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Abstract. Health care and human comfort are intertwined, but proper health
care  is  costly,  especially  in  the  case  of  dementia.  Device-free  sensing has the
potential to increase safety and comfort in activities of daily living in human lives
by  enabling  truly  unobtrusive  ways  to  achieve  human  activity  recognition.
However,  in order  to truly enable device-free  sensing in real-life  scenarios,  it
should  be  integrated  seamlessly  in  wireless  communication.  Currently,
transmitting devices employ high (>100 Hz) constant transmission rates and the
designed  neural  networks  cannot  deal  with  realistic  wireless  networking,
including changing receiving rates.
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1 Introduction

The ability to automatically monitor activities performed by people is of interest to
applications such as smart homes, security surveillance, and enabling at-home patient
care.  With  current  technologies,  daily  tasks  can  be  monitored  and  automatically
classified without the need for wearable sensors or video material, allowing for non-
intrusive and private activity recognition, respectively.  Research  mentioned in this
poster focuses on elderly care, but the applied methods can be extended towards other
human activity recognition applications. In patient  care,  it  is desired to be able to
monitor the activities of a patient in a reliable manner: any harmful situation should
be recognized on short notice to ensure safety of the elderly. For performing human
activity recognition,  different  solutions have  been  developed.  Current  methods are
either intrusive (e.g. a wearable sensor could be inconvenient), are limited by their
environmental  constraints  (e.g.  lack  of  proper  lighting  conditions),  or  invade  a
person's privacy (e.g. cameras inside a home). Furthermore, these techniques require
additional hardware and thus modifying existing infrastructure. Device-free sensing
techniques (those based on radio waves) could solve these problems. 
 Performing wireless  human activity  recognition in  enclosed  environments
can be done by analyzing the multipath propagation of radio waves, for example using
WiFi  signals  [1],  which  allows  for  non-intrusive  monitoring  built  on  low-cost
communication  channels  [2,3].  It  has  been  a  steadily  growing field  over  the past
decade and is applicable in many domains of human activity recognition (including
challenging environments [4]), vital sign monitoring , and localization. The measured
signals often consist of channel state information, which are complex and contain a
large amount of data, especially when the number of performed actions increases [2].



Deep learning can provide a solution by training a model to recognize activities. The
problem then is gathering enough and  suitable data, as a model trained on data from a
single  location  does  not  generalize  well  for  unknown  environments  or  unknown
participants  [5].  A  naive  time-consuming  approach  would  be  to  gather  data  at
different locations, which is not feasible. 

 Additionally,  in  order  to  enable  joint  communication  and  sensing,  WiFi
sensing should not intervene with existing communication infrastructure. Soon, it is
likely the focus will shift towards a focus on the relationship between wireless sensing
and communication, known as joint communication and sensing. The new standard of
Wi-Fi (IEEE 201.11bf) is designed towards joint communication and sensing using
Wi-Fi [6], which also leverages channel state information. The standard is expected to
be finalized in September 2024. However, if current research trends in classification
with high sampling rates are followed, all the devices that are capable of WiFi sensing
would be flooding (and thus wasting) the radio frequency spectrum.

1.1 Current problems in WiFi sensing for joint communication and sensing

Most  WiFi-based  sensing  techniques  employing  channel  state  information  are
currently  based  on  a  setup  employing  a  single  transmitter.  If  there  are  multiple
transmitters, these are bound in specific transmitter and receiver setups and often only
the  one-way  communication  from  transmitter  to  receiver  is  employed.  With  the
upcoming standard of Wi-Fi IEEE 802.11bf, it is likely that in the future more devices
(ranging from access points to household appliances to personal devices) will enable
opt-in and -out (opportunistic) Wi-Fi sensing when devices leave or enter a network. 
 Outside of WiFi, future mobile networking will  also likely move towards
joint communication and sensing (6G and beyond). As mobile phones are personal
devices  and  become  increasingly  more  powerful,  these  could  carry  personalized
neural networks for activity recognition. This means WiFi sensing not only happens
with static transmitters and receivers (as is the current trend), but rather whenever a
phone is placed on a table or a laptop is turned on for work.
 Some research has gone into group activity recognition or human activity
recognition  for  multiple  humans;  however,  these  systems  often  employ  static
transmitters  and  receivers,  which  is  not  the  case  for  opportunistic  WiFi-sensing.
Furthermore, having adaptive transmitters and receivers based on where activities are
being performed allows for the isolation of antenna pairs to monitor a specific human
or  small  group and  results  in  a  'divide-and-conquer'  approach  for  human activity
recognition.  Therefore,  it  is  important  to  understand  how  individual  receivers  or
transmitters  (which  in  the  future  could  be  these  mobile  phones)  are  affected  by
activities performed close-by and further away, both with and without interference
from  other  users.

Finally, the radio-frequency spectrum is an increasingly scarce resource and
flooding it with unnecessarily high sampling rates is thus undesired.  Moreover,  to
achieve  joint  communication  and  sensing,  it  is  important  that  any  device  can
participate in both communication and sensing. This also includes lightweight IoT
devices with minimum computing resources and power, which in turn means fewer
data  samples  (thus  lower  transmitting  or  sampling  rates).  Additionally,  these  IoT
devices  are  often  energy-restricted  and  as  transmitting  data  is  the  most  energy



expensive  operation,  these  may  desire  to  transmit  at  lower  (and  thus  different)
transmission rates, which requires the receiving end to be able to process different
sampling rates.

2 Methodology

In  WiFi  sensing,  the  wireless  multipath  propagation  is  used  for  vital  sign
monitoring and human activity recognition (fingerprinting over time). Wireless signal
propagation  is  heavily  affected  by  environmental  components  causing  reflections,
diffraction, refraction, and scattering. Every channel between two antennas can take a
different path, resulting in more or fewer obstacles and environmental influences. The
states  of  these  channels  can  be  logged in  a  channel  state  information  matrix  H ,
defined  in  Fig.  1,  where  T and  R are  transmitting  and  receiving  antennas,
respectively, and hRT  the specific channel between a transmitter  T  and a receiver R. 

Fig 1. Mathematical representation of the channel state matrix (H)

This  matrix  has  a  two-dimensional  shape  of   elements  (number  of
transmitting and receiving antennas, respectively), where each element  is defined
as  an  amplitude  and  phase  of  the  arrived  signal  between any  $T$ and $R$ This
relation is expressed in 

, where   is the received amplitude and   the received phase. Often, this
matrix is expanded into 3D space by replicating   over the number of subcarriers
(from  OFDM),  .  This  ultimately  results  in  a  channel  state  matrix   of  size

. 
  
The Linux CSI Tool [7] and the PicoScenes [8] package enable logging the channel
state  information  as  a  pair  of  complex  numbers,  namely   for  the  received
amplitude and phase, respectively. The absolute value used in this paper is calculated
according to . 



3 Research directions

As shown, WiFi sensing based on channel state information is an interesting and
growing  field  for  enabling  truly  unobtrusive  sensing  techniques.  However,  most
current techniques are based on extracting as much information as possible by using
high transmission rates and static and optimal network and environment scenarios. In
IOT networks, lower and variable transmission rates are often employed by mobile
nodes in challenging environments.

Therefore, three interesting research directions are considered under the research
presented under this poster:

1. Changeable transmission parameters  In order to truly enable device-free
sensing,  the static  nature  of  transmission (and reception)  should be more
adaptive.  Current  research  falling  under  the  poster  focuses  on  enabling
adaptive,  light-weight convolutional  neural  networks with variable  inputs.
This enables low and changing transmission rates without having to retrain
different neural networks. 

2. Scalable and opportunistic networking In real-life networks, devices often
drop in or out of these networks. In order to quickly enable the newly formed
links between access point and device (or between devices in P2P networks),
federated  learning should be employed to share weights in a privacy-safe
manner. Therefore, research under this poster focuses on weights to compare
links  and  other  channel  characteristics  (such  as  positioning)  and  estimate
which links are comparable for fast and accurate learning. Additionally, this
research considers multiple smaller convolutional neural networks instead of
a big one for a more voting-based approach to deep learning. This makes
sharing weights to more resource-limited devices more feasible.

3. Incorporated communication and sensing Currently, WiFi sensing in joint
communication  and  sensing  is  parasitic  (flooding  the  network,  harming
wireless  traffic)  and  with  the  aforementioned  research  directions  at  most
opportunistic (sense if there is a link established and data to send). In order
to achieve joint communication and sensing, the parameters of a transmitter
should  also  be  adaptable  based  on  the  requirements  for  sensing.  As  an
example, vital sign monitoring in WiFi is possible, but it requires very high
precision. In  the future,  beam steering could be employed to create more
suitable scenarios. Additionally, the common assumption now is that sensing
only happens when there is data to transmit - but data could also be stored
for non-critical and non-timely applications in order to send a more steady
stream for sensing.
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