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Abstract:  
Fall incidents and sustained injuries represent the most dangerous hazard for elderly people. The rapid 
detection of a fall event can reduce the mortality risk and increases the chance to survive the incident. A 
variety of fall detection methods have been published in recent scientific literature but they suffer from 
critical limitations. In this work, a radar-based health monitoring system enabling non-invasive fall 
detection and tag-less localization in the home environment is presented and discussed. Experimental 
results demonstrate a success rate of 94.3% in distinguishing fall events from normal movements and a 
good detection of the target’s absolute distance. 
 
 
The elderly population of 60 years and older has been steadily increasing worldwide. The situation has 
resulted in a growing need for novel assistive technologies that enable and facilitate routine long-term 
monitoring. Monitoring is of primary interest in the home situation. In particular, falls and sustained 
injuries among the elderly are a major problem worldwide, and are the third cause of chronic disability 
[1]. The rapid detection of a fall event can reduce the mortality risk and increases the chance to survive 
the incident and to return to independent living. Alarm systems connecting to medical care units do 
exist, but they involve wearable sensors that often require an action from the person, like pressing a 
button. Such solutions constitute a risk as one cannot assume that the elderly person will 
systematically wear the sensor every moment of every day, and moreover persons in an emergency 
situation may not longer have the reflex to press this button or may no longer be able to do so. 
 
The ideal solution therefore is a contactless approach avoiding the need for actions by the elderly 
person. Systems under investigation are based on video cameras, floor vibration and acoustic sensors. 
For the video camera method, people are currently trying to address challenges related to low light, 
field of view, image processing, and also privacy is a concern. Floor vibration and acoustic sensors 
have limited success due to the environmental interference and background noise. Moreover, they are 
not good in case of a “soft” human fall in which the individual collides with an object (table, dresser, 
chair, carpet, etc.).  
 
This work aims at investigating a novel complementary approach for health monitoring. The detection 
of falls together with tagless in-door localization can be made contactless by adopting radar techniques 
[2]. The radar is used to transmit an RF signal to a person and to receive the reflected echo, on the 
basis of which the person’s speed and absolute distance can be extracted. The changes in speed are 
used to distinguish a fall event from a normal movement (i.e., walking, sitting down). In fact, during a 
fall the speed continuously increases until the sudden moment when the fall is finished. During 
walking or sitting down, the movement is controlled with less variation in speed.  
 
A full system for indoor, non-invasive fall detection and tagless localization has been presented in [3] 
(Fig. 1). It consists of a sensor, combining radar sensing and Zigbee wireless communications, and 
microcontroller capabilities, and of a Zigbee equipped base station for data processing.  
 



 
Fig. 1.  Block diagram of the health monitoring system.  
 
As demonstrated in [4], in order to satisfy the spectrum mask requirements and to have a practical 
commercial device, traditional radar architectures are not suitable solutions for this application. For 
that reason, an optimized waveform has been designed based on a hybrid approach by which a single 
tone at fISM = 5.8 GHz in the ISM band is alternated with a stepped frequency continuous wave 
waveform working in the 6-7 GHz UWB band. Moreover, this solution allows avoiding high-speed 
analog to digital converters and high level processors, rendering the sensor cost-effective, and at the 
same time satisfying the European and Federal Communications Commission (FCC) UWB mask 
requirements. 
 
Whereas the circuits can be largely based on off-the-shelf components, a dedicated two-element dual-
band antenna had to be designed to operate at both the radar (5.8 – 7 GHz) and Zigbee 2.45 GHz ISM 
frequency bands [5]. The main challenge was to reduce the backscattering and crosstalk effects. In 
fact, the backscattering within the frequency band where the sensor is used to locate the target and 
determine its speed must be strongly reduced to enable maximum forward power towards the target. A 
failure in doing so will obviously limit the forward transmit power, resulting in a weak reflection from 
the target, and in a waste of energy. Moreover, since the sensor is intended to be mounted either to the 
wall or to the ceiling, the related reflection will bury the much weaker target’s reflection. Another 
challenge that arises when attempting to arrive at a compact system size is the problem of the inter-
element antenna cross-coupling. Such large cross-coupling enables the power "overflow" from the 
transmitting antenna to the adjacent receiving element involving a strong reflection. These two 
undesired effects therefore involve the decrease of the total receiver’s gain to avoid the saturation of 
both the amplifiers and the ADC. Thus, the longer the distance is, the weaker is the reflection such that 
it is no longer perceptible by the ADC’s resolution as it is buried in noise. Another challenge was to 
have a semispherical radiation pattern to cover a whole room setting. 

 
A data processing algorithm in Matlab has been developed and tested [6]. A movement classification 
based on machine-learning techniques is applied to analyze the speed signals distinguishing falls from 
normal movements. On the other hand, an algorithm based on Inverse Fast Fourier Transformer 
(IFFT) is used to extract the target’s reflection while dealing also with the effects of backscattering, 
cross-coupling, and clutter present in the environment [7]. 
 
Experimental tests, conducted on real human volunteers in a real room setting, have shown an accurate 
detection of the target’s absolute distance and an accuracy of 94.3% in distinguishing a fall event from 
normal movements. The subjects were free to move in the whole room with no constraints in their 
movements (Fig. 2). 
 



 
Fig. 2.  Real room environment. The human volunteer collides with the chair during the fall event.  
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