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ABSTRACT 
Indoor human sensing, recognition, and detection are crucial technologies for building smart environments like smart homes, retail 
spaces, and museums. Traditional vision-based and wearable sensor-based solutions face challenges such as privacy concerns and 
obtrusiveness. In contrast, radio-frequency (RF)-based approaches, especially those utilizing WiFi, offer contactless, cost-efficient, 
and non-line-of-sight alternatives. This paper surveys recent advances in WiFi-based human sensing technologies, focusing on nine 
critical applications in smart environments: WiFi imaging, vital sign monitoring, human identification, gesture recognition, gait 
recognition, daily activity recognition, fall detection, human detection, and indoor positioning. The paper highlights the role of 
Channel State Information (CSI) in enabling these applications and discusses future research directions that can drive the 
development of more intelligent, responsive environments. 
 

1. INTRODUCTION 
The rapid development of smart environments—spaces 

equipped with advanced sensor technologies—has introduced 

new ways to enhance convenience, safety, and automation in 

everyday life. Smart homes, smart museums, and smart retail 

spaces increasingly rely on sensors for human activity 

monitoring, indoor positioning, and behavior recognition. 

Traditional approaches such as vision-based (e.g., cameras) and 

wearable sensor-based technologies, though effective, come 

with limitations including privacy invasion, dependency on 

line-of-sight, and the need for user cooperation. 

In contrast, radio-frequency (RF)-based sensing, particularly 

WiFi-based approaches, have gained significant attention for 

their contactless and non-invasive nature. WiFi is ubiquitous in 

indoor spaces, making it an ideal medium for developing cost-

effective sensing systems. This paper aims to provide an 

overview of WiFi vision—human sensing, recognition, and 

detection—through the lens of Channel State Information (CSI) 

collected from commodity WiFi devices. 

 

1.1 Motivation and Background 

The push towards more efficient and scalable sensing solutions 

has led researchers to explore RF technologies. WiFi-based 

systems stand out due to their wide availability and the ability 

to function in non-line-of-sight conditions, crucial for seamless 

operation in complex indoor environments. Moreover, 

advances in signal processing techniques have enabled the 

extraction of fine-grained information about the human body 

and its movements from WiFi signals, enabling a range of 

applications from health monitoring to security. 

 

2. WIFI VISION: CHANNEL STATE 

INFORMATION (CSI) AND ITS ROLE 
WiFi operates on multiple frequencies, allowing for detailed 

environmental analysis through signal reflection, scattering, 

and absorption caused by objects and human bodies. The key 

feature enabling this is Channel State Information (CSI), 

which captures how the WiFi signal propagates through the 

environment. By analyzing the CSI, it is possible to derive 

insights about movement, body shape, breathing patterns, and 

more. 

 

2.1 CSI for Human Sensing 

CSI provides information on how signals vary over time and 

space, which is especially useful for sensing dynamic human 

movements or subtle physiological changes. When a person 

walks or moves, the signal experiences variations that can be 

decoded using algorithms, leading to applications such as gait 

recognition or gesture tracking. Even stationary tasks, such as 

monitoring vital signs, can be accomplished by tracking minute 

changes in the CSI. 

 

3. KEY APPLICATIONS OF WIFI VISION 
3.1 WiFi Imaging 

WiFi imaging involves reconstructing a person's location and 

shape in a space using WiFi signals. Unlike traditional cameras, 

WiFi-based systems are not bound by the need for light or a 

direct line of sight, making them a more robust solution for 

environments where visual occlusion is common. Through 

techniques like synthetic aperture radar (SAR) and multiple-

input multiple-output (MIMO), WiFi imaging can generate 

two-dimensional or even three-dimensional representations of 

indoor environments. 

 

3.2 Vital Sign Monitoring 

Monitoring vital signs such as heart rate and respiration is 

crucial in healthcare, especially for elderly patients or those in 

need of constant supervision. WiFi-based systems can detect 

small movements, such as chest vibrations from breathing, 

without the need for sensors attached to the body. This non-

contact approach provides a valuable alternative to wearable 
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devices, offering continuous monitoring without the discomfort 

of physical sensors. 

 

3.3 Human Identification 

WiFi-based human identification leverages unique features of 

how individuals interact with the WiFi signals. Differences in 

body shape, gait, and even breathing patterns can be detected 

and classified, allowing for personalized recognition. This is 

highly valuable for authentication purposes in smart homes or 

security-sensitive areas. 

 

3.4 Gesture Recognition 

Gesture recognition is essential for human-computer 

interaction in smart environments. By detecting variations in 

CSI caused by hand movements, WiFi-based systems can 

identify different gestures, allowing users to control smart 

devices or interact with systems without physically touching 

them. 

 

3.5 Gait Recognition 

Gait is a unique biometric trait, and WiFi-based systems can 

capture the distinct walking patterns of individuals. By 

analyzing CSI variations, it becomes possible to identify a 

person by their gait, offering another layer of security in 

environments like smart buildings. 

 

3.6 Daily Activity Recognition 

Recognizing everyday activities like sitting, walking, cooking, 

or sleeping is important for monitoring health and well-being. 

WiFi-based activity recognition systems can track these 

activities without the need for cameras or wearable sensors, 

offering a non-invasive alternative for elderly care or wellness 

monitoring. 

 

3.7 Fall Detection 

Fall detection is a crucial application in healthcare, especially 

for elderly individuals. WiFi signals can be used to detect 

sudden changes in movement patterns indicative of a fall, 

allowing for timely alerts to caregivers or emergency services. 

 

 

 

 

3.8 Human Detection 

Detecting the presence of a human in a space is fundamental to 

many smart applications, from energy-saving systems to 

security. WiFi-based human detection can operate across walls 

and obstacles, providing reliable information about occupancy 

without the need for cameras. 

 

3.9 Indoor Positioning 

Accurately locating individuals indoors is essential for many 

applications, including retail, emergency services, and smart 

navigation systems. WiFi-based indoor positioning utilizes 

signal strength and CSI variations to pinpoint a person's 

location within a building. 

 

4. CHALLENGES AND FUTURE DIRECTIONS 
While WiFi-based sensing presents numerous advantages, 

challenges remain in improving accuracy, dealing with 

environmental interference, and ensuring privacy. Future 

research will likely focus on enhancing CSI-based algorithms, 

integrating machine learning techniques, and expanding the 

scalability of these systems for real-world deployment. Privacy 

concerns, particularly in non-invasive monitoring, will also 

need to be addressed to ensure widespread adoption. 

 

5. CONCLUSION 
WiFi-based human sensing offers a promising avenue for 

creating smart environments that are both efficient and 

unobtrusive. By leveraging the ubiquitous nature of WiFi and 

advancements in CSI analysis, a wide range of applications 

from healthcare to security can be realized without the 

limitations of traditional sensor technologies. As this field 

continues to grow, we expect to see more sophisticated and 

integrated systems that can transform how we interact with our 

environments. 
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