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Ozet

Coklu mobil robot sistemleri, endistriyel otomasyon ve
arama-kurtarma gibi kritik gorevlerde tek robotlu
¢Oziimlere gore daha yiksek hiz ve hata toleransi
saglamaktadir.  Ancak baslangi¢ konumlarinin
bilinmedigi senaryolarda, bagimsiz olusturulan yerel
haritalarin tutarli bir kiiresel ¢ercevede birlestirilmesi
ve koordineli kesfin strdirilmesi temel bir problemdir;
mevcut yontemler genellikle ortak bir baslangig
referansi varsaymaktadir. Bu ¢alismada, ROS 2 Humble
altyapisinda, Gazebo similasyon ortaminda (g
TurtleBot3 Waffle Pi robotun otonom haritalama ve
kesif siureclerini koordine eden biitiinlesik bir sistem
sunulmaktadir. Her robot bagimsiz poz-graf tabanh
SLAM siireci ylritmekte; robotlar arasi ilk gorsel
temasta ArUco isaretgilerinden hesaplanan bagil poz
Olgclimleri, poz-grafa robotlar arasi gorsel kisit olarak
eklenmektedir. Kiiresel poz-graf, Ceres Solver ile SE(2)
uzayinda optimize edilerek yerel harita gercevelerini
ortak kiiresel cerceveye baglayan donisiimler elde
edilmekte ve doluluk izgaralari olasilik tabanli hiicre
birlestirme ile gercek zamanli olarak birlestirilmektedir.
Kesif sureci iki fazli  bir durum makinesi ile
yonetilmektedir: Faz 1 kiresel referans olusana kadar
bagimsiz frontier tabanl kesfi, Faz 2 ise merkezi gérev
atama ile koordineli kesfi tanimlamaktadir. Deneysel
sonuglar, onerilen mimarinin baglangigta ayrik yerel
haritalari robotlar arasi gorsel kisitlarla kiiresel 6lgekte
hizalayabildigini ve birlesik global harita Uretebildigini
gostermektedir. Ceres backendinin bu deney
diizeninde g2o'ya gore daha tutarl sonug verdigi; iki
fazli stratejinin bosta beklemeyi Onleyerek kesif
verimliligini artirdigi ve gereksiz kapsama tekrarini
azalttigl gozlenmistir. Gelecek ¢alismalarda yaklasimin
iHA-IKA heterojen robot filolarina ve SE(3) uzayina
genisletilmesi planlanmaktadir.
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Abstract

Multi-robot systems provide higher operational speed
and greater fault tolerance than single-robot solutions
in critical tasks such as industrial automation and
search-and-rescue missions. However, when robot
initial positions are unknown, merging independently
generated local maps into a consistent global frame and
maintaining coordinated exploration remain
fundamental challenges; most existing methods
assume a common initial reference frame. This study
presents an integrated system that coordinates the
autonomous mapping and exploration of three
TurtleBot3 Waffle Pi robots within the ROS 2 Humble
framework in a Gazebo simulation environment. Each
robot runs an independent pose-graph-based SLAM
process; upon the first inter-robot visual contact,
relative pose measurements computed from ArUco
markers are added to the pose graph as inter-robot
visual constraints. The global pose graph is optimized in
SE(2) using the Ceres Solver, vyielding the
transformations that align the local map frames with a
common global frame, and the occupancy grids are
merged in real time through probabilistic cell fusion.
Exploration is governed by a two-phase state machine:
Phase 1 defines independent frontier-based
exploration until a global reference is established, while
Phase 2 defines globally coordinated exploration
through centralized task assignment. Experimental
results show that the proposed architecture can align
initially disjoint local maps at the global scale through
inter-robot visual constraints and generate a merged
global map. The Ceres backend produced more
consistent results than g2o in this setup, and the two-
phase strategy prevented robot idling, improving
exploration efficiency and reducing redundant
coverage. Future work will extend the approach to
heterogeneous UAV-UGYV fleets and the SE(3) domain.
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