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Pestome. llean. B pabore mnpemmaraercs anropuT™M OOHApy>KeHHS TOXKapa st
My.]'[BTHCCHCOpHOﬁ cucTeMsul. M3-3a CIIOKHBIX YCJIOBI/Iﬁ B IMOJICBBIX YCJIOBHUAX B IICPBLIC YaChl
criacaTelbHBIE OIEpallMy 3aTPyJHEHBl W YacTO IIOJBEPraloT OMACHOCTH JKU3HBb CIiacaTelieil.
OcHOBHas Hay4Has MeJb 3aKIIOYaeTCsl B TOM, YTOOBI cucTeMa paboTana aBTOHOMHO Ha
OIIPEJICTICHHBIX CETMEHTaX Ipollecca MOHUTOPHHIA, TP 3TOM TPH areHTa B pa3HOM CTENEHH
JOJIDKHBI B3aHMOIICI>'ICTBOBaTI> Apyr € JApyromMm Ha OCHOBC QJIIOpUTMOB KOMMYHHKAIIlMU H
npuHsaTUs penieHnii. Meroa. CymiecTByeT MHOXKECTBO aIrOPHUTMOB 00pabOTKM H300pakeHus,
HO HE J0CTAaTO4YHO HpOpa6OTaHLI N OIIKMCaHbl AJITOPHUTMBI, HWCIIOJB3YIOIIHNE HECKOJIbKO
UCTOYHHUKOB MH(popManuu. OCHOBHOE BHUMAHUE Y/CNSACTCS ITOPUTMaM OOHAPY)KEHHsI [ToKapa.
Anroput™m pazpabotan ¢ ucrosnb3oBanueM NI Vision Assistant, mporpaMMHOTO HHCTPYMEHTa
JUIst OBICTPOTO CO3JAaHHS MPOTOTUIIOB M TECTUPOBAHUS MPWIOKEHUH 00paboTKH M300pakKeHUi.
PesyabTat. [lomumo mporpammuoi peanusanuu Ha s3bike C, koropeiid NI Vision Assistant
TeHepUpyeT M0 YMOJ4YaHUIo, B pabore mpexacraBinena Python-peanmsanus anroputma. BeiBos.
Pe3ynbraTel paboThl MOTYT OBITH MCIIONB30BAaHBI I Pa3paOOTKU MYJIbTHCEHCOPHBIX CUCTEM B
3a71a4ax MOHUTOPUHTA TPYAHOMOCTYITHBIX PAaHOHOB.

KuaroueBbie ciaoBa: o06pa0oTka u300pakeHH, OOHapy>KE€HUE IIOXKapa, CerMeHTalus
n300pakeHHi, MyJIbTHAr€HTHAs! MyJIbTUCEHCOPHAs CUCTEMa

Jass uurupoBanusi: P.A. baryrnunoB, M.®. CrenaHoB. AJNTOpUTM OOHapyXeHHs
noxkapa Juid MyJbTUCEHCOPHOH cucTeMbl. BectHuk JlarectaHckoro rocynapcTBEHHOIO
TEXHHUYECKOTO yHUBepcuTeTa. TexHuueckue Hayku. 2021; 48(3): 59-67. DOI:10.21822/2073-
6185-2021-48-3-59-67

Algorithm of fire detection for multi-sensor system
R.A. Bagutdinov, M.F. Stepanov
Institute of Electronic Engineering and Instrumentation,
Yu. A. Gagarin Saratov State Technical University,
77 Polytechnic Str., 410054 Saratov, Russia

Abstract. Objective. The paper proposes a fire detection algorithm for a multisensor
system. Due to the difficult conditions in the field, for the first time, watch rescue operations are
difficult and often endanger the lives of rescuers. The main scientific goal is for the system to
work autonomously on certain segments of the monitoring process, while the three agents, to
varying degrees, must interact with each other based on communication and decision-making
algorithms. Method. There are many algorithms for image processing, but algorithms that use
several sources of information are not sufficiently developed and described. The focus is on fire
detection algorithms. The algorithm was developed using NI Vision Assistant, a software tool for
rapid prototyping and testing of imaging applications. Result. In addition to the software
implementation in C, which NI Vision Assistant generates by default, the paper presents a
Python implementation of the algorithm. Conclusion. The results of the work can be used to
develop multisensor systems for monitoring hard-to-reach areas.
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BBenenne. [locnencTBus cTUXuitHbIX O€ICTBUM, TAKUX KaK 3eMJIETPSICEHUS, HABOJAHEHUS
WIA TIOXapbl, OCOOEHHO CEpPbEe3HBI W MOTYT TMPHBECTH K YEJIOBEYECKUM IKEpTBaM U
3HAYUTEIIbHOMY MaTepuaibHOMy yIiepOy. beacTBusi 3aTparuBalOT Kak TI'yCTOHACEJICHHbIE
TOPOJICKHE, TaK M MPUTOPOIHBIC PAOHBI C pa3NuYHbIM pelibedom. M3-3a COKHBIX yCIIOBUH B
MOJIEBBIX YCJIOBHSIX B MEPBbIC Yachl CllacaTelbHbIC ONEPAlK 3aTPYJHEHBI U YacTO MOABEPraloT
OIACHOCTH JKHU3Hb CIIACATEIICH.

IlocranoBka 3agaum. B HacTosmiee BpeMs CYIIECTBYIOT pPa3IMYHbIE Ha3eMHbIE HIIU
BO3AYIIHbIE POOOTHU3UPOBAHHBIE CHUCTEMBl C JAMCTAaHIMOHHBIM YIPABICHUEM, KOTOPbHIE
00JIeryaroT MHCIEKINIO U TIO3BOJISIOT MPOBOJAUTH MOHUTOPUHT B TPYAHOAOCTYIHBIX paiioHAaX.
N3-3a pa3HOOOpa3HBIX YCIOBHH YKa3aHHBIE CHCTEMBI MOTYT OBITH 3((QEKTHBHBIMH B OJHHX
ClIy4asiX, HO HEYMeCTHbIMH B Apyrux. [lo 3Toil mpuuMHE MpenanoiaraeTcs HCIOIb30BaTh
MHOTOareHTHy10 MyJbTHCEHCOpHYI0 cuctemy (MMC), cocrosiryro U3 TpexX pa3iIMyYHbIX
TPAHCIIOPTHBIX CPEJICTB, B JANbHEHIIIEM UMEHYEMbIX areHTaMi MOHUTOpUHTa. briarogaps cBoum
Pa3IUYHBIM XapaKTEPUCTHKAM TPU areHTa MOryT JONOJHATh JpYyr JApyra, 3HAuYUTEIbHO
pacuupsisi BO3MOKHOCTH CHCTEMBI.

OcnoBHast wuH(poOpManusi, coOMpaemas TpeMs areHTamMH, OCHOBaHAa Ha HU(PPOBBIX
M300paXeHMsIX, MepeJaBaeMbIX KaMepamH, YCTaHOBICHHBIMH Ha KaxjaoMm areHte. OCHOBHOE
BHHUMAaHUE 3/I€Ch YJENAETCS aJrOpUTMaM OOHApy)KEHUs MOXKapa, MOCKOJIbKY IOYKap CUHUTAETCS
BaXHBIM WHINKATOPOM HEXKEJATEIbHOTO COOBITHS.

MMC cocTouT u3 HeHTpa YIpaBJIeHUs U CIEAYIOUIMX areHTOB: Ha3€MHbBIN JIBUXKYILHMHICS
poOOT, IeTaTeNbHBIN ammapar (KBaApakomTep C KaMmepoil) W »KpaHOIIaH (aBTOHOMHBIN
MAaJIOBBICOTHBIM JIeTaTeNIbHBIN amnmapar). Bce 3TH areHThl OCHAIIEHbl KaMepamH, MO3TOMY
OCHOBHBIE JaHHbIe, monydaemble ¢ MMC, mpenctaBistoT coboi nudpoBble H300paKEHHUS.
N3o00paxenuss MoryT oOpalaTeiBaTbcs MO0 JIOKAIbHO, BHYTPH KaXJOTO areHTa, Ju0o
NepeIaBaThCs B LICHTP YIPABICHUS.

Hudposrie n300pa>keHus coaepKaTcs B crenuaibHbIX (aitnax rpaduyeckoro popmara.
[{BeToBast MOJENb OMUCHIBAET, KaK [[BETa MOTYT OBITh MPEICTaBIECHbl B BUJIE KOPTEXKaA YUCEN U
MOTYT UMETh CBSI3aHHOE OJJHO WJIM HECKOJIbKO IIBETOBBIX MpOCTpaHCTB. HexoTopble TUNMYHbBIE
L[BETOBBIE IIpocTpaHcTBa - craHgaptHele RGB, HSV, HSL. Otu nBeroBble mpocTpaHCTBa
coJlep’KaT TpU OTIMYMUTENbHBIX KaHasma. KaxIplii kaHam MOXET OBbITh COMOCTaBHUM C CEPbIM
H300paKEHUEM.

B nannoit pabore mpennaraercsi anropuT™M oOpabOTKM u300paKeHUW Ha OCHOBE
THCTOTpaMM Juld OOHapyXeHus mnokapa. Waes CcocToMT B TOM, 4YTOOBI MOJYYHUThb
nocieI0BaTelbHbIE JBOMYHBIE MAacKd, OT(OUIBTPOBATH MCXOJHOE H300pa’keHHUE U MOJIYUYHUTh
o0nacTH M300pakeHusi, KOTOpbIE MOTYT COJAEpXkaThb JETEKTUPOBAHHE HCTOYHUKOB OTHS.
Konseiiep 00paboTKku HW3BJIEKaeT HamOoJee TMOAXOJSIINE IBETOBBIE TIOCKOCTH (KaHAJIBI) W3
I[BETOBOT'0 ITPOCTPAHCTBA UCXOJAHOTO U300pakeHUs U Mpeodpa3yeT UX B IBOMYHBIE MACKH ITyTeM
orpezeNieHusl ONTHMAaJIbHOIO IMOPOrOBOTO 3HaudeHMs. B mpoiecce BBIMOIHEHHUS pabOTHI OBLI
NPOBE/IEH AHAIUTHYECKUI aHaIN3 HCTOYHHMKOB AHAJIOTHYHBIX 3apyOeKHBIX HCCIIEI0BaHHIM,
HEKOTOpPBIE U3 KOTOPBIX MPECTABICHbI HUXKE.

Metoasl ucciaenoBanusi. B cratee [1] mpeacraBieH MeToa OOHAapYXeHHs IMOXapa B
peaTbHOM BpEMEHH Ha OCHOBE M300paX€HUH C MCIOJIb30BaHWEM OO0pabOTKH M300pakeHHWH Ha
ocHoBe IBeTOBOM Mozenu RGB u 1BeroBbIX KaHaloB. B HEKOTOpBIX paboTax Takke
MIPEACTABICHBI METOIbI 00PaOOTKH M300paskeHuit [2, 3] 1 pa3HOPOIHBIX TaHHBIX, B TOM YHCTIE C
MYJIbTUCEHCOPHBIX cucTeM [4, 5]. B crathe [6] mpencTaBieHBbl alIrOpUTMBI OOHAPYKEHUS
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nmoXxapa C HCHOJb30BaHHEeM I1BETOBhIX Mojened RGB. B crateax [7, 8] mnpencraBieHbI
QITOPUTMBI OOHAPY)KEHHUsS TOXapa C MCMOJIb30BaHUEM 1LBeToBOM Mmozaenu RGB. B cratee [9]
MPEJICTaBICH METO]] OOHApyKeHUs MoKapa Ha HM300paKEHUAX C HMCIOJIB30BAHUEM IPOLELYP
kiacrepuzanuu K-metod u onTUMu3anuy yacTUIl JUIS JTy4IIero oOHapy>KeHUs JIOKHBIX TPEBOT.
B crarbe [10] npeacraien meton 3ppekTHBHOTO OOHAPYKEHHS TUIAMEHH B HECKOJIBKHUX CIIEHAX
nzo0paxenus. Mcmonp3yercss Habop mapaMeTpHUYECKUX MpelcTaBiIcHuid, Ha3BaHHBIX Gradient
Features (GF), 4To0bI n3yunTh 0COOCHHOCTH U3MEHECHHUS 1[BETA TJITaMEHU HA N300payKCHUH.

B cratee [11] mpennaraercs HOBBI MeTOA OOHApy)KEHHUs OTHS B PEaTbHOM BPEMEHH
nyreM oOOpaOOTKM BHJIEOJAHHBIX, TE€HEPUPYEMbIX OObIUHON Kamepoil HabmoneHus. OH
UCIOJIB3YET 1-MepHOE BpEMEHHOE BEUBIET-IPEoOpa3oBaHUE U U3MEHEHHE 1IBETA B IBUXKYILIUXCS
00J1acTsSIX OTHEHHOTO 1IBETa C HCIIOIb30BAaHUEM 2-MEPHOTO MPOCTPAHCTBEHHOTO BEWBIIETA.

B craresax [12, 13] mpencraBieHa Mojenb i HISHTU(UKANWHA OTHS W JbIMa C
WCIIOJIb30BaHUEM 00pabOTKM HM300paKEHUH Ha OCHOBE HEUETKOW JIOTMKU. B crarhsx [14]
IpeCTaBIeH METOA OOHApyKEHUS IJIAMEHU M JIbIMa C BUACOCHEMKOI B pealbHOM BpeMeHH. B
ctatbe [15] mpencTaBieHbl HECKOJBKO MOPOTOBBIX METOJIOB, KOTOPbIE MOTYT HPUMEHATHCA K
U(POBBIM U300PAKEHUSAM IS TIOTyUSHUST TBOMYHOTO M300paxenus. Ho, He B OJIHOH U3 BBIIIE
YKa3HbIX Pa0OT HE paccMaTpUBaJaCh CUTYyallMsl UCIOJIb30BAaHUS HECKOJIBKUX CEHCOPOB st
0OHapyKEHUS OTHS.

Monyne NI Vision Development coaepXUT COTHH aidroputMoB 00paboOTKU
n300pakeHmid, BKITIOYasi PHIBTPBI, MOP(OJIOTHIO, COMOCTABICHUE ¢ 00pasioM, Kiaccu(puKamus
U MHOTO€ Jpyroe. BeposiTHOCTh MOSIBIIEHUS CEPOro YPOBHS 1 paBHA

: h(i)
p(i) = ha) 1)
rae: h (i) o0o3HaYaeT KONMMYECTBO MHKCENEH B M300paKEHHH IMPH KaXKIOM 3HAYCHUU
ypoBHs ceporo, a N = 256.

Merton Inter Variance BCIonb3yeT BEpOSITHOCTh YPOBHEH CEpOro 1[BETa JJIsT OTPECIICHUS
ONTUMAJIBFHOTO TMOPOTOBOr0 3HaueHUs k, UIsI KOTOPOTO MAaKCHUMH3UPYETCs CIeayloliee
BBIPKEHHE:

o400 = ity @
rac:

k() = Ty ip(D) 3)

Ht = %\Iz_o1 ip(i) 4)

(k) = ZiLop() (5)

Habmonenue: meron Inter Variance - 3To peanu3anusi M3BECTHOTO alroputMma Jis
IJ100aJIbHOTO aBTOMaTHYECKOI0 TOPOTra TMCTOIPaMMBI.

Mertoa KJ1acTepu3aly Uil aBTOMAaTHYECKOTO IN100aIbHOTO MOPOra Ceporo U300pakxeHus
BKJIIOUYAET MOJIy4YeHHe 3HauYeHus K.

Hitly k (6)

2
rae pul - aTo cpenHee 3HaueHue Beex nukcenent ot 0 mo k, a u2 - cpenHee 3HaueHUe Bcex

nukcene mexay k + 1 u 255.

[IpencraBieHHBI aNrOpUTM HUCHOJB3YET LBETOBYH0 Moaeilb RGB anammusupyemoro
nzobpaxenus. Mcmonb3oBasics mnporpaMMHbii uMHCTpyMmMeHT NI Vision, KOTOpbIii MOXHO
UCTOJb30BaTh IS CO3JaHHUsl TMPOTOTUIIOB M TECTHPOBAHUS NPWIOKEHUH 00paboTKU
n300paxeHui. AJTOpPUTM 3amuchiBaeTcs B (aill creHapus, KOTOPBIA COAEPKUT (YHKIUU
00paboTKH U cOOTBETCTBYIOIIME apameTpsl. O0paboTka KOHBelepa MmpeacTaBieHa Ha puc. 1.

Dtamnbl 00pabOTKU N300paKEHUS CIEAYIOIIHE:

1. 3arpy3uts ucxonHoe uzo0OpaxkeHue u3 ¢aiina,

2. CoxpanuTh n300pakeHne B Oydepe maMsaTu i JaTbHEHIIIeT0 HCITOIb30BaHHUS

3. M3BieueHne CHHETO I[BETA, TOJIYUYEHUE CEPOro N300paKeHUS;
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4. TlpumeHneHue ria00albHOIO ABTOMATUYECKOTO MOpPOTa Jsl MOJIYYEHHUS JBOMYHOIO
U300paxKeHus,

5. MuBepTUpOBaHHE JBOWYHOTO H300pa)K€HHUs, TMOJy4YeHHOe Ha mare # 4, 4YToOb
noJydnuTh Macky Ne 1;

6. Coxpanenue macku Nel B ¢aiine n300pakeHus;

7. Ilony4enue UCXOIHOTO H300paxeHus u3 Oydepa mamsru,

8. Co3gaHue Macku HMCXOJHOTO M300pakeHHs C MOMOIIbI0 Macku Nel, moiydyuB HOBOE
[[BETHOE M300pa)keHne ¢ UMeHeM «imagel»;

9. U3Bneyenue kpacHOro 1BeTa u3 «imagel»;

10. Ananu3 norapuMUYECKON THCTOTPAMMBI,

11. IlpumeHeHue TPUOIU3UTEIBHOTO TJI00ATBHOTO IMTOPOTa, YTOOBI MOTYYNUTh MacKy No2;

12. Y nanenue macku Ne 2 n3o0pakeHue;

14. Coxpanenue macku Ne2 B (paitst n3o0paxeHus,

15. MackupoBka «imagel» mackoii Ne2, 4ToOBI MOJTYYUTH OOJACTH, TIE CYIIECTBYET
noap.

Extract RedPlane Manual Diate Fill Holes Retrieve Masked
Red Histogram Threshold Masked Image =2
Plane

Puc. 1. Ckpunrt NI Vision ¢ ucnoab3oBanuem uBetoBoii moaesn RGB
Fig. 1. NI Vision Script Using RGB Color Model

Omnucannbiii Beime creHapuii NI Vision MokeT ObITh aBTOMAaTUUECKH NMpeoOpa3oBaH B
nporpamMmy ¢ kogoM C. OpHako HE00XOAMMO OBIJIO AOCTHYB CIEAYIOIIMX LeJel: yCTpaHWUTh
IIPOM3BOJILHBIA BHIOOP MOJIB30BATENIEM MOPOroBOro 3HaueHus Ha mare Nell u 3akoaupoBaTh
anroput™ Ha Python. Jlanee mpumensiicsa onHoMepHbiil GuibTp I'aycca k sjorapudmuueckont
TUCTOIpaMME KpPacHOroO I[BETa, YTOOBI «CIJIaJHUTh» THUCTOrpaMMy, MOCJIE YEro IMOCIIeI0BaJIO0
YHCJICHHOE BBIYMCIIEHUE TIEpBOM MPOU3BOAHOM U BTOPO nmpon3BoaHoill. Bribupanacs moporonas
TOYKa KaK JIOKAJIbHBIH MUHUMYM, OJIvbKalmuit k 255, re nepBasi mpou3BOAHAs paBHA HYIIIO, a
BTOpas POU3BOIHAS I1OJIOKUTEIIBHA.

B mpouecce aBTOMaruyeckoro ompeneneHuss nopora Ha imare Ne4 ucnosib3oBanach
rpynnupoBka B (daiin otsu.py. Kox Python npencrasnen nuxke:
from scipy.ndimage import gaussian_filterld from matplotlib import pyplot as plt
from otsu import otsu, running_ variance, stretch,
unstretch
import math
import numpy as np
import cv2
minval=0
maxval=255
#STEP 1
image_orig= cv2.imread('forest5_test.omp")
# STEP 2
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image= image_orig.copy()

# STEP 3

blue_plane=image[:,:,0]

#STEP 4
image_grayblue=stretch(blue_plane)
print()

threshold_otsu=int(otsu(image_grayblue)*maxval)
print(otsu(image_grayblue))
print(threshold_otsu)

print()
_threshOtsu=cv2.threshold(blue_plane,  threshold otsu, 255, cv2.THRESH_BINARY)
contoursl, hierarchyl = cv2.findContours( threshOtsu, cv2.RETR_TREE,

cv2.CHAIN_APPROX_SIMPLE)
for cntl in contoursl:
cv2.drawContours(threshOtsu,[cnt1],0,255,-1)
# STEP 5
mask = cv2.bitwise_not(threshOtsu)
STEP6 cv2.imwrite('Mask1.bmp', mask)
STEP 7 maskl=cv2.imread('Maskl1.bmp’, cv2.IMREAD_UNCHANGED )
STEP 8
imagel=cv2.bitwise_and(image,image,mask=mask1)
#STEP 9
red_plane = imagel[:,:,2]
# STEP 10
histo_red = cv2.calcHist([red_plane], [0], None, [256], [0,256])
log_histo_red
=np.log(1+histo_ red.astype(np.float)) #adjust extreme values of the histogram log_histo_red[0]
= log_histo_red[1] log_histo_red[255]=log_histo_red[254] print(log_histo_red)
mMax = max(log_histo_red)
arr_log_histo_red = np.array(log_histo_red)
# smooth
smooth = gaussian_filterld(arr_log_histo_red.T[0], 3) #compute first derivate
smooth_d1 = np.gradient(smooth)
zeroD1= np.where( np.diff(np.sign( smooth_d1)))[0]
# compute second derivative
smooth_d2 = np.gradient(np.gradient(smooth))
zeroD2=np.where( np.diff( np.sign( smooth_d2)))[0]
histo_red[0]=histo_red[1]
histo_red[255]=histo_red[254]
plt.plot(histo_red, label="Original Histogram")
plt.legend(bbox_to_anchor=(0.5, 0.5))
plt.show()
plt.plot(arr_log_histo_red,
label="Logarithmic histogram®)
plt.plot(smooth,
label="Smoothed Histogram')
plt.plot(smooth_d1/ np.max(smooth_d1),
label="First Derivate")
plt.plot(smooth_d2 / np.max(smooth_d2),
label="Second Derivate)
plt.axhline(y=0, color='k")
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# STEP 11
last_local_minima=0
for i, xzero in enumerate(zeroD1, 1): if smooth_d2[xzero]>0: plt.axvline(x=xzero, color="k’)
last_local_minima=xzero
plt.legend(bbox_to_anchor=(0.5, 0.5))
plt.show()
threshold_redplane=last_local_minima
,mask=cv2.threshold(red_plane, threshold_redplane, 255, cv2. THRESH_BINARY)
STEP 12 dilation_size=1 element=cv2.getStructuringElement(
cv2.MORPH_RECT,(2*dilation_size+1,
2*dilation_size+1), (dilation_size, dilation_size)) dilation_mask2 = cv2.dilate(mask, element)
# STEP 13
contours2, hierarchy2 = cv2.findContours(mask, CV2.RETR _ TREE,
cv2.CHAIN_APPROX_SIMPLE) for cnt2 in contours2:
cv2.drawContours(mask,[cnt2],0,255,-1)
STEP 15 cv2.imwrite('Mask2.bmp', mask)
STEP 15 mask2=cv2.imread('Mask2.bmp’, cv2.IMREAD_UNCHANGED)
image2= cv2.bitwise_and(imagel, mask=mask?2)
#Display images
cv2.imshow("Initial”,image)
cv2.imshow("Otsu",threshOtsu)
cv2.imshow("Mask1",mask1)
cv2.imshow("Image 1",imagel)
cv2.imshow("Mask2",mask?2)
cv2.imshow("Image 2",image2)
cv2.waitKey(0)
cv2.destroyAllWindows()
O06cyxaenne pe3yabTaToB. M300pakeHne, UCIOIB3yEMOE B KQU€CTBE BXOJIHBIX JIAHHBIX
JUIS alrOpUTMa, COAEPXKUT OOJbIIyI0 00JacTh JibiMa (BBEpXy clieBa) U o0iacTe Heba (BBEpXy
copaBa). OTu o0jacTh MOTYT OBbITh OOHApyXEHbl KakK JIOKHOMOJIOXKUTEJbHBIE YYacTKU
BO3IropaHus. OHu YAQAITAKOTCA ¢ IOMOIIBIO I/1306pa)KeHI/I$I 6I/IHapHOI71 MacCKH, IMOJTYYCHHOI'O ITYTEM
NPUMEHEHHs IOpora K CHHEW IJIOCKOCTH H300pakeHUs. Penpe3eHTaTHUBHBIE H300paKeHUS
MOKa3aHbl HIXKe (pHC. 2).

e SR e

-
a
.‘
=]

Puc. 2. DTansl 06padoTku n300pakeHus (a — UCXOAHOE H300pakeHHe VISl AJIrOpUTMA, 0-B-
HAJT0KCHHUE MAaCKH, I' — HCXOAHOE u306pamelme C HAJIOKEeHHOM MaCKOﬁ, A — BBIACJICHHE KPAaCHOIo
BeTa H300paskeHnst

Fig. 2. Stages of image processing (a - the original image for the algorithm, b-c - masking, d
- the original image with the applied mask, e - highlighting the red color of the image

64


http://vestnik.dgtu.ru/

Becmuux /laczecmancrozo cocydapcmeennoeo mexuuieckozo ynugepcumema. Texnuyeckue nayxku. Tom 48, Ne3, 2021
Herald of Daghestan State Technical University. Technical Sciences. Vol.48, No.3, 2021
http://vestnik.dgtu.ru/ ISSN (Print) 2073-6185 ISSN (On-line) 2542-095X

Ha puc. 3 mpeacrasieHo norapupMuyecKoe MPEACTaBICHWE THCTOIPAMMBI KpPacHOM
IUIOCKOCTH, crenepupoBaHHor ckpuntoM NI Vision Assistant. IIpousBoibHOE MOporooe
3HaYeHUE 0TOOPAKAETCS CTPEIIKOM.

Hstogram

“F-lr_"u....-r Tabia

6 38 5 M 100 1% 3150 1M o 235 3R
Puc. 3. Pyunoe noporosoe 3uauenue NI Vision Assistant
Fig. 3. NI Vision Assistant Manual Threshold
Ha puc. 4 npencraBieHo aBTOMaTUYECKOE ONpEENIEHHEe MOpora Ha OCHOBE MEPBOMl U
BTOPOIl MPOU3BOAHBIX CIIIAKEHHOHN JIOrapu(MUIECKOM TUCTOIPAMMBI.
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Puc.4. Ilopor, nosy4eHHbIi ¢ HcMoab30BaHueM koaa Python
Fig. 4. Threshold obtained using Python code

Puc. 5. Pe3yabTaThl Ha/10:KeHUS] MACKH, IPUMEHEHHOI K MCXOTHOMY M300paskeHUI0
Fig. 5. The results of overlaying a mask applied to the original image

Ha pwuc.5 mnokazano oOHapyXeHHE TOXKapa, BBIMOIHIEMOE TOCIEI0BATEILHBIMHI
OMHApHBIMH MaCKaMU, TPUMEHEHHBIMH K HCXOJIHOMY U300paKeHHIO.

BeiBoa. OOnapykeHue mnoxapa Ha LU(POBBIX HM300paKEHUAX - CIOXKHAs 3ajadya.
Hanmuuue Ha n300pakeHUU sICHOTO HeOa, JbIMa U OOJIAKOB MOXKET JaTh JIOKHOMOJIOKUTEIbHBIE
pE3yJIbTaTHI.

Anroput™M 00pabOTKM H300pakeHUN, OMHMCAHHBIH B CTaThe, HCIOIB3YET aHAIN3
TUCTOIPAaMM  COOTBETCTBYIOLIMX IIBETOBBIX IUIOCKOCTEW, HW3BJICUEHHBIX U3 MCXOJIHBIX
n3o0pakeHuit. l[BeToBbie TUIOCKOCTH TMpeoOpa3yroTcss B OWHApPHBIE MAacKU C ITOMOIIBIO
OpPOroBOro Merona. Paznuunble crieHapuu 00paOOTKM H300paxKeHHd pa3padaThIBAlOTCS C
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nomombio NI Vision Assistant, MOITHOTO TPOrPaMMHOTO HWHCTpyMeHTa. B pabore Takke
npencTaBieHa peanu3anus Python oOHapykeHus moxapa B M300pa)K€HUH, KOTOpas MOJAXOIUT
JUISL pa3JIMYHbIX YCTPOMCTB MOHUTOPHHTA.

Bubauorpaguyeckuii CriucoK:

1. Turgay Celic, Fast and Efficient Method for Fire Detection Using Image Precessing, ETRI Journal,
Volume 32, Number 6, December 2010, pp. 881-890

2. barytnunoB P.A. Pa3paboTka MyJIbTHCEHCOPHON CHCTEMBI IS 3aJlad MOHUTOPHHIA U MHTEPIPETaluu
pa3HOpOHBIX NaHHBIX / CucTeMHBIH agMuHucTpaTop. 2019. Ne 3 (196). C. 82-85.

3. BaFyT,HI/IHOB P.A. HpOGKTI/IpOBaHI/Ie MO,HyJ'II;HOfI MyﬂbTI/IceHCOpHOﬁ CHUCTEMBI JId 3ala4 MOHUTOPUHTA
oKpyxatomiei cpenbl Ha 6ase Arduino / Hayunsle BemomocTi Benropoickoro rocynapcTBEHHOTO YHHBEPCUTETA.
Cepus: Oxonomuka. Mapopmatuka. 2019. T. 46. Ne 1. C. 173-180.

4. OctpoBckuii O.A. Bompocsl pa3BUTHS KOMIBIOTEPHO-TEXHHUECKOW IKCIIEPTH3HI H MX B3aUMOCBS3b C
TenekoMMmyHHKamsMu / [IpaBo u rocymapetBo: Teopus u mpaktuka. 2020. Ne 1 (181). C. 312-314.

5. OctpoBckuii O.A. N3BnedeHne NHPOPMAITMOHHBIX CIEOB ¢ MOOMIBHBIX YCTPOUCTB IPH paccieI0BaHUI
MPECTYIUICHUH B cdepe KommbioTepHOH uHpopmanuyu / BectHuk TamKHKCKOTO HAIIMOHATIHHOTO YHHUBEPCUTETA.
Cepus connarbHO->KOHOMHYECKUX U 00mecTBeHHBIX Hayk. 2018. Ne 7. C. 237-241.

6. Supriya Sameer Nalawade, Fire Detection System using RGB Color Model, International Journal of
Engineering Science and Computing, May 2018, Volume 8, Issue #5, 1751. P.17518

7. Jing Shao, Guanxiang Wang, Wei Guo,An Image-Based Fire Detection Method Using Color Analysis,
2012 International Conference on Computer Science and Information Processing, P. 419-422

8. Ping-He Huang, Jing-Yong Su, Zhe-Ming Lu, Jeng-Shyang Pan, A Fire-Alarming Method Based on
Video Processing, Proceedings of the 2006 International Conference on Intelligent, Information Hiding and
Multimedia Signal Processing (I1H-MSP'06), P. 359-364

9. Oluwarotimi Giwa, Abdsamad Benkrid, Fire detection in a still image using color information,
https://www.researchgate.net/publication/323723024 (nara obpamenus 04.01.2021).

10. Liping Zhu, Hongqi Li, Fenghui Wang, Jie Lv, Ali Sikandar, Hong Zhang, A Flame Detection Method
Based on Novel Gradient Features, Intell. Syst. 2020; 29(1): P. 773-786, https://doi.org/10.1515/jisys-2017-0562

11. Ugur B., Toreyin, Yigithan Dedeoglu, Ugur Giidiikbay, Enis Cetin A., Computer vision based method
for real-time fire and flame detection, Pattern Recognition Letters 27 (2006). P. 49-58

12. Sushil Garg, Balaji R. Sharmal, Kelly Cohen, Manish Kumar, A Fuzzy Logic Based Image Processing
Method for Automated Fire and Smoke Detection, https://www.researchgate.net/publication/2583 40149 (nara
obpamienus 04.01.2021).

13. Turgay Celik, Hiiseyin Ozkaramanli, Hasan Demirel, Fire and smoke detection without sensors: image
processing based approach, 15th European Signal Processing Conference (EUSIPCO 2007), Poznan, Poland,
September 3-7, 2007, P. 1794-1798

14. Chunyu Yu, Zhibin Mei, Xi Zhang, A Real-time Video Fire Flame and Smoke Detection Algorithm,
Procedia Engineering, Volume 62, 2013, P. 891-898

15. Mehmet Sezgin, Bllent Sankur, Survey over image thresholding techniques and quantitative
performance evaluation. Journal of Electronic Imaging 13(1), 2004, P. 146-165

References:

1. Turgay Celic, Fast and Efficient Method for Fire Detection Using Image Precessing, ETRI Journal,
Volume 32, Number 6, December 2010; 881-890.

2. Bagutdinov R.A. Development of a multisensor system for monitoring and interpretation of
heterogeneous data [Sistemnyy administrator] System administrator. 2019; 3 (196): 82-85. (In Russ)

3. Bagutdinov R.A. Designing a modular multisensor system for environmental monitoring tasks based on
Arduino. [Nauchnyye vedomosti Belgorodskogo gosudarstvennogo universiteta. Seriya: Ekonomika. Informatika]
Scientific Bulletin of Belgorod State University. Series: Economics. Informatics. 2019; 46(1): 173-180. (In Russ)

4. Ostrovsky O.A. Issues of development of computer-technical expertise and their relationship with
telecommunications. [Pravo i gosudarstvo: teoriya i praktika] Law and State: theory and practice. 2020; 1 (181):
312-314. (In Russ)

5. Ostrovsky O.A. Extracting information traces from mobile devices in the investigation of crimes in the
field of computer information. [Vestnik Tadzhikskogo natsional'nogo universiteta. Seriya sotsial'no-
ekonomicheskikh i obshchestvennykh nauk] Bulletin of the Tajik National University. A series of socio-economic
and social sciences. 2018; 7: 237-241. (In Russ)

6. Supriya Sameer Nalawade, Fire Detection System using RGB Color Model, International Journal of
Engineering Science and Computing, May 2018; 8(5):1751-17518.

66


http://vestnik.dgtu.ru/

Becmuux /laczecmancrozo cocydapcmeennoeo mexuuieckozo ynugepcumema. Texnuyeckue nayxku. Tom 48, Ne3, 2021
Herald of Daghestan State Technical University. Technical Sciences. Vol.48, No.3, 2021
http://vestnik.dgtu.ru/ ISSN (Print) 2073-6185 ISSN (On-line) 2542-095X

7. Jing Shao, Guanxiang Wang, Wei Guo,An Image-Based Fire Detection Method Using Color Analysis,
2012 International Conference on Computer Science and Information Processing, 2012; 419-422.

8. Ping-He Huang, Jing-Yong Su, Zhe-Ming Lu, Jeng-Shyang Pan, A Fire-Alarming Method Based on
Video Processing, Proceedings of the 2006 International Conference on Intelligent, Information Hiding and
Multimedia Signal Processing (IIH-MSP'06), 2006; 359-364.

9. Oluwarotimi Giwa, Abdsamad Benkrid, Fire detection in a still image using color information,
https://www.researchgate.net/publication/323723024 (date of the application 04.01.2021)

10. Liping Zhu, Honggqi Li, Fenghui Wang, Jie Lv, Ali Sikandar, Hong Zhang, A Flame Detection Method
Based on Novel Gradient Features, Intell. Syst. 2020; 29(1): 773-786, https://doi.org/10.1515/jisys-2017-0562

11. Ugur B., Toreyin, Yigithan Dedeoglu, Ugur Giidiikbay, Enis Cetin A., Computer vision based method
for real-time fire and flame detection, Pattern Recognition Letters 27. 2006; 49-58.

12. Sushil Garg, Balaji R. Sharmal, Kelly Cohen, Manish Kumar, A Fuzzy Logic Based Image Processing
Method for Automated Fire and Smoke Detection, https://www.researchgate.net/publication/2583 40149 (date of the
application 04.01.2021.

13. Turgay Celik, Hiiseyin Ozkaramanli, Hasan Demirel, Fire and smoke detection without sensors: image
processing based approach, 15th European Signal Processing Conference (EUSIPCO 2007), Poznan, Poland,
September 3-7, 2007; 1794-1798.

14. Chunyu Yu, Zhibin Mei, Xi Zhang, A Real-time Video Fire Flame and Smoke Detection Algorithm,
Procedia Engineering, 2013; 62: 891-898.

15. Mehmet Sezgin, Bllent Sankur, Survey over image thresholding techniques and quantitative
performance evaluation. Journal of Electronic Imaging. 2004; 13(1): 146-165

CaeneHust 00 aBTopax:

BaryraunoB PaBuiab AHaToabeBHY, acnupaHT, Kadenpa «CHCTEMOTEXHHMKa W YIpaBIeHHE B
TeXHUUYECKHX cucTeMax», e-mail: rav379@mail.ru

Crenanos Muxaun ®Degoposny, JIOKTOp TEXHHYECKUX HayK, JOLeHT, npodeccop Kadeaps
«CHCTEeMOTEXHUKA U YIIPABICHHE B TEXHUYECKHUX CHCTEMax», e-mail: rav379@mail.ru

Information about the authors:

Ravil A.Bagutdinov, Postgraduate student, Department of "Systems Engineering and Control in Technical
Systems"”, e-mail: rav379@mail.ru

Mihail F. Stepanov, Dr . Sci. (Eng.), Assoc. Prof., Department of "Systems Engineering and Control in
Technical Systems, e-mail: rav379@mail.ru

Koundumkr unrepecos / Conflict of interest.

ABTOpBI 3asBISTIOT 00 OTCYTCTBMH KOH(uTHKTa HHTepecos/ The authors declare no conflict of interest.

Mocrynuiaa B pexaxuuio/Received 25.07.2021.

Ono0Opena nociie penensupoBanus/ Reviced 07.08.2021.

Mpunsra B neuarn/Accepted for publication 10.08.2021.

67


http://vestnik.dgtu.ru/
mailto:rav379@mail.ru
mailto:rav379@mail.ru
mailto:rav379@mail.ru
mailto:rav379@mail.ru

