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ABSTRACT- The increment of the numbers for accidents due to building safety system errors has created a serious
disaster over theyear. Dueto that reason, this paper presentsthe entitled Building Heat Detection System (BHD System)
by the objectives to develop the proper circuit in order to secure the detection device during the building fire attack. A
BHD system, also known as fire protection system consists of heat sensing and monitoring system. The sensors detect
extreme heat in an area or zone; the control unit processes the signals and sets off evacuation alarms to alert building
occupants. This study focused on the design and fabrication of the system prototype to demonstrate the operation of a
BHD system in case of fire accidents. Hose reel indicator isincluded to display the exact location in a building to aid in
firefighting. On top of that, exit indicators were added to show the available exits should fire breaks out in a building.
Thisstudy ishoped to help the system engineersto improve and securetheir building safety system in the future.
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I. INTRODUCTION

Through the years, fire accidents have taken nuaseliges and led many people homeless. In theezdrhilf of

year 2012, Malaysia’s Fire and Rescue Departmedt regorted a total number of 15, 360 fire incideints
Malaysia. These incidents had led to 49 deathsaatwtal property loss of about 0.3 billion MYR [H4s these

statistics were presented, a fire protection sydieoomes the key in reducing casualties and prpfusses.

The existing BHD system is made up of two subsystearheat detection system and a monitoring syst&rheat

detection system is capable of sensing the exttemperature in a specific area or zone; the cootibinet acts as
a monitor to relay the sensor information and pievearly warning to building occupants [2-4]. Hoeevthis

system does not display the available exits in ifdimg during the incident. Besides that, firefigig becomes
tougher as the hose reel is sometimes locatedhiddezn corner.

By looking at this system, it can be seen that smpments are vital in increasing the effectiverefssvacuation

process. And thus, this study does not only aimesigning and fabricating an existing BHD systemtqtype, it

also serves the purpose of enhancing the convetiystem by adding exit and hose reel indicatah@nbuilding.

As it is impossible to cover all types of buildingberefore this system will only be demonstratedai mock

building based on the Faculty of Electrical Engnivegzin Universiti Teknikal Malaysia Melaka (UTeM).

II. FIRE ALARM SYSTEM AND HEAT SENSOR
A fire alarm system is a complex system that pemfotechnical detection and processes, runs andtairesrthe
safety of a building [5-7]. According to [8-10],veell-designed safety fire control system must defiee before it
becomes critical and provide early warning to eaepeople. A fire alarm system detects heat arsamke and
sends the output to the control cabinet [11-12 fidllowing are some examples of the existing dil@m system in
the market. From [13], Mitron M900 is a microprosasbased multiplex type control cabinet. This esysttomes
with a direct linkage to the nearest fire brigatitien. The system is designed such that when angms detects
extreme heat change, the signal will be sent t@tinérol panel and processed by the microproce$éaralarm and
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indicator will be set off to provide evacuation wiaig. The Sinteso Fire Control FC2060 is a micropesor based
control panel that processes various detectorasigithis device is also capable of monitoring tiaalccurred in
the detectors [14]. Apart from that, Johnson cdstitelligent fire alarm has introduced the praodiinat is capable
of identifying the specific locations of each deétecas well as its activity. This fire alarm cortsystem can be
modified in terms of number of sensors to catersiseeeds [15].

A heat detector, also known as temperature deteotwsists of a fixed resistor and a thermistor [id], When the
surrounding temperature increases, the resistahtieedhermistor decreases [17-19]. Thermistorsused in the
heat sensor often because it is small and respfaster. However, it is not suitable for larger rarand does not

exhibit linearity in resistance versus temperagireph.

IIl. METHODOLOGY
To design an improved version the BHD system, tis¢tesn operation as shown in Figure 1 was considered

Building:
Control Cabinet: Fire Alarm ON;
Fire Position LED ON; No-entry Indicator ON:
Hose Reel Indicator ON; Exit Indicator ON;
Hose Reel Indicator ON;

No

ire put out and reset
button pushed?

Yes

v

System reset to
initial condition;

Figure 1: Flowchart of the BHD system operation.

The circuit design was divided into two parts: asse circuit and a control circuit. As the projeadly focused
on producing a prototype of this system, thus a Nfi€@mistor is used to substitute the actual heasar in a
BHD system as it is part of the components in flietéctors. The completed sensor circuit can berobde
from Figure 2.

@‘JAEEE

International Journal of Advances in
Electrical and Electronics Engineering

ISSN: 2319-1112 /V3N1: 75-81 ©UAEEE



77

Development of Building Heat Detection System: An I mprovement Study

R4

e 1
300R

GONN-5I

a

23803

POWER

CONN-HZ NTC

2 R1
1 ok

VR1
R2
ok

500

The main function of the sensor circuit is to detde surrounding temperature in an area or zohé @ircuit
consists of NTC thermistor, resistors, operati@maplifier, LED, transistor, and a relay control.€Ttp-amp acts as
a digital switch to turn on the LED and BJT when@detects temperature higher than the thresholg@deature,
i.e. Tyreshoia= 60°C while the relay changes its contact fromriaty Open (NO) to Normally Closed (NC). The
control circuit focuses on receiving signals frdm sensor circuit and processes it. When the ssesises extreme
heat, the control circuit processes the signahstum the alarm, fire position and hose reel indicarhe control
circuit will further process the fire location addtermines which are the available exits in thdting and display
it for evacuations. As these operations involvgéascale logic controls, thus a PIC microcontroliiC 16F877A
was used to reduce the complexity of the circusigle A LCD display was also added to the circaitlisplay the
room where the fire breaks out. A complete ciradiithe control unit is shown in Figure 3. The seriaputs were
replaced with switches for error detection duriirgudation.

Figure 2: Sensor circuit design.

Figure 3: Control circuit.
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After designing the circuits usirigroteus 7.8, the circuits were imported IBRES to develop connections for a
Printed Circuit Board (PCB). The hardware of thistptype was completed when PCB was printed, etelmed
soldered with the components as shown in Figurend Bigure 5. The program was burned into the
microcontroller and installed on the board for telt.

Figure4: Sensor circuit.

Figure5: Control circuit with LCD display.

During the test, flowchart in Figure 1 was reviséde sensor circuit was fed with @uvhile the control circuit was
fed with 5V, The temperature, corresponding resistance, sensglacantrol circuit output voltage were recorded for
each 10°C interval when the thermistor was heatddaMighter. The changes of indicators and alesas observed
and recorded. The variable resistors were tunedigpensate the tolerance of NTC.

IV. RESULTS AND ANALYSIS
The system was developed such that whenever arssgrsses temperature higher than the threshaoldl] generate
output to the control unit circuit for process. Temntrol unit will determine the available escapéseand trigger
the alarm and display the fire and hose reel mositin the control panel. A model building as showirigure 6

was built to display the operation of the system.
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Figure 6: Floor plan for the prototype display.
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In Table 1, it can be observed that when NTC th&toniis exposed to increasing temperature, itsnateesistance
will decrease. As the op-amp was used a digitaickwihus the output will exhibits digital characsécs of 1 and 0

where 1 represents 5V and 0 represents OV. Fronte T3kt can be seen that all the output follows &xpected
flow. In case of any sensor senses heat, hoseBettor and buzzer will be turned on.

Table 1: Outputs of sensor and control circuit.

T/°C Vostsamson | V Vinseson | V R/Q
22 (initial) 0 0 1000
30 0 0 695
40 0 0 487
50 0 0 305
60 (threshold) 498 4385 207

Table 2: Truth table for the system operation.
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- 5 F.oom Fire Position
Case Room (sensor) Comidor to Exit (Colour) Indicator (LED) LCD Display
1 2 3 1 2 3 1 2 3
0 Q Q 0 Green Green Green 0 0 0 OK
1 Q Q 1 Green Green Fed 0 0 1 Foom 3
2 Q 1 0 Green Fed Green Q 1 0 Foom 2
3 0 1 1 | Green | Red Red 0 1 1 Room 2 and
Foom 3
4 1 Q 0 Fed Green Green 1 0 0 Foom1
5 1 1 0 Red Red | Green 1 1 0 Room 1 and
Foom 2
6 1 1 1 Red Fed Red 1 1 1 All Booms

* When senczor zenses heat roomsenzor = 1.
*When sensor senses heat, room fire position indicator= 1.

In the real time testing, it was found that theueabf the variable resistor has to be tuned towsetodue the
limitation of the NTC thermistor. In a normal airaitioned room, the temperature may drop downQvC2or
lower. The thermistor will have problem in sensthg heat accurately as the temperature drops th risermal
equilibrium before it reaches the thermistor. Besithat, it is also found out that the heat soheseto be very close
to the sensor to trigger the alarm. In such cassmake detector is proposed to be included in yistem should
there will be a further research on this system.

One of the advantages of this improved control reatbheat detection system is that the system caustemized
according to the structure as well as the senssitipos in a building. As microcontroller is useirehdly and easy
to maintain, thus this will reduce the maintenaocst. Besides that, occupants of the building cam determine
the safe escape route as it is displayed in thielibgi Should anyone try aid in putting out thesfihe or she can
easily obtain the hose reel as it is now comes antimdicator inside the building.

It can be observed that in case 6, when all themsrsenses heat, there are no available exits.fallt was caused
by the condition preset in the program. To overcdhi® problem, water sprinkler system is recommenidebe
installed together with this system by putting patt of the fire so that occupants are able topestihae building
while the fire are held from spreading out of them.

V. CONCLUSION
In this paper, an improved version of the buildivegat detection system prototype was designed dmitdded. This
system does not only detects heat and provide eanigings to building occupants, it is also capaiblshowing the
available exits and indicates the position of hes# inside the building itself. Overall, this syuldas accomplished

its objectives as well as providing a better uni@@ding in order to improve the conventional buitglsafety system
in UTeM.
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