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ABSTRACT

The aims of this research were to; 1- construct a simple alarm
fire system to early warn for a fire in the agricultural facilities,
2- test the performance of the sensors used, mainly heat, light,
and smoke sensors. Basically, these three sensors were
connected to control panel and power supply. The control panel
is to control the input data from sensors and the output data to
the other units in the system. The response time of any fire
sensor is the time from fire starting up to the moment that sensor
senses the fire. It was considered to be the best factor to express
the sensor performance. The performance of smoke sensor was
mainly affected by the sensor height and smoke density where
the response time increased when the sensor height increased
while it decreased when smoke density (no. of mats) increased.
The data analysis of this relationship showed a determination
coefficient of 99.66%. For heat sensor, increasing the
combustion temperature of material used for making fire
reduced the response time of heat sensor, while increasing the
heat sensor height increased the response time. The
determination coefficient was found to be 99.2%. For the light
sensor, the response sensitivity increased with increasing the
light intensity at a specific distance. Thus, the light sensor must
be placed at an appropriate distance to obtain a fast response.
The determination coefficient this relationship was found to be
99.5%.

1. INTRODUCTION

showed that about 438 thousand fires occurred in Egypt during the past 10 years;

The data of the Central Agency for Public Mobilization and Statistics (CAPMS, 2019)

where the recorded number of fires was about 51 thousand fires in 2010 comparing to
about 47 thousand fires in 2009 (an increase of 7.8% was occurred). During the year of 2016,
the recorded number of fires was about 46 thousand fires with an increase of 21.6% over the
year of 2015. During 2017, the number of fires was slightly decreased to 45.7 thousand fires,
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which is about 0.1% comparing with 2016. A number of 46.3 thousand fires was recorded
during 2018. In 2019, the number of fires (nationwide) reached 50,662 fires which form an
increase by 9.4% comparing with 2018. In 2021, according to the data published by CAPMS,
the total number of fires in Egypt was 51900 fire accidents versus 50600 in 2019. The
industrial fire was the highest, 56.8% of that total while it was 20.3% for shortcut circuit fire
and 12.2% for self ignition fire.

According to the criminal case in 2021, the negligence is considered to be the main cause of
fire accidents which was 26100 which forms a rate of 50.4%. The main causes of the
industrial fires are cigarette butts, matches, combustible material, and smoke). The CAPMS
reported (2021) that the number of fire accidents in Cairo city was the highest comparing with
the other cities of Egypt. This number was 13.3% of the total which was 51900 fire accidents.
The Giza city came next where the number of fire accidents formed 7.4% of the total.

Saving lives is considered to be the first consideration when an indoor fire occurs. Thus, this
requires a warning to those who are alive inside the building as soon as the fire occurs so that
they can get out before the fire extends and the flames spread out. Therefore, there must be
an effective and early warning system in the place to initiate an alarm signal before the fire
becomes more dangerous. Thus, people inside the buildings can leave safely. The primary
task for any alarm system is to sense the fire early and convert it into an electrical signal to be
handled by electronic circuits. When the system sensor sends pulses to the control unit that
emits an optical and audio signal in the areas surrounding the fire to inform the security
management or firefighters. Therefore, it is imperative that the buildings and agricultural
facilities must be equipped with an early warning system. In this case, there will be enough
time to evacuate the buildings and fight the fires (El-Barbary, 2005). The first consideration
in the event of a fire for any building is the safety of its occupants. The occupants must have
time to safely evacuate the building. (User quide to fire detection & alarm system, 2014).

In the agricultural sector and in most agricultural structures, there is not enough information
about the level of safety. Because the automatic and electronic extinguishing systems are very
expensive, beside the difficulty to deal with these systems due to the lack of sufficient
experience, the workers cannot easily own such systems. The only tool for firefighting in this
case is a cylindrical fire extinguisher that contains carbon dioxide or some other chemical
substances.

There are several different types of intelligent fire alarm systems available in the market.
These systems have a control unit which used to decide whether there is a fire, fault, pre-
alarm or whatever. The intelligent system with each detector effectively incorporates its
signal to the computer which evaluates the environment around it and communicates with the
control panel whether there is a fire, fault or the detector head needs cleaning. Essentially,
however, intelligent systems are far more complex and incorporate far more facilities than
conventional or addressable systems. Their primary purpose is to prevent the occurrence of a
false alarm (Photain controls, 1998).

The performance of any alarm system basically depends on the response time of the sensor
used to sense fire. It is the time from fire starting up to the moment that system gives a buzz.
This response time depends on many variables such as location, height, smoke density, type
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used, and etc... Therefore, before constructing such alarm system, we should study the effect
of these variables on the response time of the sensors used. Because they are many to
investigate, only the most important variables were considered. For one type sensor at a fixed
location (middle of the ceiling), the sensor height and smoke density were considered for the
smoke sensor while both sensor height and surround temperature were considered for heat
sensor. For light sensor, the main variable affects its response time is the illumination
intensity (Qianga, 2011, and Yamauchi, 1988).

Thus, the main objectives of this paper are to 1-construct the proposed fire alarm system that
relies on smoke, heat and light sensors together, and 2- to study the effect of sensor height and
smoke density for smoke sensor on the response time to the fire, 3-the effect of height and
temperature on the sensor response time to fire for heat sensor, and 4-the effect of
illumination intensity on response time of light sensor.

2. MATERIALS AND METHODS
1- Description of location of the experimental work:
The laboratory experiments were conducted at the Agricultural Research Station of
Alexandria University, Abees, Alexandria, Egypt. One of the station's storage rooms was
allocated to conduct calibration tests for the proposed fire alarm system. The room area was
4x4 m? with a height of 2.9 m. It has one window (1x1.5 m) and one door (2.8 m height x 1.2
m wide). The room was completely cleared to carry out the experiments.

2-Description of sensors and methods of testing:

2-1-Smoke sensor:

Smoke sensor circuit consists of gallium arsenide infrared emitting diode (transmitter)
coupled with a silicon phototransistor (receiver) for signal passes between them in a plastic
housing. The gap between the transmitter and receiver provides a means of interrupting the
signal with a smoke switching the output from an “ON” to an “OFF” state. When smoke
passes through the gap between the transmitter and the receiver, a signal is developed and
amplified by an amplifier (LM358) built into the sensor circuit. This case allows a connection
of the output signal of the smoke circuit with the main control panel.

2-2-Heat sensor:

The heat sensor is a digital thermometer (DS18B20) that provides temperature measurements
from 9 bits to 12 bits Celsius, and has an alarm function with user programmable upper and
lower operating points. These types of sensors are fairly accurate and do not require external
components to operate. The digital thermometer was connected via a single wire bus which
only requires one data line (and ground) to connect it to a central microprocessor. The
operating temperature range of the sensor is from -10 ° C to + 85 ° C and the accuracy is up to
+ 0.5° C. In addition, it can directly consume power from the data line, where we eliminate
the need for an external power source. Each DS18B20 contains a unique 64-bit serial code,
which allows multiple DS18B20s to operate on the same single wire bus. Thus, it is easy to
use a single microprocessor to control multiple DS18B20s distributed over a large area. Each
device (master or slave) interfaces to the data line via an open-drain or 3-state port. This
allows each device to “release” the data line when the device is not transmitting data so the
bus is available for use by another device. The one-Wire bus requires an external pull-up
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resistor of approximately 5 kQ, thus, the idle state of the one-Wire bus is high. If for any
reason a transaction needs to be suspended, the bus must be left in the idle state if the
transaction is to resume. Infinite recovery time can occur between bits so long as the 1-Wire
bus is in the inactive (high) state during the recovery period. If the bus is held low for more
than 480us, all components on the bus will be reset. The 1-Wire port of the DS18B20 (the
DQ pin) is open drain with an internal circuit equivalent to that shown in Figure (1).

DS18B20 1-Wire PORT

_ DQ PIN
Rx 1-wire BUS — Rx
| -
3 HA Tx
TYP
MOSFET
Rx =RECEIVE
Tx =TRANSMIT

Figure 1: Heat sensor electronic circuit using DS18B20 one wire sensor.

2-3-Light sensor:

The light dependent resistor (LDR) is known as a photo resistor, photoconductor or photocell.
It is a resistor whose resistance increases or decreases depending on the amount of light
intensity. The LDR is a very useful tool in a light/dark circuits. It has many functions. For
example, it can be used to turn on the light when the LDR is in darkness. It can also work in
reverse when the LDR is in the light. It is also used for powering many electrical circuits.
This component is enclosed in a plastic housing that allows the light circuit output signal to be
connected to the main control board. The light sensor circuit component of LDR is connected
with amplifier to receive and magnify the signal.

3-Method of fire igniting in the laboratory:

According to Siemens (2014), the standard test of the fire produced by burning mats using a
chemical reaction involving fuel, heat, and oxygen. They are a fabric flat material made of
white foam with a smooth surface. The dimensions of the mats are: 25 cm x 25 cm with a
thickness of 2 cm, and a density of 5.2 kg/m3. For testing purpose, an amount of Alcohol (2.5
ml) was added to the mat to start an artificial fire.

4- Description of hot air pump used with the heat sensor:

To test the heat sensor, a hot air pump (Model: Super 3000 — 220 V — 50-60 Hz — 2000 Watt)
was used to heat the air around the heat sensor while a fan (220 V — 50 Hz — 55 Watt) was
used to expel smoke from the room after completion of the experiment and before starting a
new experiment.

5-Method of creating illumination intensity in the laboratory:
Five different light lamps (15, 25, 40, 100, 200 Watt) that give 135, 225, 756, 900, 1800
Lumen, respectively) were used to create illumination intensity to test the light sensor.

6-The programmer PIC kit 3:
The PIC kit 3 is a circuit debugger / programmer. It is a simple, low-cost in-circuit debugger,
controlled by a computer running MPLAB X IDE software on the Windows platform. It is
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also used to develop hardware and software using Microchip PIC microcontrollers (MCUEs).
The PIC kit 3 features include; full-speed USB support using standard Windows drivers, real-
time execution, built-in over-voltage/short circuit monitor, low voltage to 5V (1.8-5V range),
read/write program and data memory of the microcontroller, erasing of all memory types
(EEPROM, ID, configuration and program) with verification, and peripheral freeze at the
breakpoint. The programming connector comes with a 6-pin header that connects to the target
device as shown in Figure (2).

USB port
connection

Lanyard
loop

button Pin 1 indicator

Indicator —
LEDs B

Programming

connector 1- Vpp/MCLR

2- VDD (Target Voltage)
3- VSS (Ground)

4- PGD

5- PGC

6- No Connection

Figure 2: PIC kit 3, circuit debugger/programmer and standard connection target circuitry

7-Alarm system control panel:

The control panel contains an integrated chip (PIC16F877A) that has been shipped with
software which evaluates the signals sent by peripheral devices such as smoke detectors, heat
detectors, light detectors, horns and sirens. It controls the fire alarm and control installations
and is also the point of interaction between the operator and system. It is installed in a
protected area away from fire hazards. It is preferable to be next to the entrance that the fire
fighters use and see it from outside the building. It must be also located in a common area for
all building users so that the automatic detection could be done. It contains LCD screen for
showing the temperature degree inside the room and displays the type of sensor that sends the
signal.

8-Air Heater:

An air heater was used as a source of heat for sensor calibration where various air
temperatures could be obtained. Its model was HT 2055, 220-240V, 50-60Hz, with 2000W.
9-Air fan:

Air fan was also used to get rid of smoke resulted from the artificial fires of previous test
calibration in the experimental test room. It has a power of 55W energized with 220V and
50Hz.

10-Light lamps:

Light lamps of different power were used to obtain different illumination intensities that could
be used for calibration of light sensor. Basically, five different lamps were used to give 15,
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25, 40, 100, 200 Watt. The illumination intensities obtained were 225, 375, 600, 1500, and
3000 lumen respectively for the above lamps.

PROCEDURES
1-Tests of smoke sensor:
1.1-Experimental design:
Any laboratory experiment should experimentally design to determine the dependent and
independent variables. Based on consulting of the fire experts, the most important
independent variables required for determining the response time of smoke sensor were
sensor height above the smoke source and the smoke intensity which could be represented as
a number of mats where different smoke densities were obtained (Siemens, 2014). In
addition to Siemens, 2014, Husted, B. P., 2004 repoted that the amount of smoke, which is
generated in a fire, can be linked directly to the optical measure and the flow of smoke or it
can be linked to the burning objects. Thus, in these calibration tests, the burning objects will
be number of polymer mats. Thus, the independent variables were set up as follows:

1-Sensor height, h, with 3 levels (1.5, 2, and 2.9 m), and

2-Number of mats, n with 4 levels (1, 2, 3, and 4 mats)
Therefore, the proposed model that generally expresses the relationship between the response
time of the smoke sensor (as a dependent variable) and the other independent variables named
above (sensor height and no. of mats) can be written as follows:

t = f(h,n) for smoke sensor ---------- (1)

To determine this model statistically, a complete randomized was carried out using 3
replicates for each treatment combination. Thus, the number of experimental units is 36
(Cochran and Cox, 1980). The experimental data were analyzed using the statistical
computer program (SAS) available on microcomputer (1982). The determination coefficient,
R?, of the resulted model would be computed by the SAS program. As a matter of fact, the
determination coefficient (R?) is defined as the ratio between the total sum squares of the
tested treatments and the total sum squares of the whole experiment. The total sum squares of
whole experiment are composed of the total sum squares of the tested treatments plus the
error term.  In another meaning, the value of R? expresses the powerful of the relationship
between the dependent and independent variables. Thus, the R? is considered to be a good
measure for the model strength.

1.2- Description of Experiments:

In these experiments, sensor was fastened in a wooden board which hung into the room
ceiling at the selected height as shown as in Figure (3). This height was controlled with a
rope that was connected to a bolt existed already in the room ceiling. As a matter of fact, the
height of 2.9 m was the maximum height could be obtained as in the figure. The number
required of mats according the treatment combination was placed in a plate as shown in
Figure (4).

About 3mls of alcohol were uniformly added into the pot to expedite the fire as well as to
obtain a uniform fire. Once the fire started, time was recorded by stopwatch until the control
panel of the proposed system activated the buzzer to produce a buzz. The time recorded
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would be considered as a response time of the sensor under calibration. Before starting each
experiment, an air fan was used to expel the air containing carbon dioxide so that the room
became completely smoke-free before starting the second experiment. Test was repeated to
complete the treatment combinations according the experiment design. Thus the data obtained
were utilized to form the statistical model using SAS as previously explained.

The smoke sensor fixed
on the wooden board

Figure 4: The mats used in the experiments

2-Tests of heat sensor:

2.1-Experimental design:

The calibration experiments of the heat sensor were also carried out using a complete
randomized design (Cochran and Cox, 1980). The response time of the heat sensor (as a
dependent variable) was considered to be a function of milieu temperature and sensor height
above the fire source and temperature of the heat source. This response time, in fact,
depended on the critical height of heat sensor above fire source and the temperature of heat
source. For example, assuming the control panel is adjusted to give a buzz at a temperature of
35°C. This temperature is considered as critical temperature. If the sensor of the heat is placed
in the medium of a lower temperature, say 25°C, the sensing system would not be activated.
However; if the heat sensor is placed at specific height in a medium of higher temperature
than 35°C, the system will feel the heat produced from the heat source after a certain time as
long as there is a difference in temperatures. This time depends on the sensitivity of the
sensor. The response time of heat sensor is the time taken from stating until a buzz is heard.
Thus, the variables of height, h, and heat source temperature, Ths, were considered to be the
independent variables that affect the time response. At least three levels for each variable
were tested as follows:
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1-The heat temperature levels; Tws, with levels; 40, 60, and 100° C, and
2-Sensor height, h, with levels; 1.5, 2, 2.9 m above the fire source.

Now we have 9 treatment combinations. Each experimental unit was repeated three times.
Thus, the number of experiments was 27. Thus, the proposed model that generally expresses
the relationship between the response time of heat sensor (as a dependent variable) and the
other independent variables named above could be written as follows:

t = f(h,Tys) for heat sensor ---------------- (2)

where;
h=height of sensor above the fire location, m, and

Tys=temperature of heat source, °C.

Data obtained from the experimental tests were analyzed be SAS available on micro-
computer (V9.1).

2.2- Description of Experiments:

The air heater that previously described was utilized to heat air to the required temperature
(40, 60, and 100°C). Heat sensor was placed at the required height according to the plan of
the experimental setup. A fan was used to blow air in the room after each experiment to get
rid of the heat of previous test until the room temperature becomes below 25°C. This was
because the room temperature was originally 25°C before stating the experiment. The room
temperature was measured by the thermometer which built in the proposed device. Figure (5)
shows the setup calibration of the heat sensor. As soon as the air heater was operated, time
was recorded until a buzz from the alarm system was heard. This was considered to be the
response time of the heat sensor.

The sensor —

The control pane

Figure 5: The setup of measuring the response time of heat sensor

3-Tests of light sensor:

3.1-Experimental design:

The calibration experiments of the light sensor were also carried out using a complete
randomized design (Cochran and Cox, 1980). The distance from light sensor to a light source
and the light intensity were considered to be the two main variables that affect the response
time of the light sensor. The response time of light sensor in the calibration tests could not be
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measured due to the high light velocity. Instead, the distance from light sensor to the light
source was measured at the moment of obtaining a signal (buzz) from the alarm system.

Thus, the sensor is placed at a fixed point while the source of light moves toward the light
sensor until we heard buzz by the alarm system. This measured distance between the light
sensor and light source is called as “critical distance” (dcr) for specific light intensity.
Figure(6) shows the setup of the light sensor calibration to measure the critical distance that
causes a buzz by the alarm system.

Thus, five different levels of light intensity (1) were considered as 225, 375, 600, 1500, and
3000 Lumen. Consequently, the proposed statistical model could be expressed as follows:

de = f(I) for the light sensor --------------- (3)
where;
der = the critical distance, cm., | = the light intensity, Lumen (Lm).

In this model, the illumination intensity is the main factor that affect the response time of the
sensor to the fire. Data obtained from the calibration experiments were analyzed using SAS
(1982) available on the micro-computer (v9.1). The relationship between the critical distance
and light intensity could be plotted.

3-2-Description of calibration experiments of light sensor:

Light sensor was placed in a known position on the wall. Five lamps of known intensity were
used as source of light for each test. The lamp was moved manually toward the light sensor
up to the position that causes a buzz by the fire alarm system. Distance from the lamp to the
location of the light sensor was measured by a meter as shown as in figure (6). Same
procedure was repeated for test with the other lamps. The results of these distances were
plotted versus the light intensity used. Each test was repeated 3 times to decrease the
experimental error. Regression procedures using SAS were used to analyze data obtained and
to obtain the best model that relate the intensity, I, to the critical distance, dcr, that causes a
buzz by alarm system.

’:1 =3 !
he critical distance

ihat causes.abuzz. §

Figure 6: The setup used for measuring the critical distance, dcr that causes a buzz.
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4-Measuring the sensor response time:
The response time of a fire sensor is the time from fire starting up to the moment that sensor
gives a buzz. It was measured by stopwatch (in seconds). It was considered the most
important variable that expresses the sensor performance (David et al., 1985; Qianga,b . L,
2011; and Yamauchi, 1988).

3. RESULTS AND DISCUSSION
1-Smoke sensor calibration:
As it was considered, the most important factor when testing a smoke sensor is the response
time. It has been found that sensor response time was influenced by the following parameters;
sensor height, smoke levels represented by the number of cork pieces (mats) (Siemens
Switzerland Ltd, 2014). Thus, the above relationship could be expressed using the following
relationship:

t=f(h&n)———-(4)
where;
t= response time, h= the sensor height, and n= number of mats.

According to Figure (7), the height and smoke density of smoke sensor have an effect on the
response time of smoke sensor. It is noticeable that, the relation between the height and
response time is positive. That means when the sensor height increases, the response time
increases, however, when smoke density (number of mats) increases, the response time
decreases.

80
70 - #1.5mAZm = 2.9m
< 60
3 | ]
P 50
E ao
3 0 %
& 20
(=N
& 10
[«
0

0 1 2 3 4 5
Smoke density (Number of mates)

Figure 7: Effect of mats number and smoke sensor height on observed response time.

From figure 7, it seems that there is an interaction between the number of mats and the sensor
height. So, the regression analysis of that relationship was implemented by SAS program is
shown in Table (1), where the effects of sensor height and the number of mats as well as the
interaction of height*mats were found to be very significant. Hence, the statistical model
could be written as follows:

t =26.072 h—2.636 n+ 1.176 n> — 3.956 h * n --------- (5)

where; t. the response time of the smoke sensor (S), h: the sensor height (m), and n: the
number of mats (represents the smoke density).
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As shown in Table (1), the determination coefficient (R?) was 99.6%. It strongly expresses
the strength of the relationship between both sensor height and number of mats, and response
time in Eq. 5. All effects in the model were found to be significant. The above model was
utilized to draw the response surface of the response time (three-dimension graph) in order to
give a better picture for the effect behavior of both independent variables (sensor height and
number of mats) on the response time as shown in Figure (8). From this figure, it is noticed
that there is an interfering between height and smoke density on the response time of the
smoke sensor. As a result, the smoke sensor should put on low height if we have storage
material with high risk and we need a fast response. Obviously, increasing sensor height
makes, the smoke sensor takes a longer time to respond, while increasing the number of mats
decreases the response time of the smoke sensor. By inspection the data obtained, it was
found that the response time of the smoke sensor ranged from 20 to 68 sec. The exact values
of the response time can be calculated from the above model (Eg. 5).

Figure (8) shows three-dimensional graph for the effects of mats number and sensor height on
the response time. It is clear that response time of smoke sensor is affected by number of mats
and sensor height above fire source.

Table 1. Data analysis for the effect of the sensor height and the number of mats on the
response time of the smoke sensor

The General Linear Model (GLM) Procedure

Dependent Variable: t Response time, Sec
Source DF Sum of Square Mean Square FValue  Pr>F
Model 4 55208.33 13802.08 2625.98 <.0001
Error 33 173.45 5.25598
Uncorrected Total 37 55381.78
R-Square Coefficient Root MSE time
Var. Mean
0.996868 6.210261 2.292593  36.91622
NOTE: No intercept term is used: R-square is not corrected for the mean
Source DF Typelll SS  Meansquare FValue Pr>F
Height 1 5034.390812 5034.390812 957.84  <.0001
Mats 1 23.706024 23.706024 451 0.0413
Mats * Mats 1 65.268566 65.268566 12.42 0.0013
Height * Mats 1 632.391181 632.391181 120.32  <.0001
Parameter Estimate Standard Error t Value Pr>1tl
Height 26.07171200 0.84240920 30.96 <.0001
Mats -2.63623901 1.24131624 -2.12 0.0413
Mats * Mats 1.17572806 0.33364288 3.52 0.0013
Height * Mats -3.95574128 0.36063012 -10.97 <.0001
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Figure 8: Effect of mats number and sensor height on the response time.

2-Heat sensor calibration:

As we mentioned previously, the calibration experiments of heat sensor were also carried out
using a complete randomized design (Cochran and Cox, 1980). The response time of the heat
sensor (as a dependent variable) was considered to be a function of temperature of the heat
source and the sensor height above the center of fire location. The results of the heat sensor
tests showed that there is a positive relationship between the combustion temperatures of the
material and the response time as shown in Figure (9). This means that, if the combustion
temperature of the material is high, the response time will be reduced. However, being the
relationship between the response time and the height of the sensor is positive. It means, if
the heat sensor gets higher, the response time will be logically increased. Therefore, when
storing materials at high temperature (in summer), we should install the heat sensor at a low
height.

1400
1200 * Temp sensor, Ty = 30.623 C
§ # Temp sensor, T, = 100.125 C
1000
o
:E 8OO t =as4.qah- 2929
g R?=0.993
g 00
g A00
t=242.0h-44.21
b 1= 0892
zm R - L
o
0 0.5 1 1.5 2 2.5 3 3.5

Sensor hight (h) ,m

Figure 9: Effect of heat sensor height on the response time at two combustion temperatures
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The statistical analysis showed that, the effects of the material combustion temperature and
the sensor height on the response time are shown in Table (2). According to Table (2) an
equation could be concluded to determine the response time of heat sensor as follows:

t = —26.062 Tys + 1279.199 h — 186.677 h% + 0.173 Tys? — 2.153 Tys h

where; t = the response time of the heat sensor.,
h = the height of heat sensor from the heat source, and

Ths = the temperature of the heat source, °C.

The above model was utilized to plot the response surface of the response time (three-
dimensional graph) in order to give a better picture for the behavior of response time of heat
sensor under the effect of both independent variables; sensor height and surrounding
temperature as shown in Figure (10). It is obvious that the effects of surrounding temperature
and sensor height on the response time are not linear according to the model in Eq. (6).

Table 2. Data analysis for the effect of heat source temperatures and sensor height from heat
source on response time of heat sensor.

The General Linear Model (GLM) Procedure

Dependent Variable: t

Response time, Sec

Source DF Sum of Square Mean Square FValue  Pr>F
Model 5 12969335.07  2593867.01  571.28  <.0001
Error 22 99889.13 4540.42
Uncorrected Total 27 13069224.21
R-Square Coefficient Root MSE t Mean
Var.
0.992357 10.39856 67.38260  647.9993
NOTE: No intercept term is used: R-square is not corrected for the mean
Source DF Type lll SS  Meansquare  F Value Pr>F
Temp 1 151487.8298  151487.8298  33.36 <.0001
Height 1 384633.0565 384633.0565  84.71 <.0001
Height * Height 1 117688.6517 117688.6517  25.92 <.0001
Temp * Temp 1 136969.7766  136969.7766  30.17 <.0001
Temp * Height 1 30001.4582 30001.4582 6.61 0.0174
Parameter Estimate Standard Error t Value Pr>1tl
Temp -26.061649 45119139 -5.78 <.0001
Height 1279.198558  138.9832419 9.20 <.0001
Height * Height -186.676837  36.6666234 -5.09 <.0001
Temp * Temp 0.172819 0.0314650 5.49 <.0001
Temp * Height -2.153248 0.8376656 -2.57 0.0174
MJAE - April 2022 275


https://mjae.journals.ekb.eg/?_action=article&issue=27860&sb=2411&_sb=Agricultural+Constructions+Engineering

AGRICULTURAL CONSTRUCTIONS ENGINEERING

\

Response time, sec

1250 1

1000 1

730 7

500 1

230 1

30

07
/
P 24

2.1 Sensor height, cm

Heat source temperature, deg. C 64 )

Figure 10: The effect of combustion temperatures of the material and the sensor height on
the predicted response time.

3-Light sensor calibration:

Figure (11) the effect of the illumination intensity on the critical distance of light sensor.
From this figure, it is clear that, the critical distance is proportionally increased with
increasing the illumination intensity. In another meaning, the light sensor could be placed at
larger distance when we increase the light intensity. It is also noticed that, the response
sensitivity increased exponentially at the high levels illumination intensity. Obviously, the
relationship between the critical distance, dcr, and light intensity is not linear. Therefore, the
regression procedures were used to produce the best fit model for these data. Table (3), shows
the regression analysis of this relationship where, the determination coefficient (R?) was
found to be 99.25%. According to Table (3), the statistical model that expresses of this
relationship was found to be as follows:

d. =0.112273 1+ 0.0000175 12 R?>=99.2%  ----(7)

where; dcr = the critical distance, cm., and | = the light intensity, lumen (Lm).

When analyzing the model data, it was assumed that the crossed portion of the vertical axis in
this equation is equal to zero to match the reality of the application where the critical distance
becomes zero (no buzz) when no light is present.

For the simplicity, the data obtained were used to plot the relationship between the critical
distance and illumination intensity in an exponentially form. The model shown in the graph is
nonlinear, however; it simpler to understand than the linear model in Eq. (7), but it is less in
R? than in the linear model came from SAS.

276 Ismail et al. (2022)


https://mjae.journals.ekb.eg/?_action=article&issue=27860&sb=2411&_sb=Agricultural+Constructions+Engineering

AGRICULTURAL CONSTRUCTIONS ENGINEERING

Table 3. Data analysis for the effect of the light intensity and the critical distance.

The General Linear Model (GLM) Procedure

Dependent Variable: d Critical distance, m
Source DF Sum of Square Mean Square FValue  Pr>F
Model 2 887369.5368 443684.7684 864.60 <.0001
Error 13 6671.1932 513.1687
Uncorrected Total 15  894040.7300
R-Square Coefficient Root MSE d Mean
Var.
0.992538 12.72892 22.65323  177.9667
NOTE: No intercept term is used: R-square is not corrected for the mean
Source DF Type | SS Mean square  FValue  Pr>F
I 1 881308.8002 881308.8002 1717.39 <.0001
I* 1 6060.7366 6060.7366 11.81 <.0044
Source DF Type lll SS  Meansquare F Value Pr>F
I 1 34082.20221  34082.20221  66.42 <.0001
I*1 1 6060.73658 6060.73658 11.81 0.0044
Parameter Estimate Standard t Value Pr>1tl
Error
I 0.1122738548 0.01377669 8.15 <.0001
I*1 0.0000175167 0.00000510 3.44 0.0044
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Figure 11: The effect of the illumination intensity on the critical distance of the light sensor.

4-Installation of the proposed alarm system:

The calibration results of the sensors used in the proposed construction of the alarm system
(Figure 12) are considered to be very important because they contain information about the
system characteristics that may be used in future for alarm system installation in farm
buildings. The exact values of these characteristics can be computed from the statistical
models previously obtained.

In the new system that used in the calibration experiments, the three sensors; smoke, heat and
light were used. It is a great advantage to obtain when the three sensors are installed together
in one system this will increase the performance of the systems existed already in the market.
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Figure 12: The setup of the fire alarm system with three sensors.

4. CONCLUSION
This study aimed to construct a new warning system, locally manufacturing and easy to use in
agricultural facilities at reasonable prices. It depends on three sensors. Therefore, it is
expected to be more efficient than the systems in the market. The results of this study can be
summarized as:
Factors influencing on the alarm system response time:
1. For smoke sensor:
The study proved that the height of the detector and the density of smoke had an effect
on the response time of the sensor. When the height increased, the response time
increased while the increase in smoke density levels decreased the response time.
2. For heat sensor:
Logically, increasing the combustion temperature of material lead to a decrease in the
response time of the sensor while increasing the height of the sensor lead to an
increase in the response time.
3. For light sensor:
The response sensitivity of the light sensor increased when light intensity increased at
specific distance (named as a critical distance), so the light sensor must be placed at a
critical distance to give a fast response according to the light intensity caused by the
burning materials.
RECOMMENDATIONS
The authors recommend that:
. It is good to use the proposed alarm system for early warning of fire in the agricultural
structures.
. More experiments should be done for the actual conditions in the open and closed storage
areas using the three sensors at the time.
. Comparing the proposed system with another in the market in terms of performance and cost.
. Actual use of proposed alarm system in the agricultural structures is required to test its
effectiveness and efficiency to increase the level of security and safety.
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