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Exploring the potential of AviX to import data directly from pose estimation and a way of working
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SHASHANK VENKATESH KOUNDINYA

Department of Industrial and Materials Science
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Abstract

In today’s scenario, the means of performing ergonomic assessment are mostly limited to
obtaining the required information through manual observation. While this is good for
assessing an already existing workplace, more accurate information can be obtained with the
use of current tracking technology and valuable time can be saved in comparison with the
manual way of observation.

This thesis attempts to automate the process of filling in a part of an ergonomic assessment in
the AviX software from posture data. The work done also delves into the method of obtaining
this posture data automatically from the use of appropriate systems. An exploration into the
existing ergonomic standards pertaining to the scope of the thesis is also made. The different
techniques to obtain movement data are discussed. Each technique is analyzed to find out the
means of extracting the required posture data. The method to make it possible in real-time is
described as well. An explanation of the working of the AviX software in storing information
pertaining to the created tasks is given. The process of automatically modifying the task
information in the software is described. A suitable experiment to test the entire procedure is
also created and explained. A study of the person’s posture during the experiment is discussed.

The future possibilities with this method of obtaining movement data are also addressed and
explained in this thesis. Suggestions on how to combine our thesis work with the work done in
others are also given.

Keywords: Real-time, Pose estimation, Motion tracking, Ergonomic assessment, AviX
automation, VR usage, REBA, RAMP.
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1

Introduction

1.1. Background

Virtual Manufacturing Sweden AB is a company that focuses on supplying lean-based
production and logistics development services. The services include station design, work
instructions, value stream mapping (VSM), design of assembly lines with associated
standardized work methods and more. Virtual Manufacturing makes use of the AviX software,
developed by the company Solme AB, to handle the work done in the Assembly and Production
Flow department. This thesis is concerned with the transfer and interpretation of posture data
to be used in ergonomic evaluation, and also the standard of ergonomics within the company it
is working with today and its use of ergonomic data. The main reason for Virtual Manufacturing
AB commissioning this thesis is to understand how to make an effective use of the REBA
ergonomic assessment tool present in the latest version of AviX which is yet to be released.
Also, they need suggestions on a way for working with ergonomics for their projects within the
company.

1.2. Problem Definition

There are many ways of determining human movements to study and understand the motion
of a person. Out of these existing methods, a suitable one should be selected so as to fetch the
data quickly and in a simple manner. The method used to determine the human motion itself
should not act as a hindrance to any movements taken by the person. Moreover, companies
might not have access to all of the tools existing in the market to perform this study. So,
consideration has to be given to what is available at hand and currently being used and to those
methods that require minimum investment. After this information is obtained, one should be
able to store it in a software which is used for production study. AviX is one such production
tool that is used to study the processes that take place in a production line and optimize them
to yield better results. An investigation is needed on how the data can be transferred to AviX
software such that the posture data along with the number of steps taken in the processes can
be automatically generated without the need for entering them manually.

A second consideration is to establish a method for the company to work with ergonomics in
their future projects. At present, the company does not have an existing method to work with
ergonomics. So, a study has to be done to find the most suitable method for the company to
use based on their customers’ requirements. Hence, by using this method the company will be
able to conduct ergonomic analysis and find ways to improve the existing conditions of the
workers. This method of working with ergonomics should generally be applicable to suit most



working situations because of the various possible environments.
1.3. Purpose

The need to develop a methodology to make it possible to analyse human motion by estimating
the pose of a person is to establish a simple method that can be used for many situations in a
factory. Using this method, the data regarding workers’ movement can be found and computed
to study the ergonomics of any workplace. To make this data easily accessible, it is required to
be put into a commonly used software that handles information related to production. AviX is
one such commonly used tool and importing data into this software will make it much easier to
study production.

A method of working with ergonomics is needed to be referred to when analysing the
ergonomics of any workplace. Hence, it is important to establish a method that is suited to fit
the majority of working conditions.

1.4. Aim

The aim is to find a method to transform the data concerning human movements into Avix
software and to also make suggestions for a way of working with ergonomic evaluation. From
this project, the expected outcomes are as stated below:

e A methodology for making use of the AviX software to store posture data, and
give information on harmful poses obtained from the pose estimation

e A way of working with ergonomics to show Virtual Manufacturing Sweden AB how posture
data can be used to analyse the work done in their Assembly and Production Flow
department.

1.5. Limitations

The data collected during the pose estimation phase of the project is strictly focused on human
movements for ergonomic evaluation. Not all features of the human body are taken into
consideration in this project for the pose estimation. Head, Arms, Hands, Shoulder, Facial
expressions, fingers and toes were not focused on while estimating the human pose. The data
transfer is done only to AviX, and not to any other software.



2

Frame of Reference

Ergonomic standards in industries are practices that improve and promote the productivity of
the workers, along with maintaining their health and well-being (Ergonomic Standards, 2020).
These are standardised procedures that allow the company to keep a track of the physical and
mental stresses that are exerted on a worker and restrict them under certain limits that the
company has set. Companies prioritize good ergonomic practices because they are beneficial in
reducing the financial expenses that the company incurs due to worker absence and their ill-
health. Now, ergonomic evaluation is another part that is vital to this thesis. Ergonomic
evaluation is the assessment of the work tasks performed by an operator, along with the tools
used and the environment the tasks are set in (Ergonomic Assessment, 2020). Ergonomic
evaluation allows for the identification of work tasks that are harmful for the operators and to
take remedial action. There are many ergonomic evaluation tools that are available, depending
on the kind of work that needs to be focused on.

2.1. Ergonomic Standards

As the access to ergonomic standards of various companies is limited to the public, we were
provided only with the ergonomic standards that our thesis company had access to. These
ergonomic standards are listed below:

2.1.1. Volvo Group Ergonomic Memorandum

Volvo Group has developed an ergonomic memorandum to promote a “stimulating and healthy
work environments for its employees” (Brault et al., 2013). The ideal work environment,
according to this memorandum, is that it must be adapted to be accessible by a wide variety of
employees, it must be adapted to repetitive tasks and frequent handling of parts, the
equipment present must be easy to operate, it must be designed to increase the efficiency of
work, and finally it should not pose any physical health risks to the employees.

Although this memorandum is not an analysis tool for ergonomics, this can be used to compare
the current workstation design with that of the ideal work environment explained in this book.
The risk factors along with their risk scores and the recommended values are a good way to
design a new workstation or re-design an already existing workstation with room for
improvements.



The different aspects of a work environment covered in this memorandum are: Workstation
accessibility, Anthropometric data, Dimensions of workstation, Posture, Stress, Workstation
usage frequency, Movements, Material-handling aids, and Logistics. The purpose of this
memorandum is to help Volvo Group in improving the quality of work of the employees, along
with the overall quality of the product. This also improves the health and safety of the
employees, thereby avoiding any unnecessary costs and losses to the company.

2.1.2. Volvo Group Ergonomic Standard

The version of Volvo Group Standard that is referred to in this thesis was developed in March
2009 (Volvo Group, 2009). The document involves the scope of the ergonomic standard and its
fields of application. It includes working postures and how the working environment affects a
human body. The machines and tools present in the working environment and the kind of
effects the load of these tools have on the human body are explained in-depth. The standard
also includes details on how the sequence of work tasks along with work pace affect the
ergonomics of employees.

This document interprets the term “ergonomics” as the ergonomics to prevent the occurrence
of Musculoskeletal Disorders (MSDs). It also stresses the fact that work environments should be
designed to stimulate personal development of the employees. This standard describes that to
achieve personal development, the operators need to be able to rotate through jobs/work
tasks. In this document, any factor of a work task that is said to be strenuous on the body if
carried out for a long time has to be avoided. Here, a long period of time is if the length of the
work task either takes up more than 2 hours in an 8 hour workday, or is done frequently like
more than a 100 times in a workday.

The most optimal work posture is when the loads are acting on the body when itisin a
“neutral” position. Work postures include bending of the back, twisting, lifting of the upper
arm, position of the wrists, angle between body and upper arm, etc. The standard prohibits any
kind of activity that requires the operator to squat, kneel or work on one leg for extended
periods of time. Work movements include walking, pushing/pulling, climbing stairs and/or
inclined surfaces, etc. A good working movement is one which allows for the muscles of the
body to be relaxed and the joints to move freely. Small recovery breaks are important for the
muscles to relax from the strains of work tasks. The standard also prohibits any kind of rapid
movements of the body, repetitive work tasks, or highly monotonous work.

2.2. Ergonomic Tools

There are many ergonomic assessment tools that are available to perform an ergonomic
analysis. One tool that has an appropriate structure to make use of posture data is the REBA



ergonomic evaluation tool, making it a good choice to pursue. The company, Solme AB, has also
decided to include this tool in the latest release of the AviX software. Each task entered into
AviX can be attached with a REBA analysis and this makes it easy to analyse every task and
make improvements accordingly.

During our study of ergonomic evaluation methods, we came across the RAMP ergonomic
evaluation tool which also makes use of posture data to a certain degree. It is a free ergonomic
assessment tool developed at KTH Royal Institute of Technology, Sweden. This tool takes in a
lot more input data when compared to REBA, and makes a holistic assessment of the work that
is done. Both of these ergonomic tools that were considered for analysing the ergonomic
aspects of the human operator are described below:

2.2.1. Rapid Entire Body Assessment (REBA)

Rapid Entire Body Assessment, as the name suggests, is an ergonomic analysis tool that is
simple to use to “rapidly” assess a task or an activity to check for risks of musculoskeletal
disorders (Hignett & Mcatamney, 2000). A wide range of activities/tasks and postures can be
evaluated for risks using REBA (A Step-by-Step Guide to the REBA Assessment Tool, 2017). A
major advantage of using REBA is that it divides the body into different sections that can be
analysed individually with respect to the posture taken by that particular body section within a
work task. This makes the evaluated result more holistic and accurate. It allows for an
ergonomist or a production planner to improve a work task based on a part of the posture that
seems to be harmful. The final result is the REBA score obtained along with an associated level
of urgency. A low score signifies that a particular task is good with no considerable risks, while a
high score is an indication that urgent action must be taken to improve that particular work
task. The REBA score is from a scale of 1 - 15.

The assessment is split into two sections: A and B. In section A, the assessment is started by
analysing the positions of the neck, legs and trunk. There are additional score points if there is
any twisting or bending of these parts involved, and also if there is any load lifting involved. In
section B, analysis of the arm and wrist is carried out. The positions of both the upper arm and
the lower arm are analysed. A coupling score is added to the combined score of the arm
position. The coupling score is for the hold or grip that the operator has during a particular
activity. If the hold position is poor, points are added to the score. Scores obtained in sections A
and B are then compared on table C. A corresponding score is obtained. An activity score is
added to the score obtained from table C, that signifies if a particular activity or posture is
repetitive. This is the final REBA score.

The main limitation of the REBA method is that it does not consider time, neither the duration
of the work task nor the time the operators get in between work tasks. It can analyse only one
person at a point in time. But the advantages far outweigh the limitations, because of the

simple understanding and use of this method. It does not require extensive skill or knowledge



of any particular software or tool. The harmful risks of MSDs are identified and the respective
work tasks can be prioritized to be improved.

2.2.2. RAMP

Risk Assessment and Management tool for manual handling Proactively, or RAMP as it is
abbreviated, is an ergonomic risk management tool developed at KTH, i.e. the Royal Institute of
Technology in Stockholm, Sweden (Rose & Lind, 2017). One of the main reasons we chose to do
a literature study on RAMP is due to its holistic approach towards ergonomic analysis. It
considers both the upper and the lower extremities of the body. The analysis can be done by
people with basic knowledge of ergonomics. The results are comprehensive and can be
understood by common laymen. But most of all, it is a standard tool (or method) that can be
accessed easily and is free to use. The main purpose behind the development of this tool is to
make a comprehensive study on the physical ergonomic risks that occur during the manual
handling of parts, especially in the logistics, transport and manufacturing sectors. The main
sequence of the risk assessment is: identification of risks, analysis of the risks, action to
eliminate or mitigate those risks, and finally a follow-up plan to keep those risks in check by
making sure to stick to the action plan.

There are four modules involved in RAMP:

1. Two assessment modules
a. RAMP I
b. RAMP I

2. Results module

3. Action module

RAMP | is an initial risk identification and assessment method. It involves a checklist to assess
the instances of potential risks in the following areas of work tasks involved in manual handling:
a) Postures, b) Work movements and repetitiveness, c) Lifting work, d) Pushing and pulling
work, e) Influencing factors, f) Reports on physical work, and g) Perceived physical discomfort.
The assessment is presented with three different risk levels, namely: High risk, Investigate
further, and Low risk.

e High risk activities are ones that have a high probability to cause MSDs. Improvement
measures are to be given highest priority. It is colour-coded red.

e Investigated further are activities that need to be analysed more in-depth. RAMP Il is
recommended for this. It is colour-coded grey.

e Low risk activities are ones that pose no immediate threat of MSDs. Improvement
measures can be developed, but not prioritized. It is colour-coded green.



RAMP Il is a more in-depth analysis and assessment method. It allows for a deeper analysis of
the work tasks based on the same checklist that RAMP | utilizes. The assessment is again
presented in three different risk levels, namely: High risk, Risk and Low risk.

High risk activities are those that pose heightened risk of employees developing MSDs.
Improvement measures must be given immediate priority. It is colour-coded red.

Risk activities are those that pose risk to certain employees of developing MSDs.
Improvement measures must be undertaken. It is colour-coded yellow.

Low risk activities are those that pose no risk of MSDs, apart from those employees
whose physical capacity is low. It is colour-coded green.

The Results module is designed to act as an effective means to convey the results of the risk
assessment. This usually can include any one or all of four levels of scope:

P wnN e

Single workstation or job
A department

Assite

A company

This can also be done in various levels of detail. For example, a high level of detail with reports
of all risk factors being generated, or one where only the risk factors are presented with their
respective risk levels and are colour-coded.

The Action module is a method designed and generated to help support the change in work
tasks that have been assessed to be ergonomically harmful. The action module is made up of
three parts:

An action module that helps by providing support to develop the actions or suggestions
in the areas of Employees, Organisation, Technology & Design, Vision & Strategies, and
Environment.

Action suggestions are presented for the factors that are colour-coded red or yellow,
based on the above mentioned areas.

Finally, a template is presented for the preparation of an Action plan. In this plan,
information regarding the planned action steps to improve the work tasks, the
responsibilities that are required to be completed, time schedules for the activities, etc.
are included.

In RAMP |, the questions in each of the seven areas of work are simple yes/no questions. There
are certain conditions that determine if the answer is either yes or no. In the results sheet, all
these questions are presented as work factors and are colour-coded to show if they pose a



threat of MSDs or not. At the end of the sheet, a summary of the results is presented with the
number of activities in each colour/risk category.

In RAMP II, a more extensive analysis is carried out. This enables the ergonomists or the
evaluators to be more precise and thorough while developing their improvement plan of the
risk activities. The factors are more in-depth in the same seven areas of work tasks. The posture
of the body and the external factors affecting it are analysed to a very high extent. The
questions in this module are not completely of the yes/no type. The questions involve more
educated and precise answers with risk scores, body twisting, force exerted while pushing or
pulling, etc.

2.3. AviX

AviX is a computer software that is used to analyse the work done in the workplace and
optimize them to maximise the productivity (https://www.avix.eu/). This software has six
modules that can be used to analyse the production processes. They are given below as follows:

Method & Time Study

Resource Balance

FMEA (Failure Mode and Effects Analysis)
SMED (Single-Minute Exchange of Dies)
DFX (Design for Excellence)

ERGO (Ergonomics)

By making use of all these six modules it is possible to find out ways in which the current work
scenario can be improved. In addition to the analysis part, AviX also has the ability to generate
work instructions and reports that act as a reference for the operators performing the task. The
latest version of the software yet to be released will have the REBA ergonomic assessment built
into its ergo module. All tasks that take place in the production process are first created and
entered into the software in the form of a tree layout. There can be many workstations or
operators who are assigned certain tasks. So instructions for that particular workstation or
operator can be generated. One can also add the parts and tools used in the production process
into the software giving more details on the work that is done. In this way this software
provides all the features necessary for analysing a production process. These features make it
easy to understand the current situations in the production process and improve upon them.
Virtual Manufacturing Sweden AB uses this software in their production related projects to
perform analysis and make improvements.

2.4. Pose Estimation

Pose estimation is the concept of tracking human movements and converting them into useful
information. This information can be analysed to find out if the workplace or work is
ergonomically good. The main posture data that is concerned with our thesis is the Step Count
and Back Bend Angles for which pose estimation serves as a really useful tool. The Back Bend
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Angle data is used to fill out a part of the already existing ergonomic evaluation tool built into
AviX which is REBA. The same data from the pose estimation stage can be used to fill out a part
of the RAMP assessment concerning the bending of back.

There are different ways by which the pose of a human can be estimated with the tracking of
the joints. Such ways of tracking dealt with in this project are:

e Tensorflow - Openpose estimation
e Xsens MVN analyse
e HTC Vive with Unity

The applications of pose estimation in general are as follows:

e Study of human activities to find out the movement of a person involved in an activity
® In movies and video games to give motion data to a virtually created character
e Inindustrial applications to convey the required path information to the robot or machine

2.4.1. Tensorflow - Openpose estimation

Human pose estimation is the process of fixing a set of coordinates on the joints of the human
body and establishing the connection between them in order to retrieve the actual posture of
the person as seen in the captured data (Raj, 2019). Here, each coordinate represents a joint
and the connections between these coordinates represent the limbs of the human body. In this
way, a virtual human skeleton is created over the actual person in the image which tracks their
movement. Each joint, after being detected, is associated with a 2D vector which determines
the position along with its orientation in the image (Cao et al., 2017). These 2D vectors are
determined at pixel level and are collectively known as Part Affinity Fields (PAFs). By making use
of these PAFs, it is ensured that the connection is only between the joints belonging to the
same person. Hence, this prevents wrong estimation by connecting the joints belonging to two
different people. This estimation can be done in real time as well from an existing video or
image file.

There are two approaches towards estimation of the human pose, namely:

e Top-Down
e Bottom-Up

Top-Down approach

This approach starts by detecting individual people in the image or video file (Raj, 2019). Each
person in the file is considered separately and then the algorithms run to identify the joints and
associate the coordinates on them, after which these coordinates are connected and the pose
of the person is determined. A bounding box is created for each person detected and further
operations to determine the body parts and their connections are performed considering just
the image within these bounding boxes. This method has the risk of not establishing the pose of
a person if the initial detection step misses out a person in the image.



Bottom-Up approach

In this approach, the joints of all the people in the image are first found and associated with
coordinates (Raj, 2019). After this, the connection between these coordinates is determined by
algorithms to establish their connection appropriately which results in the determination of the
human pose as seen in the file. This estimated connection is done by making use of the Part
Affinity Fields as mentioned before to avoid the errors in representing a wrong human skeleton
(Cao et al., 2017). Confidence maps are used to locate the required joints or parts of the human
body in the image as they detect the probability of the presence of a particular body part in the
pixel.

The tensorflow pose estimation method makes use of the movement data concerning the joints
of the human body as shown in Figure 2.1. This method does not require any trackers placed on
the human body. The person can perform the work task freely and is not restricted by any
external devices as in the other methods. This method makes use of python scripts to create a
virtual human manikin that follows the motion of the person being captured. This script
contains the operations to be performed in order to draw the virtual skeleton over the human.
Here, each joint of the body has a number given to it. By modifying the python script, one can
get the coordinate values of the required joints. These output values are generated on an excel
sheet. From this, a python script developed by us is able to utilize the data concerning the
coordinate positions of the joints and give the required count of steps and bends.

Figure 2.1: Openpose joint numbers

Source: https://github.com/CMU-Perceptual-Computing-
Lab/openpose/blob/master/doc/output.md [accessed 15 May, 2020]
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To find the steps the joint numbers 10 and 13 are taken into consideration as they correspond
to the right foot and left foot respectively. Whenever the relative distance between the feet
exceeds 50 cm, a step is counted. This will happen continuously to the end of the work task. In
this way, the steps made by the operator can be registered.

To find the bends made by the operator, the points taken into consideration are joint numbers
1, 8 and 11 which correspond to the neck, right hip and left hip respectively. Here, the midpoint
of 8 and 11 is found to locate the actual hip position. The relative distance between the joint
number 1 and the midpoint is first calculated horizontally and then vertically. The division of
the horizontal distance by the vertical distance is first computed. Then the tan inverse of this
computation is done to find out the angle of bending. Whenever this value exceeds a
predetermined maximum bend allowance a bend is counted. In this way, the bends made by
the operator can be registered.

By using the two concepts stated above, it is possible to find the steps and bends made by the
operator without the use of any external sensors and just capturing a person’s motion by
means of an RGB camera.

2.4.2. Xsens MVN analyse

The Xsens system makes use of inertial sensors to track the movements of the human. Here,
the sensors are attached to the various segments of the human body to track the movements.
For this method, there is no external camera used to record the person performing the
movements. The movements are tracked by making use of inertial sensors which transmit the
data to a USB hub connected to a computer. In this way, the motion is tracked and transferred
to a humanoid manikin within the software according to the body measurements of the person
under study. From this information, the movement of the entire human body is tracked and it
can be analysed further.

Inertial sensors

According to What are Inertial Sensors? (2019), inertial sensors, also known as accelerometers,
are components that make use of a spring mass system and capacitors to compute the various
movements. There is a spring mass system connected to a set of plates in a capacitor like setup.
Whenever there is a movement, the mass within the system moves and the plates are also
deflected as a result. Now due to this deflection, the capacitance is varied and this information
is used to compute the acceleration. One system consisting of a spring mass system and a
capacitor exists for each direction namely x, y and z. The capacitance variation in each of these
directions is then combined and analysed together thereby, giving the final position of the
concerned body part after the movement. Hence, the data regarding movement is transmitted
from each sensor to the USB hub connected to a computer and then this data is combined to
transfer the movement of the person to the manikin in the software resembling the body
measurements of the person under study.
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Output

The output obtained from this system is a series of x, y and z coordinates for each body
segment. This data can be exported to an Excel sheet where further computation can be done
to analyse the motion data, therefore making it easy to track and ensure ergonomics in the
workplace.

2.4.3. HTC Vive with Unity

This system makes use of trackers to interface with objects in virtual reality. This makes it
possible for a person to work in a virtually created workstation and analyse the work being
done early on. In this method, base stations are used to scan the environment in order to find
the trackers. These trackers can be placed on the human body and the relative motions can be
studied to understand the movement and ergonomics of the worker.

Tracking

In the beginning, one of the base stations flashes Infrared light which lights up the controllers
and trackers (Buckley, 2015). Then a plane horizontal scan is done which locates the position of
the tracker in the horizontal plane followed by another flash and a vertical scan to find the
position in the vertical plane. From the intersection of these two planes a light ray is drawn
from the base station to infinity through the tracked position. This entire procedure is done by
the other base station as well. The point where the light rays from both the base stations
intersect denotes the position of the tracker at that instance. This entire cycle is done many
times per second. In this way, the HTC Vive makes tracking of objects possible in real time.

Unity

Unity is a game development software that can be used for the purpose of creating interactable
game objects for virtual reality applications as well. For our purpose, this software can be used
to create virtual workstations with interactable objects that resemble a real workstation with
various tools and components. This software makes it possible to display the relative position of
the trackers which can be analysed further to track the human movements. Hence using the
HTC Vive system in combination with the Unity software yields the data required for human
motion analysis.
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3

Methodology

The different methods for estimating the pose of a person are described below. The way in
which the desired data concerning steps and bend angles are obtained and stored is also
explained. Here, the process of using the output of the pose estimation phase to fill out a part
of the ergonomic assessment in the AviX software automatically is covered. Information
regarding the file that AviX makes use to hold the scores of REBA assessment is given. The
sample work task that was created by us in order to test the methods is also dealt with in this
chapter. This sample work task is evaluated by using RAMP and REBA. The method of
evaluation using these evaluation tools is discussed briefly.

3.1. Data Collection

One aspect of this thesis was to understand how AviX could be automatically fed with the data
from the pose estimation results. To get information on how the software stores information
regarding the user created tasks, we set up an interview with O. Ljung & E. Emanuelsson
(Personal interview, March 12, 2020) at Solme AB, the company that created AviX. As a
precursor to ergonomic evaluation, we wanted to get an understanding as to what constitutes
good ergonomics within a workplace. For this purpose, Virtual Manufacturing AB shared with us
the Memorandum and the Standard of Volvo Group. This information was the basis on which
we carried out the developmental work.

3.2. Experimental Setup

In order to test the working of the methods used to handle information from the pose
estimators and also to verify if the desired part of the ergonomic assessment concerning the
back bend is being done correctly, an experiment was conducted. This experiment is a made up
of a sample work task which was created by us in accordance with the type of work dealt with
in the Assembly and Production Flow department projects at Virtual Manufacturing Sweden AB,
solely for the purpose of testing. The created workspace is shown in Figure 3.1.

13



v

Screwdriver

Bearing Welding Tool

o/

Operator

Designated Final
. Area

Figure 3.1: Created work area

The various tasks associated with this assembly process are given below:

Pick up plank

Place plank on product
Pick up welding tool

Weld plank joints

Return weld tool

Pick bearing

Place bearing into socket
Pick up screwdriver
Screw bearing-socket unit
Return screwdriver

Move product to finish area

The time for the example work was 49 seconds.

The trackers were placed on the neck, pelvis and feet body segments. After this, the experiment
was carried out to test the real-time pose estimation of the person performing the assembly
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tasks. The tasks were also created in AviX software and the dictionary file was exported and
kept ready. In this way, the experimental setup was done and then it was tested with some
runs to verify the results.

3.3. Pose Estimation Data Computation

The methods by which the human pose can be estimated while performing this experiment are
given below. A detailed description of how each system works in order to yield the
corresponding information pertaining to the steps and back bends is also given. The tools used
for estimating the pose of a person were:

e Xsens MVN analyse
e HTC Vive System in combination with Unity

3.3.1. Xsens MVN Analyse

This system can be used to track the basic x, y and z coordinates of the different segments of
the human body as shown in Figure 3.2. The output from this system can be exported to a
spreadsheet which displays the coordinates for all the different segments of the human body.
The two main body segments focused here are the pelvis and the neck. Using the positions of
these two body parts, the basic information about the human motion is found out.
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Figure 3.2: Xsens body segment tracker positions

The Xsens output gives a series of x, y and z coordinates for different segments of the body. To
compute the data from the output coordinates, a python script was created. This script acts like
a third party software that is used to take the values from the output of the pose estimation as
its input and perform calculations in order to find out the required information. This code
developed by us has various functions like step-bend computation, displaying output on a
spreadsheet in Microsoft Excel and modifying a file that is used by AviX software that holds
data concerning its tasks. All these functions are made possible by importing various modules
of python that perform the intended function. The python script can be found in Appendix A.

To find out the number of steps that a person has taken, the x and y coordinates of the pelvis
are studied at each position. These x and y coordinates represent the centre of the human
pelvis. From there the distance travelled by this point is studied and compared to the distance
required to be considered as a step. The created python script reads these values outputted
from the Xsens system. Here the formula resets the consideration point to calculate the relative
distance. From this computation the total number of times a step is taken by a person can be
detected. This is a relatively simple method as it makes use of only one body segment to
determine the number of steps an operator takes.
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An alternate method to finding the number of steps taken by the operator is to consider the
feet segments of the body instead of the pelvis. In this way, the computation takes place such
that the relative distance is horizontally calculated between the left foot and the right foot. This
relative distance is compared and if it is found to exceed 50cm, then a step is counted. No
further step is counted till this relative distance value reaches less than 50cm. Once it goes less
than this value, the program resets its consideration point and gets ready to check for the
condition in order to find the next step. This is done continuous till all the values have been
taken into consideration and computed. The alternate method is a much more stable way of
getting the required information pertaining to the steps of a person.

To find the bends and the bend angles that a person makes, two body parts have to be taken
into consideration, namely, the pelvis and the neck. Using trigonometry, the relative position of
these two segments are studied. At first the difference between their z coordinates is found
out. Then the distance between the position of these two segments is studied in the XY plane.
Then the XY plane distance is divided by the difference between the z coordinates. From this
resulting value, the arctan operation is performed to get the angle value at that instance. This
angle value denotes how much the human body bends while working. An angle limit point is set
and the computation leads to a count each time the bend angle crosses this angle limit point.
Hence the number of times that a person bends can be found out from this computation.

In this way, the steps and bends made by an operator can be found out and stored and
documented in Excel automatically.

3.3.2. HTC Vive System in combination with Unity

Using the HTC Vive trackers, the position of the human worker can be tracked. Here, combining
the system with Unity game development software allows yielding the corresponding x, y and z
coordinates which can be further computed to get the required aspects of the human motion.
The Unity software uses C# scripts to establish relations to the various objects in a scene. This
C# script holds the functions that is to be performed on either the trackers or controllers. By
performing such functions one can obtain information related to the movements of a player or
in our case an operator. A C# script is created to get the x, y and z coordinates of the trackers
and perform operations on them to yield the steps and the bending details of the worker in real
time. One tracker is placed at the pelvis area, the second tracker is placed either near the upper
chest or the back of the neck depending on the user’s preference and finally two trackers are
placed one on each foot of the person as shown in Figure 3.3.
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[ ] Neck
[ ] Pelvis

[] Feet

Figure 3.3: Tracker positions

To find the steps taken by the worker, the distance moved by the tracker near the pelvis region
is taken into consideration as shown in Figure 3.4. The distance moved by this tracker is
compared with the preset value for a step. If the distance moved by this tracker exceeds the
distance for a step, then a step is counted and displayed on the screen according to the C#
script written.

{ 1 Original position

O Current position

S - Distance moved by pelvis tracker
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Figure 3.4: Step computation with trackers

An alternate method to find the number of steps taken by a person while performing the work
tasks is to take the two trackers placed at each foot of the person instead of considering the
tracker at the pelvis as shown in Figure 3.5. Here, the relative distance between the feet is
taken into account to find if they are at least 50cm apart from each other. Using this condition,
a step gets counted each time the distance between the feet exceeds 50cm. In this way, even if
the person were to run or walk fast the steps would be counted accurately.

O

[[] Neck

[] Pelvis

[] Feet

'

'

'

'

'

'

'

'

'

'

'
SN
’ \

F

F - Distance between both feet
Figure 3.5: Alternate step computation with trackers

To find the number of times the user bends along with the bend angle, the initial position of the
second tracker placed according to the users preference near the head is first offset to bring it
in line with the position of the first tracker. From here the relative distance between the
trackers is observed. This observed relative distance is then divided by the height difference
between the trackers. Then the tan inverse function is used to get the angle value of the
bending motion. When this angle value crosses a preset limit, a bend is counted and is
displayed. The trackers that are taken into consideration and the illustration of computing
bends is shown in Figure 3.6.
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H - Horizontal distance moved by the neck tracker
V - Vertical distance between the pelvis and neck trackers
O - Angle between the original and the current pelvis-neck positions

Figure 3.6: Bend angle computation with trackers

The script also writes this data automatically to an Excel sheet.

In this way, the steps and bends made by an operator can be identified and stored and
documented in Excel automatically. The C# script can be found in Appendix A.

3.4. Accuracy Testing

The trackers are worn by the person and the person bends to a predetermined bend angle by
manual observation from another person. The bend angle value that the tracker shows at that
instance is noted. Then the person bends beyond the current value up to a certain point and
comes back to the predetermined bend angle value. Now the value shown by the tracker is
noted again. This is repeated for different bend angle values and the readings are noted. After
all readings are noted, the maximum deviation is calculated from the Excel sheet to get an idea
of how much the tracked angle can differ from the actual angle.

3.5. Storage of Collected Data

The pose estimation data regarding the steps and back bends is collected by using the methods
as mentioned in chapter 3.2. The computation is done by using the Python script developed by
us in the case of Xsens system and C# script in the case of the HTC Vive System which makes
use of the concepts described in the pose estimation data computation section of this chapter
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to find the number of steps and the information regarding the bend of his or her back while
performing the work task. This information regarding the number of steps and the back
bending data of the operator is stored in an Excel sheet. This gives time specific information
regarding the data obtained from the pose estimation technique. From this data, the total
number of steps, the number of bends and the maximum bend angle of the operator during
work can be seen.

3.6. Ergonomic Evaluation

The ergonomic evaluation tools tested in this thesis work are RAMP and REBA. These two tools
are used to evaluate the ergonomics of the work that is done in our experiment which is
described in Section 3.1. The reason for us selecting the above two methods was that we found
them very suitable for the work tasks in the projects undertaken by Virtual Manufacturing AB in
their Assembly and Production flow department. Hence, these tools were selected to evaluate
the ergonomics of the work being done.

3.6.1. REBA

The main motivation behind choosing REBA for the ergonomic assessment was that AviX is a
tool widely used by Virtual Manufacturing Sweden AB in their projects. The REBA assessment
will be made available in the yet to be released latest version of the AviX software by Solme AB.
This assessment is done to evaluate the extreme postures of the work done in our experiment.
The part of the REBA assessment that is automatically filled is the trunk position, which is done
by making use of the pose estimation phase. The posture of the operator performing the work
task is observed and the remaining part of scoring, which is not filled automatically from the
posture data, is done by us to find out the final REBA score. The REBA assessment sheet is
shown in Figure 3.7.

21



REBA Employee Assessment Worksheet Permission granted by Dr Lynn McAnatomany to convert the paper based format to an Excel spreadsheet version
A.Neck, Trunk and Leqa Analvsis | SCORES B: Arms and Wrist Analvsis
Step 1: Locate Neck Position Neck Sten 7: Locate Unoer Arm Position:
R e o swee Table A [ 1 2 3 oy 2 Q)
A \ 4 ( \ 1 2% 0%
)0 - 7 P T [ [ P I [ 4 / / 1.__6
N [ N (N 1 2 |34l 1|2[315]3(3]5]6 Al isnagy/ |
R R R 2 3 [4]5]3]4[5]6[4[5]6[7 W ¢\ { w4
Step 1a Adjust 2 7 [5[6[4[5[6[7[5[6[ 78 MEETA 2y
If neck is twisted: +1 3 5 |6|7|5|6]7[8[6[7[8]9]| Stp7a:Adust..
If neck is side bending: +1 7 6 [ 7[B8[6[7[8[9[7[B8[9[ 9] !fshouderisraised: +1
If Upper Am is abducted: +1 Upper Am Score
Step 2: Locate Trunk Position If amm is supported or leaning: -1
a ommen 5 0203 Table B
a2 +2 4
q ’ p /\ > dia A Step 8: Locate Lower Arm Posii
« 3 i y : g tep 8: Locate Lower Arm Position:
( J\I +2 [ ,\ { )/ v S - 7 . B ——— O oa O oa
Y U i 2 7 2 [3]2[3[2 J ) N
Step 2a: Adjust Upper Am [ 3 3 7 [5[4[5[5
If trunk is twisted: +1 Score 7 7 5 [5]5]6]7 T ‘ower Am Score
If trunk is side bending: +1 Trunk Score 5 3 7 |8|7]8]8 \ N &"‘
6 7 8 |8|8[9]9
Step 3: Legs Step 9: Locate Wrist Position:
G { o | (sl (s Score A (score I3 G
\ ) | form table A Score B, (table B value + coupling score) o 0
\'J ) Admept) 0 +loadforce ol kbl — 2 = v
/f i 74 score) 1 2 3 |a|s|e|7[8]a]10]1]12] -/ Wrist Score
(r " 17 asaer |7 aaaez 50 Score. 7 T T T [2[3[3[4[5][6[7[7] 7 Step 9a: Adjust
L - N 2 1 2 2 |3|a|a|5]6|6]7[7] 8 If wrist is bent from midiine or twisted: Add +1
3 2 3 3 [3[4[5]6[7[7[8[8] 8 Step 10: Look-up Posture Score in Table B:
Step 4: Look-up Posture Score in Table A 1 3 3 4 |4|5]6[7[8]8 9 Using values from steps 7-9 above, locate score in Table B Posture Score B
Using values from steps 1-3 above, locate score in 5 7 7 T [5[6[7[8[8[9[9[9] 9 Step 11: Add Coupling Score
Table A Posture Score A 6 6 6 6 |7|8]8]9][9][10]10]10] 10| Wellfitted handles and mid range power grip, good: +0
7 7 7 7 [ B[ 9[99 [0 Acceptable but not ideal hold or coupling
Step 5: Add Force/Load Score 0 8 B 8 8 | 9[10|10[ 10| f0[f0[T1[11] 11 acceptable with another body part, fair: +1 Coupling Score
If Load < Skgs: +0 9 9 9 9 _[10] 70 10 11| 11| 11| 12| 12| 12| Hana nola not acceptable but possiole poor: +2
If Load is 50 10kgs +1 ForcelLoad Score 10 10 10 0[] 1] 1] 1] 12] 12| 12] 12| 12 No handles, awkward, unsafe with any body part, =
If load >22lbs +2 1 il il 1| 1] 19 12| 12| 12| 12| 12| 12| 12| Unacceptaple: +3
Adjust: If shock or rapid build up of force:add +1 = i 7 7 o[ A2 T2[ 12| 72| 12| 12| 2] 12| 12 Step 12: Score B, Find column in | able
Step 6: Score A, Find Row in Table C B Add values from steps 10 & 11 to obtain #VALUE!
Ada values Trom steps 4 &5 o obtain Score A | Score B> Find Column in Table C and match with Score Ain oen
Find row in Table C. Tore | #VALUE! row from step 6 to obtain Table C score.
Step 13: Activity Score
Scoring: +11 or more body parts are held longer than a minute (static)
+1 Repeated small range actions (more than 4x per minute)
. +1 Action causes rapid large range change in postures or unstable base
change soon
8 to 10 = high nsk, investigate & implement change
Task Name XXOOOORKIXNKNK Reviewer X000 XXX Date: dd/mm/yy
This tool is provided without warranty. The author has automated the paper verion of this tool for applying the concepts provided in REBA .

Figure 3.7: REBA assessment sheet (Cornell University Ergonomics Web, 2000)

3.6.2. RAMP

The RAMP tool is used to assess the work being done on a scoring basis. Here, a part of the
assessment pertaining to the back posture can be automatically done by making use of the
pose estimation phase. The assessment itself is divided into two parts namely RAMP | and
RAMP II. The classification of tasks into different areas is generated after the assessment is
done. In this way, one can know how many tasks require immediate attention concerning
ergonomics.

The RAMP | assessment basically classifies the areas into red, grey and green. First the work
task is observed, and the situations mentioned in the assessment sheet are evaluated to get the
RAMP | assessment. The RAMP | assessment sheet is shown in Figure 3.8. Here, the second
criteria under the heading 1.1 which is the back/ upper body — bent or twisted gets filled in
automatically from the pose estimation results. At the bottom of the image, one can see the
number of work tasks that come under the red, grey and green category. To investigate the
grey areas further, it is required to perform the RAMP Il assessment to obtain further detailed
information concerning ergonomics.

The RAMP |l assessment, when done, reveals more information about the work tasks
performed by the operator. Here, the assessment classifies the work tasks into red, yellow and
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green areas. This assessment will show if the tasks, previously in the green area, end up in the
yellow area and if there are more red areas that require attention. These changes happen
depending on the criteria for the assessment. This assessment will reveal more information

pertaining to the ergonomics of the work task. The RAMP Il assessment sheet can be found in
Figure 3.9.

In this way, the RAMP assessment is done to find out the ergonomics of the observed
workplace.
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RAMP - Risk Assessment and Management tool for manual handiing Proactively
RAMP | {v1.03) Engiish.xisx

Results of the RAMP | analysis

Date: | Assessment of:

Wark/Wark task:

Work stat oyee lood:
Site: Country:
Assessment ordered by: Position:
Assessment completed by: Position:
Company representative: Position:
Safety/work enviranment persannel: Pasition:
Ocher: Position:

Other information:

RAMP | assessment

User comments

1. Postures
1.1 Does work occur often or for 2 long time in any of the following unfavourable pastures?
head bent backwards
back/upper body bent or twisted - forwards, backwards or towards the side
arm almast or fully stretched forwards (the hand more than about 45 cm from the spine)
hand above shoulder height or below knee height
hand/arm brought outwards to the side (to the right or to the left}
1.2 Does work occur in any of the following unfavourable postures about 1 hour per work day
ormore?
head dlearly twisted or bent - forwards or towards 3 side
hand clearly bent upwards, downwards or towards a side
legs or feet have insufficient space, or the surface is unstable or with a slope
2. Work movements and repetitive work
2.1& 2.2 Work movements and repetitive work?
3. Lifting work
3.1 Does lifting of loads occur?
3.2 How heavy are the loads and how often are they lifted?
less than 3 kg more than 100 times per work day
3-7kg more than 40 times per work day
more than 7 kg -14 kg more than 20 times per work day
more than 14 kg -25 kg more than 5times per work day
more than 25 kg
3.3 Do the ifts generally inany of i postures?
back/upper body clearly bent
back/upper body clearly twisted
hand above shoulder height
hand below knee height
hand outside forearm distance
arm dlearly brought outward (to the right or to the left)
lifting/holding with overhand grip (paim facing downward)
one-hand lift where the load exceeds 6 kg
lifting while seated where the load exceeds 7 kg
4. Pushing and pulling work
4.1 Does pushing and pulling work occur?
4.2 How large is the exerted force in the pushing or pulling work?
the starting force
the continuous force
4.3 Does the pushing and pulling work generally occur in any of the following unfavourable conditions?
the gripping height clearly deviates from elbow height
the work s carried out with the back/upper body clearly twisted
the force is exerted towards the side or upwards (i.e. not straight forwards or backwards)
the force is exerted with one hand
the pushing or pulling is carried out often (approx. more than 100 times per work day)
the pushing or puliing distance exceeds 30 meters
44  Load camiers with 1-2 wheels (e £ two-wheel cart) or similar with load weight > 100 ke?
5. Influencing factors
5.1Influencing physical factors hand/arm - do the following occur? The times refer to "per work day”.
the employee is exposed to hand-arm vibrations
warm or cold objects are handled manually
the hand is used as an impact tool often or a long time
holding hand tools weighing more than 2.3 kg for more than 30 minutes
holding precision tools weighing more than 0.4 kg for more than 30 minutes.
5.2 Other physical factors - do the following occur? The times refer to "per work day”.
the employee is exposed to whole-body vibrations
the visual conditions are insufficient for the task
the work s carried out in hot or cold in draughty
standing or walking on 2 hard surface more than half of the work day
prolonged sedentary work without passibility to change to do the work standing up
prolonged standing work without possibility to change to do the work sitting down
kneeling/squatting more than 30 times or more than 30 minutes
isati nd ial factors - do the i 2
there is no possibility to influence at what pace the work is performed
there is no possibility to influence the work setting or how the work shall be carried out
itis often difficult to keep up with the work tasks
the employees often work rapidly in order to be able to take 2 longer break
there is no possibility for recovery time during the work (other than formal breaks)
6. Reports on physically strenuous work
6.1 Do documented reports exist on physically i the work task?
6.2 If "Yes" on 6.1, what type of work that has led to this?
lifting
holding/carying
pushing/pulling
pushing with hand or fingers

5.3 Work

7. Perceived physical T Ask fiv pl is work task

7.1 Arethere parts of ich lead to physical di {e.£. in muscles or joints) during the work day?

7.2 If "Yes" on question 7.1, which is the worst task?
Ferson 1

Person 2

person 3

Persond

Person 5

(Other comments (below):

Results

Number of red assessments (high risk)

Number of grey assessments (investigate further)

Number of green (low risk)

Figure 3.8: RAMP | assessment sheet (KTH Royal Institute of Technology, 2017)
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RAMP - Risk Assessment and Management tool for manual handling Proactively
RAMP Il (1.03b) English xisx

Results of the RAMP Il analysis

Date:_12/5/2020

of: Work/work task

Work/Work task: Mounting of light c

Work station/Employee load: Department:

Site: Country:

Assessment ordered by: Position:

by: Position:

Company representative: Position:
Safety/work environment personnel: Position:
Other: Position:

Other information:

RAMP Il assessment

I Assessment | Score User comments

1. Postures

Wirite your comments in the white fields below:

1.1 Posture of the head - forwards and to the side

1.2 Posture of the head - backwards

1.3 Back posture - moderate bending
1.4 Back posture - i bending and twisting

1.5 Upper arm posture - hand in or above shoulder height*

16 UEEI' arm posture - hand in or outside the outer work area*

1.7 Wrist posture*

1.8 Leg and foot space and surface

2. Work and repetitive work

2.1 Movements of the arm (upper and lower arm)*

2.2 Movements of the wrist*

2.3 Type of grip - frequency*

2.4 Shorter recovery/variation during work (mainly regarding the neck, the arms and the back)

2.5 Longer recovery/variation duri

work (not breaks, e.g. task rotation that gives suffident recovery)

3. Lifting work

3.1 Lifting work (average case)

3.2 Lifting work (worst Gse)

4. Pushing and pulling work

4.1 Pushing and pulling work (average case)

4.2 Pushing and pulling work (worst @se)

5. Infl ing factors

5.1 physical factors farm - do the

ur? The times refer to "per work day".

a+b. The employee is exposed to hand-arm vibrations

Choose between 0, 2ond 4

c. Warm or cold objects are handled manually

d. The hand is used as an impadt tool often or a long time

e. Holding hand tools weighing more than 2.3 kg for more than 30 minutes

f. Holding predsion tools weighing more than 0.4 kg for more than 30 minutes

5.2 Other ical factors - do the following occur? The times refer to "per work day".

a+b. The is exposed to whole-body vibratiol

Choose between 0, 2and 4

c. The visual conditions are insufficent for the task

d. Workin hot or cold temperatures or in dra environments

e. Standing or walking on a hard surface more than half of the work day

f. Prolonged sedentary work without possibility to do the work standing up

g. Prolonged standing work without possibility to do the work sitting down

h. Kneeling/squatting more than 30 times or more than 30 minutes

5.3 Work and factors - do the following occur?

a. There is no possibility to influence at what pace the work is performed

b. There is no possibility to influence the work setting or how the work shall be carried out

c. Itis often difficult to keep up with the work tasks

d.The often work rapidly in order to be able totake a longer break

6. Reports on physically strenuous work

6.1 Do documented reports exist on physiclly strenuous tasks when arrying out the work task?
6.2 If"Yes" on6.1, what type of work that has led to this (mark withan "x")? If "No", go to 7.
lifting
holding/carrying
pushing/pulling
pushing with hand or fingers

7.P I discomfort

7.1 Are there parts of the work which lead to physical discomfort during the work day?
7.2 If "Yes" on question 7.1, which is the worst task?

Person 1

Person 2

Person 3

Person 4

Person 5

* write of the leftand right hand/rm

from the
[Other (below):

Results

y:

Total risk score

Number of red (high risk)

Numb

of yellow (risk)

Numb

of green (low risk)

Figure 3.9: RAMP Il assessment sheet (KTH Royal Institute of Technology, 2017)
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3.7. Data Transfer to AviX

From the interview with O. Ljung & E. Emanuelsson (Personal interview, March 12, 2020), AviX
has the ability to import data regarding the processes in a workstation by making use of a json
(JavaScript Object Notation) file which holds the data corresponding to the production tasks
involved in a factory.

The form of data stored in a json file is basically a dictionary which maps the attributes of a
process to its values. Each of these processes are given a unique identification by the AviX
software. This identification has to stay the same for AviX to recognize which process
parameter belongs to which process task. Hence the export ips file is an important step to be
taken first. But in order to get the json file, the corresponding tree layout and the processes
must be first created in AviX. Once the basic sequence of tasks is created, the entire data can be
exported by using the IPS (Internal Patching System) function. This is done by right clicking on
the workstation and selecting IPS > Export IPS file. This creates a json file in the specified
location which contains the processes along with its parameters.

In order to add the score for a part of the REBA assessment to this file, a python code is written
to add this to the existing dictionary file. This score is obtained by making use of the results that
were obtained from the previous pose estimation methods. In this way, a part of the REBA
analysis data is automatically added to the dictionary file once the program is executed. After
this is done, the newly modified json file is imported back into AviX and the ergonomic REBA
analysis is shown along with its associated process. The AviX software automatically calculates
the final REBA score depending on the input fed to the analysis. Therefore, by making use of
this method it is possible to make AviX incorporate ergonomic REBA analysis automatically
without the need for manual entry by the user.

The first step for transferring data into AviX is to first create the sequence of tasks in the
software. The second step is to export the created layout as an IPS file. The third step is to
modify this exported file to include the ergonomic analysis parameters. The final step is to
import this modified IPS file back into AviX, thereby automatically generating the ergonomic
data for the processes. In this way, manual entry is eliminated, and the process is automated.
The details shown in the Figure 3.10 are only for illustration purposes and they are not related
to our experiment. The details pertaining to our experiment can be found in chapter 4.2
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v @ Virtual Manufacturing Sweden AB
v @ Assembly and Production Flow
v M [10] Desk 1
[10-10] Assemble Visors
[10-20] Assemble Horns
[10-30] Pack Products

Figure 3.10: Sample tree layout

AviX creates a unique reference ID for each of the tasks that are created in the layout. It is really
important for the parameters to be referenced to their corresponding tasks along with these
unique IDs. Once the tree is created, the workstation is exported as a json file by using the
Export IPS file option. This creates a json file containing the information about the processes by
assigning a unique ID to them as seen in Figure 3.11.

f
L

"name":
"numb

"avix

"part
"tools"

Figure 3.11: Exported Json file

From the results of the pose estimation, the ergonomic data is entered into the json file which
is shown in Figure 3.12 by making use of a python code. After this addition of ergonomic data is
done, the json file can be imported back into AviX by making use of the Import IPS file function.
Once the file is imported, the ergonomic assessment can be seen in the AviX User Interface.
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"documentRootPath": "doc

"blockMarker

-
L

"name" :

"ergonom

"analy

s": [

si

"REBA.ne
"REBA.ne
"REBA.ne

"REBA.
"REBA.
"REBA.
"REBA.
"REBA.
"REBA.
"REBA.
"REBA.
"REBA.
"REBA.
"REBA.
"REBA.

trunk.po
trunk.

sition’

isted"

force.shock

upperarm
upperarm

upperarm

upperarm.

.position": "@"
.shoulderrai

.abducted"

rm.position”

supportedorleaning": "@",

"REBA.

"REBA.

"REBA.

"REBA.

"REBA.activi

"REBA.activity.c : "e"

Figure 3.12: Modified Json file for import

The python code developed by us contains the syntax that the software understands and reads
the ergonomic scores from. In this way, the resulting data from the pose estimation is analysed
to find out the ergonomic values which are then added to the json file in the particular format
from which the AviX software can import the ergonomic assessment as shown in Figure 3.13.
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Figure 3.13: AviX user interface after importing the Json file

The trunk position value is selected by the code by referring to the corresponding bend value
data in the Excel sheet. When the code computes the trunk position for a particular task, it
refers to the timings of that particular task from the Excel sheet and takes the maximum value
of the bend angle from that column within the user-defined timings for the task. Hence, the
maximum bend angle information pertaining to the particular task is obtained and the trunk
position is automatically selected during the assessment in the software. The reason for
selecting the maximum value over the average value of the bend angle is because we needed to
know the extreme positions for the particular task in order to find if corrections are required.
Using the average value of the bend angle might hide the very short timed harmful postures.
Therefore, to make a proper ergonomic assessment, the maximum bend angle of the back is
required.
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Results

4.1. Real-Time Pose Estimation

The trackers were placed on the person performing the work task and the assembly process
was started. The pose estimator was able to determine the number of steps taken and the bend
angles of the back in real-time as shown in Figure 4.1. The information pertaining to the steps
and bends are obtained simultaneously as the work tasks are being carried out by the operator.
In this way, the tracking of human movements can be done in any given work scenario. The
tracker positions are sampled 89 to 90 times per second. Therefore, we get more detailed info
on the posture data throughout the process.

» Q DontDestroyOnLoad

Figure 4.1: Real-time Pose Estimation

In the above Figure 4.1, the person performing the work tasks with the trackers on is shown on
the right and the information regarding the person’s movements are shown on the left along
with the number of steps and bend angles. This makes it possible to already identify key areas
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that affect the ergonomics of the work-space. Hence, the real-time pose estimation data was
obtained while performing the actual work itself.

From this information, it becomes easy to monitor the posture data of the person performing
the work task. The graph in Figure 4.2 shows how the bend angles vary over the course of the
entire experiment and that the working time is 49 seconds. Here, the graph shows the time the
bend angle of the back is in the different zones classified as red, yellow and green. When the
bend angle is in the red zone, this indicates a high bend angle for the back which implies a risk
and should not normally be accepted. When the bend angle Is in the yellow zone this can signify
a risk and these situations should be further investigated. The time that the bend angle is in the
green zone, means no risk and is acceptable. Here it is possible to sum up the time the bend
angle is in the three zones and relate that to the total time of the work task. Other types of
analyses are also possible (e.g. accumulated and average time length in each zone, bend angle
histogram). In this way, one can understand the bending curve showing the bend angle values
of the person performing our experiment.

Variation of Bend angles

values

P

Bend anglex

Okay Requires attention ake action Bend_Angle(deg)

Figure 4.2: Bend angle variation

In Figure 4.3 the steps taken by the person over time while performing the work task can be
seen as a cumulative graph. Each step in the graph line is one step taken by the person at that
corresponding time.
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Steps made while performing the task

Number of Steps
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— STEPS

Figure 4.3: Steps made

From Figure 4.4, it can be seen that the step rate for this particular work task is 0.53 steps per
second. It also makes it possible to find out at which instance the steps occur throughout the
process.

Step Rate graph for the work task

Step Rate values
(=]
w

H NN O~ 0 HONM =g~ SN T 0 oM oo o oo HONM T
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Steprae

Figure 4.4: Step Rate graph

32



An interesting observation that was made here is the fact that the bend angles can have a large
variation, 30 degrees in this case, over the course of just one second as indicated in Figure 4.5.
This shows the importance of monitoring the process in milliseconds. The step count is discrete,
but the bend angles change continuously during that particular second.

Variation of Steps and Bend angles

Values for steps and bend angles

T o~ - ™~ w0 - - - N o
o N~ O - = - 0 nn o \ N =)
O - o o d = = = nn uwun ™~ KW 4 O O
— = o — — - — N = =
— = o — — o - — — — =

Time inSeconds

Bend_Angle(deg)

Figure 4.5: Variation of bend angles and steps made within one second

The jerks or disturbances shown in the graph were due to the fact that we did not use proper
tracker attachments due to their unavailability in the company. We used velcro straps which
were not ideally designed for holding the trackers. The actual straps suited for the trackers are
available on the market which will reduce these jerks or disturbances. There are other issues
that also play a role in creating these disturbances such as the alignment of the trackers on the
person and the tracking field boundary. The accuracy testing of the trackers was done by
comparing the differences between manual observation and tracker values as shown in Table
4.1.
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Table 4.1: Accuracy Deviation

Bend angles
Trackers Manual Observation
1.500129 0
1.983802 0
18.58578 20
21.24944 20
38.9388 40
41.3643 40
58.96237 60
61.89414 60
Maximum deviation
1.983802

4.2. Data Transfer to AviX

When the real-time pose estimation is being done, the data pertaining to the steps and bends is
being written simultaneously in an Excel sheet. This Excel sheet contains the data in an
appropriate format which gives the step count and bend angle at each second of the pose
estimation phase as shown in Table 4.2. The Bends column gives info on the number of times
the person has exceeded back bending more than 15 degrees which is the recommended
maximum bend angle in the Memorandum of Volvo Group.
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Table 4.2: Steps, Bends and Bend angles with time

Time Steps Bends Bend_Ang
11.009 6 3 12.1098
11.018 6 3 12.42869
11.027 6 3 1257744
11.038 6 3 12.74915
11.053 6 3 12.88988
11.063 6 3 12.98298
11.072 6 3 13.16493
11.083 6 3 13.40905
11.094 6 3 13.59629
11.105 6 3 13.74558
11.117 6 3 13.82109
11.127 6 3 13.76965
11.138 6 3 13.71672
11.15 6 3 13.54265

While running the code, the times at which each of the tasks end are entered and the analysis
begins. Based on these entered time values the ergonomic analysis takes place by taking the
posture information at various times from the Excel file of the entire assembly process and
individual REBA scores are created for each of the tasks. This is added to the modified
dictionary file which AviX uses to store information about the tasks. After importing the
modified file into AviX, each task is attached with its corresponding REBA score respectively as
shown in Figure 4.6.
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Figure 4.6: Result after AviX import

In this way, the data transfer to AviX is made possible and automatic ergonomic assessment
with high accuracy is ensured.

4.3. Ergonomic Evaluation

The ergonomic evaluation of the entire task described in Section 3.1, considering the extreme
position of the person performing the assembly process, was done using the two tools namely
REBA and RAMP as mentioned in Section 3.5. Both of the evaluation methods were performed
on the same assembly process.

4.3.1. REBA

The results of the REBA ergonomic assessment are shown in Figure 4.7.
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Figure 4.7: REBA assessment of worst posture in the assembly process

The trunk position is automatically filled in by using the results from pose estimation. The other
posture options apart from the trunk position are filled in manually. But with use of additional
trackers and the same method for automatic data transfer, it should be possible to automate
the remaining posture options as well. The final score of the REBA evaluation shows that there
are medium risks in the process that require investigation and change. In this way, the REBA
assessment can be used to determine if the process has minimal risks.

4.3.2. RAMP

The RAMP analysis done shows the particular areas of the process to be addressed. This
evaluation takes more information into account as input for the evaluation. The back-posture
information in the RAMP assessment is readily obtained from pose estimation. But the other
fields in the sheet are filled manually considering the operator’s work tasks for the entire day.
The results of RAMP | are shown in Figure 4.8.
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RAMP | As: User ¢
[T Postures

1.1 Does work occur often or for 2 long time in any of the following unfavourable postures?
head bent dackwarcs
Dack/upper body bent or twisted - forwarcs, backwards or towards the side
arm aimost or fully stretched forwards (the hand more than about 43 cm from the spine)
hand above shoulcer height or delow knee height
hanc/arm brought cutwards to the sice (to the right or to the left]

1.2 Does work occur in any of the following unfavourable poztures adout 1 hour per work day

or more?

head dlesrly twisted or dent - forwards or towards 8 side

hanc clearty bent LDwards, COWNwards or towarcs s Zce

Jegz or feet have inzufficient space, or the Zurface is Lnztadie of with 3 zicpe

2. Work
2.1 & 2.2 Work movements anc repetitve work?
3. Lifting work
3.1 Does ifting of loads ocour?
3.2 How heavy are the loacs and how often are they lifted?
Jezz than 3 kg more than 100 times per work cay
3-7 kg more than 40 times per work day
more than 7 kg -14 kg more than 20 Smes per work dey
more than 14 kg -23 kg more than 3 Simes per work day
more than 23 kg
3.3 Do the lifts generally ocour in any of the following unfavourabie postures?
Dack/upper dody Clearly bent
Dack/upper dody Clearly twisted
hand above shoulder height
hanc below knee height
hand cutside forearm ciztance
arm clearty brought outward (to the right or to the left)
iifting/hoiding with overhand grip (paim facing cownward)
one-hand ift where the ioad exceecs € kg
ifting while seated where the load exceeds 7 kg
4. Pushing and pulling work
4.1 Does pushing and pulling work occur?
4.2 How large is the exerted force in the pushing or pulling work?
the starting force |
the continuous force |
4.3 Does the pushing and puling work generally ocour in 2ny of the following unfavourable conditionz?
the Zripping height clearty Ceviates from eldow height
the work i carried out with the back/upper dody dlesrly twisted
the force iz exerted towards the side or LUpwarcs (i.e. not Rraight forwards or backwarcs)
the force is exerted with one hand
the pushing or pulling iz carried out often (approx. meore than 100 times per work cay)
the pushing or pulling ciztance exceeds 30 meters
44 maﬁmwﬁnx—zm(e;mnn)wﬁnimﬁmnmm‘gn>mk5!
5. Influencing factors
5.1 Influencing phyzical factors hand/arm - do the folowing occur? The times refer to “per work day”.
the E'HPW"G = :xpazﬂ 10 hanc-arm wdratons
warm or cokd odjects are handied manusly
the hand is Lzed a3 an impact tool often or 2 long time.
hoiding hand took weighing more than 2.3 kg for more than 30 minutes
hoiding precizion tocls weighing more than 0.4 kg for more than 30 minutes
5.2 Other phvysical factors - 4o the following occur? The times refer to “per work dey”.
the empioyee iz expozed to whole-body vibrations
the vizual concitions are inzaufficent for the tazk
the work i carried out in hot or cold temperstures or in draughty envircnments
standing or walling on a hard surface more than haif of the work cay
prolonged sedentary work without pozsibility to change to Co the work tanding Lp
prolonged stancing work without pozzibikity to change to do the work sitting down
kneeling/zquatting more than 30 times or more than 30 minutes
sati and ial factors - o the following ocour?
there iz no pezzibility to influence at what pace the work is performed
there iz no poszibility to influence the work setting or how the work shall be carmied cut
it is often cifficutt 0 keep LP with the work tazks
the employees often work rapidly in order to be abie to take a longer break
there iz no pozzibility for recovery time during the work (other than formal breaks)
6. Reports on physically strenuous work
sAxmmmmmmaqm@mmsmmmmr [
5.2 If"Yes™ on 6.1, what type of work that has led to this?
lifting
hoiding/carrying
pusting/puling
Dushing with hand or fingers

7. Perceived physical discomfort Ask five people who perform this work task
71 Are there parts of the work which lead to phyzical discomfort (.2, in muscies or joints| curing the work dey? |

7.2 10"Yes" on question 7.1, which iz the worst task”

Person 1

Person 2

Person 3

Person 4

Person S

Other comments (below):

Results summary:

Number of red assessments (high risk)
7
a3

Number of grey assessments (investigate further)

Number of green assessments (low risk)

Figure 4.8: RAMP | assessment of assembly process

From RAMP |, there was one red area pertaining to repetitive work. There were 7 grey areas
which needed further investigation and hence RAMP |l was also performed. The results of
RAMP Il are shown in Figure 4.9.
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RAMP Il assessment |
1. Postures \rite your comments in the weite fisids Deiow:
1.1 Posture of the head - forwards and to the side

1.2 Posture of the head - backwards

1.3 Back posture - bending

1.4 Back posture - consi: bending and twisting

1.5 Upper arm posture - hand in or above height*

1.6 Upper arm posture - hand in or outside the outer work area*
1.7 Wrist posture*

1.8 Leg and foot space and surface | |
2. Work m and repetitive work

2.1 Movements of the arm (upper and lower arm)*

2.2 Movements of the wrist*

2.3 Type of grip - frequency*

2.4 Shorter recovery/variation during work (mainly regarding the neck, the arms and the back)
2.5 Longer recovery/variation during work [not breaks, e_g. task rotation that gives sufficient recovery) _
3. Lifting work

3.1 Lifting work (average case) | | 1.26
3.2 Lifting work (worst case) | | 1.26
4. Pushing and pulling work

4.1 pushing and pulling work (average case) | [ 425 |
4.2 pushing and pulling work (worst case) | | 0.00 |
5. Influencing factors

5.1 Infl il ical factors hand/ - do the ing occur? The times refer to "per work day®.
3+b. The employee is exposed to hand-arm vibrations Chooze between 0, 2 and &
c. warm or cold objects are handled manually

d. The hand is used as an impact tool often or a long time

e. Holding hand tools weighing more than 23 kg for more than 30 minutes
f. Holding precision tools weighing more than 0.4 kg for more than 30 minutes
5.2 Other physical factors - do the following occur? The times refer to “per work day".

3+b. The employee is exposed to whole-body vibrations Chooze between 0, 2 and &
c. The visual conditions are insufficient for the task

d. work in hot or cold temperatures or in draughty environments

e. g or walking on a hard surface more than half of the work day

f. iged sed: y work without possibility to do the work ding up

User

ooINOlwiINO |

"
HONREIS

Q|o|9|9|o

o

8 g ing work without possibility to do the work sitting down 2
h. li ing more than 30 times or more than 30 mi 0
5.3 Work isati and psychosocial factors - do the following occur?

3. There is no possibility to influence at what pace the work is performed
b. There is no possibility to influence the work setting or how the work shall be carried out
c. Itis often difficult to keep up with the work tasks
d. The employees often work rapidly in order to be able to take a longer break 0
6. Reports on physically work
6.1 Do documented reports exist on physically strenuous tasks when carrying out the work task? | | 0 ]
6.2 If "Yes" on 6.1, what type of work that has led to this (mark with an "x")? If "No", go to 7.
lifting
holding/carrying
pushing/pulling
pushing with hand or fingers
other: (if any, please replace this text)
7. Perceived physical discomfort
7.1 Are there parts of the work which lead to physical discomfort during the work day? | [ o ]
7.2 If "Yes" on question 7.1, which is the worst task?
Person 1
Person 2
Person 3
Person &
Person 5

* Write the highast score from the assessment of the left and right hand/arm

Other (below):

Results summary:

Total risk score 38.77
Number of red as (high risk)

Number of yellow assessments (risk) 6
Number of green a ts (low risk) | 26 |

Figure 4.9: RAMP Il assessment of assembly process

Here, upon further investigation with RAMP I, it can be seen that there are actually two more
red areas which need immediate attention than that indicated in RAMP I. This analysis gives
details on where the risk areas are identified so that appropriate action can be taken.
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5

Discussion

The discussion regarding the results obtained and the possibilities that our method opens for
the future is given below.

5.1 Obtained Results

The data obtained from the pose estimation phase is a result of direct measurement, thereby
giving values of posture data in real-time. The trackers used for the pose estimation phase
create almost no load on the operator. In the beginning, we tested out the bend angles by
noting down the value shown from the trackers and then manually measuring the angle of
bend while the person retained the same bent position. The accuracy of the tracked bend angle
was t 2 degrees. One factor affecting the accuracy was the attachments used for holding the
trackers in place due to the absence of the required resources. There are other factors also
such as the alighment of the trackers with one another which can contribute to inaccuracies in
the measured angle. Working in the boundary areas of the workspace can also yield inaccurate
measurements if one of the trackers goes outside the tracking field. This pose estimation data
does not need further analysis in terms of data acquisition and is readily converted into posture
data by means of our python code. This saves a lot of time in production when one wants to
assess the postures occurring at a workplace during a work task. Moreover, this data gets
directly incorporated into AviX which saves a lot of time. Now, our method enables the
automatic recording of body movement and posture of multiple tasks that are created in the
AviX tree layout based on the pose estimation data. This is a great advantage compared to the
conventional method where a person assesses each work task and enters the resulting scores
manually.

The important thing to be cognizant of for our method is that the film used in the AviX software
should be the same one that was obtained during the real time pose estimation. Hence, it is
necessary to film the operator performing the work with the trackers on. This small step
enables getting the ergonomic score from the real time pose estimation results concerning
posture data to be transferred to the AviX software easily.

An ergonomic evaluation tool was also suggested in order to study the entire assembly process
as a whole. The extreme positions of the operator were considered during the assessment.
REBA is an entirely posture-based method and it was found that the REBA analysis gives quite a
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good understanding of the postural risks at a workplace and a part of it can be automatically
done by the use of our method. RAMP on the other hand also assesses posture, but it takes
much more details into account and gives a holistic approach to ergonomic assessment of the
workplace. The RAMP assessment is done manually but can benefit from the results of the pose
estimation phase. Here, based on the results of the RAMP assessment, it is possible to pinpoint
the exact area that needs to be addressed in order to improve the workplace ergonomics.

Currently based on our literature study phase and the method used, we found REBA and RAMP
ergonomic assessment tools to fit in well with our thesis work. It is up to the company to take
into account the requirements of their customers and choose an appropriate ergonomic
evaluation tool for their intended purpose.

5.2 Future Work

The entire pose estimation is computer based, which is faster and more accurate than the
manual observation in order to fill out the ergonomic assessment. With the incorporation of
more trackers, the current pose estimation method can be extended to other parts of the body.
Our idea is that additional trackers can be placed on the various joints of the body such as the
wrists, knees, shoulders and even on the fingers by means of a tracking glove. One problem
that we see while implementing this is worker comfort as the trackers used in HTC Vive are
quite big for small joints of the body. If in the future there is a new design for these trackers,
then it might make it comfortable to wear for the operator. Doing this can extend the
information obtained during the pose estimation to other aspects such as twisting motion,
wrist position and leg position. Also, with this information there is a possibility of making
multiple ergonomic assessments with different ergonomic tools at the same time. The
computer gives information about the posture in terms of quantitative values which are more
precise than the traditional method of manual observation. Using this information one can
evaluate the design and layout of the work area with respect to ergonomics and make the
appropriate changes if required.

By making use of our method, the documentation of posture data can be done with ease as the
information can be simultaneously recorded in real time by the computer. This can help
decision making to a large extent. If the tracking system is comfortable enough for the operator
such that it can be worn throughout the day, then studies related to repetitiveness and
duration can also be conducted. This will give a better result as the measurement is directly
done by the use of the tracking system in comparison with the manual observation or entry.
Moreover, this estimation is possible in real-time as the work is being done, eliminating the
need for post processing. Using our method, it is possible to take the factors into consideration
as described by two researchers:
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An appropriate job exposure assessment should consider all tasks (including breaks)
constituting the job. We thus suggest a thorough description of job exposure to comprise
guantitative assessment of (1) 'task distribution’, i.e. occurrence and duration of the different
tasks included in the job; (2) 'task exposure', i.e. exposure of the different body parts due to
each task. (Winkel, & Mathiassen, 1994, p. 983)

Our method can also be extended to favour biomechanical calculations of the human body in
the workplace. The measurement of actual forces that occur in the body cannot be measured
directly. It is only possible to measure these forces indirectly by establishing certain
relationships linking various other factors to the forces that might be generated in the body.
The weight of the object being lifted and the posture of the person while lifting this weight can
be taken into account in order to establish a relationship between these factors and the forces
generated in the human body (Ortengren, 1989).

An example would be to find the velocity at which a particular tracker is moving to calculate the
acceleration. After this is done, the entire mass of the body part in motion can be multiplied
with its acceleration in order to find out the force exerted on that body segment. So, it is very
important to consider the weight of the body part that is being subjected to loading to get the
accurate results. This can be done by having some sort of understanding regarding how the
total weight of the body is distributed to these body parts, thereby giving the necessary data to
carry out the computation of forces. With the data obtained from the real time pose estimation
in our thesis work, one can get the global reference angle of the Torso in the low-back
biomechanical model as mentioned in Chaffin et al. (2006). In the future, with more trackers,
this can be extended to get the remaining exterior angles mentioned in the model. With this
information, the method mentioned in the book can be used to measure the compression force
acting in the spine to overcome the load that is being lifted. This value can then be compared
and verified if it is within acceptable limits using the NIOSH Lifting equation (Waters, et al.,
1993). In this way, it becomes easier to perform biomechanical calculations. The moments
acting on the back can also be ascertained in a similar manner when the forces are known.
Hence, by analysing the posture data of the operator using our method, one can obtain useful
information automatically which makes it easy to perform advanced calculations in
biomechanics.

Hence, from the results of the kinematic analysis, it is possible to compute information in order
to perform a kinetic analysis.

The Intelligently Moving Manikin software, also known as IMMA, already has the RULA
ergonomic assessment function which can be modified based on the user’s requirement
(Fraunhofer Chalmers, n.d.). This is done by making changes to the ergonomic function of the
software through json scripting or creating a new functionality using LUA scripting (Bogojevic, &
Séderlund, 2020). By doing so, new joints or user-defined functions can be added to the
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manikins and tracked for ergonomic assessment. The information obtained from our pose
estimation can be used to give the movement data to the manikins in the IMMA software. This
can be done by making use of the positional coordinates of the person’s tracked elements
moving in the workspace and feeding this data as input to the corresponding joints of the
manikin in the software. By doing so, the manikin will be able to replicate the exact motion of
the actual operator performing the work. This helps in the evaluation of the workplace and its
ergonomics. In this way, human motion can be defined at first and the workplace layout can be
designed in accordance with the operator’s movement. If it is possible to get the positional
coordinates of the manikin’s body segments in terms of x, y and z coordinates, our method of
estimating the posture will work to make an ergonomic assessment.
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6

Conclusion

The work done in this master thesis provides a method to make effective use of the REBA
ergonomic assessment feature in the AviX software, which will be included in the software’s
latest version. AviX is a prominent tool that is being used for production planning and
assessment. So, by automating a part of an ergonomic analysis within the software, a lot of
time and effort is saved. Initially, a study was made regarding the different ways of obtaining
the data pertaining to human movements. During this study, it was found that motion tracking
could be the most suitable option to get the required information.

Based on the results obtained, the following conclusions can be made:

1. Itis possible to quantify the number of steps and the back-bending angle in real-time
with the help of motion tracking.

2. The AviX software stores information pertaining to the created task in the form of a json
script.

3. When this json script is modified, the modifications are reflected back in the software.
A part of the ergonomic assessment tool in AviX can be automated by using the results
from the pose estimation phase to modify this json script.

5. The REBA and RAMP ergonomics assessment tools benefit a lot from the automatic
posture data transfer and continuous motion tracking.

The first aim of the thesis was to enable the new release of the AviX software to store posture
data and give information on the harmful poses during the pose estimation, which has been
achieved. The second aim of the thesis was to show Virtual Manufacturing Sweden AB how the
obtained posture data could be used to carry out an ergonomic analysis of the work done
during their projects, which has also been described in this report.

Our work provides the basis for an automated approach to human motion analysis with
guantifiable posture data values in a work scenario. We hope that our method of real-time
pose estimation opens up multiple possibilities in the future for assessing the movements of a
person.
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