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Abstract—Infrared cameras or thermal imaging cameras are
devices that use infrared radiation to capture an image. This kind
of sensors are being developed for almost a century now. They
started to be used in the military environment, but at that time
it took too long to create a single image. Nowadays, the infrared
sensors have reached a whole new technological level and are used
for purposes other than military ones, as happens in this work,
where they are being used for face detection. When comparing
the use of thermal images regarding color images, it is possible to
see some advantages and some limitations, which will be explored
in this paper. This work proposes the development or adaptation
of several methods for face detection on infrared thermal images.
The well known algorithm developed by Paul Viola and Michael
Jones, using Haar feature-based cascade classifiers, is used to
compare the traditional algorithms developed for visible light
images when applied to thermal imaging. In this paper, we present
three different methods for face detection. As far as we know,
there is limited research on this topic so we think this work is
an important contribution to the field. In the first one, an edge
detection algorithm is applied to the binary image and the face
detection is based on these contours. In the second method, a
template matching method is used for searching and finding the
location of a template image with the shape of human head in
the binary image. In the last one, a matching algorithm is used.
This algorithm correlates a template with the distance transform
of the edge image. This algorithm incorporates edge orientation
information resulting in the reduction of false detection and the
cost variation is limited. The results show that the proposed
methods have promising outcome, but the second method is the
most suitable for the performed experiments.
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I. INTRODUCTION

In the electromagnetic spectrum, the visible light spectrum
is the only part that the human eye can see. Due to the
fact that infrared radiation is invisible to the human eye,
thermal cameras use infrared sensors to capture that radiation,
transforming it into visible images. Many objects and even
humans emit infrared radiation in function of the temperature:
the higher the temperature, the higher the intensity of the
emitted radiation.

The use of thermal infrared cameras has been increasing in
various scientific areas. A survey providing an overview of the
current applications is presented in [1]. Applications include
animals, agriculture, buildings, gas detection, industrial, and
military fields, as well as detection, tracking, and recognition
of humans. In robotics, for computer vision, thermal image
analysis and processing is in constant development, being used
more often in systems for detection and tracking of objects,
humans, among others.
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The camera used in this work, which is shown in Figure
1, is a complete long-wave infrared (LWIR) camera module
that captures infrared radiation input in the wavelength range
from 8 to 14 microns and converts it to infrared thermal image.
Figure 2 shows a thermal image complemented with an image
in the visual spectrum from the same scene (typically a Red,
Green and Blue - RGB - image).

Figure 1. FLIR Lepton thermal camera module with breakout board.

Figure 2. An example of a thermal image and the same scene aquired by a
RGB camera.

In this work, we propose algorithms for face detection
using thermal infrared cameras. The main goals of this work
are the use of these type of sensors in service robots and in
monitoring people attention taking into consideration of the
temperature of the face over time. We are also working on
emotional analysis through thermal images.

This paper is organized as follows. In Section II, we
describe some advantages and limitations of thermal images. In
Section III, we present the techniques that have been proposed
for face detection. In Section IV, we provide experimental
results. Finally, in Section V, we draw some conclusions.

II. THERMAL IMAGES

Thermal cameras are advantageous in many applications
due to their ability to see in total darkness, their robustness to
illumination changes and shadow effects, and less intrusion on
privacy [2]. These cameras, when calibrated, are advantageous
in temperature measurement compared to point-based methods
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since temperatures over a large area can be compared, although
contact methods are more efficient [3]. In this work, the
thermal camera used is not calibrated, so it is not possible
to know the exact temperature in the region of interest.

Some algorithms for face detection using color or grayscale
images currently have a very high efficiency rate but is not
possible to use them directly in the thermal images. In thermal
imaging there are some problems that can reduce this efficiency
significantly using these algorithms such as occlusion of the
face with objects that emit infrared radiation, the uniform
temperature in the face, objects with the shape and same
temperature of the face, among others. For this reason, only
one feature-based algorithm is used, the Haar Cascade [4].

Consequently, with problems regarding face detection, the
temperature becomes unstable over time. The face is one of the
zones of the human body that is more suitable for the body
temperature extraction and posteriorly the emotion analysis.
The face detection in this work is represented on a shape of
a bounding box obtaining the face and also some surrounding
background noise that can affect the detected face for the
next modules. The temperature measurement and emotional
analysis of the face is being developed, not being included in
this current work.

III. PROPOSED APPROACH

In this section, different developed algorithms and methods
for face detection on thermal images are described. The
development of this work was made in C++ programming
language, through the use of the OpenCV library, which is an
open source computer vision and machine learning software
library. The use of these algorithms and methods will be on
real-time systems, therefore it is also described in this section
the equipment used for the acquisition of the thermal image
and the method to obtain these images.

A. Image Acquisition

For thermal image acquisition in real-time, it is used a
FLIR LEPTON Long Wave Infrared (50 shutterless) camera
module, with a focal plane array of 80x60 active pixels. This
camera is a non-radiometric version. This camera is also not
calibrated, therefore it is not possible to obtain temperature
values of each pixel. The output value also changes with the
temperature value of the infrared sensor of the camera and the
temperature of the scene.

It is also used a Raspberry Pi 3 model B for communication
and image processing. For the acquisition of the output values
on the Raspberry Pi 3, Serial Peripheral Interface (SPI) com-
munication is used. It also supports a command and control
interface (CCI) hosted on a Two-Wire Interface (TWI) similar
to Inter-Integrated Circuit (I2C) for software interface [5]. This
image acquisition process is based on a project developed
by the company Pure Engineering [6]. The obtained output
values are received in an 14-bits data, then they are arranged
in an 8-bits with one channel image matrix format provided by
OpenCV. The image on the left presented in Figure 2 shows
an example of a thermal image. Darker areas correspond to
colder regions in the scene.
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B. Haar Cascades

Haar Cascades is a machine learning algorithm where a
cascade function is trained from positive and negative images.
This approach uses the Viola and Jones algorithm [4].

Haar Cascades is one of the algorithms implemented by
OpenCV library. This algorithm was studied by Mekyska et
al. [7] showing a machine learning approach for face detection
and it requires a high number of images of the object to be
detected for the cascade training. A similar study was made in
this work, but the results of the face detection are considered
of low accuracy. The thermal images with faces that were used
for the cascade training can be obtained on the online dataset
[8]. The result of the cascade training for Haar Cascade is
shown in the results section.

C. Implementation Details

As far as we know, face detection on thermal images did
not received too much attention on computer vision as the
counterpart on visible light images. There are some possible
ways using some functionalities of OpenCV library. Thermal
image is, on a first stage, segmented and filtered with mor-
phological operators in order to obtain a binary image for the
later use of some methods or algorithms.

Segmentation uses the Otsus method that is a thresholding
binarization method [9] and filtering is performed using mor-
phological operators, such as dilation, erosion, opening and
closing [10]. We developed and implemented the following
algorithms:

e Face Contours - Acquisition and filtering of the
contours in order to obtain the longest contour in the
binary image and detect the face through it [11].

e Template Matching - Technique for finding areas of
an image that match to a template image [12].

e Chamfer Matching - Technique to find the best
alignment between two edge maps [13].

1) Face Contours: Through the binary image is created
an edges map, using the Canny edge detector algorithm [14],
where the contours are found [11]. These contours are filtered
in order that only the contour of larger area are obtained. Due
to the contour of having some parts of the human body that are
not relevant for face detection, for example neck and shoulders,
it is found the highest point of the contour. This point matches
to the highest point on the face. Starting at this point, the
two points that correspond to the largest width of the face are
found. The detection of the face is made with this two points
and the highest point in the face contour.

2) Template Matching: Template Matching is a technique
that uses a template to search and find in an image the best
match of this template. There are different matching methods
to perform the template matching technique. This work uses
the Normalized Cross-Correlation method that remains a viable
choice for some if not all applications [12].

Researchers in [15] use a Image Pyramid to perform the
template matching for objects with different sizes. In this work
it is used image pyramid to detect faces of different sizes
increasing the performance of the template matching. Due to
the image captured by the camera having a reduced resolution,
few levels of the pyramid image are used. Each level of the
image is downsized. A good template is needed to obtain better
results in the template matching.
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3) Chamfer Matching: The Chamfer Matching algorithm
lies on shape matching using distance transform. This tech-
nique uses an edges image of the image being tested and
the template to create an Distance Transform map [16]. The
value of each pixel in this map is the distance to the nearest
background pixel. After this, chamfer distance map is created
that contains the computed matching cost through the distance
transform maps and the position of the edge orientation con-
tours [13]. The face is detected finding the pixel location of
the minimal chamfer distance.

IV. RESULTS

In this section, we present experimental results to verify the
effectiveness of the developed algorithms. Since our goal is the
real time use of this contribution, the examples were obtained
in real time with the camera connected to the single board
computer. The obtained output values used to form the thermal
images were processed in order to obtain an 8-bit grayscale
image. An example of this type of images is represented in
Figure 3(a).

A. Haar Cascades

The study made by Mekyska et al. [7] used the Viola and
Jones algorithm [4] applied to thermal image. The results of
this study show that in order to obtain a good accuracy, a
large amount of training data is needed. The disadvantage of
this algorithm is also the detection time, which is dependent
on the amount of training data.

In this work, there was an attempt of performing cascade
training for face detection. An example of the application of
this algorithm is presented in Figure 4. However, in comparison
with the study mentioned it has an inferior performance. Face
detection is unstable since it does not detect the face if the
image does not contain the neck and shoulders of the person.

Figure 4. Face detected using Haar Cascades.
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Figure 3. In (b) the segmentation of the thermal image (a). The result of applying the morphological operation is presented in (c).

B. Proposed Methods for Face Detection

Figures 3(b) and 3(c) show and example of the seg-
mentation obtained in this type of images and the use of
morphological operators, respectively.

The methods and algorithms mentioned in Section 3.3 use
and input the image presented on Figure 3(c).

1) Face Contours: Using Canny algorithm the edge map
presented in Figure 5 is obtained. Figure 6 shows an example
of face detection using contours. These results can be influ-
enced if the contours of the face are discontinued for some
reason. This method is not the most suitable for face detection
since there are some variations in the bounding box of the
detected face.

Figure 5. Edge map obtained from a thermal image.

2) Template Matching: When using template matching a
good template is needed. Figure 9 shows the template used.
This method slides the template over the image of Figure 3(c)
and calculates an error for the match between the template
and the image being tested [15]. A method based on image
pyramids is also used in order to improve the result of template
matching since it takes the scale in consideration. The best
match is found as a global maximum value. Figure 7(b) shows
some examples of application.

3) Chamfer Matching: This algorithm uses the same tem-
plate of Figure 9, but it is converted to an edge using the Canny
edge detector algorithm to be used later in the construction of
the cost image. A distance transform map is created from the
edge image and from the template, which specifies the distance
from each pixel to the nearest edge pixel in the query image.

Figure 10 represents the two images of distance transform
maps. Then a map with the matching cost of each pixel is
created. The pixel location of the minimal cost is the location
of the region of interest. Some results applying the Chamfer
Matching [13] are shown in Figure 8.

C. Processing Time

All experimental results have been obtained in real time
using a Raspberry Pi 3 model B.
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Figure 6. Some examples of face detection in different conditions using contour detection.
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Figure 7. Some examples of face detection in different conditions using Template Matching.
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Figure 8. Some examples of face detection in different conditions using Chamfer Matching.

Figure 9. Template used for template matching.

(a) (b}

Figure 10. Distance Transform image of template (a) and query image (b).

The processing time of Haar Cascade is approximately
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72ms.

The average processing time obtained by the proposed
methods applied during an experiment of 70 seconds with a
frame rate limited to 4 frames per seconds are the following:

e Face Contours - 68ms.
e Template Matching - 69ms.
e Chamfer Matching - 257ms.

Chamfer Matching has the highest processing time, because
this method involves several steps which require more pro-
cessing time, for example distance transform, edge orientation,
among others.

V. CONCLUSION AND FUTURE WORK

In this paper, we presented a study regarding the develop-
ment of three different methods for face detection in thermal
images using image segmentation.

Haar Cascade using Viola and Jones algorithm has better
performance and accuracy based on [7]. However, this algo-
rithm needs a large amount of data and time for training to
obtain good results. Face detection in thermal image using
Haar Cascade can be improved using one of the proposed
methods for image segmentation and create a lot of thermal
images that contain only the face for training database.

Face detection through thermal imaging using segmentation
has a good accuracy in single face detection. Comparing the
proposed methods, Template Matching is the most suitable.
Although Face contours has a processing time similar to
Template Matching, the bounding box with the face detected
is more unstable. Chamfer Matching has a similar detection
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to Template Matching but processing time of this method is
almost 4 times slower.

In this work, the thermal camera used is not calibrated,
so it is not possible to know the exact temperature in the
region of interest. As future work, we intend to improve the
developed algorithms for face detection and develop algorithms
for calibration of this sensor in order to measure absolute
temperatures. We are also working on a calibration procedure
for the simultaneous use of this camera and an RGB camera.
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