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ABSTRACT
This paper summarizes the main challenges of existing research. The 
importance of robustness research on intelligent wireless positioning 
systems for complex environments is self-evident. It is related to the 
effectiveness and reliability of positioning technology in changeable and 
challenging practical application scenarios. In summary, the robustness 
research on intelligent wireless positioning systems for complex 
environments is of great significance for improving the performance of 
positioning technology, enhancing system adaptability, improving user 
experience, promoting technological innovation and development, 
ensuring the security and reliability of key applications, and promoting 
industry standards and standardization.
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1　Introduction

Wireless positioning systems play a vital role in modern society, and their applications are 
extensive and penetrate into all aspects of daily life. Especially in complex environments, such as 
indoors, urban canyons, and mountainous areas, traditional positioning methods fail or their 
accuracy is greatly reduced due to factors such as building occlusion and terrain undulations. 
Therefore, it is particularly important to study and improve the robustness of wireless positioning 
systems in these complex environments. This can not only improve the efficiency and success rate of 
emergency rescue and disaster response, but also bring huge economic value to the business field, 
while meeting the needs of emerging technologies such as smart homes and unmanned driving.

In short, the application demand of wireless positioning systems in complex environments is 
urgent, and continuous research and innovation are needed to improve their performance and 
adaptability.

In modern society, the importance of wireless positioning systems is becoming increasingly 
prominent, and improving their robustness is even more important. Imagine that accurate location 
information can save lives during emergency rescue or disaster response; in daily life, it can make it 
easier for us to find our destination or enjoy the convenience of smart homes.

However, in complex environments such as indoors, in urban canyons or in mountainous areas, 
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problems such as multipath effects, non-line-of-sight propagation and electromagnetic interference 
often lead to reduced positioning accuracy or even system failure. Therefore, improving the 
robustness of wireless positioning systems means that they can remain stable and accurate in these 
challenges, which can not only improve our quality of life, but also save lives at critical moments. 
Such progress will also promote the application of wireless positioning technology in more fields 
and bring greater value to society.

2　The main impact of complex environment on wireless positioning system

2.1　Multipath effect

In indoor environment, multipath effect manifests as reflection, refraction and scattering of 
signals, affecting positioning accuracy and stability.

2.2　Non-line-of-sight propagation

In complex terrains such as urban canyons and mountainous areas, non-line-of-sight 
propagation leads to weakened signal strength and increased transmission delay, affecting the 
accuracy and reliability of positioning algorithms.

2.3　Electromagnetic interference

In urban environments, industrial areas and natural environments, electromagnetic interference 
will cause the stability of wireless positioning systems to decrease, increase bit error rate and 
positioning errors.

2.4　Dynamic changes in the environment

The position, number and state of objects in the wireless signal propagation environment 
change over time, such as personnel movement, object occlusion and weather changes. These 
changes will affect the propagation path and characteristics of the signal, resulting in a decrease in 
the stability and accuracy of the positioning system.

3　Research challenges of the robustness of wireless positioning systems in complex 
environments

3.1　Modeling and compensation of multipath effects

In complex environments, wireless signals may encounter multiple obstacles, causing the signal 
to reach the receiver through multiple paths. This phenomenon is called multipath effect. Multipath 
effect causes phase change and time delay of the signal, thus affecting the positioning accuracy. 
How to accurately model and compensate for the impact of multipath effect on signal propagation 
is the key to improving positioning accuracy. Researchers need to develop more sophisticated 
models to describe multipath effects and design effective compensation algorithms to reduce their 
negative impact on positioning results.

3.2　Processing of non-line-of-sight propagation

In complex terrain (such as mountainous areas) or densely populated areas of urban high-rise 
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buildings, the signal may not be able to propagate in a straight line to the receiver, but arrives 
through reflection, refraction or diffraction. This non-line-of-sight propagation will cause signal 
strength attenuation and increased transmission delay, further affecting the accuracy of positioning. 
Developing effective algorithms to deal with the signal attenuation and delay problems caused by 
non-line-of-sight propagation is an important research direction to improve the robustness of 
positioning systems.

3.3　Electromagnetic interference suppression

Electromagnetic waves generated by other electronic devices may interfere with wireless signals, 
increase the noise level in the received signal, reduce the signal-to-noise ratio, and thus affect the 
accuracy of signal detection and decoding.

Studying how to maintain the accuracy of signal detection and decoding in a strong 
electromagnetic interference environment is the key to improving the performance of wireless 
positioning systems. This may require the development of new signal processing techniques and 
anti-interference algorithms.

3.4　Hardware performance improvement

Design and optimize hardware equipment so that it can provide stable and reliable performance 
in complex environments. This includes selecting suitable antenna types, improving the sensitivity 
of receivers, and enhancing the anti-interference ability of equipment. In addition, the power 
consumption and cost-effectiveness of the hardware need to be considered to ensure the 
practicality and economy of the system.

3.5　Algorithm optimization and real-time performance

Improving robustness often requires more complex algorithms, which may increase the 
computational burden and real-time requirements, affecting the real-time response capability of the 
system. Therefore, researchers need to optimize the algorithm to improve computational efficiency 
and reduce latency while ensuring positioning accuracy. This may require the use of technical 
means such as parallel computing and distributed processing.

3.6　Dynamic environmental adaptability

Factors such as personnel movement, object occlusion, and weather changes can cause changes 
in the propagation characteristics of wireless signals, making it difficult for positioning systems to 
adapt to these rapidly changing environmental conditions.

Improving the system's adaptability to dynamic environments is the key to ensuring positioning 
stability and accuracy. This may require the development of adaptive algorithms and dynamic 
adjustment mechanisms.

3.7　Data collection and processing efficiency

In fingerprint positioning technology, it takes a lot of time and resources to establish and 
maintain a location fingerprint database. Improving data collection and processing methods and 
reducing maintenance costs are important research directions for improving the practicality of 
fingerprint positioning technology. This may require the use of efficient data acquisition technology 
and intelligent data processing algorithms.
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3.8　Security enhancement

With the development of technology, the security of wireless positioning systems has also 
become an important consideration. Strengthening the security design of the system and 
preventing potential security threats and attacks is the key to ensuring system reliability and user 
privacy. This may require the use of security measures such as encryption technology and access 
control mechanisms.

3.9　Interdisciplinary integration

Combining knowledge from multiple fields such as signal processing, machine learning, and 
computer vision to improve the overall performance of the system. For example, using machine 
learning algorithms for pattern recognition and prediction can improve the accuracy and 
robustness of positioning; using computer vision technology for scene understanding and analysis 
can help the system better adapt to complex environments.

3.10　Standardization and compatibility

Promote the formulation of industry standards and improve the compatibility and 
interoperability between different systems. This will help promote the widespread application and 
development of technology, reduce user costs and technical barriers, and at the same time, help 
form unified technical specifications and evaluation standards to promote the healthy development 
of the industry.

4　Strategies to improve the robustness of wireless positioning systems

4.1　Multipath effect suppression

Use advanced signal processing technologies, such as Kalman filtering and particle filtering, to 
suppress the errors caused by multipath effects.

4.2　Non-line-of-sight propagation compensation

Use multi-source information fusion technology, such as deep learning models, to compensate 
for signal attenuation and transmission delay caused by non-line-of-sight propagation.

4.3　Electromagnetic interference suppression

Use spectrum sensing and interference elimination technology to reduce the impact of 
electromagnetic interference on signal detection and decoding.

4.4　Adaptation to dynamic changes in the environment

Use adaptive filtering and data fusion technology to enable the system to adapt to dynamic 
changes in the environment.

5　Conclusion and Outlook

This paper summarizes the main challenges of existing research. The importance of robustness 
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research on intelligent wireless positioning systems for complex environments is self-evident. It is 
related to the effectiveness and reliability of positioning technology in changeable and challenging 
practical application scenarios. In summary, the robustness research on intelligent wireless 
positioning systems for complex environments is of great significance for improving the 
performance of positioning technology, enhancing system adaptability, improving user experience, 
promoting technological innovation and development, ensuring the security and reliability of key 
applications, and promoting industry standards and standardization.

The research on the robustness of intelligent wireless positioning systems for complex 
environments is an evolving field with broad research directions and room for improvement. Future 
research should focus on developing more efficient algorithms, enhancing the adaptability of the 
system to complex and changing environments, integrating multi-source information to improve 
positioning accuracy and reliability, strengthening anti-interference and safety mechanisms, 
promoting industry standardization, optimizing energy efficiency, and innovating application 
scenarios to meet the growing technical needs.
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