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0.1 Abstract

Humanoid robotics is an area of robotics that aims to build a robot that looks like a human and with
the same behavior, thus, in order to improve it, study better humans and extract features from the
human action became a obvious proceeding.

This project emerge in a cooperation between the school of school of health, University of Aveiro
(ESSUA)1 and the institute of electronics and telematics engineering of Aveiro (IEETA) with the
intention to project an infra-structure to study human balance, mainly the vision influence.

After a review of the state of the art, the project evolved in order to make an initial procedure
to extract data with the body pose acquisition system available at ESSUA, test some of the most
recent technologies to extract features from the humans movements and finished with an analysis
of this first data acquisitions.

Synchronizing the data from the several sources, revealed a complicated task that must be better
improved in the future, such as, ...

1https://www.ua.pt/essua/PageText.aspx?id=2055
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Chapter 1

Introduction

This report aims to address the work developed on the project in automation engineering,
witch is a course incorporated in the degree of master in industrial automation engineering at the
University of Aveiro.

With the intention to study human balance in order to establish and extract features to im-
prove humanoids movements based on humans and current knowledge in this area, was establish
a partnership between the school of health, University of Aveiro (ESSUA)1 and the institute of
electronics and telematics engineering of Aveiro (IEETA)2 where the author is enrolled in.

This partnership aims to study the influence of visual feedback control of postural sway in
healthy adult subjects in a standing position [14], where this project appear to be the beginning of
this collaboration.

Besides balance is quite studied [8, p.824], the fast evolution of the technology brought new
modern techniques for body data acquisition. This project emerge with the intention to start the
assembly of all those equipments in a single setup in such way that would be possible so synchronize
all these data to a further study.

Objectives

The objective is project an infra-structure to study human balance, mainly, the vision influence.
The structure must be able to acquire and synchronize data from subject’s view, body position, foot
pressure on the ground, electroencephalography (EEG) and surface electromyography (sEMG) from
the subject at same time, in order to provide and enhance the study with several data sources in
each experiment. Thus, synchronize this data is a mandatory task. In addiction, it may integrate
augmented virtual reality glasses to influence subject’s view.

This project must start by reviewing the state of the art about humans balance, then study
several acquisition systems about each component of the study and what kind and type of data
they provide. Make an initial procedure, then interpret those acquired data and propose a set-up to
make the further procedures for the study.

1https://www.ua.pt/essua/PageText.aspx?id=2055
2http://wiki.ieeta.pt/wiki/index.php/Main_Page
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Thus, the report structure starts by a brief review of state of the art followed by an equip-
ments chapter where is studied the equipments for each type of data, e.g. EEG and sEMG. The
procedure chapter explains the first acquisition with the intention to analyze the data provided by
all equipments witch is explain in data analysis chapter. Finally, the conclusion chapter presents
the project conclusions and open issues to be addressed in future works.
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Chapter 2

State of the art

One of the key elements of human motor behavior is the postural control system responsible for
the orientation. Postural control, consists on a complex motor task involving an interaction between
several sensor-motor processes that integrates the information from multiple sensors, including the
visual, vestibular and proprioceptive [14]. Moreover, compared to his support surface, human being
is a very tall structure with an high center of gravity situated above the pelvis [16, p.347].

Voluntary movement is organized in the cortex [8, p.758], nevertheless involuntary move-
ment in cerebellum, witch is a necessary component for postural control adaptation[15, p.196]
and vestibulo-ocular reflex1, although, how the cerebellum participates in this adaptation remains
controversial[8, p.825]. But, it is general accepted that postural control in humans is usually made
without thinking, in fact, as Jones G. said, conscious control can be tragic [8, p.816]. In the figure
2.1 is a schematic illustrating the position of the cerebellum and cortex in the brain.

Figure 2.1: Position of cerebellum and cortex in the brain, modified from [6].

The inner ears provide information about gravity and movement that cerebellum uses to reg-
ulate the equilibrium [15, p.196], furthermore, we as humans, ”possess a variety of receptors sen-
sitive to mechanical forces that can provide information about the positions of parts of the body
relative to one another and relative relative to the force of gravity ” [4].

These movements are not voluntary:

"...the cerebellum functions below the level of conscious thought. This is important to
permit the conscious brain to work without being overburdened. If you decide to pick

1also known as the oculocephalic reflex, is a reflex eye movement that stabilizes images on the retina during head move-
ment .
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up a pencil, for example, the impulses for arm movement come from the cerebrum. The
cerebellum then modifies these impulses so that your arm and finger movements are
coordinated, and you don’t reach past the pencil." [15, p.196]

The figure 2.2, shows the three afferent2 pathways of the postural reflexes that come from the
eyes, the vestibular apparatus and the somatic receptors [16].

Figure 2.2: Neural pathways involved in the maintenance of equilibrium and balance. (Modified
from [15])

It appears that visual information may override the one that is obtained from mechanical
receptors systems and as Lee and Aronson suggest, vision ”tunes up” the sensitivity of receptors
[4, p.330] [11, p.87-95]. But, to make full use of the visual abilities of the eyes, almost equally
important as interpretation of the visual signals from the eyes is the cerebral control system for
directing the eyes toward the object to be viewed [10, p.645].

Moreover, relating to humans balance and how they know when they are falling, as Jones, G.
M. explains on Principles of neural science:

"...they see the world move. They also know because the head moves, developing both an
angular velocity and a deviation from its normal position relative to the force of gravity."
[8, p.810]

The powerful impression of self-movement, the phenomenon of vection, that can be produced
by visual stimulation such as, sitting on a stationary train as a neighboring train starts to move.
Despite the lack of any change in mechanical forces on the body, the visual motion causes a brief
but strong sensation of self-motion [4, p.328].

Thus, we can say with no doubt that vision plays a important role in humans balance. Mea-
suring that importance is one of the objectives that the collaboration between ESSA and IEETA is
trying to find.

2Carrying impulses from the central nervous system to an effector.
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Chapter 3

Equipments

The current chapter presents the instruments that integrates the setup. Starting by a brief
introduction to each type of measure (e.g. SEMG or EEG), followed by the mechanism that was
or will be used on this project for that purpose. The equipments used were adapted with the ones
available for this project, nevertheless so far, they perfectly serve the needs.

3.1 Body pose acquisition

One of the most relevant equipments for the study, is the device that acquire the subject’s body
movements data. For this propose, the equipment used is the VICON Nexus 1.8 1 motion capture
system, based on stereo vision. It is designed to track and reconstruct markers in 3- dimensional
space and is recognized to be one of the best available systems for accurately record movements in
3D, particularly - but by no means exclusively - movement of the human body in a room-size space
[5]. Furthermore, related to this equipment available at ESSUA department, has 8 cameras with
a maximum of 2000 fps2, the size of the markers3 is 14mm4 and the software to process the data
is Polygon 4 5, witch is a multimedia visualization tool enabling to report, teach and present 3D
results6.

In the figure 3.1, is a schematic representing the system.
1http://www.vicon.com/
2frames per second.
3for the tracking system.
4there is more sizes available, such as: 3mm, 4mm ...
5http://www.vicon.com/Software/Polygon
6http://www.prophysics-sol.se/assets/Uploads/viconpolygon.pdf, last access at the 3th of July 2014
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Figure 3.1: VICON system diagram, adapted from [2].

Integrated on VICON system, the pressure sensor is a platform that is placed on the floor at
the middle of the room to measure the pressure, in this case, foot pressure, figure 3.2 is a schematic
such as Polygon represent this sensor.

Figure 3.2: Pressure sensor schematic.

This platform, is composed by several individual pressure sensors allowing to find the center
of pressure as well as the momentum applied and evidently, the force applied. It is arranged in
a matrix such as the table 3.1, where s represents an individual sensor. On the project, there are
available two platforms with 8192 ( 213 ) sensors and it can acquire 10x more information than body
pose acquisition.
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s1 1 s1 2 s1 3 ... s1m

s2 1 s2 2 s2 3 ... s2m

s3 1 s3 2 s3 3 ... s3m

... ... ... ... ...
sn 1 sn 2 sn 3 ... snm

Table 3.1: Pressure sensor matrix.

The VICON system provide a .csv7 file with both body pose position and pressure sensor
data, arranged by n columns corresponding to each marker with the three coordinates (X,Y,Z) and
m lines corresponding do each capture/frame.

3.2 Surface Electromyography

"The Electromyography is the study of muscle function though the inquiry of the electri-
cal signal the muscle emanates" [3]

The surface Electromyography (SEMG), is a non-invasive technique for measuring muscle
electrical activity that occurs during muscle contraction and relaxation cycles [1]. Its characteristics
such as its amplitude and power spectrum, depend on the membrane properties of the muscle
fibers as well as on the timing of the motor units action potentials. Thus the SEMG reflects both
peripheral and central properties of the neuromuscular system [9].

At ESSUA department, alongside with VICON system, is a SEMG witch reveals muscle activ-
ity at any moment. In the figure 3.3 is a scheme representing the process of SEMG data acquisition.

Figure 3.3: SEMG data acquisition process scheme [1].

3.3 EEG acquisition

The synaptic potentials produced at the cell bodies and dendrites of the cerebral cortex create
electrical currents, in the late 1920s Hans Berger a Swiss psychiatrist, invented the electroen-
cephalogram (EEG) to assess the electrical activity of the cerebral cortex that can be measured by
electrodes placed on the scalp [13, p.194].

The electrical activity of the EEG is an attenuated measure of the extracellular current flow
from the added activity of many neurons. However, not all cells contribute equally to the EEG,

7comma separated values
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because the electrical activity originates in neurons in the underlying brain tissue, the waveform
recorded by the surface electrode depends on the orientation and distance of the electrical source
with respect to the electrode [8, p.916].

Nowadays, EEG has many medical applications such as confirming a diagnosis of epilepsy
[17], check for problems with loss of consciousness or dementia or find out if a person who is in a
coma is brain-dead.

In the figure 3.4 is an example of the signal extracted with EEG equipment in an awake human
subject with eyes open and closed.

Figure 3.4: The Normal electroencephalogram(EEG) in an awake human subject with eyes open
and closed, adapted from [8, p.912].

In IEETA department is available an easy-to–use device, Emotiv EPOC witch is a high resolu-
tion, multi-channel, wireless neuroheadset. The EPOC uses a set of 14 sensors plus 2 references to
tune into electric signals produced by the brain to detect the user’s thoughts, feelings and expres-
sions in real time. The EPOC connects wirelessly to PCs witch give freedom for movements in an
area until five meters of the computer receptor.[7]

The figure 3.5 represents the Emotiv EPOC neuroheadset a), and a screen-shot of the acquisi-
tion software where is displays the several signals relative to each electrode.
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a) b)

Figure 3.5: a)Emotiv EPOC; b) Emotiv test-bench software.

3.4 Visual reality glasses

Virtual reality (VR), sometimes referred to as immerse multimedia, is a computer-simulated
environment that can simulate physical presence in places in the real world or imagined worlds
enabling to control what the subject can see in each giving moment.

Figure 3.6: Augmented virtual reality glasses [12].

The IEETA department has this equipment also with a vga input functioning like a pc monitor
screen. The intention using this device in the study is to influence in subject’s view, thus, it will
work as a active way to control humans view, and enable to repeat experiments.

3.5 Head’s camera

With the propose of getting information about what the subject is watching at every giving
moment, regarding his head position, and despite his eyes movements witch is correlated [8, p.829],
it was built a configuration mounting a helmet with a 15fps camera as figure 3.7 suggests.

10



Figure 3.7: Subject’s head camera.

With his configuration, ensuring that the helmet and the head is well-adjusted, it is possible
to acquire images that is correlated to the subjects view. For obvious reasons, do not make sense to
use it when the subject is using augmented reality glasses.

The SEMG and virtual reality glasses, in this project were only studied, that is, they were
not used for any further experience so far, which is a step that that is predicted to happen soon in
this project. The EEG acquisition, Emotiv EPOC, was tested in some experiences in the lab and
captured some data, in order to check how it works and witch kind of data it provides. In data
analysis chapter is this presented a discussion of the results.

Next chapter presents the experiments with body pose acquisition and the head’s camera setup
at the ESSUA department.

11



Chapter 4

Experimental Procedure

With the propose to test the VICON system integrated with the pressure sensor platform
as well as head’s camera mentioned on previous chapter, was made a protocol to make the first
experiment at ESSUA department in the VICON’s room. In order to measure the fluctuations in
camera images, was placed a sheet of paper with in an arrow draw on it to further image precessing
and data analysis, alike figure 4.1 shows.

Figure 4.1: One frame of the video captured by head’s camera.

This first procedure consisted on a set of several experiences with the intention to study the
subjects balance and the vision influence as described before. That experience is resumed in the ta-
ble 4.1 were ”distant” and ”close” refers to the distance between each leg moreover, each experiment
took about 10 seconds each. In the appendix A is described all procedure (written in Portuguese).

The figure 4.2 shows were was placed the 23 markers in the subject body as well as the hamlet
where the camera is placed for VICON system track.

12



Experience Eyes Left leg Right Leg
1 open landed and distant landed and distant
2 open landed and close landed and close
3 open ”spout standing” and distant ”spout standing” and distant
4 open ”spout standing” and close ”spout standing” and close
5 open heel and distant heel and distant
6 open heel and close heel and close
7 closed landed and distant landed and distant
8 closed landed and close landed and close
9 closed ”spout standing” and distant ”spout standing” and distant
10 closed ”spout standing” and close ”spout standing” and close
11 closed heel and distant heel and distant
12 closed heel and close heel and close
13 closed landed ”in the air”
14 open landed ”in the air”
15 open ”spout standing” ”in the air”
16 open heel ”in the air”
17 closed ”spout standing” ”in the air”
18 closed heel ”in the air”

Table 4.1: First experimental proceeding

Figure 4.2: Marker placement position in human body.

Is known in advance that the data from the VICON system is originally synchronized with
the pressure sensor platform, but, between those data and the camera, it is necessary to do some
procedure. On this first experiment, it was done a movement with the subjects hand in front of the
camera, thus, we can synchronize the data matching with the visualization of the data from VICON
and watching the frames from the Head’s camera.

To synchronize the data acquired from the head’s camera with the VICON, it was used a
procedure where the subject cross his hand in front of the head’s camera indicating the beginning
of the experience, this movement is then captured by booth cameras.
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Chapter 5

Data analysis and visualization

Due to data analysis, there is two different topics, one related to the ESSUA procedure with
VICON system presented in previous chapter and the other related do the study/introduction to
Emotiv equipment for EEG analysis.

Regarding the procedure, it was verified that the files collected from VICON system is the
two video files corresponding to each VICON camera and a .csv extension file. The data in this
file is organized in such way that the first rows is the data from pressure sensor and following
is correlated the markers position were the the columns represents each XYZ coordinate of each
marker.

With the intention to make a script program, in a way that inputing the .csv file it would
be able to correctly extract the data from the correct fields and plot it to a further analyses, thus a
MATLAB script was for that propose. The algorithm is represented in the flowchart of the figure
5.1.

14



Figure 5.1: MATLAB script flowchart.

Because the author’s computer has a problem interpreting the commas in the data files, the
script has in addiction a code to solve this problem witch could be useful for further users with the
same problem. After loading the .csv files, they were saved as .mat files to allow a faster load in
the future.

In the figure 5.2 is a screen-shot illustrating how the MATLAB script represents and plot the
data. In the left side of the image is some of the plots representing the position of the head, hip
or shoulders over time divided in the corresponding coordinates XY Z, the vertical lines represents
the time interval where is a valid experience.

In the right side of the image, is represented the video acquired in the VICON camera, witch
was divided in those corresponding frames allowing the control and velocity of the representation.
Overlapped with it, is the schematic representation of those the acquired points to support the
visualization.

Was verified that the two VICON video cameras has with capability for 50fps and 1280 ∗ 720

pixeis. Here follows the bash code to extract the image frames from the video:

ffmpeg -i input.avi -qscale:v 2 output_%03d.jpg

15



Figure 5.2: Matlab graphic data analysis.

To analyze the data from the first experiment, was calculated the accumulated variation of
each experience, the following code was used, were range is the interval/period of time of the
experience and the limb is the variable containing the average of the corresponding limb overtime:

sum(abs(diff(limb(range,1))))

In the figure 5.3 is a table with the results for each experiment and for each limb of the
accumulated variation per second. The experiments are ordered from the table 4.1 and the red
and green colors represent respectively the highest and lowest values.

16



Figure 5.3: Accumulated average per second.

This results do not show a clear evidence about the vision influence in humans balance, nev-
ertheless, this was a first experiment with the intention to test the system. Another experiment to
acquired data must be done on future works giving more time for each experience.

In respect to the synchronization between the Emotiv and all system, it was not studied, never
the less, the author suggests to take advance from the gyroscope, in order to do a fast movement
with the head, indicating the beginning of the experience, for VICON system, and this movement
will be very well patent in the acquired data as the author had the opportunity to check in a pre-
liminary test. The data that this equipment provide is a .edf file which is very easy to transform
in data to MATLAB interpret, nevertheless this interpretation is out of the propose of this project.

17



Chapter 6

Conclusion

Besides it is not clear that vision really influence the balance on this experiences looking at
the evidences of the analyzed data, is patent that, with or not the foot landed on the ground has
a huge difference, however this is was just the first experience and the time of each experiment is
very reduced to study. In addiction related to the vision influence, the subject report that he had
the felling that the vision really had influence giving so a clue that the estimate results could be
obtained in further studies and also reported that in the experiences with the eyes closed and only
supported by the heels, he loosed equilibrium witch could compromise those data.

The script made in MATLAB was well accomplished, allowing by it self to read the .csv file
and present the data.

The Emotiv EPOC equipment to measure EEG signals of the brain is user-friendly, and has a
well developed softer to help the usability, nerveless, the hardware, has to be improved, getting a
good measuring of all sensors is a hard task until the equipment is ready. In respect to the acquired
data, it is possible to plot it on MATLAB, witch is a good step for further use. In respect to the
synchronization between the Emotiv and the all system, it has to be studied.

In order to synchronize better the head’s camera with the VICON system, the author suggests
a clapper-board for further studies, witch by definition, has that purpose.

6.1 Future work

As explained in previous chapters, this work attempt to be an approach or preliminary to study
the visual feedback influence in humans balance, thus, still much work to do. The future work may
contemplate several the following topics:

• Improve MATLAB algorithm and look up for other possibilities to analyze the data, instead
of only accumulated variation in order to get a better understanding of it and other point of
view;

• Ask for ballet dancer to do the experiments would be interesting given that they practice
precise movements and balance for them is a main concern;

• Correct the center of foot pressure position in the plot with the body pose data;

• Do another acquisition with a bigger arrow, for better detection of the subject head’s camera;

• Adapt the MATLAB script for Emotiv data analysis;

18



• Improve the speed of the script, mainly of the plots putting a vertical line indicating the time;

• Implement SEMG equipment;

• Study a synchronization method between SEMG and all equipments.

• Implement graphic interface to achieve a better usability;

• Implement the arrow detection algorithm developed in the author’s thesis to extract the heads
movement;

• Analyze EEG data from Emotiv;

• Use a Raspberry-pi to display images on VR glasses;

• etc...

19



References

[1] Basics of Surface Electromyography Applied to Physical Rehabilitation and Biomechanics.
Thought Technology Ltd, 2010.

[2] Miedema R. A. Improve motion capturing by using a movie camera and new markers. http:
//essay.utwente.nl/59789/1/rob_miedema_reports_8-3-2010.pdf, 2010.

[3] Deluca C. Basmajian JV. Muscles Alive. Baltimore, Williams & Wilkins Co., fifth edition, 1985.

[4] Georgeson M. A. Bruce V., Green P.R. Visual Perception. Psycology Press, fourth edition, 2003.
Lybrary book.

[5] Dobrian C. and Brvilacqua F. Gestural control of music using the vicon 8 motion capture sys-
tem. Proceedings of the New Interfaces for Musical Expression 2003 Conference, MontrÃ c©al,
Quebec, Canada, 2003.

[6] Berkman Center, consulted in June 2014.

[7] Emotiv. Emotiv epoc feutures. https://www.emotiv.com/epoc/features.php, 2012.

[8] Thomas M. Jessell Eric R. Kandel, James H. Schwartz. Principles of Neural Science. McGraw-
Hill, fourth edition, 2000.

[9] Merletti R. Farina D. and Enoka R. M. The extraction of neural strategies from the surface
emg. Journal of Applied Physiology, 2004.

[10] Hall J. E. Guyton A.C. Textbook of Medical Physiology. Elsevier Saunders, eleventh edition,
2006.

[11] E Lee, D.N. Aronson. Visual proprioceptive control of stance. Journal of Human Movement
Studies, 1874. referenced by a Lybrary book, visual perception.

[12] onlyaugmented.com, consulted in June 2014.

[13] Fox S.I. Human Physiology. McGraw-Hill, eighth edition, 2003. Daniela book.

[14] F. Silva V. Santos. Elementos para um projeto de estudo da influência da visão no equilíbrio
humano. IEETA and ESSUA, March 2014.

[15] Sanders T. Valeria C. Scanlon. Essentials of Anatomy and Physiology. F. A. Davis Company,
fifth edition, 2007.

[16] Luciano D. Muscle. Vander A, Sherman J. Vander’s Human Physiology. McGraw-Hill, eighth
edition, 2001.

[17] webmd. Epilepsy health center. http://www.webmd.com/epilepsy/

electroencephalogram-eeg-21508, 2012.

20

http://essay.utwente.nl/59789/1/rob_miedema_reports_8-3-2010.pdf
http://essay.utwente.nl/59789/1/rob_miedema_reports_8-3-2010.pdf
https://www.emotiv.com/epoc/features.php
http://www.webmd.com/epilepsy/electroencephalogram-eeg-21508
http://www.webmd.com/epilepsy/electroencephalogram-eeg-21508

	Abstract 
	Introduction
	State of the art
	Equipments
	Body pose acquisition 
	Surface Electromyography 
	EEG acquisition 
	Visual reality glasses
	Head's camera

	Experimental Procedure
	Data analysis and visualization
	Conclusion
	Future work


