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Synonyms
– Appearance-based pedestrian detection

Related Concepts
–
–
–
–

Object detection
Human detection
Part-based detectors
Feature extraction

Definition
Human detection may be seen as a classification problem with two classes:
human and non-humans, in which the latter class is composed of background
samples containing anything but humans. When the appearance-based human
detection is employed, a large number of examples of human and non-humans
are considered to capture different poses, backgrounds, and occlusion situations
through the extraction of feature descriptors so that a machine learning method
can be used to classify samples as belonging to either one of the classes.

Background
Due to the large number of applications that require information regarding
people’s location, such as autonomous vehicles, surveillance, and robotics, finding
people in images or videos presents large interest of the community. Even though
widely studied in recent years [1], the human detection problem is still a challenge
due to the wide variety of poses, clothing, background, and partial occlusions,
which generate a large number of person’s appearances.
Two main approaches have been explored in the human detection literature.
The first class of methods consists of a generative process that combines detected
parts of the human body according to a model. The second class considers statistical analysis through the use of machine learning techniques to classify a
feature vector composed of low-level feature descriptors extracted from a detection window. This approach, also referred to as appearance-based, captures the
appearance information and focuses on the discrimination between human and
non-human samples.

Theory
Appearance-based human detection presents two important aspects: feature
extraction and classification. Once both aspects have been considered, the training and test (detection) steps can be performed.

Fig. 1. Example of the human detection process. Image sample extracted from
the INRIA Person dataset [2].

The feature extraction is responsible for capturing the visual information
from the scene, such as the presence of strong vertical edges, homogeneous textured clothing, or color constancy in the face. Such characteristics, useful for
human detection, will be extracted using low-level feature descriptors. It has
been shown that the combination of these characteristics improves detection results [3]. Among the most used feature descriptors are the histograms of oriented
gradients (HOG) [2], local binary patterns (LBP) [4] and Haar wavelet-based
features [5].
The second relevant aspect is the choice of a machine learning method capable
of classifying between humans and non-humans by giving higher importance to
those descriptors that best distinguish between the two classes. Among the most
employed methods are the linear discriminant analysis (LDA), neural networks
(NN), support vector machines (SVM), and partial least squares (PLS).
The training step is responsible for learning parameters of the machine learning methods such that the differences between the two classes can be properly captured. For that, features are extracted from multiple samples from both
classes and the descriptors are stored in feature vectors. It is important to empha-

size that a good training set is important to assure that variations of the human
appearances are captured. Each classification method presents a different way
of learning the differences. For example, while SVM finds support vectors that
maximize the margins between both classes, PLS will give more weight to those
dimensions of the feature vector that best discriminate between the classes. In
addition, it is important to note that a good training set is also important to
assure that variations of the human appearances are captured.
Once the training has been performed, a sliding window is passed in the
image at multiple scales to locate humans at different locations and scales. For
each location, features are extracted and stored in a feature vector, which is
then presented to the classifier. The output for each detection window is a value
that reflects the probability or confidence in which a human is located inside
the detection window. Figure 1 illustrates the detection process of a typical
appearance-based human detection method.

Application
In general, the human detection is of interest in any application that falls
inside the Looking at People [6] (domain which focuses primarily in analyzing
images and videos containing humans). For example, a human detector can be
used to provide the location of each agent in a scene so that tasks such as
tracking, re-identification, action and activity recognition can be executed by
a surveillance system. In addition, a human detector can be executed in the
domain on autonomous navigation, where the location of the pedestrians will be
used as information for path planning. Furthermore, the use of human detection
systems embedded in vehicles may be very useful to assure pedestrian safety [7].
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