Yangin Riski Tastyan Acik Alanlar I¢in CBS Tabanh, Bulut Altyapil, Yiiksek

Hassasiyetli, Nanofotonik Erken Yangin Tespit Sistemi Tasarim ve Uygulamasi
OZET

Ormanlar, tersaneler, yanici veya patlayict madde igeren fabrikalar gibi yangin tchlikesi
bulunan bélgeler yangin potansiyeli bakimindan benzerlik gostermektedirler. Bu tiir yangin
olaylarinin sonuglari afet élgeginde olabilmektedir.Bu ytizden yanginin erken tespiti, kaynagi
ve yayilm hizinin belirlenmesi, yanginlarin felaket olmasini énlemek i¢in hayati Sneme
sahiptir. Tirkiye tarihinde orman, kug cenneti, tersane gibi yangin riski tasiyan agik alanlarda
birgok yangin felaketi yasanmis ve maddi manevi kayiplar yasanmistir. Ornegin, Uluslararas
Ramsar Sozlesmesi ile Koruma altinda bulunan Mersin’in Silifke
ilgesindeki Géksu Deltasi'nda bir ¢ok bitki ve hayvan tiirii yasamaktadir, ancak 22 Ocak 2017
tarihinde bilinmeyen bir nedenle bu deltada bir yangin meydana gelmistir. hbar iizerine
bolgeye itfaiye ekipleri sevk edilsede arazi sartlarmin uygun olmamasi nedeniyle yangina
miidahale edilememis ve sonug olarak yangin kisa zamanda dnemli 6l¢iide dogal hayata zarar
vermistir. Bundan dolay1 yanginda saniyeler cok énemlidir. bu tiir geciken miidahaleler felakete
sebebiyet verebilmektedir.

Bu calismada yangin riski tasiyan alanlar igin kablosuz sensér aglari ile entegre olan, kizilétesi
1sinlara yiiksek hassasiyetli nanofotonik detektorler kullanarak olast yangini baslangi¢
asamasinda algilayabilen, CBS tabanh erken yangin tespit sistemi Gnerilmistir. Gelistirilen
sistem, detektérlerin algilama alanlarimim superpozisyon yontemi ile ates kaynagini yaklasik 4
metrelik mekansal ¢oziiniirliige kadar saniyeler i¢inde bulabilmektedir. Kablosuz detektorler,
riskli bolgelerde ortaya gikan yangin alarm bilgisini alir ve internet (bulut) aracihigiyla bir
kablosuz ag tizerinden yangi operatérlerine iletilir. Yangmin tiim davranislar FireAnalyst adls
interaktif bir gorsel harita {izerinde izlenebilir. Ayrica FireAnalyst, en yakin itfaiye
istasyonlarini yangin kaynagina gore listelemesi, bu istasyonlara gérsel rotalar ¢lzmesi ve
gereek zamanh Google trafik bilgilerine gore itfaiye arabalarimin yangin yerlerine ulasma
zamanini tahmin etmesi gibi bazi yararli CBS 6zellikleri igerir.

Giiniimiizde kullanilan diger yangmn tespit sistemlerine kiyasla bu ¢alisma yanginin saniyeler
iginde algilamgi, kaynak konumun stiperpozisyon y&ntemiyle tespiti, yayilma hizinm
saptanmasi, yanginin yayilma yénii ve bulut altyapili-gercek zamanli mobil alarm izleme
mekanizmasi gibi yeni nesil ézellikleri barindirir. Poligon geometrisinin siiperpozisyonu ile
yanginin enlem ve boylam degerlerinin tahmin yontemi, ilgili ¢alismalara gore diinyada ilk kez
gergeklestirilmistir.

Onerilen sistem “Faruk Yalgin Hayvanat Bahgesi ve Botanik Parki. Darica. Tiirkiye'de"
uygulanmistir. Deneysel sonuglar, FireAnalyst ve “ice déniik” geometri tipi kullanilarak
konumlandirilan gok spektrumlu kizilstesi dedektsrler ile yangin izlemesinin, diger yangin
izleme sistemlerine gore daha efektif oldugunu géstermistir. Sistemin gergek zamanl yangin
davrams analizi (yangin yayilma hizi, yayllma y&nii) gibi islevleri barindirmasiyla beraber,
yangmin cografi konumunun tespit edilmesinde yangin algilama siiresini 6nemli 6lciide
kisaltarak minimum ~ 3599.56 m2 ormanlik alanda yiiksek mekansal ¢ziintirliik (4.5 m'ye
kadar) sagladigini gostermistir.




Design and Implementation of A GIS Based, Cloud Substructured, High Sensitive,
Nanophotonic Early Fire Detection System For Fire Risk Areas

SUMMARY

Fire risk areas such as forests, shipyards and factories containing combustible or exlosive
substances show similarities in terms of fire potential. These critical areas are needed to be
appropriately managed, because they are very susceptible to fire outbreaks and consequences
of such incidents could be in a disaster scale. Early fire detection. determination of *source of
fire” and “spread speed of fire’ have vital roles for firefighting in order to prevent it from
becoming a disaster.

In this proposed system, special detectors with state-of-the-art multi-spectral infrared
technology and mathematical modelling algorithms have been utilized to create a smart fire
detection system by LabVIEW automation software that can detect fires from a very early stage.
The geolocation and behavior of emerging fires in a forest are also estimated with maximum
spatial resolution by superposition of the detection areas of multi-spectral infrared detectors. In
this study, candidate fire regions are detected for feasibility first. Next, the most suitable
detector type in fire detection is determined and used for expanding the fire control area. so as
to have the highest positional accuracy in estimating the location of an emerged fire. Thereafter.
mathematical models for the position of the detectors are created to have high spatial resolution
in detecting the coordinates of forest fire by using libraries of Google Maps APIs in the cloud.
The geolocation of the fire and behavior of fire inside the model are then simulated visually on
the map portal thanks to an extraordinarily created standalone software called FireAnalyst.
Wireless detectors collect fire alarm information from risky areas and send them to the fire
operators’ mobile devices via wireless network over internet (cloud). This interactive map also
contains some useful GIS features, i.e. listing nearby fire stations to source of fire. drawing
visual routes to these fire stations and estimation of approximate arrival time of fire engines to
fire location according to real-time Google traffic information.

Compared to other fire detection systems used today, this study includes new generation
features, such as real-time fire detection in seconds, detection of fire source by superposition,
determination of propagation speed, direction of fire propagation and cloud-based real-time
mobile alarm monitoring mechanism. Moreover. estimation of geolocation of emerged fire by
superposition of detection areas of detectors is the main novelity.

The proposed system is implemented in “Faruk Yalcin Zoo & Botanical Park™ — Darica, Turkey.
Experimental results indicated that monitoring fire with FireAnalyst using selected multi-
spectral infrared detectors positioned “towards the center geometry” outperformed other fire
monitoring systems, providing a significantly shortened fire detection timeframe and high
spatial resolution (up to 4.5m) in detecting geolocation of fire in a minimum ~3599.56 m?>
forested area and adds with functionalities like as real-time fire behavior analysis.



