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Fully Autonomous Multi-Floor Indoor Map Building System

with Exploration and Elevator Interaction

S R RS E L
Juhyeong Roh!, Gyuree Kang!, Yeonchan Kim?, D. Hyunchul Shim"

Abstract: This paper presents a fully autonomous multi-floor map-building system that enables a
mobile robot to explore indoor environments without human intervention. The proposed framework
builds multi-floor maps by generating efficient frontiers based on 3D LiDAR-IMU-based SLAM
and multi-sensor fusion costmap generation, and by enabling elevator interaction through 4-DoF
manipulator system that performs button pressing using an RGB-D camera. The system performs
exploration using MPPI as a local planner and graph-based global planner, allowing reliable
navigation even when direct paths are blocked. To improve exploration efficiency, a temporal decay
term is incorporated into the frontier scoring process, which reduces redundant backtracking and
shortens exploration time by approximately 33% compared to a baseline method. The system was
validated in the KAIST N1 building across five floors (SF-9F), where it successfully completed
continuous exploration and elevator transitions in 27 minutes with an elevator interaction success
rate of 95%. These results demonstrate that the proposed system can robustly construct multi-floor
indoor maps in real-world environments and serve as a scalable foundation for indoor service and
delivery applications; a video demonstrating the complete experimental procedure is available at
https://youtu.be/doCVS7Weils

Keywords: Autonomous Robot, Sensor Fusion, Frontier-Based Exploration, Elevator Interaction,
Multi-Floor Mapping
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[Fig. 1] Proposed multi-floor autonomous map building system
and its resulting 3D multi-floor map
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[Fig. 2] Overall software architecture of the proposed autonomous
multi-floor indoor mapping system
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[Table 1] Parameters used for ROI Costmap generation

Parameter Value
Costmap resolution 0.2m
ROI size 20m
Number of keyframes per Submap 7
ROR search raduis 0.5m
ROR minimum neighbors 2
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[Table 2] Parameters for vote-based accumulation and state
transition in the Global Costmap

Category Variable Value
Transition threshold s 2
Transition threshold 0, 2

e free vote count,
Vote initialization - - 0
obstacle vote count

Vote reset rule Conflict-based reset Resetto 0

Vote reset rule Post-transition reset Resetto 0

Submap

Global Costmap

[Fig. 3] Process of generating the accumulated Global Costmap
(right) and the Submap with its ROI Costmap used at each
location (left)
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[Fig. 4] Overall pipeline of the proposed frontier-based
exploration algorithm, including frontier detection, filtering,
cost evaluation, goal selection, and local/global path planning
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[Table 3] Parameters used for frontier scoring and exploration
control

Parameter Value
Linear speed v 0.8 m/s
Angular speed w 0.5 rad/s
Rotation weight 4.0
Temporal decay rate A 0.05
Temporal decay weight o 30.0
Information gain weight /3 0.05

Exploration termination condition Number of frontiers = 0

Target direction threshold 6., 5 deg

Goal proximity threshold d,,,, 0.7m
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[Fig. 5] Exploration algorithm in operation (left) and global path
planning result (right)
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[Table 4] Exploration time, travel distance, and inter-floor
transition time for each floor

Exploration Travel Distance |Inter-floor Transition
Floor| .. . . .
Time (min:sec) (m) Time (min:sec)

5F 1:42 54.42 1:50

6F 3:08 93.33 3:00

TF 2:55 88.70 1:57

8F 2:46 79.06 1:55

9F 3:24 107.78 -

Elevator Interaction

[Fig. 10] Result of the fully autonomous multi-floor map-building system. The robot explores Floors 5-9 sequentially by performing
button recognition and pressing the corresponding elevator buttons with its robotic arm. The markers represent the start point (red star),
end point (yellow diamond), and the exploration start point on each floor (purple icons)
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[Table 5] Success rate of the elevator interaction task

Successes | Trials | Success Rate(%)
Elevator Interaction Task 19 20 95%
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