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Abstract
The 4th workshop on Context Systems Design, Evaluation
and Optimization (CoSDEO2013) was organised in
conjunction with Ubicomp 2013 in Zurich. This year, the
theme of the workshop was on ’Device-Free Radio-Based
Recognition’. We discuss recent advances in this field,
introduce the workshop and summarise the contributions
of the accepted submissions.
From the submissions, we observe that the field is
evolving from the recognition of locations of subjects to
the recognition of activities from subjects. At the same
time, the systems presented have grown more complex
compared to recent years. Authors consider multiple
subjects simultaneously, multiple frequencies and multiple
antennas or receive devices.
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Introduction
Today’s personal and commercial communication and
broadcasting technology relies extensively on wireless data
transmission. Hence, independent of our location, we are
constantly exposed to electromagnetic radiation on
various frequency spectra originating from a variety of
sources. Radio wave propagation depends to a large
extent on the surrounding environment in which the
signals experience typical channel effects [9]. Therefore,
changes in the environment are also reflected in the
signal. For example, a human moving in a radio receivers’
vicinity may induce specific patterns in the received
signal’s strength. Depending on the distance to the
receiver, the size of the object or individual and the type
and intensity of movement, a characteristic fingerprint on
the signal strength fluctuation might be recognizable. The
RF-receiver then becomes a sensor to identify situations
and events of entities in its proximity. For instance, time
series data of the Received Signal Strength Indicator
(RSSI) in typical low-cost consumer radio hardware has
been shown to detect human motion [5, 19] and location
of a single subject [21, 23]. This led to the definition of a
novel sensing approach termed Device-Free Localization
(DFL) [21]. DFL is defined as the localization or tracking
of a person using RF-signals in which the person is not
required to carry a radio device. Over the past years, this
research matured and for now cumulated in systems for
simultaneously tracking a number of entities [22, 10].
Recently, studies on the use of RF-channel information
have been expanded in many directions, exploiting the use
of the RF-receiver as a sensor in Pervasive applications:
The breathing frequency of an individual in a hospital bed
surrounded by twenty wireless sensor nodes based on RSS
analysis is estimated in [6]. Car induced RF-noise has
been used to classify the traffic situation in front of a
traffic light [3]. In a related study, the speed of passing

vehicles is estimated from RF-channel fluctuation [1].
Another direction is followed by Xu et al. who count
multiple subjects based on fluctuation on the RF
channel [20] Lastly, human activity recognition using
RF-channel fluctuations has been shown to be feasible
using PHY level based hardware [16, 13, 14] and also
low-cost transceivers [11]. Very recently, the recognition
of gestures was demonstrated based on micro-Doppler
fluctuations on small frequency bands [8]. Albeit these
research efforts, the utilization of radio waves for sensing
contexts of non-augmented entities is still a widely
unexplored research field which is currently unfolding and
in which we see a strong potential for UbiComp
applications and technologies. Open research questions
include detectable situations, optimal sensor parameters
such as choosing a carrier frequency or signal sampling
rate. Further research is also needed in the direction of
algorithms which can cope with environmental dispersion,
and deployment on existing wireless appliances.
Furthermore, the actual necessity of a transmit node as
part of the recognition system needs to be explored since
potentially a device-free recognition system might as well
utilize ambient radio signals, i.e. signals which are not
emitted by parts of the deployed sensing system. Also, it
is not clear whether and how activities of multiple persons
can be identified simultaneously and if features exist that
could enable robust radio-based ad-hoc sensing systems.
A more detailed discussion of most of these aspects is
given in [12].

Topic
The 4th CoSDEO-workshop brought together researchers
and practitioners working on the design, implementation,
and evaluation of systems, algorithms or models for the
device-free, radio-based recognition of contexts. Recently,
using analysis of signal distortions in a typical radio

network to derive contexts such as location, type or
activity of an object not outfitted with a radio receives a
growing amount of attention from researchers. The
possibility to acquire context information without
instrumenting users or installing special hardware and
without the drawbacks of, for instance, optical systems
has great potential for typical applications of Ubiquitous
Computing. Radio signals are inherently noisy and signal
changes depend on a variety of environmental and
sensor-specific factors, which makes the problem of
device-free radio-based recognition a challenging one. The
goal of CoSDEO 2013 is to provide a discussion venue for
this growing community in which fundamental problems
as well as sophisticated approaches and actual
implementations can be presented. Thus, scientists in all
stages of their research, from first experiments to readily
developed and evaluated systems, are encouraged to
submit their original work to allow a broad discussion with
established experts but also researchers relatively new to
the field. Topics of interest include but are not limited to
• Design aspects of device-free radio-based context
recognition systems
• General experimental work and field studies on
device-free radio-based recognition
• Models/algorithms for recognizing contexts using
device-free radio-based sensors
• Reports on the evaluation of device-free radio-based
context recognition systems
• Investigations directed at signal processing,
recognition robustness, signal sampling, etc. for
device-free radio-based context recognition

• Investigations directed at feasibility of recognizing
novel classes using radio frequency analysis
• System architectures for device-free radio-based
recognition
• Monitoring of attention levels by device-free
radio-based sensing systems
• Algorithms/methods enabling device-free sensing
using existing and novel radio hardware

Objectives
We expect the workshop to be a forum to actively discuss
current ongoing projects in the area of device-free
recognition from the RF-channel. The discussions should
foster new collaborations among researchers and spur
discussions on their current work. Besides these objectives
we hope that particularly the panel discussion will help to
design a research agenda together with the community for
this new field and identify novel directions and
approaches. Our workshop follow-ups should further
provide the community with a main collaboration hub or
information portal to quickly get an overview of the
currently active research.

Workshop outline
The workshop will be opened with an invited talk by
Shyam Gollakota on the utilisation of micro-Doppler
fluctuations on the simultaneous recognition of gestures
from multiple individuals (cf. table 1). The following two
paper sessions will feature recent advances in activity
recognition and localisation based on RF-signal
fluctuation. As a tradition of previous CoSDEO
workshops, discussions will be intensified in an interactive
hands-on demo, video and poster session. Finally, the
workshop will be closed with a panel session on the

Table 1: CoSDEO 2013 schedule
0800 -0920 Registration
0920 -0930 Introduction/welcome
0930 -1030 Invited talk
Shyam Gollakota
0930 -1110 Activity recognition
S. Sigg, S. Shi and Y. Ji
Rf-based device-free recognition of simultaneously
conducted activities.
J. Hong and T. Ohtsuki
Ambient intelligence sensing using array sensor:
Device-free radio based
approach
1110 -1230 Session break and lunch
1230 -1300 Poster/Demo Setup
1300 -1420 Localisation
H. Aly and M. Youssef
New insights into wifibased device-free localization
S. Shi, S. Sigg and Y. Ji
Joint
localisation
and
activity recognition from
ambient
fm
broadcast
signals
B.Wagner,D.Timmermann
Adaptive clustering for
device-free user positioning
utilizing passive RFID
A. Popleteev
Device-free indoor localization using ambient radio
systems
1420 -1515 Collaboration session
1515 -1630 Panel Discussion
Is device-free recognition
the future for Ubiquitous
Computing?
1630 -1510 Workshop closing
1900 Social dinner

importance of RF-based sensing for future Ubicomp
applications.

more complex systems in order to increase accuracy or to
consider more sophisticated settings.

Recent advances in RF-based recognition

For instance, Sigg et. al [17] consider the simultaneous
recognition of activities from multiple subjects. By
utilising up to four receive devices, the authors could
reach acceptable accuracy already with a simple classifier.
By reducing the count of receive devices, the accuracy
further deteriorates.

Device-free radio-based recognition can be divided into
the localisation of individuals as well as the radio-based
classification of activities conducted by these subjects.
Recent work focuses novel receive devices, more powerful
systems and more general situation classes.
Aly et. al [2] consider the WiFi-based device-free
localisation of subjects via an RF-fingerprint map. They
present an automated tool for the construction of
fingerprints and provide recommendations for better
localisation. In particular, following this study, access
points should have fixed installations near or at walls.
Better accuracy was reached in the 2.4 GHz band (rather
than in 5.7 GHz).
Wagner et. al [18] consider an RFID-based radio
tomography system for localisation of individuals. They
introduce a novel transponder clustering approach to
dramatically improve the time to find a first location
which is then iteratively improved in accuracy.
Another approach, leveraging a passive system conditioned
on ambient FM radio is presented by Popleteev in [7].
The author investigates the localisation performance of a
single-receiver device-free localisation system, exploiting
multiple channels from neighbouring FM radio stations.
The author could show a good accuracy in the distinction
of five locations also considering same-day versus next-day
performance. The accuracy deteriorated with fewer
channels utilised and over the course of several days.
Regarding the distinction of activities conducted by
subjects in proximity, authors have recently considered

Similarly, Hong et. al [4] investigate a recognition system
with multiple antennas, utilising the signal subspace from
Eigenvectors of the covariance matrix of an antenna array.
The authors could detect locations and activities in an
indoor environment with good accuracy and demonstrated
that their method is superior to single-antenna systems in
experimental case studies.
Shi et. al [15] investigate the distinction of single person
activities from a passive, FM-based single antenna and
single frequency system. They show that, by tuning the
features utilised in previous studies, localisation and
activity recognition can be achieved simultaneously with a
simple k-NN classifier in a passive FM-based system.

Organizers
Markus Scholz, TECO, Karlsruhe
Institute of Technology (KIT),
Germany. Markus Scholz is pursuing
his PhD in the area of Radio-based
device-free activity and context
recognition. His special interest
is on using 802.15.4 networks for this
purpose. Previously,he presented a
recognition system which could detect
simple contexts using software defined radios.Lately, he

published a feasibility study for using 802.15.4 transceivers
for detecting human physical activities and a more
sophisticated study on software defined radio activity
recognition. He is especially interested in developing
models and algorithms for robust and flexible radio-based
context recognition. http://www.teco.edu/∼scholz/
Stephan Sigg, TU-Braunschweig,
Germany. Stephan is working in
the area of device-free recognition of
activities since 2009. After considering
various active DFAR systems (e.g.
SenseWaves), his recent interest is
focused on Ad-hoc and passive DFAR
systems (e.g. Activitune). Further
research interests include spontaneous
secure device interaction based on RF and audio signals;
exploiting the RF-channel as a calculator for mathematical

operations; development, analysis and optimisation of
algorithms for mobile ubiquitous environments.
http://stephansigg.de/stephan
Moustafa Youssef, Wireless
Research Center, Egypt-Japan
University of Science and Technology
(E-JUST) and Alexandria University,
Alexandria, Egypt. Moustafa Youssef
has been one of the pioneers in the
area of device-free localization since
2007. Since then he has been working
on different aspects of the problem
including the detection (Nuzzer, Rasid and other
systems), tracking (Nuzzer, Spot, MonoPhy, and other
systems), as well as identification systems (MONITOR
and TrafficSense systems).
http://wrc.ejust.edu.eg/people/moustafa/

References
[1] Al-Husseiny, A., and Youssef, M. Rf-based traffic
detection and identification. In IEEE 76th Vehicular
Technology Conference (VTC2012-Fall) (2012).
Recent Results track.
[2] Aly, H., and Youssef, M. New insights into wifi-based
device-free localization. In Adjunct Proceedings of
the 2013 ACM Conference on Ubiquitous Computing,
UbiComp ’13 (2013).
[3] Ding, Y., Banitalebi, B., Miyaki, T., and Beigl, M.
Rftraffic: Passive traffic awareness based on emitted
rf noise from the vehicles. In ITS
Telecommunications (ITST), 2011 11th International
Conference on (aug. 2011), 393 –398.
[4] Hong, J., and Ohtsuki, T. Ambient intelligence
sensing using array sensor: Device-free radio based
approach. In Adjunct Proceedings of the 2013 ACM
Conference on Ubiquitous Computing, UbiComp ’13
(2013).
[5] Kosba, A. E., Saeed, A., and Youssef, M. Rasid: A
robust wlan device-free passive motion detection
system. In Proceedings of the 10th IEEE
International Conference on Pervasive Computing
and Communications (PerCom2012) (2012).
[6] Patwari, N., and Wilson, J. Spatial models for human
motion-induced signal strength variance on static
links. IEEE Transactions on Information Forensics
and Security 6, 3 (September 2011), 791–802.
[7] Popleteev, A. Device-free indoor localization using
ambient radio systems. In Adjunct Proceedings of
the 2013 ACM Conference on Ubiquitous Computing,
UbiComp ’13 (2013).
[8] Pu, Q., Gupta, S., Gollakota, S., and Patel, S.
Whole-home gesture recognition using wireless

[9]
[10]

[11]

[12]

[13]

[14]

[15]

signals. In The 19th Annual International Conference
on Mobile Computing and Networking (Mobicom’13)
(2013).
Rappaport, T. Wireless Communications: Principles
and Practice. Prentice Hall, 2002.
Sabek, I., and Youssef, M. Spot: An accurate and
efficient multi-entity device-free wlan localization
system (2012). arXiv preprint arXiv:1207.4265.
Scholz, M., Riedel, T., Hock, M., and Beigl, M.
Device-free and device-bound activity recognition
using radio signal strength full paper. In Proceedings
of the 4th Augmented Human International
Conference in cooperation with ACM SIGCHI (2013).
Scholz, M., Sigg, S., Schmidtke, H. R., and Beigl, M.
Challenges for device-free radio-based activity
recognition. In Proceedings of the 3rd workshop on
Context Systems, Design, Evaluation and
Optimisation (CoSDEO 2011), in Conjunction with
MobiQuitous 2011 (2011).
Scholz, M., Sigg, S., Shihskova, D., von Zengen, G.,
Bagshik, G., Guenther, T., Beigl, M., and Ji, Y.
Sensewaves: Radiowaves for context recognition. In
Video Proceedings of the 9th International
Conference on Pervasive Computing (Pervasive 2011)
(2011).
Shi, S., Sigg, S., and Ji, Y. Passive detection of
situations from ambient fm-radio signals. In
Proceedings of the 2012 ACM Conference on
Ubiquitous Computing, UbiComp ’12 (2012).
Shi, S., Sigg, S., and Ji, Y. Joint localisation and
activity recognition from ambient fm broadcast
signals. In Adjunct Proceedings of the 2013 ACM
Conference on Ubiquitous Computing, UbiComp ’13
(2013).

[16] Sigg, S., Scholz, M., Shi, S., Ji, Y., and Beigl, M.
Rf-sensing of activities from non-cooperative subjects
in device-free recognition systems using ambient and
local signals. IEEE Transactions on Mobile
Computing 99, PrePrints (2013).
[17] Sigg, S., Shi, S., and Ji, Y. Rf-based device-free
recognition of simultaneously conducted activities. In
Adjunct Proceedings of the 2013 ACM Conference
on Ubiquitous Computing, UbiComp ’13 (2013).
[18] Wagner, B., and Timmermann, D. Adaptive
clustering for device-free user positioning utilizing
passive rfid. In Adjunct Proceedings of the 2013
ACM Conference on Ubiquitous Computing,
UbiComp ’13 (2013).
[19] Woyach, K., Puccinelli, D., and Haenggi, M.
Sensorless sensing in wireless networks:
implementation and measurements. In Proceedings
of the Second International Workshop on Wireless
Network Measurement (WiNMee) (2006).
[20] Xu, C., Firner, B., Moore, R. S., Zhang, Y., Trappe,
W., Howard, R., and An, N. Scpl: Indoor device-free

multi-subject counting and localization using radio
signal strength. In The 12th ACM/IEEE Conference
on Information Processing in Sensor Networks
(ACM/IEEE IPSN) (2013).
[21] Youssef, M., Mah, M., and Agrawala, A. Challenges:
Device-free passive localisation for wireless
environments. In Proceedings of the 13th annual
ACM international Conference on Mobile Computing
and Networking (MobiCom 2007) (2007), 222–229.
[22] Zhang, D., Liu, Y., Guo, X., Gao, M., and Ni, L. M.
On distinguishing the multiple radio paths in
rss-based ranging. In Proceedings of the 31st IEEE
International Conference on Computer
Communications (2012).
[23] Zhang, D., Liu, Y., and Ni, L. Rass: A real-time,
accurate and scalable system for tracking
transceiver-free objects. In Proceedings of the 9th
IEEE International Conference on Pervasive
Computing and Communications (PerCom2011)
(2011).

