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a b s t r a c t

In this paper, we propose a vision-based system for human detection and activity analysis in indoor envi-
ronment. The developed presence sensor is based on video analysis, using a static camera. Composed of
three main steps, the first one consists in change detection using a background model updated at different
levels to manage the most common variations of the environment. Second, a moving objects tracking,
based on interest points, is performed. Third, in order to know the nature of the various objects that could
be present in the scene, multiple cascades of boosted classifiers are used. The validation protocol, defined
by the industrial partners involved in the CAPTHOM project focusing among other things on “Energy
Management in Building”, is then detailed. Three applications integrated into the CAPTHOM project illus-
trate how the developed system can help in collecting useful information for the building management
system. Occupancy detection and people counting as well as activity characterization and 3D location
extend to a wide variety of buildings technology research areas such as human-centered environmental
control including heating adjustment and demand-controlled ventilation, but also security and energy
efficient buildings.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

The building sector is now one of those that consumes most
energy. For example, in France, the building sector is responsi-
ble for 21% of the CO2 emission and for 43% of the total energy
use. To economize energy, there are several solutions: first using
renewable energies, second developing passive solutions such as
insulation and third proposing solutions based on an active man-
agement of power consumption. This last approach requires to use
reliable knowledge on buildings occupation. With this aim, we pro-
pose in this paper a new sensor to detect human presence and
collect high level information on people activity.

Nowadays, the sensors available on the market are mostly based
on passive infrared technology. These sensors detect the electro-
magnetic radiations emitted by humans of wavelengths between 6
and 14 �m. When a person moves in the detector field of view, the
infrared radiation is focused by the Fresnel lens on the pyroelectric
sensor. This technology is now well known and commonly used for
home automation. However, it has several major flaws:
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• static people cannot be detected,
• the sensor is sensitive to air flows or sunshine radiations, and
• the sensor is not able to distinguish between pets and humans.

The technological limits of these sensors, which are actually
motion detectors, hinder the development of innovative solutions
for energy consumption management. Conventional systems rely-
ing on a single occupancy sensor often suffer from a lack of data
analysis of the measured sensor signals and cannot moreover dif-
ferentiate between one or more occupants in the monitored space.
In order to overcome these limits, several works have been con-
ducted. They can mainly be gathered into two groups. The first one
recommends the use of multiple low-cost, non-intrusive, environ-
mental occupancy sensors, privileging the use of an independent
distributed detectors network combined with a probabilistic data
analysis. The second one applies for more advanced sensors such
as video cameras.

The approaches belonging to the first group, that fuse together
information from multiple sources, result in virtual sensors which
are intended to be more powerful than single physical sensors [1,2].
One proposal consists in combining three traditional inexpensive
PIR occupancy sensors with a sensor that determines when the
telephone is off-hook [1]. If the use of probabilistic models offers
improved capability of detecting occupant presence, the funda-
mental dependance on motion still remains. In order to address the
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problem of discerning the actual number of people in a room, com-
plex sensor networks have been proposed. A second alternative,
composed of a wireless ambient-sensing system complemented
with a wired CO2 sensing system and a wired indoor air quality
sensing system, is considered to determine which parameters have
the greatest correlation with the occupancy level [2]. The conducted
tests show that, for the considered open office plan, CO2 and acous-
tic parameters have the largest correlation with the number of
occupants, complications arising however with acoustics because
of the affect of sound by activities in nearby bays. Even if the pro-
posed system achieves reasonable tracking of an actual occupancy
profile, the achieved accuracy does not exceed 75% and, for cer-
tain days, it remains relatively low (e.g. 60%). Moreover, further
exploration of sufficient training set sizes is needed.

Belonging to the second group, approaches relying on video
cameras are also common especially when access to people activity
or recognition are pursued [3,4]. The main drawbacks of this solu-
tion are the need of large amounts of data storage and above all to
interfere with privacy concerns. That is why several works, using
low-resolution cameras [5] or even developing “reduced” sensor
from camera with a very different appearance from conventional
video camera, have been proposed to obtain enough information
to detect person’s position and movement status but reducing the
psychological resistance of having a picture taken [6].

Other approaches focus on occupancy location detection using
ubiquitous and pervasive computing environments, often requiring
non-ambient sensors such as wearable devices for tracking inhab-
itant activity [7].

If the major drawback of users psychological resistance to image
capture can be overcome, the use of video camera remains the
single sensor allowing to extract at the same time a wide range
of information from low-level to high level interpretation. We
can finally notice that most of the approaches that use multi-
ple low-cost detectors exploit a camera network to establish the
true occupancy information. The true occupancy numbers are then
manually counted from the camera pictures [1,2]. In order to facil-
itate the validation of new designed occupancy sensors, whatever
can be the chosen technology, the design of an automated occu-
pancy detector exploiting movies is needed.

The work presented in this paper takes place within the
CAPTHOM project which fits with the theme “Energy Management
in Building” and aims at developing a reliable and efficient sen-
sor to detect the presence of humans in indoor environments. The
foreseen concerned sectors could be residential or tertiary areas.
The main objectives of such a system are the power consumption
management and the increase of comfort for residents, including
for example heating adjustment considering their activity. Adapt-
ability is also pursued. The CAPTHOM component must be easily
integrated into other application areas related to security or super-
vision and assistance for elderly or disabled people, at home or in
institutions.

The sensor must be able to detect the presence of a person in
its environment without being disturbed by the presence of ani-
mals, other moving objects or by the morphology or activity of
people. The sensor must be robust to light changes, heat sources
and be able to detect people up to 15 m. The complexity of the
proposed algorithms, the used memory must be consistent with
material constraints so that the treatment could be carried out in
an embedded architecture. The developed system must therefore
be an optimal compromise between false detection rate and algo-
rithmic complexity. The proposed solution must be cheap, have a
short time response and respect the European directive 2005/32/EC
of 6 July 2005 establishing a framework for the setting of eco-design
requirements for energy-using products. Energy consumed by the
sensor must be very low. Finally, the use of cameras imposes the
respect of privacy and also implies the acceptance problem of this

sensor by users. These issues were considered in the CAPTHOM
project and it has been decided that the camera and its processing
unit will only return useful information for the building manage-
ment system. For the application, none image will be transmitted
by the sensor to external devices.

We propose in this paper, algorithmic solutions to detect people
from image sequences. Several challenges must be settled:

1. an image is a 2D representation of a 3D scene: the same object,
observed from different views, may look very different,

2. image acquisition conditions may change from one environment
to another; they can also vary all time long,

3. backgrounds can be very complex; possibilities of false detec-
tions are numerous and the contrast between people and
background may possibly be very low,

4. many occlusions may appear between the person and the envi-
ronment or among several individuals, and

5. the main difficulty encountered for people detection is the very
high intra-class disparity: through their clothes, size, weight,
outline, haircut etc., two individuals may appear very different.
Moreover, the human body being highly articulated, the number
of possible postures is great and the characteristics will vary in
time.

We developed a system using video analysis to interpret the
content of a scene without doing strong assumptions about the
nature of objects that could be present. Objects nature is deter-
mined by statistical tools derived from object detection. The next
section describes the proposed algorithm using tools classically
dedicated to object detection in still images in a video analysis
framework. We then present various extensions of the project
including its potential ability to recognize people activity. Finally,
some conclusions and perspectives are given.

2. Presence sensor

In this section, we describe the human detection system pro-
posed for the CAPTHOM project. It is based on video analysis
obtained from a camera. This method has three main steps: change
detection, moving objects tracking and classification. Fig. 1 sums
up the defined process for human detection.

2.1. Change detection

Working with static camera, the search space can be reduced
by detecting regions of interest in the image where there is a high
probability to find a person. This first step is achieved through a
background subtraction: from an environment model and an obser-
vation, we try to only detect what has changed.

According to the results obtained in the comparative study of
background subtraction algorithms [8], we decided to model each
pixel of the background by a Gaussian probability density function
[9]. This quite simple model is a good compromise between quality
of detection, computation time and memory requirement.

Since the scene is never completely static, the model must be
designed to adapt to different environment changes, such as:

1. slow variation in lighting conditions, caused for example by nat-
ural change of daylights,

2. sudden and significant variation due for example to artificial
extra lighting adding, and

3. addition or removal of static objects.

The background model is consequently updated at three differ-
ent levels: the pixel level updating each one with a temporal filter
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