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[Abstract]

In this study, we developed an Ultra-Wideband (UWB)-based indoor positioning RTLS (Real-Time
Location System) for indoor environments where GNSS signals are difficult to reach. The proposed
system measures the distance between fixed anchor nodes and tag nodes attached to mobile objects
using Time of Flight (ToF). This method provides high-resolution distance information. A trilateration
algorithm is used to calculate two-dimensional positioning in real time. The experimental environment
was constructed by arranging three anchors in a triangular shape in a 6 m X 6 m indoor space, and
data were collected 300 times from 10 measurement points. The experimental results showed an average
position error of 12.2 cm, demonstrating higher accuracy than conventional RSSI-based indoor
positioning methods. This study demonstrates the potential applications of UWB-based RTLS technology

in areas such as indoor autonomous mobility, smart logistics systems, and safety monitoring,

» Key words: UWB, RTLS, Indoor Positioning, Time of Flight(ToF), Trilateration, Localization Accuracy,
GNSS(Global Navigation Satellite System)
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I. Introduction
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II. Preliminaries
2.1 Overview of Indoor Location Tracking
Technology
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2.2 Ultra-Wideband Positioning Technology
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2.3 Position Computation Algorithms:
Trilateration and Localization Models
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Equation 1. Trilateration equations for 2D position
estimation using three anchor nodes
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2.4 Current Research Trends in UWB-Based
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ITII. System Design

3.1 Overall System Architecture
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Fig. 1. Configuration of anchor, tag, and server in the

UWB RTLS

3.2 ToF-based distance data processing
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Fig. 2. Flow of distance measurement and position
calculation

3.3 How to apply the location calculation

algorithm
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4.1 Experimental environment structure
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Fig. 3. Experimental setup in the indoor testbed
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4.2 Location estimation results
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Fig. 4. Actual vs. estimated tag positions in the indoor testbed

J=dof|A] &elgh 4 9l%o], 74 YR|= AAHoz A
Al YA ZAo Fxoht A8 KoM QAL HlE 7T A
7 o s HMeHBias)El= 4TS AT 59| o A

X POl ooz F 2

2
]
3
IE
O

AP s3]

4.3 Mean Error and RMSE Analysis
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Equation 2. Root Mean Square Error (RMSE) calculation
formula

Table 1. Localization performance summary (mean
error & RMSE)
s Mean RMSE
(Point) Error (m) (m)
P1 0.14 0.16
P2 0.19 0.21
P3 0.16 0.19
P4 0.19 0.22
PS5 0.12 0.14
Pé6 0.17 0.18
pP7 0.24 0.26
P8 0.18 0.21
P9 0.26 0.28
P10 0.18 0.19
# B4 QRHZAA)):18.3 cm (0.183 m)
# "o RMSE: 20.4 cm (0.204 m)
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V. Conclusion
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