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Abstract

Comparative investigations of the conventional analog and optical communication
analog fire detector signal attenuations with various numbers of fire detectors were
performed in this research. The conventional fire detector signals with 1, 2, 16 and 32 fire
detectors were 4.5, 4.0, 2.2 and 0.8 V, respectively. The fire detector signals were
drastically decreased with the increase of the number of fire detectors. However, the
optical communication fire detector signals were not changed with increasing the number
of fire detectors. Therefore, optical communication fire detector system is a promising fire
detection system for eliminating the false alarms.

Keywords: conventional analog fire detector, optical communication analog fire detector,
signal attenuation, false alarm

Introduction

The occurrence of a fire can be signaled to people thanks to an automatic fire detection
system, which automatically detects heat, smoke, ultraviolet light, infrared light or flame
with heat detector, smoke detector, ultraviolet sensor, infrared sensor or flame sensor.
Automatic fire detection system can be installed only for fire detection or for working
together with fire-fighting equipment [1].

Automatic fire detection systems play an important role in early fire detections.
However, because of the frequent occurrence of false alarms and nuisance alarms, the fire
detections systems are often switched off on purpose and therefore cannot fill their role in
case of fire. These nuisance alarms are caused by the sensitivity of fire alarm systems to
communication noise. This is why it is important to measure its impact [2].

Until now, there are many researches related to automatic fire detection system with
optical communication method, such as a study for field application and stabilization of
rail breakage detection system using optical communication system by Tae-Geon Kim,
Si-Hang Cho, Su-Young Jeon [3]; a study for unified communication system design and
implementation for inside and outside fleet communication by Chai-Dong Lee, Woo-Seop
Sin, Chan-Gon Cho Seok-Chan Kim [4]; investigation for the development of automatic
alignment system for optical communication fiber array block by Myung-Ho Kim, Ki-
Young Lee, Gie-Pung Kim, Sun-Seop Park [5]; investigation for the development of the
auto test equipment using optical communication by Gyeong-Jin Cho [6]; a study for the
development of contact block relay using optical communication by Hyeon-Gi Jeong,
Tae-Pung An, Byoung-Hyeong Kim, Gyeong-Gu Lee [7]; investigation for the
development and field test of the occlusion information transfer device using optical
communication by Byeong-Uk Kang, Si-Bin Lee, Seung-Cheul Lss, Hyo-Suk Sim [8];
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investigation of processing and interpretation for the aspherical lens mold core using
optical communication by Jae-Kuk Oh [9]; a study for the mathematical approximation
equation signal distortion for optimally color dispersion-compensated optical
communication system by Sung-Man Kim [10]; a study for PLC optical communication
device implementation technology in RTR process by Jung-Hoon Kim, So-Hee Kim, Ho-
Joo Kang, Sang-Guk Joo, Tae-Hoo Lee, Myeong-Young Jeong [11]. Development of
optical communication for space craft and near-terrestrial space were investigated [12].
The investigation of the fire detection system with optical communication does not exist.
We report in this paper for the fire detector signal attenuation with various numbers of fire
detectors for the conventional RS-485 analog fire detector and optical communication
analog fire detector to eliminate the false alarm.

2. Experiment

2.1 Equipment Design and Fabrication

The analog detector of the optical communication is comprised with control unit, input
unit, power supply, sensor part and communication port. The control unit uses a 32 bit
microprocessor (Nuvoton-054, Cortex-MQ) and dip switch. The input unit was composed
with an address set switch with LED. The power supply unit has regulator (LM2576-12)
and linear regulator (kia7805, IP1117). The sensor can detect smoke and measure the
temperature with fast a responding NTC-type thermistor (LNTK103F). Figure 1 shows
the system block diagram. The circuit and picture of the system is shown in Figure 2.

Figure 1. Block Diagram of the System
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(b) Circuit of the Input Unit
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Figure 2. Picture of the System and System Circuit

2.2 Experiment Setup

Figure 3(a) and 3(b) show the conventional analog fire detector and optical
communication analog fire detector, respectively. In this experiment, 32 conventional
analog fire detectors and 32 optical communication analog fire detectors are prepared.
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Figure 3. (A) Conventional Analog Fire Detector and (B) Optical
Communication Analog Fire Detector (Manufacturer; Hyundai Infra Core,
Inc.)

Figure 4 shows the shape of the oscilloscope for measuring the signal attenuation with
increasing the communication load. Table 1 shows the oscilloscope specification.

Figure 4. The Shape of the Oscilloscope

Table 1. Specification of the Oscilloscope

Items Explanation

Name Digital Oscilloscope
Model name TDS 2012B

Analog 2Channels

Max. sampling rate 1.0GS/s Real time
Analog Frequency | 100MHz Bandwidths
Bandwidth

Max. Record length 2.5kW/Ch.
manufacturer Tektronix
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Conventional analog 1, 2, 16 and 32 fire detectors and optical communication analog 1,
2, 16 and 32 fire detectors were connected to the code transmitter and oscilloscope as
shown in Figure 3.

Figure 5. (A) Connection of the Conventional Analog Fire Detector and (B)
Optical Communication Analog Fire Detector

2.2 Experimental Method

The experimental procedures were listed below. (D preparation of 32 conventional
analog fire detector and 32 optical communication analog fire detector @ connection of
the power cable to the code transmitter & connection the communication cable to the 1, 2,
16 and 32 fire detectors ® supply the DC24V power to the master code transmitter (7)
supply DC24V to the each code transmitter (8 set the oscilloscope with the following
table 2 and connect the probe to the communication input.

Table 2. Set Condition of the Oscilloscope

Kind of detectors Horizontal axis (speed) | Vertical axis (Voltage)

Conventional analog

fire detector 25us/div 2V/div
Optical
communication 250us/div 2V/div

analog fire detector

3. Results and Discussion

3.1 The Signal Waveform with Various Communication Loads

Table 3 shows the signal attenuation depending on the communication load for
conventional analog fire detectors and optical communication analog fire detectors. In this
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experiment 1, 2, 16 and 32 fire detectors were connected to the code transmitter and
oscilloscope to detect the signal attenuation.

Table 3. Signal Attenuation Depending on the Fire Detector Communication
Loads

loads

Conventional analog fire
detector

Optical communication analog

fire detector
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3.2 Test Results

The conventional analog signals were respectively 4.5, 4.0, 2.2 and 0.8 V for 1, 2, 16
and 32 fire detector loads. The analog signals were drastically reduced by increasing the
number of fire detectors connected to one code transmitter when connected with R.
However, the analog signals were not reduced with the increase the number of optical
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communication analog fire detector. Table 4 shows the conventional and optical
communication analog fire detector signals with different number of fire detectors.

Table 4. Comparison of Code Transmitter Signals Connected Various
Number of Conventional and Optical Communication Analog Fire Detectors

l\(l)l:cr]qtr)sr Conventional analog fire Optical communication analog
detectors fire detectors
detectors
1 Communication signal level;
4.5V
Communication signal level;
2 4.0V
: No change of the
Communication signal level; communication signal level
16 ’
2.2V
32 Communication signal
level; 0.8V

4. Conclusion

This research focused on the signal attenuation with various numbers of conventional
and optical communication analog fire detectors connected to one code transmitter. We
obtained the following results.

1) The code transmitter signals for the conventional analog fire detectors were 4.5, 4.0,
2.2 and 0.8 V for 1, 2, 16 and 32 fire detectors, respectively. The code transmitter signals
were drastically reduced with increasing the number of fire detectors.

2) However, the code transmitter signals for optical communication analog fire
detectors were not changed by increasing the number of fire detectors.

Therefore, large number of the optical communication analog fire detectors can be
used to one code transmitter without false alarm.
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