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1 Introduction

A variety of biomedical parameters including blood pressure, body temperature,
blood glucose level, heart rate variability, blood oxygen saturation and many
others can currently be measured at home. Tele monitoring applications are
mainly focusing on chronic diseases and elderly patients, as they have the biggest
benefit from being treated at home. The vast majority of the telemonitoring
projects are focussing on the monitoring of a vital sign. Even when multiple
vital signs are taken into account, telemonitoring applications do not manage
to provide a measure for the global wellbeing of the patient. By monitoring the
physical activity of the subject and detecting trends and changes herein, one
could get a better insight in the well being of the patient, long before changes in
vital signs occur. This position statement argues for the usage of time-of-flight
cameras for the monitoring of physical activity.

2 Technologies for the monitoring of physical activity.

Accelerometers are often employed to detect activity, to count steps, to estimate
the distance walked [1, 2], to detect falls [3] and even to distinguish between sev-
eral physical activities (walking, running, walking stairs) [4–9]. Such techniques
provide information on the level of activity of the subject and are very useful
over a long period of time, as a decrease in activity often precedes or correlates
to several conditions. Examples of work showing correlations between accelerom-
eter measurements and health status, can be found for instance for COPD [10,
11], Chronic Fatigue Syndrome [12], Chronic Pain Syndrome [13], low back pain
[14], Migraine [15] and Fibromyalgia [16]. Other work is focusing on extracting
more detailed activity information, for instance by monitoring the transitions
between rooms (e.g. using infrared sensors [18, 19] or RFID tags [20]).

Camera based systems for the detection of activity patterns form a growing
research field. A major disadvantage of existing camera based systems for this
task (e.g. [21]) is that regular camera systems provide insufficient spatial infor-
mation. For instance, it is very hard to calculate the location of a subject or an
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object in a room out of a sequence of camera images. The advent of stereo vision
systems was important, as stereo vision systems provide information on the dis-
tance between object and camera. Given a mathematical model of the properties
of the cameras and an accurate estimate of their relative position, 3D positions
of objects can be calculated with stereo vision cameras. However, correct spatial
information relies on the automatic matching between corresponding pixels in
each image. This process is computationally expensive, moreover it is not always
reliable. For instance pixels in low texture areas are very hard to match.

3 Time-of-flight cameras as an alternative.

Recently, 3D cameras have been developed which provide spatial information
of the pixels, by using the time-of-flight principle. The camera emits modu-
lated infrared light and the camera is measuring the time of flight of the light.
This provides highly accurate depth information without complex pixel match-
ing algorithms [22, 23]. Although 3D cameras are currently highly experimental
devices and have low resolution, we investigated the usage of a 3D camera for
the monitoring of physical activity. Using image processing techniques, we seg-
mented the subject in the image, fitted an ellipse around the resulting blob and
transformed the position of the subject from camera based coordinates into room
based coordinates. As a result, the position of the elderly patient in the room is
known up to an error of a few centimeters. This position is a 3D position, such
that the height of the person above the ground is also known. This is important
for instance for fall detection. From these 3D positions, we can calculate various
features such as the distance walked per time unit, the amount of time in bed,
in a sofa, walking, etc. Also the number of transitions from one pose to another
is derived. This initial prototype is described in [24–29]. Evaluation of this pro-
totype in the laboratory shows that the position information of the subject can
be calculated very accurately, on condition that the technology is employed in
a controlled environment (with respect to daylight changes, subjects entering
the room, furniture being moved, etc). Currently, we are performing an initial
evaluation of this technology in the geriatrics department of a hospital [30].

References

1. Cho, S.Y., Park, C.G., Jee, G.I.: Measurement system of walking distance using
low-cost accelerometers. In: Proceedings of the 4th Asian Control Conference,
Singapore (2002)

2. Pang, G., Liu, H.: Evaluation of a low-cost mems accelerometer for distance mea-
surement. Journal of Intelligent and Robotics Systems 30 (2001) 249–265

3. Wolf, K.H., Lohse, A., Marschollek, M., Haux, R.: Development of a fall detector
and classifier based on a triaxial accelerometer demo board. In Bajart, A., Muller,
H., Strang, T., eds.: UbiComp 2007 Workshop Proceedings., Innsbruck, Austria
(2007) 210–213

4. Brandes, M., Rosenbaum, D.: Correlations between the step activity monitor and
the dynaport adl-monitor. Clinical Biomechanics 19 (2003) 91–94

2



5. Munneke, M., de Jong, Z., Zwinderman, A., Tijhuis, G., Hazes, J., Vliet, T.: The
value of a continuous ambulatory activity monitor to quantify the amount and
intensity of daily activity in patients with rheumatoid arthritis. J. Rheumatol 28

(2001) 745–750
6. Warms, C., Belza, B.: Actigraphy as a measure of physical activity for wheelchair

users with spinal cord injury. Nurs. Res. 53 (2004) 136–143
7. Bussmann, J., van de Laar, Y., Neeleman, M., Stam, H.: Ambulatory accelerometry

to quantify motor behaviour in patients after failed back surgery: a validation study.
Pain 74 (1998) 153–161

8. Cavanaugh, J.T., Coleman, K.L., Gaines, J.M., Laing, L., Morey, M.C.: Using
step activity monitoring to characterize ambulatory activity in community-dwelling
older adults. Journal of the American Geriatrics Society 55 (2007) 120–124

9. Marschollek, M., Wolf, K.H., Plischke, M., Haux, R.: Classification of activities
of daily life from long-term realistic multi-sensor data. In: Proceedings of IEEE
Health Pervasive Systems HPS06. (2006) 30–34

10. Pitta, F., Troosters, T.: Characteristics of physical activities in daily life in chronic
obstructive pulmonary disease. American Journal of Respiratory and Critical Care
Medicine 171 (2005) 972–977

11. Pitta, F., Troosters, T., Spruit, M., Decramer, M., Gosselink, R.: Activity mon-
itoring for assessment of physical activities in daily life in patients with chronic
obstructive pulmonary disease. Arch Phys med Rehabil 86 (2005)

12. der Werf, S.V., Prins, J., Vercoulen, J., van der Meer, J., Bleijenberg, G.: Iden-
tifying physical activity patterns in chronic fatigue syndrome using actigraphic
assessment. Journal of psychosomatic research 49 (2000) 373–379

13. Farell, M., Gibson, S., Helme, R.: Measuring the activity of older people with
chronic pain. Clinical journal of pain 12 (1996) 6–12

14. Spenkeling, C., Hutten, M., Hermens, H., Greitemann, B.: Assessment of activities
of daily living with an ambulatory monitoring system: a comparative study in
patients with chronic low back pain and nonsymptomatic controls. Clinic Rehabil.
16 (2002) 16–26

15. Stronks, D., Tulen, J., Bussmann, J., Mulder, L., Passchier, J.: Interictal daily
functioning in migraine. Cephalalgia 24 (2004) 271–279

16. Korszun, A., young, E., Engleberg, N., Bruksch, C., Greden, J., Crofford, L.: Use
of actigraphy for monitoring sleep and activity levels in patients with fybromyalgia
and depression. Journal of psychosomatic research 52 (2002) 439–443

17. Celler, B., Earnshaw, W., Ilsar, E., Betbeder-Matibet, L., Harris, M., Clark, R.,
Hesketh, T., Lovell, N.: Remote monitoring of health status of the elderly at
home. a multidisciplinary project on aging at the university of new south wales.
International Journal of Bio-Medical Computing 40 (1995) 147–155

18. Barger T, Brown D, A.M.: Health status monitoring through analysis of behavioral
patterns. In: Proceedings of the 8th congress of the Italian Association for Artificial
Intelligence (AI*IA) on Ambient Intelligence, Pisa, Italy, Springer-Verlag (2003)

19. Shieh, J.S., Chuang, C.T., Wang, X., yi Kuo, P.: Web-based remote monitoring
health of the elderly via mobility changes using frequency and rank order statistics.
In: Proceedings of the IASTED International Conference on Telehealth. (2005)

20. Stanford, V.: Using pervasive computing to deliver elder care. IEEE Pervasive
Computing Magazine 1 (2002)

21. Nait-Charif, H., McKenna, S.: Activity summarisation and fall detection in a
supportive home environment. In: International Conference on Pattern Recognition
(ICPR), Cambridge (2004)

3



22. Oggier, T., Lehmann, M., Kaufmann, R., Schweizer, M., Richter, M., Metzler, P.,
Lang, G., Lustenberger, F., Blac, N.: An all-solid-state optical range camera for
3d real-time imaging with sub-centimeter depth resolution. In: SPIE Proceedings,
St. Etienne (2003) 5249–65

23. Nieuwenhove, D.V., van der Tempel, W., Kuijk, M.: Novel standard cmos detector
using majority current for guiding photo-generated electrons towards detecting
junctions. In: IEEE/LEOS Symposium Benelux Chapter, Mons, Belgium (2005)
4

24. Jansen, B., Deklerck, R.: Context aware inactivity recognition for visual fall detec-
tion. In: Proceedings of the first international conference on pervasive computing
technologies for healthcare 2006, Innsbruck, Austria (2006)

25. Jansen, B., Deklerck, R.: Home monitoring of elderly people with 3d camera tech-
nology. In: Proceedings of the first BENELUX biomedical engineering symposium,
Brussels, Belgium (2006)

26. Jansen, B., Temmermans, F., Deklerck, R.: 3d human pose recognition for home
monitoring of elderly. In: Proceedings of the 29th IEEE EMBS Annual Interna-
tional Conference, Lyon, France. (2007)

27. Jansen, B.: Telemonitoring a too limited view on the wellbeing of the patient?
In: To appear in Proceedings of the Dagstuhl seminar on Assisted Living Systems
- Models, Architectures and Engineering Approaches, Wadern, Germany. (2007)

28. Jansen, B.: Activity monitoring 3 tricks to advance a field? In: To appear in
Proceedings of the Dagstuhl seminar on Assisted Living Systems - Models, Archi-
tectures and Engineering Approaches, Wadern, Germany (2007)

29. Jansen, B., Deklerck, R.: Semi-automatic calibration of 3d camera images - moni-
toring activities made easy. In: Proceedings of the ATDMCP workshop, part of the
2nd International Conference on Pervasive Computing Technologies for Healthcare
2008. (2008)

30. Rebel, S., Jansen, B., Deklerck, R., Lambert, M., Mets, T.: 3d-camera monitoring
voor oudere patinten: een nuttig assessment tool in de geriatrie? In: 31 ste win-
termeeting Oostende, Ostend, Belgium, Belgische vereniging voor gerontologie en
geriatrie (2008)

4




