[ n)

)

AGU

GRADUATE SCHOOL OF
ENGINEERING & SCIENCE

Mehmet AKCAN

mehmet.akcan@agu.edu.tr

0009-0009-0755-1167

Thesis Advisor

Dr. Ogr. Uyesi
Betiil COBAN

betul.coban@agu.edu.tr

21.07.2025

Industrial Engineering

A. Master’s Thesis

A PLANNING MODEL FOR TASK ASSIGNMENT
AND ENERGY OPTIMIZATION IN UAV-BASED
MOBILE BASE STATIONS FOR POST-DISASTER

abstract
following natural disasters is of vital importance. Unmanned Aerial Vehicles (UAVSs),
equipped with base station technologies, provide that enables connectivity in disaster
zones. While UAVs offer key advantages such as mobility, coverage, and prolonged
airtime, their effective use in real-world scenarios is often constrained by operational
factors such as battery capacity, adverse weather conditions, and dynamic disaster
environments. This study introduces a Mixed-Integer Linear Programming (MILP)
model designed to optimize the positioning and energy replenishment of UAV-based
bases. The model incorporates dynamic user demand based on population density and
disaster impact severity, battery limitations, and charging logistics. A hexagonal grid-
based spatial framework is employed to maximize coverage in complex urban
landscapes. The model is implemented using GAMS and its performance is evaluated
through a case study, using district-level demographic and risk data. Scenarios are used
to test the proposed solution method by varying the number of UAVs, deployment sites,
and available charging stations. The results demonstrate the model's capability to
produce effective and energy-efficient UAV assignment plans that significantly improve
post-disaster communication coverage. Furthermore, the findings reveal that although
the model performs well under moderate-scale conditions, execution times increase
considerably in large-scale scenarios. This limitation suggests the necessity of
integrating heuristic and metaheuristic approaches in future work to enhance real-time
responsiveness and scalability. Overall, this study contributes a novel optimization
framework that bridges theoretical modelling and practical deployment strategies,
reinforcing the critical role of UAVs as not only a technological solution but also a
humanitarian asset in disaster response systems.
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ozet Dogal afetlerin ardindan haberlesme altyapisinin siirdiiriilebilirligini saglamak
hayati oneme sahiptir. Uzerlerinde baz istasyonu teknolojisi bulunan Insansiz Hava
Araglar1 (IHAlar), afet bolgelerinde baglantilarin kurulmasini miimkiin kilmaktadur.
IHAlarin hareket kabiliyetleri, kapsama yetenekleri ve havada uzun siire kalabilmeleri
gibi avantajlar1 bulunsa da; batarya omrii, olumsuz hava kosullar1 ve degisken afet
ortamlar1 gibi faktorler bu sistemlerin sahadaki etkinligini kisitlamaktadir. Bu tez
caligmast IHA tabanli mobil baz istasyonlarinin konumlandirilmast ve enerji ikmali
stireglerinin optimizasyonunu hedefleyen bir Karma Tam sayili Dogrusal Programlama
(MILP) modeli 6nermektedir. Modelde niifus yogunlugu ve afet etki siddeti dikkate
alinarak talep degerleri dinamik bi¢imde belirlenmekte; batarya sinirlamalar1 ve sarj
altyapis1 gibi kisitlar entegre edilmektedir. Altigen grid temelli bir mekansal yapi
kullanilarak kentsel alanlarda kapsama performansi en ist diizeye c¢ikarilmaktadir.
Model, GAMS ile uygulamaya alinmis ve vaka calismast ile test edilmistir. IHA sayilari,
konuslanma noktalar1 ve sarj istasyonu senaryolari kullanilarak simiilasyonlar
gerceklestirilmistir. Elde edilen sonuglar, modelin enerji verimliligini koruyarak yiiksek
kapsama saglayan etkin konuslanma planlari olusturabildigini gostermektedir. Ayrica,
biiyliik olcekli uygulamalarda modelin ¢oziim siirelerinin 6nemli 6lciide arttigt
gozlemlenmistir. Bu durum, gercek zamanli kullanim i¢in sezgisel ve meta-sezgisel
algoritmalarin entegrasyonunun gerekliligini ortaya koymaktadir. Bu calisma, IHA ’larin
afet sonrasi iletisimde etkin kullanilabilmesi i¢in 6zgiin bir optimizasyon yaklasimi
sunmakta ve teorik modelleme ile pratik konuslanma stratejileri arasinda koprii kurarak
hem akademik literatiire hem de afet yonetimi uygulamalarina anlamli bir katki
saglamaktadir.
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