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ABSTRACT: Indoor robotics demands highly accurate and robust localization for navigation, mapping, and task 

execution. Ultra-Wideband (UWB) localization—based on very short radio pulses and time-of-flight measurements—

offers centimeter-level accuracy, strong resistance to multipath interference, and minimal interference with other 

wireless systems, positioning it as a promising solution in cluttered indoor environments Wiley Online 

LibraryResearchGateWikipedia. 

 

This paper synthesizes pre-2020 research on UWB-based localization for indoor robotics, covering fundamental system 

design, hybrid sensor fusion approaches, and practical deployments. 

 

A 2012 UWB impulse-based system demonstrated that, with corrections like antenna modeling and signal threshold 

adjustments, localization accuracy could be enhanced to as fine as 2.5 cm—versus 9 cm baseline accuracy Wiley 

Online Library. Fusion methods combining UWB with inertial sensors (IMUs) using steady-state Kalman filters have 

yielded significant reductions in localization error while preserving computational simplicity arXiv. UWB + IMU 

fusion through Extended Kalman Filters (EKF) or robust MAP-based estimators also mitigated drift and multipath 

effects by over 100% compared to standalone UWB methods Cambridge University Press & Assessment. 

 

Comparative experiments confirmed UWB’s dominance over Wi-Fi and Bluetooth in mobile robot tracking—tracking 

errors remained below ~13 cm static and ~30 cm mobile, representing improvements of over 88% relative to BLE-

based systems MDPIPubMed. 

 

However, UWB systems face limitations: high hardware costs, complexity in anchor deployment, and susceptibility to 

non-line-of-sight (NLOS) and multipath propagation, requiring careful configuration and, often, sensor fusion 

MDPIResearchGate. 

 

We discuss these findings, outlining advantages, challenges, and future directions for integrating UWB in indoor 

robotics. 

 

KEYWORDS: Ultra-Wideband (UWB), Indoor Localization, Time-of-Flight (ToF), Sensor Fusion, Kalman Filter, 

Mobile Robots, Multipath Mitigation, Anchor Deployment, Centimeter-Level Accuracy 

 

I. INTRODUCTION 

 

Indoor robotic applications—including warehouse automation, service robots, and navigation in dynamic 

environments—rely heavily on precise localization. Traditional indoor positioning technologies like Wi-Fi and 

Bluetooth offer limited precision (metre-level), hindering reliable operation. In contrast, Ultra-Wideband (UWB) 

systems exploit extremely short-duration pulses across a broad spectrum, enabling highly accurate time-of-flight 

measurements that deliver centimeter-level localization while resisting multipath interference Wiley Online 

LibraryResearchGateWikipediaMDPI. 

 

UWB systems typically employ Time-of-Arrival (ToA) or Time-Difference-of-Arrival (TDoA) ranging, often 

integrating multiple fixed anchors and mobile tags. In robotics, UWB offers robust localization, but remains sensitive to 

NLOS conditions and environmental reflections, especially in cluttered spaces. These challenges drive research into 

hybrid sensor fusion (e.g., with Inertial Measurement Units (IMUs), LiDAR, or vision sensors), which can compensate 

for UWB limitations and enhance system resiliency arXivCambridge University Press & Assessment. 

 

This review focuses on research before 2020, exploring the design of UWB systems for robotics—including hardware 

architectures, filtering and fusion algorithms, deployment strategies, and comparative performance studies—to 

elucidate how UWB has been employed in indoor robotics localization. 
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II. LITERATURE REVIEW 

 

System Design & Hardware Calibration 
The 2012 impulse-based UWB localization demonstrator presented a complete system design, addressing anchor 

placement, time measurement precision, and hardware error sources. By modeling antenna effects and signal detection 

thresholds, the system improved average localization accuracy from 9 cm to approximately 2.5 cm Wiley Online 

Library. 

 

Sensor Fusion Approaches 
In 2013, Savioli et al. proposed integrating UWB with IMU data via a constant-gain steady-state Kalman filter on low-

power wireless sensor nodes. This method achieved reduced localization error with low computational cost, suitable for 

resource-constrained robotic platforms arXiv. 

 

Contemporary fusion techniques, such as the UWB–IMU Extended Kalman Filter and MAP-based estimators, further 

improved accuracy—reducing inertial drift and mitigating multipath effects, with over 100% improvement compared to 

UWB-only methods Cambridge University Press & Assessment. 

 

Comparative Evaluations 
Experimental comparisons showed UWB vastly outperforms Wi-Fi and BLE for mobile robot localization. With four 

anchors, mobile tracking error remained below ~30 cm, significantly outperforming BLE (~190 cm) and Wi-Fi 

(~600 cm) alternatives—positioning UWB as the leading candidate for robotic indoor localization MDPIPubMed. 

 

Limitations and Trade-offs 
UWB requires careful anchor placement and environmental consideration. Fully untethered configurations may 

experience errors up to 35 cm in some setups ResearchGate. NLOS and multipath conditions also affect accuracy, and 

while UWB is robust, additional fusion or filtering strategies are essential in complex scenarios MDPI. 

 

III. RESEARCH METHODOLOGY 

 

This review compiles and analyzes key pre-2020 studies through: 

1. System Design Analysis 
2. Examining design principles from seminal hardware implementations (e.g., antenna calibration, ranging algorithms, 

anchor layouts). 

3. Algorithmic Evaluation 
4. Comparing data fusion strategies—Kalman filtering and more advanced estimators—assessing computational 

feasibility and accuracy gains. 

5. Empirical Performance Review 
6. Reviewing experimental error metrics across static and dynamic robot tracking, summarizing performance 

differences with Wi-Fi and BLE. 

7. Limitations Assessment 
8. Identifying practical challenges in deployment—anchor configuration, NLOS susceptibility, cost, and infrastructure 

overhead. 

9. Synthesis of Trade-offs 
10. Integrating findings to present a balanced view of UWB localization strengths and challenges for indoor robotics. 

 

IV. ADVANTAGES 

 

 High Precision: With fine time resolution, UWB achieves centimeter-level localization Wiley Online 

LibraryResearchGateMDPIPubMed. 

 Multipath Resistance: UWB's short pulses reduce multipath-induced errors. 

 Low Interference & Power: Operating at low power spreads signals broadly, minimizing interference and 

coexistence issues ResearchGateWikipedia. 

 Rapid Updates: UWB supports real-time tracking, supporting mobile robotics requirements. 
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V. DISADVANTAGES 

 

 Infrastructure Complexity: Proper anchor placement and synchronization are crucial; errors can rise significantly 

with suboptimal setups ResearchGateMDPI. 

 Hardware Cost: High-frequency sampling and UWB transceivers are more expensive than simpler RF systems 

MDPIResearchGate. 

 NLOS Challenges: Obstructed environments degrade ranging; mitigation requires fusion or filtering 

MDPICambridge University Press & Assessment. 

 

VI. RESULTS AND DISCUSSION 

 

 The 2012 demonstrator validated that hardware calibration can dramatically improve accuracy (down to 2.5 cm) 

Wiley Online Library. 

 UWB + IMU fusion using a low-complexity Kalman filter demonstrated reliable tracking with constrained 

processing requirements arXiv. 

 Fusion via EKF or MAP estimators provided significant enhancements in challenging environments by 

compensating for drift and multipath Cambridge University Press & Assessment. 

 Comparative trials with BLE and Wi-Fi systems confirmed UWB’s superiority in accuracy and robustness, even 

with minimal anchor setups MDPIPubMed. 

 Despite high performance, deployment complications and cost remain important hurdles to adoption in commercial 

robotic systems ResearchGateMDPI. 

 

VII. CONCLUSION 

 

Pre-2020 research solidly positions UWB as a high-precision localization technology for indoor robotics. When 

complemented by sensor fusion and thoughtful system design, UWB delivers robust and accurate performance superior 

to BLE or Wi-Fi counterparts. However, challenges related to infrastructure setup, hardware cost, and performance in 

NLOS environments underscore the importance of fusion, filtering, and thoughtful deployment strategies. 

 

VIII. FUTURE WORK 

 

 Advanced Fusion: Exploring UWB integration with LiDAR, vision, and SLAM algorithms for enhanced 

resilience. 

 NLOS Mitigation: Implementing machine learning or statistical methods to detect and correct NLOS errors. 

 Cost Reduction: Developing more affordable UWB modules for broader adoption. 

 Dynamic Anchor Deployment: Researching mobile or robot-deployed anchor systems for flexible environments. 

 Standardization: Establishing best practices for anchor placement and calibration across diverse indoor settings. 
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