreme situations and complex building spaces, such as

Most of the real world spatial problems give rise to GlShuclear power station fire. For the low expense of hardware
based multi-criteria analysis. Spatial multi-criteria analysisand software requirement this intelligent space can be installed
requires information on criterion values and the geographicdh most public buildings in developing countries.
distribution of alternatives. The graphical representation of
GIS based AHP model is shown in Figure 3.

Decision Rule Performance Evaluatit

FIGURE Illl. WEB-GIS AHP MODEL STRUCTURE
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