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Abstract
Throughout the manufacturing industry, video recordings are used to help stan-
dardize work and develop training material for companies. Solme AB develops a
software suite named AviX which aids in the analysis of these recordings. This re-
port aims to evaluate how computer vision technology could be utilized to increase
the functionality of the AviX suite. Furthermore, the report will evaluate how the
technology could be used to automate analysis currently performed manually in the
program. The evaluated features are face blur, tool highlighting, ergonomic risk de-
tection, and footstep counting. A software platform is developed in Java, primarily
with the use of OpenCV, to serve as a proof-of-concept for Solme. To support the
flexibility of changing the set of enabled features, the application was constructed
modularly and the features were implemented independently. The thesis concludes
that there is potential to extend the functionality of the AviX suite by utilizing com-
puter vision. Automated face blurring has been achieved with a considerable success
rate, increasing the privacy of people appearing in the video recordings. Moreover,
the automation of ergonomic risk detection showed promising results which indicate
that manually performed analysis can indeed be automated.

Index Terms—Artificial intelligence (AI), computer vision, ergonomic risk, face blur,
face detection, neural networks, object detection, pose estimation, step counting,
tool highlighting.
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Sammanfattning
Inom tillverkningsindustrin används videoinspelningar frekvent för att standardisera
arbetsuppgifter samt för att fungera som utbildningsmaterial internt inom företag.
Solme AB utvecklar en mjukvaruplatform, vid namn AviX, som syftar till att un-
derlätta analysen av dessa inspelningar. Målet av denna rapport är att evaluera hur
datorseende kan användas för att utöka funktionaliteten hos AviX. Vidare kommer
rapporten evaluera hur teknologin kan användas för att automatisera analys som för
tillfället utförs manuellt i programmet. Funktionaliteten som utvärderas är ansikts-
blurrning, verktygsmarkering, detektering av ergonomisk risk, samt stegräkning. En
mjukvaruplatform har utvecklats i Java, primärt med hjälp av OpenCV, för att an-
vändas som ett koncepttest åt Solme. För att få flexibilitet och göra det lätt att välja
vilken funktionalitet som ska vara aktiverad har applikationen byggts modulärt och
de olika funktionerna har implementerats oberoende av varandra. Rapporten drar
slutsatsen att det finns potential att utöka funktionaliteten hos AviX genom att ut-
nyttja datorseende. Automatisk blurrning av ansikten har uppnåtts med betydande
framgång, vilket ökar integriteten hos personerna som visas i videoinspelningarna.
Dessutom visade detekteringen av ergonomisk risk lovande resultat vilket indikerar
att manuellt utförd analys kan automatiseras.

Nyckelord—Ansiktsblurrning, ansiktsigenkänning, artificiell intelligens (AI), datorseende,
ergonomisk riskbedömning, neurala nätverk, objektdetektering, stegräkning, verk-
tygsmarkering.
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1
Introduction

Video recordings are used in the manufacturing industry to help standardize work
and develop training material for companies [2]. By analyzing these recordings, com-
panies can also restructure their workstations to provide a more e�cient work�ow,
as well as to reduce poor ergonomic conditions for the workers.

Solme AB [3] is a software company specialized in video analysis of industrial pro-
cesses. Their product, a software suite named AviX [4], o�ers tools for ergonomic
analysis and optimizations of manufacturing processes. AviX is based on recording
the work process, timing the tasks, and classifying their utility. When the process is
visualized, several modules enable evaluation and optimization. These modules pro-
vide tools for line balancing and execution optimization [5], failure mode and e�ects
analysis (FMEA) [6], ergonomic analysis, single-minute exchange of dies (SMED)
[7] analysis and product design.

1.1 Purpose

Recently, Solme has been approached by customers who have had concerns regarding
the privacy of their employees. The company has as such begun exploring di�erent
features and solutions that would make the manufacturing workers more comfort-
able with the video analysis. One of the suggested solutions is to implement a
feature that would enable users of AviX to blur the faces of people who appear in
the recordings by utilizing computer vision.

When discussing the possibility to use computer vision technology to blur faces,
Solme also showed interest in exploring other ways the technology could be utilized
in their software suite. As a result, they want to investigate if it would be possible
to automate the analysis currently performed manually by users of AviX.

The purpose of this thesis is to explore how computer vision can be used to im-
prove upon or create new, features for the AviX software suite. The primary feature
will be the blurring of faces, but together with Solme an additional set of analytical
features to examine has been decided upon. These additional features are: 1) tool
highlighting; 2) ergonomic risk detection; and 3) footstep counting. The functional-
ity of these features will be explained in detail in Chapter 3. The goal is to produce
a prototype that can serve as a proof-of-concept for Solme from which they can
gain insight into the potentials and limitations of utilizing computer vision to o�er
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1. Introduction

these new features. As di�erent analysis features will be explored and implemented,
the aim is to build a modular platform that allows the user to easily change which
analysis is to be executed.

1.2 Problem Description

The problem posed in this thesis is to produce a proof-of-concept platform using
openly available AI models to implement features desired by Solme. The main re-
quirement for the platform is that it should be created with Java. Furthermore,
it should utilize openly available resources in the form of code and classes, hence-
forth referred to as open-source libraries. The features that are to be implemented
are:

ˆ Face Blurring - The ability to blur faces that appear in the video. This will
be the primary feature.

ˆ Tool Highlighting - Highlight tools used in the video for educational pur-
poses.

ˆ Ergonomic Risk Detection - Timestamp moments in the video containing
non-ergonomic motions.

ˆ Footstep Counting - Count the number of steps taken in a video.

The platform should be able to take a video �le as input and output a modi�ed ver-
sion of the �le. Furthermore, it should output the results of the analysis performed
in an appropriate document format. This could for example mean outputting a
video with faces blurred and a document containing timestamps for non-ergonomic
motions. Additionally, the user should be able to select which analysis is to be per-
formed. As the focus of this project is not to build a graphical user interface (GUI),
command-line arguments will be used.

The proof-of-concept is supposed to work as a standalone application. The goal
is not to integrate any functionality into the AviX suite at this point, but rather
build a platform in Java that could be used as a reference if Solme wishes to pursue
these features.

1.3 Ethical Evaluation

Computer vision applications today can capture exceedingly detailed and personal-
ized information. This has given rise to ethical concerns as the technology can be
used for di�erent purposes. For example, developers of computer vision have collab-
orated with authorities to monitor people of a speci�c ethnic group [8]. Furthermore,
there is also the issue of people using computer vision to generate synthetic media
where the person appearing in the video is manipulated to look like someone else,
commonly called 'deepfakes' [9].

Even though this work is vastly di�erent from the examples above, there is un-
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1. Introduction

derstandably a negative stigma attached to computer vision systems [10]. People do
not generally like being surveilled, and it should be fully within their rights to choose
not to participate in the videos. In the case of this project, the people appearing
on video are consenting adults who have been informed of what the footage will be
used for. Furthermore, di�erent use cases of computer vision have di�erent ethical
implications. As such, the implications of each feature that is to be implemented
will be discussed in the following sections.

The blurring of faces is a feature with a large social aspect. According to the recent
EU General Data Protection Regulation (GDPR), the face is a person's most visible
and primary form of identi�cation [11]. As such, the face blurring of manufacturing
workers can be seen as a measure to protect their privacy. However, it should be
noted that face blurring does not ensure total de-identi�cation. Identifying indi-
viduals through other personal traits such as their bodily physical appearance and
clothing is still possible.

In addition, there are outcomes of the face blurring feature which might not be
in the interest of the workers. Firstly, studies show that blurring faces not only de-
identify them but also de-humanizes them [12]. This can subsequently decrease the
watchers' ability to relate to the participants of the video. Secondly, it is important
to recognize that Solme's interest in face blurring is not inherently to protect the
privacy of manufacturing workers. Instead, the goal is to make these workers feel
more comfortable with being recorded by o�ering them a sense of privacy.

In contrast, the tool highlighting feature is di�erent in that it does not analyze
any individual per se. It only looks for inanimate objects, not people. It could be
argued that the feature is in the interest of the employees as they are presented with
a clearer learning experience. However, even if it is not the intended e�ect of the
feature, it might work as an additional form of surveillance. The feature could po-
tentially identify an object that a person is not supposed to be using. For example,
it could identify a phone being used by an employee, even though the company has
a strict no-phone policy. This could in turn give the employees the feeling that they
are being monitored.

Lastly, it is hard to identify problematic scenarios for the ergonomic risk detec-
tion and step counting features. The ergonomic analysis feature is meant to bene�t
both the employees and the employers. Working extended periods at an assembly
line that has poor ergonomic conditions can lead to long-term injuries [13]. This is
naturally undesirable for the employee but can also be expensive for the employer.
With this in mind, it is easy to see how identifying which stations have poor er-
gonomic conditions is of great interest. In the case of the step counting feature, a
positive aspect could be ensuring that the manufacturing process allows the workers
to walk an appropriate distance each day. It may seem obvious that walking too
much is taxing on the body, but so is walking too little [14].

3



1. Introduction

1.4 Thesis Outline

After this introduction, the thesis will start by o�ering background knowledge to
important areas in Chapter 2. In this chapter, an overview of what computer vision
is will be presented, as well as a quick introduction to the AviX software suite. Fur-
thermore, the section will cover work related to this project.

In Chapter 3 the features will be discussed in detail. The functionality of each
feature will be de�ned, while also o�ering explanations as to how AviX is to bene�t
from them.

Next, in Chapter 4 the work process will be described. This will include descrip-
tions of how the libraries were evaluated, how features were explored as well as how
testing was performed.

A rundown of the software created will be presented in Chapter 5. The section
will cover the program structure as well as the implementations of each feature.
The program �ow when processing a video will be explained to o�er an overview of
the prototype.

The results and discussion presented in Chapter 6 will �rstly focus on how well
the proof-of-concept works as a whole. It will then subsequently go over each fea-
ture and discuss its performance.

Lastly, in Chapter 7 the report will o�er some conclusions and ideas for potential
future work. Using the results from the previous chapter, the section will summa-
rize the issues that Solme would encounter if the software of this kind was to be
implemented in their AviX suite. Furthermore, it will o�er closing thoughts as to
which features could work well given enough e�ort, and which features may prove
more di�cult to implement.
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2
Background

This section aims to provide the reader with the essential background knowledge
needed to understand the content of the thesis.

Firstly, key concepts surrounding computer vision used within the project will be
introduced and explained to aid the reading comprehension during the technology-
focused sections of the thesis.

Furthermore, a brief introduction of AviX will be presented so that the reader can
understand the connection between the project and the software suite.

Lastly, a brief presentation of previous solutions to similar problems will be shown
in order to give the reader an overview of previous work performed in the area.

2.1 Computer Vision

Computer vision refers to the use of di�erent methods within the realm of arti�-
cial intelligence to extract information from visible media such as digital images or
video. To classify as computer vision, the AI needs to not only extract information
but also do something with the information, such as recommend or take an action
[15].

Computer vision as a technology has been around for decades. The earliest im-
plementations of the technology (the late 1960s) were attempts to mimic the human
visual system [16]. This resulted in the technology that is today called 'image tag-
ging', i.e. computers being able to categorize images based on what is predicted to
appear in them.

2.1.1 Arti�cial Intelligence (AI)

There is no generally accepted de�nition of what arti�cial intelligence, or AI, means.
In this project, AI is interpreted as the entire set of tools and technology that can
be used or interpreted in a way that bears a resemblance to human intelligence [17].
This project primarily refers to the detection of faces in videos and the estimation
of human poses. AI can as such be seen as a term that encapsulates many other
techniques and methods [18]. One such method being machine learning.
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2. Background

Fig. 1. The relationship between arti�cial intelligence, machine
learning, and deep learning.
Source: Adapted from [17].

2.1.2 Machine Learning (ML)

Machine learning is generally described as mathematical methods constructed to
make predictions and optimization through the use of experience [19]. The term
experience is meant to symbolize data from which a method canlearn how to do a
speci�c task and the quality and quantity of the incoming data points.

More concretely, in this project, ML refers to the way the methods used in dif-
ferent libraries are constructed. Di�erent libraries used in aspects of this project
contain, or can use, di�erent networks and algorithms to achieve a speci�c goal. For
example, the networks used to detect the position of faces in images are trained
through machine learning. Algorithms trained through ML are the key to perform-
ing the computer vision tasks this project requires [20].

Di�erent algorithms that have gone through di�erent training regimes di�er in their
performance and e�ciency. When optimizing an algorithm, it is provided a large
amount of data. In the context of face detection, an algorithm would be provided
with a large number of images containing faces as well as labels stating if and where
a face is located. The algorithm uses these images and labels to learn how to make
estimated guesses. Algorithms or networks optimized under certain conditions are
therefore also more accurate when predicting under these same conditions.
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2. Background

2.1.3 Neural Networks (NN)

A subpart of ML is neural networks. Neural networks aim to imitate the human
brain through a collection of algorithms [21]. A neural network works by taking an
input, sending it forward to an arbitrary number of hidden layers (algorithms with
constants and coe�cients that are optimized when training), before mapping it to
outputs representing di�erent predictions. In the end, a neural network output can
range from being binary, such asyes or no, to a multitude of values mapping for
example di�erent colors that can be identi�ed in an image [22]. A neural network
that contains two or more hidden layers is usually referred to as a deep neural net-
work (DNN)[21].

Fig. 2. A neural network featuring a three dimensional input
layer, a hidden layer and two types of output.

Source: Adapted from [23]

All this combined allows for inputs to be sent through a network with multiple
di�erent paths to �nally result in some sort of output that can be used to reach
conclusions or make predictions.

2.2 The AviX Software Suite

AviX is a software suite, created by Solme AB, that is used for optimization and
analysis of production and design processes. AviX consists of modules, with di�erent
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2. Background

modules for di�erent purposes. For example, there is 'AviX Method' and 'AviX
Ergo', the �rst being their tool for method and time studies that come with a built-
in media player. The latter, 'AviX Ergo', is a module that through video processing
technology analyzes the ergonomics of the workplace [24].

2.3 Related Work

In this section, related work to the work made in this thesis will be presented.
Firstly, work related to the face blurring feature will be presented. Secondly, related
work to the ergonomic risk detection will be highlighted. Thereafter, related work to
the tool highlighting and footstep counting features respectively will be introduced.

Face detection is used in many di�erent applications for a multitude of reasons.
There is the use case where the face detection is subsequently followed by face blur-
ring. This is primarily performed because of privacy concerns of people appearing
in images or videos, which often is a necessity when using street-level images. The
most notable example of this is Google Street View [25, 26]. Furthermore, computer
vision can also be utilized for full-body de-identi�cation, as a continuance to face-
blurring [27]. This is done in a way that retains the human features while allowing
for increased privacy of individuals.

Previously, software has been developed that aims to assist in the process of as-
sessing ergonomic risk. For example, Venkatesulu and Koundinya implemented a
solution during their master thesis project at Chalmers where they used wearable
sensors to assess ergonomic risk [28]. The sensors (accelerometers) were placed on
di�erent segments of a person, and as this person was going about his or her work
the sensors measured the movement of the body. Using this data, information such
as the angles between certain joints was extrapolated and used to calculate a score
using the Rapid Entire Body Assessment (REBA) method. REBA is a tool that
uses generally applicable ergonomic standards which results in it being used in a
wide variety of working environments to quantify ergonomic risk [29].

Regarding tool highlighting, computer vision can be used for more than just de-
tecting which tools that are being used, it can also be used to evaluate the wear of
a cutting tool [30]. Using the tool in di�erent ways and subsequently evaluating the
wear can lead to �nding optimal usage methods for minimal wear. That is favorable
from an economical perspective.

In the case of footstep counting, historically some form of pedometer has been used
to keep track of a person's footsteps. One paper that more closely relates to this
project presents a solution where footsteps were being counted by analyzing footage
of a person doing agility training [31]. No sensors were used and it had a 97% ac-
curacy while processing in real-time. The limitations of their solution are that the
camera has to be stationary, and the movement is constricted to a pre-con�gured
square where a single person's movements are predictable.
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3
Features for AviX

This chapter will explain the features in more detail. It will be going deeper into
what the features are and why they are useful for AviX. How these features ended
up being implemented in the program will be explained in Chapter 5.

3.1 Face blurring

The face blurring feature edits the frames in a video to blur faces. An example is
showcased in Fig. 3. The means of the feature is the anonymizing of facial features.
However, as mentioned in Section 1.3, more parts of a human can be used to iden-
tify the human such as clothes, posture, and body. Therefore, it is not complete
anonymization.

Fig. 3. Face detected with OpenCV's Deep Neural Network
(DNN) module.

Source: Adapted from [32]
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