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Abstract: This paper presents a comparative analysis of the fire detection characteristics between conventional fire detector
sensors and an Si-based color sensor. With the rapid industrial development in modern society, the concentration of urban
populations and the expansion of building sizes have accelerated, leading to an increased frequency of large-scale fires. As a
result, the importance of fire detection technologies has been emphasized. However, conventional detectors continue to
experience issues such as false alarms and malfunctions. To address these challenges, a novel fire detection technology utilizing
an Si-based color sensor, which is effective for fire detection, is proposed. To evaluate the fire detection performance of each
sensor, a fire detection test apparatus was developed, and experiments were conducted separately under smoke and flame
conditions to analyze the fire detection capabilities of the Si-based color sensor, temperature sensor, and flame detection sensor.
The experimental results demonstrated that detection speed and sensor values varied depending on the type of combustible
material. Specifically, in the smoke and flame tests, the Si-based color sensor detected fires 26.7 and 43.7 seconds faster than
the temperature sensor, and 26.6 and 15.4 seconds faster than the flame detection sensor, respectively. Therefore, it was
confirmed that the Si-based color sensor proposed in this study is an effective detection technology that is expected to provide

improved performance compared to conventional fire detectors.
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Fig. 1. Fire incident statistics (2019~2023) [3].

Unit: billion KRW

Apartment 95.3
Lodging facility 30.3
Hospital 29.7

Public facility 19.8
more than 11 floors 17.4

Bathhouse2.9

Factory 2777.3

Commercial facility 2.4

Other (public, etc.) 4.2

Fig. 2. Property damage by industry type [3].
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Fig. 3. Operating principle of the photodiode and Basic structure of the Si-color sensor: (a) photodiode [9] and (b) schematic structure of Si-

color sensor [14].
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Fig. 4. Block diagram and spectral responsivity of the Si-color sensor [14]: (a) block diagram and (b) scaled spectral responsivity.
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Table 1. Comparison of characteristics between CdS sensor and Si-color sensor.

Characteristic CdS sensor

Si-color sensor

Operating principle
P Ep P light intensity

Resistance changes depending on

Voltage changes due to electron-hole pair
generation by light

Response speed ms

ms

.
Sensitivity (visible light)

High in a specific wavelength range

High in a wide wavelength range
(UV~IR)

Main applications

[llumination sensors, dimming systems

Camera sensors, optical communication,
medical equipment, etc.

Temperature sensitivity fluctuati
uctuations

Sensitive to temperature

Less sensitive to temperature
fluctuations

Power consumption Less than pW

A%

Accuracy Lux, £10~20% mLux, £1~5%
Wavelength range 400~700 nm 200~1,100 nm
3.4 8 324 =AU
31dEdie 77 6(a)e SHH Al £ A AE ARl e
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color AIA 9] &7 714 542 S| Astel 971 A B EAR, Aol Tt Be] FYT AT ABE
At oha) A0 Lo} AlYstelon, 7t e e BA), 9IRS 30x50 cm 3719) RS TSt 23 6(b)
ul'd, B E ARESHQITE 5t A Al HAsh= 7] R = AR AY S 2 1R BS50lH, S0 AFEE = Al
22 772 9514 Si-color WA, & A, 22 747 A Ao Hatglos ALREE El2lo]E ofk(tealight
AA 2 37 ALR3HY candle)9] 71A] L& Wol&EH

smoke flame
experiment experiment

Combustibles tibles

[ B & )

sensors
Si-color sensor

===

Fig. 5. Experiment flow chart.

Flame
Sensor

Si-color AN, &= AA], B2 A AlA = bl A
58 AF AR AR 5 LT ARl HAASHR AL,
A FR vid @ FE Yol viR]st] AP

d 72 AT A719] B2 S HojR
Aol AHEE MM E9] AR AFY-S AHA

B A7) e YA 54 AFL A7) AdY st A
P02 Uro] [astect. & 30 A7) ol AHga 7t
Aol chet S LR, & 4o St Aol AHE
g k2ol ohat g Lerich



58

(2)

Fig. 6. Fire detection characteristics analysis apparatus: (a) chamber design and (b) experimental setup.
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Fig. 7. All sensors used in the fire detection experiment: (a) temperature and flame detection sensors and (b) Si-color sensor.

Table 2. Specifications of sensors used in the experiment.

Sensor Figure Parameter Specifications
Microcontroller ATmega328P
Operating voltage (V) 5
Arduino uno Digital 1/O pins 14
DC Current per I/O pin (mA) 20
SRAM (KB) 2
Operating voltage (V) 3.3~5
Flame sensor Dete.ction angle 60°
Detection area (nm) 760~110

Detect Infrared wavelength
Operating voltage (V) 3.3~5
Thermistor
temperature Sensing temperature range (°F) -39~187
sensor
Detect Temperature change
Operating voltage (V) 1.8~2
Si-color . o
sensor Operating temperature (°C) -30~85

Detect

R,G,B,C,W
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Table 3. Types of combustibles used in smoke experiments.

Material Wood Vinyl Pulp
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Fig. 8. Structure for loading combustible materials for smoke experiment: (a) material loading structure appearance and (b) schematic structure
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Fig. 9. Actual smoke experiments on combustibles: (a) wood, (b) vinyl, and (c) pulp.

Table 4. Types of combustibles used in flame experiments.

Material Wood Pulp
riihod S el
Figure
Item Wooden chopsticks Low density polyethylene Paper cup (185 ml)
Mass (g) 21.28 8.36 7.48

3448 @y AA 718 32 D71 Holl AlA 55 30% Fofl Fad&
AstoAY 7t Zoll A1 Asterio. 2F Aol A-gE
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ArduinoS E3f AAIZto 2 FESHH 1L, Si-color AlA] B AE o] otAst &2 ZHETH X4 +10 o] T2
o] tlolE&= Mg T2 I3 ARgste] HlolE S 2AlsE  SIT, & Al 2571 5°C o)A 5ot glS W of
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Table 5. Results of smoke experiments on types of combustibles.

61

Wood Vinyl Pulp
Ignition Detection time Ignition Detection time Ignition Detection time
Before After Sec Before After Sec Before After Sec
R (nm) 860 871 354 859 870 36.0 854 364 35.8
G (nm) 2,436 2,456 35.1 2,431 2,444 35.1 2,420 2,431 352
B (nm) 2,287 2,302 35.1 2,280 2,294 35.1 2,270 2,281 352
19.92 57.9 (Tq) 19.92 (Tq) 59.3 21.41 (Ty) 68.9
Tem (°C) 14.86 15.97 16.40
30.31 63.8 (Top) - - 31.41 (Top) 71.6
Flame (on/off) off on 61.3 off on 55.8 off on 68.5
Table 6. Results of flame experiments on types of combustibles.
Wood Vinyl Pulp
Ignition Detection time Ignition Detection time Ignition Detection time
Before After Sec Before After Sec Before After Sec
R (nm) 328 345 46.4 357 346 40.1 206 198 40.1
G (nm) 832 842 41.3 911 882 40.1 509 481 40.1
B (nm) 879 889 40.3 970 932 40.1 537 505 40.1
Tem (°C) 16.04 21.12 (Tq) 62.2 1770 23.11 (Ta) 132.0 . 22.55 (Ta) 60.0
- - - - 32.47 (Top) 71.5
Flame (on/off) off on 53.5 off on 56.7 off on 58.9
12 Hatd o ‘on’o &, 09 of ‘off & MASIYTE. ®5F, A& 35.2%0] Get B A'do] ¥ghs UAISIA L 0.6% &
A g &7t E ot 2 A0 0]A]= FF2 a2 R AZo] Heks ARSI, 2= A= 68.920] Hat
5171 flsll A7) dFolM= At 2 5%, otg AFollM= S ARSI oY, 2% AA] AllA+= 68.52 0 §ighs HA]
et 3 10£9] WA QMg A7he At spoict
tgel ol tiet 97] AR ok A AME 1Y 138 7} sjAR et sk AF A Jejmol
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a8 112 7h st e it 917] AE Ant Jdmo]  WistE AXGIR T, L AL 62 2%0] L& Wats 7

I, 39 125 AR Ao thet A7) GA| 54 2t 2]
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A5t 3 0.9% F R Aj'do] WgtS 7RI, & AIA
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Fig. 12. Overall smoke detection characteristics for all sensors: (a) wood, (b) vinyl, and (c) pulp.
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13. Graph of flame test results for various combustibles: (a) wood, (b) vinyl, and (c) pulp.
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Fig. 14. Overall flame detection characteristics for all sensors: (a) wood, (b) vinyl, and (c) pulp.
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