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EMERGENCY AND TERMINATED EVACUATION OF WAREHOUSE BY
DIJKSTRA’S ALGORITHM

SUMMARY

One of the most important services that developing technology has brought to
humanity and that serves as a facilitator in daily life has been navigation services.
Thanks to location services, millions of people can easily reach the point they want to
reach in daily life, and their industrial impact has also become an indisputable
advantage. In addition to location information obtained through GNSS, technological
developments now support location-based data and information production in indoor
spaces. Here too, it is noticeable that indoor navigation maps are increasingly covering
a wider area as it is getting closer to the present day. Indoor navigation maps are taking
firm steps towards becoming one of the most effective facilitators that the internet age
has brought to humanity. In this progression, its main areas of use stand out in
megastructures such as shopping malls, university campuses, business campuses,
museums, multi-storey buildings, warehouses, which accommodate many places and
people that serve more than one purpose. Today, thanks to the widespread use of loT
and ease of use by the end user, indoor navigation solutions have gained an important
place, especially in all kinds of loading and unloading scenarios of warehouses.

However, earthquake safety has become a very prominent topic in our country,
especially after the February 6 Maras earthquakes. Living and working in earthquake-
safe buildings should be seen as a fundamental right for all humanity. At this point,
the emergency evacuation of a supermarket warehouse measuring hundreds of square
meters, which has been determined to be earthquake unsafe, should be re-planned
beyond the standard procedure. It will be one of the best examples of indoor navigation
solutions for evacuating the warehouse and ensuring the safety of employees in this
emergency scenario through Geographic Information Systems (GIS) using two-
dimensional floor plans. Evaluating the end-to-end usage parameters of the warehouse
in order to decide not only the shortest route but also the fastest and safest option in
routing the mobility in the space will be an important criterion for creating the most
appropriate evacuation scenarios.

In any emergency scenario, a scenario designed only for the evacuation of the location
will not be sufficient. At this point, it stands out that the evacuation from the dangerous
place must be delivered to the distribution points as soon as possible. The delivery of
medicines in a pharmaceutical warehouse that has been determined to be earthquake-
insecure to the pharmacies in the affected area in the fastest and safest way can be
arranged using location-based services.

Dijkstra's Algorithm, which forms the basis of many researches when it comes to
routing and shapes the working logic of GIS programs, was also used in this study. In
particular, the necessity of stopping at more than one stop in creating the evacuation
scenario and the necessity of fulfilling this obligation within safe borders exactly
coincide with the framework of the Algorithm.
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The problem that stands out in the fictions created is defined as TSP and many different
methods have been tried to solve it, and these methods continue to be developed.
Starting from this point, the applications were completed in the supermarket
warehouse setting by performing network analyzes in the QGIS environment, which
stands out with its ease of access thanks to its free software, through indoor navigation.
For the same warehouse, stops were detected by running analysis in ESRI ArcMap
environment, again based on Dijktra's Algorithm. In this way, it was possible to make
alternative observations. Subsequently, for the pharmaceutical warehouse evacuation,
a scenario involving the pharmacies of the European Side of Istanbul was created and
the shortest route was created in the ArcMap environment. The results of the thesis
study were evaluated in two stages. The routes obtained for the supermarket warehouse
were interpreted depending on the different examples seen during the research and the
variability of the usage areas of indoor navigation. In pharmaceutical warehouse
evacuation, evaluations were completed for safety and cost issues via a single route.
From a broad perspective, the results of the algorithms and analyzes used to solve the
TSP are associated with facility management.
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DIJKSTRA ALGORITMASI KULLANILARAK ACIL VE
SINIRLANDIRILMIS DEPO TAHLIYESI

OZET

Gelisen teknolojinin insanliga kazandirdigi ve giinliik hayatta kolaylastirict bir rol
oynayan en Onemli hizmetlerden biri navigasyon hizmetleri olmustur. Konum
servisleri sayesinde milyonlarca insan giinliik hayatta varmak istedigi noktaya
kolaylikla ulasabilmektedir, ayn1 zamanda bu servislerin endiistriyel etkisi de
tartisilmaz bir avantaj haline gelmistir. GNSS araciligiyla elde edilen konum
bilgilerinin yan sira, teknolojik gelismeler artik kapali alanlarda konum bazli veri ve
bilgi tiretimini de desteklemektedir. Son yillarda, i¢ mekan navigasyon haritalarinin
kullanim alan1 giderek genislemekte ve bu haritalar internet ¢aginin sundugu en etkili
kolaylastiricilardan biri olma yolunda hizla ilerlemektedir. I¢ mekan navigasyon
haritalarinin baglica kullanim alanlari arasinda aligveris merkezleri, {iniversite
kampiisleri, is yerleskeleri, miizeler, ¢ok katli binalar ve depolar gibi, birden fazla
amaca hizmet eden ve ¢ok sayida insan1 barindiran mega yapilar bulunmaktadir.
Nesnelerin Interneti'nin (IoT) yayginlasmasi ve son kullanici tarafindan kolaylikla
kullanilabilmesi, i¢ mekan navigasyon ¢oziimlerinin 6zellikle depolarda her tiirlii
ylukleme ve bosaltma senaryosunda onemli bir yer edinmesini saglamistir. Ancak
tilkemizde, 6zellikle 6 Subat Maras depreminden sonra, deprem giivenligi dncelikli bir
konu haline gelmistir. Depreme dayanikli binalarda yasamak ve calismak, tiim
insanligin temel hakki olarak goériilmelidir. Bu baglamda, depreme dayanikli olmadigi
belirlenen yiizlerce metrekarelik bir slipermarket deposunun acil tahliyesi, standart
prosediirlerin 6tesinde yeniden planlanmalidir. Kapali alanda yapilacak bir ¢aligmaya
ek olarak, herhangi bir kapali mekanin igcerisindeki tahliye senaryolariin kurgusunun
ardindan; ¢ikis1 yapilacak {iriinlerin en hizli ve giivenli sekilde varis noktalarina
ulastirilmasi da biiylik 6nem tasimaktadir. Deprem dayanikli olmadigi tespit edilen bir
ecza deposunda bulunan ilaglarin Istanbul Avrupa Yakasi’ndaki belirli eczanelere
dagitilmast i¢in de GNSS servislerinden destek alinarak rota planlamasi
yapilabilecektir.

Iki boyutlu kat planlar1 kullanilarak Cografi Bilgi Sistemleri (CBS) araciligiyla, acil
durum senaryolarinda deponun bosaltilmasi ve ¢alisanlarin giivenliginin saglanmasi,
i¢ mekan navigasyon ¢oziimlerinin en giizel orneklerinden biri olacaktir. Alandaki
hareketliligin yonlendirilmesinde sadece en kisa rotaya degil, ayn1 zamanda en hizl
ve en gilivenli segenege karar vermek i¢in deponun uctan uca kullanim
parametrelerinin degerlendirilmesi, en uygun tahliye senaryolarinin olusturulmasinda
onemli bir kriter olacaktir. Konum bazli servislerden elde edilecek veri ve bu
verilerden lretilecek bilgi sayesinde, yine personel giivenligi gozetilerek optimal rota
olusturulabilir.
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Yonlendirme konusunda birgok arastirmaya temel olusturan ve CBS programlarinin
calisma mantigini sekillendiren Dijkstra Algoritmasi bu ¢alismada da kullanilmastir.
Ozellikle tahliye senaryosunun olusturulmasinda, birden fazla durakta durma
zorunlulugu ve bu yiikimliliigiin giivenli sinirlar igerisinde yerine getirilmesi
gerekliligi, algoritmanin ¢ergevesiyle birebir drtiigmektedir. Bu noktadan hareketle, ilk
asamada Tcretsiz yazilimi sayesinde erisim kolayligiyla 6n plana c¢ikan QGIS
ortaminda ag analizleri yapilarak, kurgunun en etkin sekilde sekillendirilmesi
konusunda uygulamalar tamamlanmistir. Tez calismasinin sonuglari, arastirma
sirasinda incelenen farkli orneklere ve bina i¢i navigasyonun kullanim alanlarinin
degiskenligine bagli olarak yorumlanmistir. Diger uygulamada ise ArcMap
kullanilarak yine i¢ mekan navigasyon uygulama Ornegi destekleyici bir ¢aligma
olarak eklenmistir. ModelBuilder kullanilarak rota katmani olusturulmus ve duraklarin
tespiti yapilmistir. Devaminda, yine ModelBuilder kullanilarak ecza deposunun
bosaltilmasinin ardindan dagiticinin eczanelere ulagsacagi rota olusturulmustur.

Depo tahliyesi i¢ mekan navigasyonunda kullanilan veriler, bir siipermarket
deposunun iki boyutlu kat planlari igerir. Kat planlart iki boyutlu olarak
tasarlanmistir ve verilere herhangi bir Z degeri dahil edilmemistir. Tiim veriler CAD
formatindan CBS ortamina aktarilirken TUREF TM30 Projelendirilmis Koordinat
Sisteminde olmasina dikkat edilmistir. Tiim analizler ve yorumlamalar da yine TM30
koordinat sisteminde gerceklestirilmistir. TUREF TM30'un secilmesinin ana nedeni,
deponun konumlandigi Istanbul sehri igin koordinat sisteminin uygun oldugu
goriisiidiir. Calismada yersel 6l¢me verileri kullanilmamustir, ¢linkii CAD verilerinden
alinan olgiiler tezin kapsamini yerine getirmek i¢in yeterlidir. Caligma ortami tamamen
deponun kendi dinamikleriyle sinirlit oldugu i¢in, tiim islemler kendi iginde tutarh ve
Olgiilerin elde edilme sekli dolayisiyla yiiksek dogruluk diizeyine sahip olacagi
Ongoriilmiis olup sonuglarla da desteklenmistir.

Bu c¢aligmada kullanilan katmanlar, tiim depo iceriginden &zellestirilmistir ve kat
planlar1 CAD verilerinden sayisallagtirilmistir. Ciinkii acil durum tahliye plani, depoda
bulunan ve bosaltilmas: gereken hizli tiiketim iriinlerini dikkate almaktadir.
Katmanlara gelinecek oldugunda, Points katmani giris ve ¢ikis noktalarini, iirlin sarim
alanlarmi, kapilar1 ve Bread, Fru-Veg, Meat-Chk, Cold ve Frozen katmanlari ilgili
tirtinlerin bulundugu raflar1 temsil eder. Koridorlar gosteren Segments katmani ve tiim
ylrliylis yollarmi1 igceren Levels katmani kullanilmistir. Son olarak, mekanin
haritalanmasi, Polygons katmani kullanilarak raflar ve belirli alanlarin (Sarim alanlari
poligonlarla sinirlandirilarak noktalar ile de tanimlanmustir.) sinirlandirilmasiyla
tamamlanmistir.

Ecza deposunun tahliyesi i¢in kullanilan veriler ise OpenStreetMap lizerinden elde
edilmistir, agik bir veri olmasi sebebiyle arastirmalarin genisletilmesi agisindan son
derece onemlidir. Calisma yine TUREF TM30 iizerinden yiiriitiilmiis olup yiikseklik
yani Z degerleri géz 6niinde bulundurulmamistir. Katmanlar eczaneleri temsil eden
Pharmacies, ilgeleri temsil eden Urban Points ve yollar1 temsil eden Roads ile
isimlendirilmistir.

Calisma eczanelerin ilgelerle eslestirilmesiyle baslatilmis ve devaminda eczanelerin
ilce bazli olarak orta noktalar tespit edilerek rota katmani olusturulmustur. Buradan
elde edilen calisma katmami aracilifiyla eczaneler arasindaki en kisa rota
ModelBuilder araci kullanilarak elde edilmistir.
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[Ik calismanin sonuglari, i¢ mekan navigasyon sistemlerinin 6zellikle acil durum
senaryolarinda, depreme dayanikli olmayan binalarin tahliyesinde ne kadar hayati bir
rol oynadigini gostermektedir. CBS ve Dijkstra Algoritmasi'nin etkin kullanimi, bu tiir
senaryolarda en hizli ve giivenli tahliye rotalarinin belirlenmesinde kritik bir 6neme
sahiptir. Bu baglamda, arastirma, i¢ mekan navigasyon ¢oziimlerinin giivenlik ve
etkinlik agisindan nasil optimize edilebilecegine dair 6nemli katkilar saglamaktadir.
Gelecekteki aragtirmalar, bu entegrasyonlarin daha da gelistirilmesine ve farkli acil
durum senaryolarinda uygulanabilirliginin artirilmasina odaklanmalidir. Bdylece,
navigasyon ¢Ozlimlerinin giinlilk operasyonel verimliligi artirmanin yani sira, acil
durumlarda da kritik bir giivenlik unsuru olarak islev gérmesi saglanacaktir.

Ikinci calismada ise GNSS verileriyle desteklenen konum bilgilerinden iiretilen rota
ile yine bir acil durum senaryosunda yapilacak olan tahliyenin, i¢ mekanin
bosaltilmasinin ardindan en hizli sekilde nasil kurgulanabilecegi anlagilmstir.
Calismalar, Gezgin Satic1 Problemi (GSP) iizerinden yapilandirilmistir ve odak
noktasi, acilen bosaltilmas1 gereken bir depodaki hizli tiiketim iiriinlerinin oncelikli
olarak nasil tahliye edilecegidir. Bu baglamda, iirtinlerin depo igerisindeki konumlari
bilinerek en kisa mesafeyle ve en diisik maliyetli sekilde giivenli c¢ikisa
yonlendirilmesi arastirilmistir. Insan giiciiyle yapilacak tahliyede, calisanlarin depo
icerisindeki konumlarini belirleyebilmeleri i¢cin QR kodlar kullanilabilir. Ancak, her
raf icin ayr1 QR kod yerlestirmenin ekonomik olmayacagi diisiiniilerek, rotalamada
topolojik iliski ve yakinlik esas alinmistir. Konum servislerinin kullanilabildigi
versiyonda ise dogrudan bir online navigasyon aplikasyonunda ugranilmak istenen
duraklar eklenerek rota takip edilebilecektir. Calismalar, GSP'nin ¢6zlimiinii Dijkstra
Algoritmasi ile birlestirerek ele almistir. Uygulama, duraklarin diigiimler olarak
tanimlanmast ve bu diglimlerin kenarlarla birbirine baglanarak rotalarin
olusturulmasina dayanmaktadir.

Projenin Dijkstra Algoritmasi iizerine kurgulanmis olmasi sebebiyle bu algoritma
lizerine yazilan bir kod veya bir program araciligiyla ortaya koyan bir uygulamay1
gerektiren rotalamaya odaklanmaktadir. Analizler, maliyetleri ve depo trafigini
azaltmak i¢in minimum sayida yolculukla kaydedilen en kisa mesafeyi hedetleyerek
bir {irlin tipinin bosaltma noktasina hizli bir sekilde teslim edilmesine odaklanmistir.
Bu noktada is¢i sagligi ve is giivenligi hususunda da en etkili calismanin yapilmasi
hedefi i¢in ilerleme kaydedilmistir. Stipermarket deposu 6rneginde bes iiriin grubu
incelenmistir ve her biri i¢in farkli sonuglar elde edilmistir. QGIS iizerinde Ag Analizi
aracinda yer alan "En Kisa Yol (Noktadan Noktaya)” analizi, standart olarak 10
metreye ayarlanan topoloji toleransi ile her {iriin grubu i¢in ayr1 ayr1 uygulanmistir. Bu
topolojik tolerans, kapali bir alanda GNSS sinyalleri olmadan konum bilgisine ulasma
esnasinda hata aralifin1 azaltmak amaciyla belirlenmistir. Nesneler arasindaki
topolojik iliskiyi anlamak, tolerans belirlenmesi ve analizlerin saglikli caligabilmesi
acisindan da 6nemini gozler Oniine sermistir. GNSS sinyallerinin kullanilabildigi ecza
deposu 6rneginde de yine topolojik iliskiler 6nem tagimaktadir. Ancak burada énem
arz eden nokta, eczanelerin ilgeleriyle topolojik olarak eslestirilmesine dayanmaktadir.
Tahliyede, ArcMap iizerinde “Mekansal Analiz Arac1” kullanilmis olup iliskiler
kurulmustur. ilge bazli olarak birbirine en yakin olan ve orta noktalar1 tespit edilen
eczaneler icin optimum rotada, tahliye birka¢ lokasyon igin tek bir durak
kurgulanmasiyla olusturulmustur.
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Calismada kullanilan yontem, verilerin toplanmasindan itibaren nokta, ¢izgi ve
poligon siniflartyla tanimlanmasini gerektirir. Algoritma, poligonlarin diigtimlerin bir
pargast olup olmadigin1 degerlendirerek mesafe ve maliyet agisindan farkliliklar
yaratabilir. Baslangi¢ ve bitis noktalarinin tanimlanmasi zorunludur; bu noktalar
koordinatlari ile belirlenir ve graf icinde ayrigir. Algoritma, baslangic noktasindan en
yakin diiglimii tespit ederek en kisa yolu olusturur, ancak her durumda en yakindaki
nokta en kisa mesafe anlamia gelmeyebilir. Algoritma, veri tabanindan elde edilen
mesafe bilgilerini kullanarak en uygun karari verir.

Stipermarket deposunda analizler, bir {iriin tipinin en hizli sekilde tahliye noktasina
ulastirilmasi {izerine odaklanmistir. En kisa mesafenin minimum sefer sayisiyla elde
edilmesi, maliyeti azaltirken depo i¢i trafigi de minimize eder. Bes farkli {iriin grubu
i¢in yapilan analizlerde farkli sonuglar elde edilmistir. QGIS iizerindeki "En Kisa Yol
(Noktadan Noktaya)” analizi, 10 metre topoloji toleransi ile gerceklestirilmistir.
Yolculuk hizi saatte 5 km olarak belirlenmis ve is saghgi ile giivenligi dikkate
alimmistir. Rota olusturulacak katmanlarda "Direction Field" 6zniteligi kullanilarak
koridorlar ve baglantilar sinirlandirilmistir.

Her katman i¢in yapilan analizlerde, ikiden fazla raf sirasi olan iiriinler i¢in birden
fazla rota iiretilmis ve en kisa optimal sonug elde edilmeye calisilmistir. Bu yontem
alternatif c¢oziimler iireterek caligmanin zenginlestirilmesini saglamistir. Rotalar
benzer goriinse de, her rotanin toplam mesafesi farkli olup, bu durum maliyet
analizinde de kullanilmistir.

Analizlerin tamamlanmasinin ardindan her bir iiriin grubu i¢in elde edilen rotalarda
mesafeler temel ¢ikti olarak alinmaktadir. Buradan elde edilen mesafe verileri ile
birlikte metadata olarak mevcutta bulunan raf bosaltma siiresi ve forklift sayilar
kullanilarak maliyet analizi tamamlanmstir. Uriin bazli tahliye basina hesaplanan
stireler ile kullanilan forklift sayisina bagh yakit tiikketiminden yola ¢ikilarak yapilan
bu maliyet analizi, elbette personelin giivenliginin de dikkate alindigi smirlar
igerisinde gergeklestirilmistir.

Maliyet analizine ek olarak, agirlik tablosu da hazirlanarak bu hesaplamaya en ¢ok etki
eden kriterlerin {izerinde durulmustur. Kriterlerin birbirine etkisine bagl olarak, islem
stirelerinin bu ¢aligmada da etkisinin bir hayli yiiksek oldugu gézlenmistir.

QGIS iizerinden yapilan uygulamanin ardindan, GSP’nin farkl bir ¢éziimlenmesinin
yapilabilmesi adina ESRI iiriinii olan ArcMap ile de uygulama cesitlendirilmistir.
Burada, her bir katman i¢in ayr1 ayr1 ve tiim duraklara ayr1 ayr1 ugranmasi iizerine bir
senaryo kurgulanmis olup analizler ModelBuilder {izerinden yiiriitiilmiistiir.
Alternatiflerin gozlenebildigi bu caligmada, analiz islem adimlar1 mevcut veri ile
gosterilmis olup senaryo, farkli bir veriseti ile de desteklenerek programin
cozlimlemeyi nasil tamamlandiginin anlagilabilmesi adma yine tez kapsaminda
sunulmustur.

Ecza deposu i¢in kurgulanan senaryoda ise, eldeki veriler araciligiyla herhangi bir
hiyerarsi ve kisitlama kullanilmaksizin duraklarin birbirine olan uzakligi kistas
alinarak rotanin olusturulmasi planlanmistir. Dijktra Algoritmasi’nin temel mantigi
cercevesinde bu planlama uygulamaya alinmistir. Halihazirda rota katman
stipermarket ornegindeki gibi bir tane olmasina ragmen burada duraklar da tek bir
katmanla gosterilebildigi i¢in tek bir rota olusturulmasinda herhangi bir sakinca
goriilmemistir.

Maliyet analizi ise kilometre basina tiiketilen yakita dayandirilmis olup hesaplama da
yine bu iki temel baslik i¢inde degerlendirilmistir. Son asamaya gelindiginde; toplam
siire, kat edilen yol ve burada tiiketilecek yakit ile maliyet analizi tamamlanmustir.
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Calismanin sonuna gelindiginde lojistik ekipman kapasitesinin degistirilemedigi
durumlarda algoritmadan elde edilen analiz sonuglari tesis yoOnetimi verileriyle
desteklendiginde zaman ve maliyetin lokasyon bazli degerlendirme siirecine gore
farkli sekilde birbirini tetikledigi goriilmektedir. Bu durumda algoritma olusturulurken
tesis yonetim verilerinin dahil edilecegi endiistriyel yonlendirme sistemlerinin yeni
yaklasimlarla gelistirilmesine yonelik ¢alismalarin gerekliligi ortaya ¢ikmaktadir.
Depo optimizasyon c¢oziimlerinin mevcut arastirma ve kullaniminin sundugu
alternatiflerin 6tesine nasil gecebilecegi konusunda bir sonuca varmak i¢in iizerinde
durulan sorularin yanitlanmasi gerekmektedir. Acil durumlarda alternatiflere agiklik
eksikligi ile kars1 karsiya kalinabileceginden, "en kisa yol" i¢in {iretilecek herhangi bir
¢Oziimiin algoritma ve yonlendirmeler c¢ercevesinde sinirlamalara tabi olmasi
ka¢milmazdir. Giivenligin 6ncelikli oldugu ¢oziimler i¢gin CBS ortaminda iiretilen
bilgilerin yerlesim, mimari ve lojistikte etkin bir sekilde kullanilmas1 gerekmektedir.
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1. INTRODUCTION

1.1 Aim And Scope

From past to present, humanity's effort to make its actions continuous and easy in every
process has deeply affected the development of technology. Indoor and outdoor
navigation systems have been one of the best examples of this. Although direction
finding and routing activities can be easily carried out outdoors with the help of GNSS
systems, processes that need to be supported by supporting hardware and different
algorithms for positioning indoors emerge. To localize an object or place, it is
important to determine its position in relation to the surrounding objects. Typically,
while positioning outside, cartographic maps of the surrounding region are employed.
However, for interior objects, maps comparable to Fire Evacuation Plans might be a
viable choice [1]. Today, thanks to the widespread use of Internet of Things (IoT) and
ease of use by the end user, indoor navigation solutions have gained an important place
in warehouse optimization. In the Internet of Things paradigm, objects are equipped
with the ability to see their surroundings and communicate with one other in order to
interact with their environment. In contemporary loT methodologies, the things linked
to the internet are everyday objects wih integrated sensors. The IoT solutions generate
vast amounts of data that may be utilized for making informed decisions [2]. At this
point, it becomes necessary to produce indoor navigation solutions with different
alternatives in large spaces such as warehouses, where location/direction
determination may become difficult depending on the location. The real-time IPS
should be easier to deploy, more accurate, affordable, scalable, reliable, and need less

computational work. [3].

To elaborate on these alternatives, first of all, the place in question must be equipped
with extra equipment that will provide location data and their distribution must be
planned to ensure continuity of use. To enable indoor navigation, a comprehensive set
of criteria must be met to consistently track the user's location within a building and

direct them to their desired destination [4]. Devices such as UW Band provider



beacons, RFID - NFC installation arcas, WLAN - BT - IR devices are the most basic
and efficient examples of hardware. Wi-Fi, Bluetooth, RFID, and computer vision are
utilized to locate warehouse spaces. Each method encounters signal interference,
accuracy difficulties, and expensive implementation costs. SLAM and other mapping
and floorplan creation methods are essential for realistic warehouse representations.
Real-time mapping and updating are difficult owing to the libraries' dynamic nature
[5]. The extensive adoption of the IEEE 802.11 technology was utilized in WLAN
infrastructure to address the lack of GPS location sensing, which was previously the
exclusive way of indoor localization. The architecture, implemented on Android-based
smartphones, primarily depends on RSSI measurements taken at different distances
from the Wi-Fi access point and utilizes a database tables method. Compared to
previous architectures, it provides users with enhanced performance and an improved
user interface [6]. In addition, today, with QR codes, this process can be supported
with a cost-effective and end-user-friendly solution. When it comes to the features of
the hardware, it must run technologies such as Wi-Fi, Bluetooth and Infrared; In
addition, depending on the characteristics of the system to be used, motion and
acceleration-related supports such as IMU should be integrated into the system. Some
studies highlight the use of IMU compared to the technologies mentioned above,
which are characterized by additional hardware costs and installation difficulties. In
addition to the use of QR or other location information supporting natural markers
integrated into the space, as planned to be implemented in this project, it is possible to
measure the end user's movement within the facility and provide effectiveness in route
tracking [7]. It is evident that the location update will be initiated upon the
identification of a new marker. Nevertheless, the device sensors, which include the
accelerometer and compass, update the user's location when the user departs from that
location, ensuring that the user has an absolute orientation. Inertial navigation is the
term used to describe this method. An algorithm has been developed to determine the

most optimal routes for the user to travel to their destination [8].

When the subject is specifically related to the research title of this thesis, although
examples of indoor navigation being used in warehouse loading and unloading
operations are known, the process of privatization of studies on this subject is still
proceeding on a sample basis. For example, with existing technology and methods, it

will be possible to easily implement the optimization management of a warehouse



from the moment the products enter the warehouse to the moment they reach the
distribution point. Utilizing this technology can assist individuals in critical situations,
such as locating an emergency escape in large-scale structures or identifying the
requisite department inside a hospital. In addition, the utilization of indoor navigation
technology not only addresses the issue of individuals searching for specific locations,
but also offers commercial advantages in terms of tracking and analyzing human
behavior [9]. However, in an emergency scenario that may arise, what kind of setup
should be created beyond the standard procedure will vary depending on the structure

of the warehouse and product content.

Considering the Urfa and Izmir flood disasters that occurred consecutively after the
February 6 Marag earthquakes, it becomes clear that any emergency plan must be
customized in such large and relatively difficult to control places. The deficiencies
detected, especially regarding earthquake resistance, stand out as a serious problem of
our country, and it should be noted that this issue is also evidence of the evacuation
scenario at the backbone of the thesis. To comprehend the fundamental characteristics
of earthquake-resistant structures, two key elements must be incorporated. Firstly,
horizontal bands should be implemented at the 0, lintel, and roof levels in accordance
with the prescribed code. Secondly, vertical reinforcement should be provided at
critical points, including corners, internal and external wall junctions, as specified by

the code [10].

In the supermarket evacuation study, research and applications were made on what
kind of scenario could be used to evacuate the products that need to be evacuated first
from a supermarket warehouse that was determined to be not earthquake resistant by
using 2D floor plans. When considering pharmaceutical warehouse study, coordinates
of the pharmacies and urban points were used to determine optimal route. Using
Geographic Information Systems and network analysis, it was studied how to perform
the fastest and most reliable evacuation in an optimized version of the existing
settlement. Network analysis is a spatial method that uses line characteristics from
geographical vector data to examine tangible connections, such as physical lines like
roads and waterways, rather than virtual boundaries [11]. In the supermarket study,
these physical lines are restricted with the corridors of the facility. The interior
environment is defined by the existence of enclosing walls, entrances, hallways,

furniture, individuals, and other mobile things. The static indoor environment is often



characterized by stationary barriers present inside the landscape. The consideration
was made based on the idea that the robot will only travel inside a specific area of the
territory that will never be blocked by other moving items [12]. The factors affecting
the "shortest path" scenario were researched and weighted, and it was aimed to create
the optimal evacuation route thanks to this weighting in situations that could change

instantly.

The basis of the study, together with the results obtained from the research, was the
determination of the relationship between all the stops and roads that will be subject
to routing. At this point, it is interpreted whether the best results can be obtained with
a study supported by free software beyond the most effective known method of this

relationship.

1.2 Project Flowchart

If the project flow needs to be briefly explained, after a literature review on indoor
navigation and evacuation, the method of determining the criteria for the warehouse
solution in question and clarifying the analysis types based on this was followed.
Subsequently, the necessary data was identified and collected, and then operations
such as system entries and digitizations were noted. Finally, the information generated
from the processed data was also collected, and all of it was included in the thesis

(Figure 1.1).
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Figure 1.1 : Project flowchart.



2. MATERIALS AND METHODOLOGY

2.1 Materials

2.1.1 Supermarket warehouse

The data used in the study are 2D floor plans of a supermarket warehouse. Floor plans
were prepared entirely in two dimensions and no Z value was included in the data.
While all data was included in the GIS environment from CAD format, care was taken
to include it in the TUREF TM30 Projected Coordinate System. All analyzes and
interpretations were also completed in the TM30 coordinate system. The main reason
for choosing TUREF TM30 is that the relevant slice of the coordinate system was
deemed suitable for the city of Istanbul where the warehouse is located. No terrestrial
measurement data was used in the study, and the measurements from CAD data were
deemed sufficient within the scope of the thesis. Because the working environment is
completely limited to the dynamics of the warehouse itself, all operations will be
consistent within themselves and the accuracy will be high due to the way the

measurements are obtained as seen in the Figure 2.1, highlighted area.
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Figure 2.1 : Satellite image of the supermarket warehouse.



Floor plans were obtained from CAD data by digitization method, and the layers used
in this study were customized from the entire warehouse content. Because while the
emergency evacuation scenario was being designed, fast-moving consumer goods that
were in the warehouse and whose unloading became a priority were included in the
study. Here, there is the Points layer located in the border areas of the warehouse and
indicating entry and exit points, product wrapping areas and doors, and Bread, Fru-
Veg, Meat-Chk, Cold and Frozen layers representing product shelves. Of course, the
Segments layer represented corridors, and the Levels layer represented all walkways.
Finally, space mapping was completed by delimiting the shelves and certain regions

with the Polygons layer as shown in the Figure A.1.
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Figure A.1 : Digitized 2D floor plan on QGIS.

2.1.2 Pharmaceutical warehouse

The data obtained for the pharmaceutical warehouse was obtained through OSM and
elevation (Z) values were not taken into account in this study. The data was
downloaded in the WGS84 coordinate system and the processes were started by
converting to TUREF TM30 at the beginning of the study. Next, layer names are
arranged for the data to be used. Point layers Pharmacies, Urban_Points; The line layer

is named European Roads and the polygon layer is named European Districts.



Pharmacies layers were used to represent pharmacies, Urban_Points to represent the
areas to be used to determine delivery points, European Roads to represent roads, and

European_Districts to represent districts as seen in the Figure A.2.
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Figure A.2 : Pharmacies and urban points.

2.2 Database Management System

DBMS was created for selecting and eliminating related data by considering scope of
the supermarket study. In the pharmaceutical evacuation route, related data was

downloaded for the scope, thus, any elimination was not needed.

The ER diagram-relational schema (Figure 2.2) and UML diagram (Figure 3.3) of the
data were also prepared. Using these relationships has an important place in explaining
the relationship between line and point data during routing. Because, in addition to the
methodology will be explained in the following sections, the relationships between the
existing data should also be explained topologically in terms of adjacency. Otherwise,
Dijkstra's Algorithm, which is the subject of the study, will fail to produce any route
because it cannot establish a relationship between objects. Each point data is connected
to the other in terms of proximity, with the line data forming the corridors. This was
achieved by establishing the relationship by including the "segmentsld" attribute,

which is the primary key of the Segments layer that forms the corridors in the database,



in the point layers. In the UML diagram, relationshipd were created one to many
between point layers and line layer. Each point has a corridor metadata which
represents with a segmentld, and a segmentld joins more than one point feature.

Relationship can be described as this basically in the DBMS.

Bread
type
7 slotid
segmentld — Meat-Chk
type
¥ slotid
segmentld
Frozen
type
% slotid Segments
segmentld — | ¥ segmentid
type
Fruit-Veg
type
¥ slotid
Cold segmentld
ol
type
¥ slotid
segmentid —

Figure 2.2 : ER diagram — relational schema.

Bread
- slotld
- type (point)
- segmentld
+ AddBread()
+UpdateBread()
+DeleteBread()
Al
Meat-Chk Cold
- slotid Segments - slotid
- type (point) - segmentld - type (point)
- segmentid M - type (polyiine) . " segmentld
+ AddMeat-Chk() + AddSegments() +AddCold()
+UpdateMeat-Chk() +UpdateSegments() +UpdateCold()
+DeleteMeat-Chk() +DeleteSegments() +DeleteCold()
Frozen Fruit-Veg
- slotld - slotld
- type (point) - type (point)
- segmentld . NE segmentld
+ AddFrozen() ! b + AddFruit-Veg()
+UpdateFrozen() +UpdateFruit-Veg()
+DeleteFrozen() +DeleteFruit-Veg()

Figure 2.3 : UML diagram.



In addition to these tables, the basic queries are shown below in the DBMS. Below

SQL queries were made for relating the point layer and line layer. Topological

relationship between two classes can be established in this way.

SELECT Bread.segmentld, Segments.segmentld
FROM Segments INNER JOIN Bread ON Segments.segmentld = Bread.segmentld
ORDER BY Bread.segmentld, Segments.segmentld; (Figure 2.4)

*
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Figure 2.4 : Bread-segmentis selection by SQL.
SELECT Segments.segmentld, [Meat-Chk].segmentld
FROM Segments INNER JOIN [Meat-Chk] ON Segments.segmentld = [Meat-

Chk].segmentld

ORDER BY Segments.segmentld, [Meat-Chk].segmentld; (Figure 2.5)

Segments.segmehtld v Meat-Chk.segmehtld v

K-055
K-059
K-059
K-059
K-059
K-059
K-060
K-060
K-060
K-060
K-060
K-060
*

K-055
K-059
K-059
K-059
K-059
K-059
K-060
K-060
K-060
K-060
K-060
K-060

Figure 2.5 : Meat-chk-segmentid selection by SQL.



2.3 Methodology

The scope and structure of the study are based on the most basic routing question and
its solution, and they were carried out through TSP. The most fundamental question
that was addressed was how the fast-moving consumer goods in the supermarket
warehouse, which need to be emptied urgently, could be evacuated as a priority. At
this point, it has been investigated how the logistics of the products, whose locations
are known in the warehouse, can be directed to the exit by the employees in the shortest

and most cost-effective way.

In this evacuation, which will be carried out by human power, QR codes can be used
so that employees can determine their location within the warehouse. QR codes are
not only the cheapest and easiest solution [13]. when thought the settlement, but also
the most logical method for a building which hasn’t got earthquake resistance. Since
it would not be possible or economical to place a separate QR code for each shelf, it
was deemed appropriate to base the topological relationship on proximity in routing.

Based on this idea, a study was conducted on how to solve the TSP.

In this study, TSP was examined together with Dijkstra'a Algorithm and a solution was
sought. This is an adaptation of the BFS algorithm. While BFS treats all edges in the
graph as having equal weights for traversal between nodes, Dijkstra's approach has the
benefit of assigning specific weights to each edge, allowing for more precise
calculations [14]. Dijkstra's method, named after its discoverer E.W. Dijkstra,
efficiently handles the task of determining the most concise route between a certain
starting point and a desired endpoint inside a graph. The discovery has been made that
it is possible to determine the shortest routes from a specified starting point to all
locations inside a graph simultaneously. Consequently, this particular problem is
occasionally referred to as the single-source shortest pathways problem [15]. The
Dijkstra algorithm is generally acknowledged as a classic and highly efficient
technique for calculating the shortest path in a network with nonnegative weights. It is
considered the most optimal algorithm in theory and is extensively utilized in practice.
The method ensures the global optimality of the shortest path, but there is some

confusion about disadvantages with low efficiency and high temporal complexity [16].

The application is basically based on defining the stops as graphs through nodes and

connecting these nodes to each other with edges to easily create routes. These point
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and line data are defined as node and edge, respectively, as mentioned. A node is a site
where a decision is made and where two edges cross, whereas an edge is a link that

connects two nodes [17].

The applied method requires data to be defined with point and line classes after
collection. At the same time, polygons should also be taken into account in this
application, because whether the nodes are part of the polygons or not may make a
difference in terms of distance and cost when the algorithm determines the points it
wants to reach. Following these definitions, it will be possible to prepare the graph by
creating the node points using the algorithm. Considering that the start and end points
limit the route, defining the start and end points for the algorithm is mandatory. To
explain, it is expected that the starting and ending points, whose coordinates are
specified, will be defined separately in the graph with this attribute and differentiated
from other nodes in the function to be run with this role. For a route whose starting
point is defined, the algorithm is expected to determine the closest point and prepare

the route for each next stop based on the shortest distance.

The mathematical solution of the Dijkstra’s Algorithm based on two equations. A basic
graph G = {D, K} consists of a non-empty set D of nodes and a set of K edges that
establish connections or relationships between the components in this node set,
without considering their sequential order [18] which described in the equation below

@.1).

D ={d0,dl, d2,...., dn-1, dn},
K = {k0, k1, k2, ...., kn-1, kn},
G ={D, K} (2.1)

However, in all cases, the closest point may not be the stop that can be reached by
traveling the shortest distance. In this case, the algorithm will again decide between
the distance information between points that can be obtained from the database and
the threshold value which can be seen in the Figure 2.6. It should not be forgotten here
that no matter how consistent the data seems before reaching this point, situations such
as nodes not being detected on the graph may occur. If such a problem is encountered,
the process of checking whether the graph is connected and joining unconnected
components together, if necessary, can be applied. This process can be seen as a

correction/improvement to the algorithm’s default working logic.
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function Dijkstra(Graph, source):

for each vertex v in Graph: // Initialization
dist[v] := infinity // Initial distance from source to vertex
v is set to infinite
previous([v] := undefined // Previous node in optimal path from
source
dist[source] := // Distance from source to source
Q := the set of all nodes in Graph // All nodes in the graph are unoptimized
- thus are in Q
while empty: // Main loop

u in Q with smallest dist[ ]
xre u from Q
for each neighbor fu // Where v has not yet been removed from
Q
alt := dist[u] + dist_between(u, v)
if alt < dist([v] // Relax (u,v)
dist[v] := alt
previous([v] := u
return previous[ ]

Figure 2.6 : Pseudocode of Dijktra’s Algorithm.

Following this development, a route based on the shortest distance can be created. To
summarize; The starting and ending points are defined, the stopping points are defined
as nodes for a certain journey, and the graph is created through the edges to be created
between the nodes. Given the established dimensions of the interior environment, it is
possible to ascertain the distance between the nodes. Consequently, it is possible to
establish weighted connections between these nodes based on the path connecting
them [19]. The solution sought for the TSP should be considered as a route drawn by
visiting the desired nodes and through the created edges [20] that seems in the Figure
2.7.

Figure 2.7 : Graph: nodes and edges.
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The most critical role of the graph is to determine whether there is an edge between

the desired stops. The critical part arises at the point where the graph cannot be created
if a result is obtained that is not mathematically supported by the algorithm designed
or written between the stops. And this; The routing may indicate restrictions in the
planned area and extremely disadvantageous options in terms of time or distance.
Therefore, it will be important to form nodes and edges in the most accurate way and
to be able to support them with different alternatives. When explained mathematically
in its simplest form, the algorithm can be described as: This ontology utilizes Dijkstra's
Algorithm to do path finding inside the same level. Dijkstra's Algorithm is widely
employed in solving typical shortest path seeking problems. The node coordinate using
the horizontal coordinate system are specified as x and y. These values may be utilized
to compute the distance between two adjacent nodes. The equation below (2.2) shows

calculation of the distance between two points in simplest way [21]:

Distance = \/(x; — x,)2 + (y1 — ¥,)? (2.2)

The way the algorithm works can be explained in its simplest form as follows: The
distance between the detected nodes is determined by the equation given above and
the edges are drawn. This again points to the graph mentioned. After this point, the
algorithm performs an analysis within the resulting graph and selects the shortest
possible path. When selecting the shortest path, existing restriction and hierarchy rules
are taken into account. Here, in addition to the rules, the allowed turns and the
established topological relations are also important. If an explanation wanted to be
carried out through the example graph, in a scenario where reaching from point A point
C, if there is no restriction or hierarchy, should first proceed to point B (weighted
length expressed as 1), then point F (weighted length expressed as 2) and finally point
C. (Weighted length expressed as 3) As a result, the route will be completed by
covering a weighted distance of 6 units. While there are no specific limitations or
benefits, the selection of the route could vary if there are variations in slope around the

boundaries of the same length unit.
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3. WAREHOUSE EVACUATION IMPLEMENTATION

3.1 Local Based Spatial Analyzes

3.1.1 Spatial analysis by using point to point tool

Since the method focuses on routing within the scope of Dijkstra's Algorithm, the
application will need to be written on this algorithm or implemented through a
program. At this point, the analyzes were completed through the QGIS application,
which is open source and therefore based on free software. In this study, the
importance of open source software also emerges, as it is aimed to produce the solution
in the easiest way in case of an emergency. Because it is accessible to everyone and
has an environment nourished by the contributions of users; QGIS was seen as the

most suitable option during project implementations.

The analyzes are basically based on how to deliver a product type to the discharge
point as quickly as possible. The main feature taken into consideration here is that the
shortest distance is recorded at the same time with the minimum number of trips.
Because this will both reduce the cost and is an important solution to keep the traffic

in the warehouse at a minimum level.

Based on this scenario, where product-based evacuation comes to the fore, shortest
distance analysis was applied separately for the five product groups to be studied, and
different results were obtained in all of them. In the studies carried out with the
"Shortest Path (Point to Point)" analysis in the Network Analysis tool on QGIS, the
topology tolerance was set to 10 meters as standard, as mentioned in the methodology.
This distance was determined as the optimal value in order to reduce the error range
during the analysis in order to obtain location information without GNSS signals in a
closed area. Currently, research has been done on improving the accuracy of indoor
navigation maps through the use of the map-matching approach; nevertheless, as with
this work, the inability to use GPS data directly for measurement presents a challenge.

The issue is made worse by the fact that there are several positioning data formats
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available and there is no standard format for positioning data, in contrast to GPS data
in indoor contexts. As a result, different researchers have employed distinct navigation
model types for map matching of diverse positional data kinds [22].Understanding the
topological relationship between objects is important for accuracy. Spatial entities are
determined by position of objects, form, and topological relationships. Understanding
these concepts is crucial for establishing spatial relationship in networks, ensuring
connectivity, proximity, intersection, and membership between objects and properties

[23].

Another standard value taken into account is that all journeys are 5 km per hour.
Although speed is one of the most important factors in this setup, it must be said that
occupational health and safety definitely comes to the fore at this point. The last
standard value used when making analyzes is the attribute data to be used in the layer
where the route will be created. The area in question here is defined as "Direction
Field". By selecting the "type" attribute data of the Segments layer, the areas where
the route will be created can be limited with corridors and point corridor connections.

The log information can be seen in the Figure 3.1.

Q@ Shortest path (point to point) X

Figure 3.1 : Shortest path analysis log on QGIS.
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Paying attention to these criteria, separate analyzes were run for all layers. For
products with more than two opposite rows of shelves, multiple routings were
produced to achieve the shortest optimal result possible. This situation also created a
beneficial situation for generating alternative solutions and enriching the study. In the
cost analysis, what differences this situation may create will also be discussed.

Analysis results are shown in Figures 3.2-6
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Figure 3.2 : Shortest path analysis result of cold.
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Figure 3.3 : Shortest path analysis result of frozen.
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Shortest path analysis result of bread.

Figure 3.4
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Figure 3.6
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3.1.2 Cost analysis of the supermarket warehouse

Even though the routes seem similar or close to each other, the traveling distances are
different from each other. Cost analysis can also be created with the results obtained
here. Although it is thought that the variability of cost results will be low due to the
close travel times, the effect of the amount of stocked goods on the result can be clearly
seen in the table. In the calculation, the discharge time of a shelf (5 min) multiplies is
multiplied with by the maximum capacity of a forklift (20 shelves per one tour) and
adds added with the travel time of the route (Travel Distance / 5 km-h). By multiplying
the result obtained from this by the number of forklifts, the cost per route is obtained.
Since there is no supporting data on fuel consumption in the data, the number of
forklifts used in this multiplication is based entirely on the fuel consumed per unit
(Table 3.1 and Figure 3.7).

Table 3.1 : Cost calculation of the route.

Travel Number Number Time
Routes Distance of of (min.s) Cost
(m) Shelves Forklifts

Frozen Near 275.1 10 1 53.3 53.3
Frozen Far 288.2 58 3 103.6 310.8
Fruit-Veg 275.1 38 2 103.3 206.6
Cold_Near 273.3 113 3 278.2 834.6
Cold_Far 273.3 113 3 278.2 834.6
Meat-Chk 245.6 12 1 62.9 62.9
Bread 188.0 15 1 77.3 77.3

COST

®m Frozen_Near

m Frozen_Far
Fruit-Veg

m Cold_Near

W Cold_Far

B Meat-Chk

M Bread

Figure 3.7 : Cost distribution of the routes.
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3.1.3 Spatial analysis by using modelbuilder

The analyzes carried out on ArcMap were based on the TSP logic, by considering all
stops separately, using the data from a single source and solving the problem. As is
done in QGIS, all layers were displayed in the program with the same name and

coordinate system and the study started as shown in the Figure 3.8.
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Figure 3.8 : Digitized 2D floor plan on ArcMap.
After the layers were displayed, a geodatabase was created for the project and the
operations continued. Creating the "Future Dataset", which is the basic step for
Network Analysis under the gaodatabase created here, has been completed by giving
it the name "Network". There is no harm in using the default values as they are in the
transactions performed here. Subsequently, the "Roads" "Future Class" was created
and the operations were completed for the "Network Dataset" where the analysis will
be run. Again, the "Network Dataset" has been created with default values and the
route layer has been created (Figures 3.9-10).
== Ci\Users\deniz\MasaUstu\The'sis
= (3 THESIS.gdb
= P Network
#3 Network_ND

) Network_ND_Junctions
(*~) Roads

Figure 3.9 : Geodatabase and feature dataset.
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Network Dataset Properties X

General Sources Connectivity Elevation Attributes Travel Modes Directions Optimizations

Name: Network_ND
Type: Geodatabase-Based Network Dataset
Elements: 970 Junctions
1108 Edges
Build Status
Built

The network dataset has been built. If the network dataset or any of its sources have been
edited you should rebuild the network to update its connectivity and attributes before
running any solvers.

Network Dataset Version
This 10. 1 network dataset matches the ArcGIS release you are currently using.

Upgrade Network Dataset

iptal Uygula
Figure 3.10 : Network dataset properties.

ModelBuilder was used to create the route layer and run the analyses. Route layers
were created for each layer and therefore product group, and separate stops were
determined for the point layers. After these processes are completed, routes for
evacuation can be obtained by visiting the stops for each product group one by one.
Just running the scenario defined on ModelBuilder is sufficient. Results are shown in

the Figures 3.11-20.

Figure 3.11 : Modelbuilder of cold shelves locations.
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Figure 3.12 : Added locations of cold and point.
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Figure 3.13 : Modelbuilder of frozen shelves locations.
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Figure 3.15 : Modelbuilder of bread shelves locations.
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Figure 3.17 : Modelbuilder of fruit-veg shelves locations.
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Figure 3.18 : Added locations of fruit-veg and point.
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Figure 3.19 : Modelbuilder of meat-chk shelves locations.
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Figure 3.20 : Added locations of meat-chk and point.
3.2 Location Based Spatial Analyzes

For explaining the mentioned analysis was desired as follows by applying it with a
different data set. The problem in question is addressed by considering the optimal
route that a pharmaceutical warehouse official can use to visit certain pharmacies on
the European Side of Istanbul. This study was also an evacuation project due to a
closure of the related pharmaceutical warehouse. Main difference between two studies
is indoor/outdoor positioning system. However, route scenarios are similar and the
main problem which is TSP should be solved with Dijkstra’s Algorithm. Responsible

employees from the evacuation have to visit more than one stop, and this travel has to
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be the shortest path by regarding alternatives. Hence, the pharmaceutical delivery

study was examined in the scope of the supermarket warehouse solution.

Evaluation of the data was completed before starting the analyzes. The data used here
was received via OSM and the applications were completed in the TUREF TM30
coordinate system (Figures 3.21-23). The scope of the study is wide and the attribute

information used for the relevant analyzes is as follows.

A\
g
-
Legend
. pharmacies Urmra
©  urban_points T o P &y
european_roads 210 2 4 6 8 ’L‘ & "&) (o
european_districts HEE 1 JKilometers . . Esri. HERE G;mr (e} OnenStresthian contrinutors, and the GIS user cammunity
Figure 3.21 : European side pharmacies of the study.
+ | Shape* | ilce adi | Shape Length |  Shape Area |
Figure 3.22 : Attributes of districts.
| | OBJECTID * | Shape * | _osm id | fclass | name | ilce_adi |

Figure 3.23 : Attributes of pharmacies.

The district information of each pharmacy is included in these attributes, but its
relationship is not established in the raw data. For this reason, it was possible to
complete the analyzes on topologically related data by performing “Spatial Join”

analysis which is shown with its result in Figure 3.24 and Figure 3.25.
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Figure 3.24 : Spatial analysis tool on ArcMap.
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Figure 3.25 : Spatial analysis result of pharmacies and districts.

In the final step before the network analysis, mean centers of the pharmacies were

detected according to the districts. To shorten routes and decrease the travel time, this

method was chosen for the best practise in the scope of the study. After that, network

dataset was created for making route layer (Figures 3.26-27).
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Figure 3.26 : Mean center analysis tool on ArcMap.
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Figure 3.27 : Network dataset of the desired route.

The analysis was solved for a route of 231 kilometers (Figures 3.28-29) and was
designed for a total of 27 stops (Figures 3.30). These 27 stops are the points obtained
by mean center analysis and their order was created by the program to create a route

through the Dijktra’s Algorithm. In the final, the starting point is returned and this is
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shown in the result output image of the stops. The process steps are the same as those
mentioned above for the current warehouse solution problem and are supported by
screenshots. The result map is shown at the end and is parallel to the desired result for

the project designed to achieve warehouse optimization with interior mapping
techniques (Figure 3.31).
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Figure 3.28 : Modelbuilder of the pharmaceutical evacuation route.
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Figure 3.29 : Route information.
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Figure 3.30 : Stops of the route.
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Figure 3.31 : Route of the pharmaceutical evacuation.
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3.2.1 Cost calculation of the pharmaceutical warehouse

There is a singular route available for cost analysis in the evacuation of pharmaceutical
warehouses. Consequently, the primary factors determining the cost are fuel
consumption and the distance of the route. The table displays the whole duration in
minutes, revealing that the cost, computed according to unit consumption, amounts to
92,400.00 Turkish Liras. The data shown here are derived from mean values and may

not precisely correspond to actual observations. Units and calculation results are

shown in the Table 3.2 and Table 3.3.

Table 3.2 : Unit values of the route.

Unloading Fuel Fuel
Total Default Time Consumption Amount
Distance Speed Per Stop Per Km Per Km
231 km 50 km/h 5 min.s 10 liter TRY 40,00
Table 3.3 : Time — cost calculation of the route.
Travel Total Fuel
Time Total Fuel Amount
(min.s) Consumption (TRY)
412,2 2.310,00 92.400,00
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4. DISCUSSION

The findings of this study clearly show how important the use of the [oT, one of today's
requirements, is in warehouse optimization studies using GIS. Especially in indoor
navigation solutions, the inability to use location services such as GPS poses a great
difficulty in creating and managing the route. In this context, the integration of
advanced technologies such as IoT technologies, IPS and LBS plays a critical role in
warehouse management and operational processes. An important finding of the study
is the necessity of producing location-based solutions in emergency evacuation
scenarios. It is vital to create effective evacuation plans for emergencies that may occur
in warehouses and logistics facilities. When the data and cost analysis criteria used
when creating the route are evaluated, the strategic importance of obtaining facility
management services emerges. This is essential both to ensure rapid and safe
evacuation in emergency situations and to increase overall operational efficiency. In
the light of technological advances, supporting old systems with new location-based
information will be extremely beneficial for businesses in terms of both cost and
occupational safety. The use of IoT solutions, IPS and LBS technologies will
contribute to more effective and efficient management of warehouse and logistics
processes. These technologies offer improvements in many areas in warchouse
management, such as automation of processes, inventory tracking and traceability. In
addition, optimizing human and fuel consumption in transportation processes stand
out as important factors that will increase the effectiveness of evacuation processes. In
situations where the capacity of logistics equipment is limited, integrating facility
management data with algorithmic analysis reveals a different correlation between
time and cost than traditional location-based assessments. This finding highlights the
importance of re-evaluating industrial routing technologies that will effectively
incorporate facility management data. Traditional approaches cannot fully capture the

dynamic interaction between logistics efficiency and cost effectiveness. Therefore,
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there is an urgent need to conduct research on developing new methods, especially for

industrial guidance systems.

Incorporating facility management data into the algorithmic design phase of new
approaches will ensure that logistics strategies are not only optimal in terms of
efficiency, but also able to adapt to different operating conditions. For example, IoT-
based systems provide real-time data flow, allowing rapid intervention in instant
situations. These advances have the potential to improve overall operational
performance by improving the strength, responsiveness and cost-effectiveness of
logistics networks. As a result, this study emphasizes that new methods should be
developed in industrial guidance systems and existing systems should be re-evaluated
in the light of technological advances. This will allow businesses to make their
logistics processes more efficient and cost-effective, while also helping them produce
safe and fast solutions in emergency scenarios. Logistics strategies must be flexible
enough to adapt not only to current requirements but also to possible future scenarios.
This flexibility will contribute to businesses gaining competitive advantage and

achieving sustainable growth.
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5. CONCLUSION

The discussion highlights the critical need to integrate facility management data into
industrial routing systems to increase logistics equipment capacity and optimize both
time and cost efficiency. Beyond current research and applications, developing
warehouse optimization solutions using indoor navigation requires addressing the

complex relationship between logistics and facilities management.

Current “shortest path” solutions face inherent algorithmic limitations and routing
challenges, especially in emergency scenarios where adaptability is crucial. As a result,
it is imperative to develop more flexible and responsive algorithms that can adapt to
such scenarios. In addition, effective use of GIS data is of great importance for
solutions where security is at the forefront. To provide comprehensive and reliable
results, GIS data must be seamlessly integrated into the planning and operational

phases of layout, architecture and logistics.

Integrating facility management data not only increases logistics efficiency but also
enables the development of innovative routing strategies that can dynamically respond
to changing conditions. This holistic approach to warehouse optimization will result
in more durable, safe and efficient logistics systems that meet the demands of
contemporary industrial operations. Future research should focus on building these
integrated systems, exploring new methodologies for data incorporation, and testing

their practical applications in a variety of real-world scenarios.

In addition, this comprehensive strategy will ensure more effective response to
emergencies and ensure continuity and rapid adaptation in logistics operations in
unforeseen situations. By encouraging collaboration between logistics, facilities
management and GIS technologies, significant advances in operational efficiency and
safety can be achieved, paving the way for a new era in warehouse optimization.
However, the most important point to consider here is that since the data of a repository

cannot be obtained as open source, research in this field is generally limited within the
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sectoral framework. In addition, as an exceptional example, data similar to the dataset
used when studying the pharmaceutical store example are not frequently available as
open source. Although there are options when looking at the close framework, it is
possible to say that the data for studies that can directly reveal Dijktra's Algorithm so

clearly are limited.

When warehouse optimization work with location-based services is evaluated,
different limitations than indoor navigation solutions stand out. The critical point here
is that constraints and hierarchies greatly alter routes, although the data in the current
study do not include any. Here it will be possible to talk about limitation and
dominance effects such as traffic flow directions, speed restrictions, allowed turns,
open/closed roads. The results that can be called the shortest route can become
extremely complex due to such parameters, and may cause the algorithm to work
incorrectly or not work at all during the creation of the routes. For this reason, it will
be beneficial to subject the dataset to be studied to the extent possible to screening and
selection processes with database management systems. For example, all kinds of node
and edge points that may disrupt the flow and are not necessary, overlapping data, and
data whose relationship has not been established but needs to be used during analysis
must be identified and manipulated appropriately. The biggest reason why such
limitations were not encountered in the pharmaceutical warehouse evacuation example
is that the selection criteria were applied while obtaining the data. In addition to all
this, transferring deliveries to pharmacies to optimal midpoints can also be applied in
order to minimize the effects of these restrictions and hierarchies. However, it would
be useful to point out that the effect of external factors on the creation of the route
should be associated with the facilities of the facility planned to be evacuated, as in
the case of indoor spaces. Factors such as logistics capacity, financial strength, and

time constraints are entirely within the capabilities of the warehouse in question.

The conveniences tried to be provided by point-to-point shortest path and
ModelBuilder analyzes applied within the scope of thesis research and studies are
precisely to produce solutions at the point of existence of these restrictions. In both
types of analysis, it is possible to evaluate obstacles, limitations and hierarchy rules
within the framework of analysis algorithms and include them in the route. In this
framework, which starts with the establishment of topological relationships, topics

such as restricted turns, roads with one-way flow, fixed speeds that may vary according
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to traffic hours, and transit advantages can be evaluated as parameters and analysis
results can be created accordingly. The contributions thought to emerge at the end of
the study can be matched by determining the limits and observing the need for data
support from both private enterprises and public institutions, depending on the time
period in which the research is spread. Subsequently, since work has been done on
both programs, it will be possible to develop a decision mechanism on which program
can be used in different projects to be planned in the future. For example, it has been
seen that digitization progresses faster and easier on QGIS, whereas creating diversity
in analysis results is easier on ArcMap. Within the scope of the existing data and the
project plan, after establishing the relationships of the data, all kinds of parameters
were evaluated and preliminary results were obtained for making a selection. Finally,
the point that is seen as the most important outcome is that after the evacuation scenario
within the warehouse is designed, preparing the post-warehouse route in the same
project will provide a great advantage in terms of time. This advantage stands out not
for the experts who shape the project, but for the facility management. Because the
project, which will be carried out both indoors and outdoors in a single planning, will
indicate that the problems in terms of these two scenarios affecting each other can be
quickly eliminated. Of course, saving time will also positively improve costs, and of

course it will allow planning personnel safety at the maximum level.

In conclusion, addressing the integration of facility management data which can be
named as IFC with logistics systems is not just a technical necessity but a strategic
imperative. These data contain and presents to managers and end-users 3D data in
addition to the whole facility management information. IFC data is utilized in various
applications, including creating 2.5D navigation networks, modeling data on IFC
schema, simulating hazards, calculating evacuation routes, improving location
accuracy in indoor localization research, and visualizing map and location information
due to its 3D geometry and semantics [24]. This holistic approach will unlock new
potential for innovation, resilience and efficiency in logistics, ultimately transforming

warehouse operations to meet the evolving challenges of the industrial environment.

When it comes to all the research and analysis, it has been revealed that indoor
navigation and routing in warehouses should be supported by facility management
data. This support can also be strengthened with 3D data from the facility management

database and the scope of routing can be expanded. This situation will also expand the
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scope of the weighted cost calculation, which can be made based only on time and fuel
consumption with existing data, and will provide an additional basis for future studies
in strengthening personnel safety in addition to the cost in such an emergency scenario,
with multiple decision analyzes and the scope of routing. At the last point, the
architectural model of the interior can be updated with the 3D data that can be used.
With the digital twins created here, it will be possible to see what effects the changes
planned to be made in the installation of the warehouse or even a layout to be
established from scratch will have. Combining the new order with the routing outside
the warehouse during the evacuation phase can be completed by revising the door and
loading/unloading equipment positions, supporting data such as traffic density, flow
direction and speed limits, obtaining the best results and accordingly developing the

facility management system.
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