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Development of Multiband Flame Detector
with Fuzzy Correction Block

Andrii Kushnir
SPAFA Depart ment
Lviv State University ofLlife Safety
Lviv, Ukraine
andpetkushnir@gmail com

Abstract -~ The main advantages offlame detector are high
sensitivity and low inertia. The main limitation of the use of
flame detector is the presence of artrfrcral and naiural
electromagnetic interference it can respond to. The intelligent
multibandtlame detector with infraredand ultraviolet sensors Is
proposed using afuzzy correction (FC) block synthesrzed on the
basis of thefuzzy logic theory. The input values of the FC block
are the values® of"the wavelength ernaIs of infrared and
ultraviolet radiation and the flane flicker frequency. The FC
block processes these signals in accordance with thé developed
algorithm. A model of this multiband flame detector has heen
developed in the MATLAB software environment. The results of
simulation studies have shown that the FC block distinguishes
different stages of changes In the Wavelength of Infrared and
ultraviolet radratron and heflrckerfrequency The blockforms
the requrre ou putsrqna ased on the compiled rule base. This
aqg#(nﬁss itpossible to detect afire with high accuracy withoutfalse

Keywords _ fire detection system, fire detector, flame
detector, multiband flame detector, infrared flame detectors,
uItravrolethame detectors, fuzzy logic.

|. Introduction

The oPeratron of heat detectors and smoke detectors is
based on the detection of fire due to rising temPeratures and
the rnqress of smoke ﬁartrcles info thesensitive element
iR e e A
r with a signifi If the Ignition source IS
ga%ed cIose to rtg Therefore r¥ can %egdrffrcuft to rrurck Oy
or%anrze fire extinquish rn% operation and evacuation

eople. The religbili Uy of the fire_detection sYstem marn%
depends on the fire detector location %l] and the algorith
of its_operation [2-4]. There Is anothér principle of fire
de (Sectron hase on the re rstratron of eIectromagnetrc
radiation generated by oth P flames and smoldering
nearth. Ths IS the prrncrp e of me detector operation (Fig.
1). These detectors should be designed according to' thie
requirements [5]. Physical prrncroles which are used in the
flame detector cad  significantly quicker detect fires
compared with other types of the' fir detector The marn
advantages of the flamé detector are Its hr sensrtrvrg
Iow Ineftia. The her ht, vqume shape o he room, design
eatures oft e celll ﬁo the room, alr currents, etc. onot
sran ficant| g affect the time of fire detectron "This | ? the

fire détector, which can be used In open space. Flame

detect § are used to pr%tect ol, gas and chemr%al Industries,
aircraft an?ars warehouses, Open areas where a large
number of flammable liquids and substances are stored
paint&varnish workshops, gas stations, efc.

The main_limitation of the use of flame detector is the
presence of artimicial and natural electromaqnetrc
Interference, which can trigger response of a fire detector

XXX-X-XXXX-XXXX-XIXX/$XX.00 ©20XX |EEE

Bohdan Kopchak
, ECSDepartment
Lviv Polytechnic National University
Lviv, Ukraine
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without the presence of a flame. High level of
electromagnetic  radiation, whrch adversely affectf
operation of the flame detector, 1S created by artificial light
SOUrGes, anIr%ht heated podies gragrators rinning engings),
welding, the rflection of radiation by mirror surfaces, tc.

Fig. 1. The 40/40L4 flame detector series of company “Spectrex”

[l. ANALYSIS

The hearth fire with natural oPen flame has, two
characterrstrc features, that 1 rfs the electromagnetic raﬁratron
of the flame and the Tlame flicker frequency. It is known
that the flame is accompanied by characteristic radiation In
both ultravjolet (UV) and infrared QR) spectra. The
spectrum ofthe sun or hot abjects differs from the spectrum
of fires. Due to these different characteristics, the flame
detector can distinquish real fires from  deceptive
phenomena Thus, th range of IR radiation from heated
Jecs %S'E)Ed in te direction of incre srng the
wave eanrt of about 5.1 "m or more, and from the Sun in
the direction ofdecreasrng the wavelength of 1.1 Am or less.

IR flame detector detects flame with or wrthout smoke
?eneratron UV flame detectors can detect all ty %es of open
ST e
Ui Iri I
ﬂrn wrthgut%mokegThrclg srd/oke dust, or water vapor may
Brevent ihe Eassage of UV radratron to the flame detector
owerful sources of ultraviolet radratron such as we |ding
flames, mercury or discharged lamps, flashes, %tnrn
igh-voltage arcs, static discharges and jonizing radiation
(radioactivity or X-rays), can cause false alarms.

Multiband flame detectors with two or more sensors are
used to reduce false alarms from extraneous sources, not



related to the fire[9, 10]. They anah{ze both IR radiation and
UV radiation, have several sensors that measure IR radiation
In different wavelength ranges.

A FC block for multi- sensor fire detector with smoke
and heat sensors based on the th eor offuzz Io ic with the

Mamdani _ algorith roposed an synth srzd in th
naper Ei12] h) tectoPnP akes rt pOSS Ie 0 derstrngursﬁ
different Stages of temperature ch an%e and_smoke in the

rooms. This Tnakes rtﬁ ssible to detect jgnition at an early
stage and make the rignt decision to eliminate it.

[ll. Probrem statement

The work aims to build and research the al%orrthm ofthe
FC block for a muItrband flame etector wit

?ensors Based on the devel ope a%\ortm muérban
lame. detector must drstrngurs b R “and, (
radiation of flame, flame flicker frequency, and radiation
from external sources not related to firé. This will reduce the
Talse alarms of this detector,

[V. Sotving the problem

To reduce the false alarms of flame detector, which
responds to IR and UV radiation from third-part radrfrtron
sources not refated to fire, a FC block based on fuzzy ogrc
has been synthesized Based on the signals received from
the sensors and the developed algorithr, the detector must
recognize the conditions of the firg with high accuracy.

The |nﬁut valdes of the FC block are the vaIHes of Lhe
wavelengt srgnas o IR and UV radiation, the flicker
fre uenc h of the flame comrn? from. the’ tsensors 10
cor ectt e aveIength ranges and tlame flicker frequencies,
th a tht lock asotre%erves a srgnal fror]ntt]he FC((;) trol and
Indicating equipment. The output'value of the FC block I
the srgna(l] qh dh Informs aboutp tltlte state on the object.

2. Determining ofalgorithmicfreedom degrees.
FC block settings are as follows:

3. Determining ofparametricfreedom degrees.

3.1, Determining ofthe possible changes range of output

and input variables.

The results of analgrsrs and experimental studies of
classical detectors discussed above enable to determine the
Intervals of change of input and odtﬁut valoes Let us
assume that for tné FC block the wavelengths of IR ang UV
fldla'[IOH vary in the ran e_[0, 10], as well as the flame
flicker freq uencfy ese Intervals correspond to
certain values of the rntervalf ofwavelen ths ofIRfrn duv
radiation and the flame tlicker frequén dl Analysis of
?han es in IR and UV radriatron of fIame a d flame flreker
requency makes it possible to determine the interval of
change otthe Initial value “Fire probability” as [0, 1]

32, Determrnrng the parameters and the shapes of the
membershipfunction.

It should be noted that the values of the wavelength
ranges of IR and UV radiation of flame and.the flame flicker
frequency, which will be specified below in the simulation
process, can be refined and changed.

The parameters of the terms are given in Table I.

SIR- SR SR+

input variable "infrared”
Fig. 2. MF ofinput variable “IR radiation”
TABLE I. ParametersofMFofinputvariable “Rradiation"

Term Term form Characteristic points
siR(-) trapezium [-3,0,3,4]

sir friangle [% 57]
SIR(+) trapezium 6,7, 10, 13]

Thus the pornts [-3 0 4l correspond to the foIIowrng
values: - A (this value 1S conditional to realjze th
trap% ccordn] t0 the theory_of fuzz%sets and rt does

ect tne resulf), 0 - 34Am,3 m. B
he term, SIR, wh hich varies in Interval ;3 5w]n We mean
he values of such wavelength IR rad tron ich are In
he range of the reactAon of the fire flan}]e fetector The
ame etector responds to the wavelengtn_of IR radiatjon

?Oto 48 Am Thus the IE}orntsﬁt 7] correspond 0
ae ofowrnﬂva ues: 3 B
he term 5 whrehv |es in the rnterval H67 10 1%(
we mean the valles 0 suc wavelength IR radiation whre
are higher than the value of the maximum value at which
the flame detector responds.

r—o—.——c——h—hr—c-f—o-r—i-

The parameters of the terms are given in Table Il.

i i 1 [ ] [ ]
SUV- SWv SUV+

0 1 2 3 4 5 6 7

inmjt variable "ultraviolet"

Fig. 3. MF of input variable “UV radiation”

TABLE Il. ParametersofMFofinputvariahle “UVradiation”



Term Term form Characteristic points
SUV() trapezium [-3, 0 3 4]
SUV triangle %

SUV(+) trapezium [6,7, 10, 13]

The flta de ctor responds to the wavelength of UV
ra |at|on rom 0.18 Explanation oft eterms of
LAV radiation SUV 8) SuV and SUV ( 2 (fana ical fo

the terms of IR radiation SIR(), SIR “an The
Bomts [-3, 0 3.4 rres on to the followin value -3 -

-0.12 pm é) 4 -0.2 pm; 3-
0.1 m502 m: [6. 7, 10, 2]6024
pm, 7-0.26 pm,l pm, 12 - 0.34 pm.

The parameters of the terms are given in Table 11,

FFF- FFF FFF+

o 1t 2 3 4 5 6 17 8 9 10

input variable "flame"

Fig. 4. MF ofinput variable “flame fricker frequency”

TABLE Ill. Parametersof MFofinputvariable “flame fricker

frequency”
Term Termform  Characteristic points
FFF(-) trapezium [-3, 0 3 4]
FFF triangle %
FFF(+) trapezium 6, 10, 13

The points BS I-(I) 1025 2!) (lz_(l)rrespond to IIlhe followin ing

values: -3 - -0.05 HZ,
;125 25 75 125 - 5Hz, 25 - 10Hz, 7 30Hz, LG
5 10 12] 6-24Hz 15-30Hz, 10- 40 Hz 12~ 48

. . .
Norm Im50 Fire

0 01 02 03 04 05 06 07 08 09 1

output variable "output”

Fig. 5. MF ofthe output variable “Output”

TABLE IV. ParametersofMFofoutputvariable “Output”

Term Term form Characteristic points
Norm trapezium -0.1, 0, 03 04]
Im50% triangle 03,05,0 7]

Fire trapezium 06,07, 1.0, 1]

3.3. Formation offuzzy rules hase.

TABLE V. Fuzzyrules
Flame flicker

IR radiation UV radiation frequency Output
SIR(- SUV(- FgFé-) Norm
SIR(- SUV(- FF Norm
SIR(- SUV(- FFF(+) Norm
SIR(-) SUV FFF(-) Norm
SIR(- SUV FFF Norm
SIR(- SUV FFF(+) Im50%
SIR(- SUV(+ FFFE) Norm
SIR(- SUV(+ FF Im50%
SIR(- SUV(+ FFF(+) Im50%

SIR SUV(- FFFé—) Norm
SIR SUV(- FF Norm
SIR SUV(- FFF(+ Norm
SIR SUV FFF(- Norm

V. Imptementation model in MATLAB Simutink

To develop madels of the FC blocks we have used the
fuzzy packa? in MATLAB software environment. Fig
f|gf8 (d ig. 9dshovtv tthW|nqpvaof the outﬁjt S| /ngl
surface (corresponding to - "Norm", “Fire probabili
"Fire"), formel by e FC. block at g Pferent guesof
V\r/g(\]/l%%ré%ths of IR and UV radiation and the flame flicker

Fig. 6. Dependence ofthe output signal of FC block on the change of the
input signals “IR radiation” and “UR radiation”, Input signal “Flame fricker
frequency” remains unchanged at 15 Hz

flame ~ ! infrared



Fig. 7. Dependence of the output snltnal 0f FC block on the change of the
input signals *IR radiation” and “Flame fricker frequency”. Input signal
“UR radiation” remains unchanged at 0,14 *m

A model of flame detector W|th the FC block was
developed in the Stmu Ink pack aﬁe MATLAB software
environment. Fig. 10 demonst test e results of th stud

flame detector"with a FC Db usmt[] the Mam an|
algorithm, forms, and parameters of Input a nd output MF
given inthe Table. [-
Time ()
Fire
...................... [N Y T ST
e
Norm ) Vo i

Fig. 8. Simulation results of flame detector operation

VI. Conclusions

1. A FC block usm? the fuzzy logic and the Mamdani
F?onthm IS develorﬁ)ed or a muItlband flame detector with
an UV radiation sensors. Forms and parameters oftnPut
and output MF are set. Based on the knowledg
expert, a base of fuzzy rules is compiled WhICh escrtbes
possmle occurrent on the object.

2. Amodel of a muIttgand flame detector with sensors of
IR and UV radiation and a FC block has been developed,
The results of simulation studies have shown that the FC
block enables rec%qntzmg arfferent stages of changing the
Wave length radiation and the~ flicker
freq uenc and hased on the developed algonthm It
ﬂ]enerate the out t signal. This reduces the falSe alarm of
t |s detector from t |rd -party sources of radiation not related
0 the fire.
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