Neural network based face mask detection using thermal imaging sensors
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The data processing of cameras with the help of artificial intelligence has arrived
in areas of our daily routine. A trained artificial intelligence can precisely identify
persons to unlock secured data. Today, it is already state of the art to recognize
faces precisely with the help of cameras and to derive actions from them. Since the
corona pandemic is omnipresent, there are many ideas to be explored. Medical
masks will probably protect against infection and support the fight against the
pandemic. For this reason, masks are very often mandatory in public buildings
and transportation. Since the wearing of protective masks is often perceived as
restrictive and annoying, many organizations, such as an university or a grocery
store, are forced to hire additional inspectors. With a mechatronic system that
recognizes masks, it would be possible to reduce the additional work and increase

the safety of the staff.

1 Introduction

Nowadays, intelligent cameras are already fully in-
tegrated into our everyday life. This area is already
very well researched and has yielded very good re-
sults. The general level of knowledge about image
recognition from infrared (IR) camera data, however,
is much lower. The possibilities are already partially
applied in industrial manufacturing processes, but
there is still a lot of unused potential. The main task
of the present research project is to investigate the
data generation of two different IR cameras and the
conceptual design and implementation of an artifi-
cial intelligence. By combining these components,
the question ”Is mask detection by Al feasible using
IR data?” should be answered. The system should
detect whether the scanned person is wearing a pro-
tective mouth-nose mask or not.

2 State of the art

2.1 Related work

The research and development of mask detectors
received a boost from the corona pandemic. Mainly
color images are used for this purpose, like the SS-
DMNV2 [1]. A big benefit here is the very large
amount of training data available. The SSDMNV2 is
a system that uses a color camera to detect facial
masks with an accuracy of 0.9264 and an F1 value
of 0.93. In the past, only a few facial recognition
systems have been developed using thermal imag-
ing cameras. However, the basic function of facial
recognition is possible [2]. The image data is further
processed to provide information on exact tempera-
ture values. The system achieves a total mean ab-
solute error and a root mean square error compared
to an industrial instrument of 0.375°C and 0.439°C,
respectively.

2.2 Outcome

The analysis of the above-mentioned publications
provided insights into the quality and quantity of the
data set. Fine-tuning pre-trained models or the use
of data augmentation can redue the problem of small
datasets. Both sources have shown that the detec-
tion with a SSMD or YOLO can be useful.

3 Proposed methodology

In the context of this work, two approaches are con-
sidered. One is object classification and the other
is object localisation with YOLO. For both concepts,
data sets were created, neural networks trained and
the results evaluated. The research question could
already be answered with the first approach “object
classification”. In the further course, the network for
object localisation was implemented in a demonstra-
tor.

4 Data set

Fig. 1 Example images from the dataset with mask (top
row) and without mask (bottom row)

There are still no open source data sets for mask de-
tection using an IR camera. Therefore, data sets for
object classification and object localisation had to be
created within the scope of this work. The captured
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datasets fulfil the basic requirements of sharp and
clear images, sufficient training data, high variation
of geometry and position as well as the balanced ap-
pearance of classes. A data set was created for each
of the two approaches. Both data sets contain two
classes, people with mask and people without mask.
The above figure shows a small section of the data
sets. The final data set for the demonstrator consists
of 1134 images for training and 251 images for vali-
dation.The data for validation represents 18% of the
total number of images.

5 Object localization

In the field of real-time methods, the YOLO ap-
proach has become very important. YOLO is very
fast, because detection is considered a regres-
sion problem and does not require a complex
pipeline [3]. In addition, YOLO achieves twice
the average accuracy compared to other real-time
systems. By using the open source repository
(https://github.com/ultralytics/yolov5) it was possible
to use a pre-trained YOLO network. The pre-trained
model is called YOLOv5s and has 7.3 million param-
eters. The existing model was re-trained and fine-
tuned with the self-generated data.

5.1 Training results

After the last training session, a precision of 0.9
has been achieved with no tendency to increase fur-
ther. The confusion matrix shown below represents
a comparison between the labels, the model pre-
diction, and the actual labels that the model should
predict. Both the strengths and weaknesses of the
model can be seen here. The system achieves a
very high accuracy value, but also has many back-
ground errors. However, background errors can be
reduced by adjusting thresholds in the application.

Fig. 2 Confusion matrix of the final training results

6 Summary and conclusion

The research question ”Is it possible to implement a
mask recognition using a thermal imaging camera”
could be answered with two different approaches.

Both the first approach "using a CNN” and the sec-
ond approach “using YOLO” can answer the re-
search question positively. Within the project it was
possible to generate image data from a Lepton 2.5
and to process them afterwards with different neural
networks. By combining the developed subsystems,
it was possible to implement a selected approach in
a demonstrator. The system can test several people
at the same time for wearing a face mask and dis-
play the result via a graphical interface as depicted
below. Persons wearing a mask are marked with a
green label, persons not wearing a mask with a red
label.

Fig. 3 Real-time capable demonstrator with detection of
persons with and without mask

The existing potential of thermal cameras is not yet
fully exploited today and is still rather rarely used.
The use of thermal cameras makes it possible to
solve problems in a new way. The resulting sys-
tem works well and reliably in the first place. The
research question could be answered positively by
the results. However, there is a lot of potential to im-
prove the system. Points such as environment de-
pendency or the susceptibility to background errors
could be worked on further in the future.
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