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The objective of this master's thesis was to exantime recognition of emotion frolw
n

motion captured movement. Our goal was to reseamh accurately humans c

recognize different emotions from biological motidie also wanted to know how mug¢

the rate is decreased when the motion is turneid e p®wn.

We used optical motion capture system to record am@nts from our actors and

separate the pure motion data from image data. Wishmethod we got so called poivut-

light display stimuli, where white dots are moviagainst dark background. The wh
dots were attached to our actor's main joints. ér@ating the movements we used {

amateur actors, male and female, who acted a siggglee of knocking on the door with
ten different emotions. These emotions were afiaidyy, excited, happy, neutral, relaxe

sad, strong, tired and weak. After the capturesh@ved these displays as a stimulus tc
test subjects and asked them to describe the emsotinthe overall feeling of the act

with one of the ten pre-given adjectives. Purpose w0 test how accurately the acjed

emotions could be recognized in the point-lighptiy.

The results indicated that our test subjects coaddgnize emotions with varying rate fr
a point-light display. The recognition rate wasrage 20 % for normal oriented displ
and on average 19 % for upside down displays. Rimgle emotion, we got 11 % to 44
recognition rate (tired 44 %, afraid 11 %). We atBscovered that the emotions wg
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confused to another which was expected accorditigetdheory. Our results also indicafed

that our test subjects experienced a slight legrduring the experiment. The recogniti
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rate was better in the latter half of our experitmen
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Tama diplomityd kasittelee emootioiden tunnistamistallennetusta liikkeesta.

Tarkoituksenamme on tutkia kuinka hyvin ihmiset tgy&t tunnistamaan eri emooti
ainoastaan biologisen liikkeen perusteella. Halasgmtutkia myos kuinka paljo
tunnistustarkkuus muuttuu, oletetusti pieneneeliijdeeen kaantaa yldsalaisin.
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Tutkimuksessamme kaytimme optista liikkeenkaap@ajegtelmaa, minka avull
pystyimme erottelemaan nayttelijoiden likedatawvadaatasta. Nain saadaan aikaiseksi
valopiste-esityksia missa valkoiset pisteet liikktmustalla taustalla. Valkoiset piste
olivat sijoiteltu tallennuksen aikana nayttelijammegelten kohdalle. Esitysten luomise
kaytimme kahta harrastelija nayttelijaa, miesténgésta, jotka esittivat oveen koputug
likkeen kymmenella eri emootioilla. Nama emootiditvat pelokas, vihainen, innostuny
iloinen, neutraali, rentoutunut, surullinen, vahwasynyt ja heikko. Taman jalkegq
naytimme naitd valopiste-esityksia 35 koehenkiltjgeden tarkoituksena oli yritta
tunnistaa nayttelijan emootio tai kuvailla sitéa ghd valmiiksi annetuista adjektiiveista.

Tuloksista pystyimme toteamaan, etta koehenkilomrmenistivat vaihtelevallg

s

tarkkuudella emootiot nayttelijoidemme valopist@éydsista. Tunnistustarkkuus

keskimaarin 20 % oikeinpain olleille esityksillenain 19 % vaarinpain olleille esityksill¢.

Yksittaisille emootioille saimme noin 11-44 %:n mistustarkkuuden (vasynyt 44
pelokas 11 %). Lisdksi totesimme useiden emootiogkkoittuneen keskenéaan, mika
odotettua teorian perusteella. Tuloksemme osoaittivgds koehenkilGille pienta oppimis
emootioiden tunnistamisessa kokeen aikana, egitystenistamistarkkuuden olles
heikompaa alkupaan herétteissa kuin loppupaan.
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ABBREVIATIONS

AC Alternating Current

ANS Autonomic Nervous System
CCD Charge-Coupled Device

CaGl Computer-Generated Imagery
CNS Central Nervous System

DC Direct Current

EEG Electroencephalography

EDA Electrodermal Activity

ECG Electrocardiography

EMG Electromyography

fMRI functional Magnetic Resonance Imaging
FPS Frames Per Second

GSR Galvanic Skin Responce

LED Light-Emitting Diode

PL Point-Light

PNS Peripheral Nervous System
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“Refuse to express a passion, and it dies”

- William James, 1890



1 INTRODUCTION

One of the most important skills that we humansehas the ability to perceive other
people’s actions and intentions. When walking @aeftand confronted with someone you
know, you can nearly immediately recognize the moothe emotion that your friend has.
You might not even have to confront the person. Hgncan recognize fairly accurately
others feeling from long distant by just looking!lair gait or posture.

The old saying goes like “a picture is worth a themd words”. When we are trying to
understand feeling, we could say that actions speaker than pictures. Our vision
provides us a very rich source of information fdfedent social events.

The research of emotions is one of the most commelesarch areas needing expertise from
psychology, physiology, sociology, biology, bramagine, philosophies, computer science
etc. If mathematics is one of the purest areagiehse, emotions research is at the other
end of that scale. And the complexity merely insesawhen we examine the social

situation between two humans.

Emotions are not the easiest phenomenon to resekmnely are often disregarded because
they are not considered as scientific or logiaalStar Trek, Mr. Spock often pointed out to
Captain Kirk that logical thinking in more produati than wasting energy to reacting
emotional to events. Mr. Spock also considered emsto be illogical.

In over 100 years of emotional research, we haamtea lot of our emotions. We know

fairly well were emotions are created and how thsy affecting our body. Emotions can

be measured with different physiological and psyafical measurement tools. Heart rate,
skin conductance, muscle activation, respiratide aad brains electrical activity measures
the changes in our nervous system.

Emotions have elicited many theories about how #w@yemerging. The oldest theories
date back to the late 1800’s. Regardless the numemounts of theories, the question of
how emotions are really created, still remain uwsd! But first we will explain the
motivation for this thesis.



1.1 Why is this research needed?

This master thesis is a part of aivoAALTO -reseapchject which is one of the key
projects in Aalto University. AivoAALTO project ia multidisciplinary project that has
expertise from areas such as brain research, méedcanology, psychology,
neuroeconomics etc. The goal is to find new waysttaly human social interaction,
decision-making and the effect of cinema on humardm

This thesis describes a method, which can be ustd In brain research of human
behavior or in enactive media projects in Aalto \émsity. Department of Media
Technology is participating in aivoAALTO projecttwibrand new motion capture studio.
This thesis was also a good way to test this nadistproperly and find out if it is suitable
for scientific research.

To understand more thoroughly human mind, the braist be stimulated with controlled
stimuli. The point-light displays have been used few decades to insulate the human
motion information from the image information. Theint-light displays use white dots
against black background to present the biologroation. These white dots are placed into
different joints on actor’s body.

The possible further uses of this research datgpaird-light displays are presented at the
end of this thesis in chapter 10.

1.2 The research problem

This master thesis has two main research problems:

1. How accurately can humans recognize different esnetifrom biological motion
which contains no social interaction?
2. Do the following attributes affect to the recogmitirate?
a. Orientation of the point-light display
b. Gender of the actor
c. Gender of the participant
d. Learning through repetition

We also address the question of which emotionsbhearecognized from these point-light
displays. Our hypothesis and more precise handlirtbe research problems are presented
more thoroughly in chapter 6.



1.3 The research method

This research combines many technical and psycluallogreas into one whole. Our goal
IS to get accurate measurement throughout theradsea

We used optical motion capture system to capture enrad female actor’'s movement and
transform the data into point-light displays. Tltoas performed the same movement with
10 different emotions. The action recorded was kimge on the door —motion. These

actions were then converted into point-light digpla

After that we conducted an interview with PHP-qimstaire form online, where we

showed these point-light emotion displays to ot subjects. Half of the displays were
upside down oriented, which is supposed to decrdaseate of recognition. With every

point-light display stimulus, the test subject tacchoose one emotion from a pre-given
list which would reflect the emotion of the act@sh

Finally we analyzed the data that we had from titerviews and try to find answers to our
research questions.

1.4 The structure of this thesis

This thesis describes how to study human emotindsrand.

First we start with different motion capture sysseand their history in chapter 2. We
discuss about how pure biological motion stimuli dsated for emotional research
experiments. We go through different applicatiorerevmotion capture can be used. In
chapter 2 we discuss briefly about facial recognitivhich is not the core of this thesis but
important when it comes to human emotions.

After this we take a look of the history of emotbmesearch and psychology of emotions.
We present two of the most dominant theories tlieatidbe emotions and briefly discuss
about the controversy of these theories in chapt&hapter 4 discusses more about human
physiology and how different parts of our body effeur emotions. In this chapter we
discuss about different psychophysiological waysmeasure emotional responses from
human body. Chapter 4 may not be the core knowlddgethis thesis but it gives
important point of view of our behavior in variosisuations and gives little background of
what actually effects to our movements.

Chapter 5 handles the actual recognition of emsetiiom different situations. Our
research is largely based on these researchemfmésa this chapter. Chapters 6 and 7
describe our test setup and hypothesis of the meauf this research. After this we present



the results and analysis and reflect these resulpsevious studies in chapter 5. Finally,
chapters 9 and 10, we make conclusions and disdimsg the possible future studies.

1.5 Terminology

There are many terms that describe human feelieggtions and moods. All these
adjectives have a slight different interpretationew it comes to scientific research. Most
of the past researches use term emotion or aeabtion refers more often to one specific
feeling whereas affect means a change. This is wywill be using the ternemotion
throughout this thesis.



2 MOTION CAPTURE

Motion capture is a process in which a live motisrrecorded and transformed onto a
digital model. Motion capture uses many mathembhteans to track a number of key
points in predetermined space (Menache, 2000). Rhesntracking data, we can obtain a
single seamless, three-dimensional representatfothe motion that can be further
transferred for example to an animated character.

The location in the space can be monitored witts@enor markers that are attached to
actor’s joints (Menache, 2000). The actor is plasethe middle of many cameras that
usually work with infrared light. The movement afieoor more actors is sampled many
times in a second. Motion capture allows placingeaformer to the scene that in other
ways could not be possible or might be too dangetoulo in real life (Trager, 1999).

Motion capture has many useful applications for ynkinds of users. In this chapter we
shall explain about different types of motion captsystems. We also present a few
applications in which motion capture can be used.

2.1 History of motion capture

History of motion capture can be placed in the E860s, when to scientist Etienne-Jules
Marey and Eadweard Muybridge conducted independerties of human and animal
motion. They both used multiple photographs of mgubbjects to present the biological
movement (Menache, 2000). These studies have hagja impact in biology, medicine,
photography and nowadays also in animation (Men20@0).
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Figure 1. Marey’s chronophotography with man walking



Marey was a French physiologist and physician, whad a passion for understanding
biological movement (Blake & Shiffrar, 2007). Thimssion led to a development of
“chronophotography” which is a high-speed technitpretaking multiple photographs on
a single photographic plate (Blake & Shiffrar, 2D0Marey made several little
improvements to his methods that are still useadyotarey already used black suits and
small markers on his actors to highlight joints #émel kinematics of gait.

Muybridge was an English photographer, who candresidered as the inventor of motion
pictures and a photographic wizard (Leslie, 20618 .was best known from his work with
multiple cameras to capture motion, especiallyghkoping horse, and his zoopraxiscope.
This spinning “film projector” used a large glagskdas a film, in which the figures were
running around the edge. It required an artistreomdevery picture on the glass (Leslie,
2001). With this technique, Muybridge showed theldie first movie in the fall of 1879
(Leslie, 2001). Afterwards Muybridge used the dewiz collect money by showing simple
movies to paying customers.

Figure 2..The zoopraxiscope by Muybridge

The galloping horse was a medical study and adoptdve that horse’s all four hooves left
ground simultaneously (Menache, 2000). Muybridgedu24 cameras to photograph the
horse in a gallop. According to Menache (2000), bhigdge and Marey knew each other
and others work but they followed a different patiihere Muybridge used multiple
cameras to capture the movement, Marey used omycamera. Muybridge’s work led to
more entertaining fields of business, whereas Manggrk had a bigger effect in medicine
and later in sports (Menache, 2000).



Figure 3. Galloping horse

For nearly a century, this field of research yielggmost no benefits, until in the 1970’s
Swedish psychologist nhamed Gunnar Johansson (1@f®duced an optical motion
capture system (Menache, 2000; Blake & Shiffraf720The technique was better known
as point-light animation of biological motion (Joisson, 1973). According to Johansson
(1973), to analyze a motion in physics, it is welbwn that you will need the concept of
particle. The use of bright spots moving againstoenogeneous contrasting background
allowed Johansson to conduct analysis of humanomgiatterns without the interference
of pictorial information. This method was also usgdViarey about a century earlier.

Today, motion analysis and animation plays a sicgniit role in advertising, entertainment,
education and many other scientific researches ganeh al. 1996). New refined methods
of point-light animation come out every year thrbuge use of computer animation and
combining motion capture to animation software kBland Shiffrar, 2007).

2.2 Requirements and types of motion capture

There are restrictions and requirements that applgll motion capture systems. Trager
(1999) notes that motion capture system must bg taset up in every location and it
must be quick to calibrate for different performdtgnust also allow the performers to do



the act as unrestricted as possible. No excessngaisl allowed from performer to a
computer or screen. No restriction to extending estdting joint is allowed during the
performance. Motion capture must be as accurapossible to represent the orientations
of the joints and bone structure. It also has tivigle good data for the gross body motion
alongside with detailed motion capture data (Tra@@©9). Finally, it has to have an easy
way to convert the motion capture data into a stngslimated figure with simple skeleton
system.

For tackling different problems of motion captutikere are many different ways to do
motion capture. Menache (2000) categorizes motepture systems into three groups
based on where the capture sources and sensordaaexl. The three groups are by
Menache 2000:

An outside-in system, which is the very basic humastion capture system that
uses cameras as external sensors to collect datatfre reflective markers (the
source) placed on actor’s body. Optical motion gegpsystems are in this category.
Inside-out system in which the sensors are plagezttty on actor’'s body. For
example electromagnetic motion capture system ifclwisensors move in an
externally generated electromagnetic field.

Inside-in systems have sensors and sources placedhe actor's body.
Electromechanical suits and exoskeleton systemse hpwotentiometers or
goniometerSas sensors and the actual joints inside the bedparces.

2.2.1 Optical motion capture system

Optical motion capture systems have become the mogtlar systems over the last

decades. It is a very accurate method for captwertpin types of motions. The system

offers the actor the most freedom during the actibse it does not require any cables. On
the other hand, optical motion capture system’sa d&quires quite extensive post-

processing (Menache, 2000; Trager, 1999).

Optical system requires at least three CCD (chaoygle device) cameras and a single
computer that controls the inputs. CCD has an aofajght-sensitive photoelectric cell,
also known as a pixel, which captures light frorfiedlent image sources (Menache, 2000).
Cameras use typically infrared as a light sourceclwhilluminates the field of view.
Infrared light is used because it creates lessalidistortion for the performer (Menache,
2000).

1 A goniometer in an instrument that either measarege or allows an object to be rotated
to a precise angular position.



Sampling rate is getting better and better when eguipment and faster data processing
are being developed. Now a days, state-of-the-attoms capture camera can go up to
2000 frames per second with resolution of 0.3 miegégp Cameras have also their own
preprocessing module that deceases the post-pnogéisse a lot (NaturalPoint, 2010).

Motion capture couldn’t be possible if the perforrmeuldn’t have any fixed points that
the cameras could follow. The performer is usuativipped with black sticker suit which
can be incorporate with directionally reflectivdlpaalso known as markers (Trager, 1999;
Vlasic, 2007). The size of the marker spheres @y from a couple of millimeters to a
few centimeters (Menache, 2000).

For reliable data acquisition, the optical moti@pttire system must have at least three
cameras pointed to the performer and the markdrstelTcan be up to 32 cameras in one
motion capture system (Menache, 2000). Computeulzks from the camera data a 3D
position for every marker (Trager, 1999; Vlasic,02) To be able to calculate the

positions, at least two cameras must track a sipglet all the time. Extra cameras are

needed for maintaining a direct line of sight (Mema 2000). Adding more cameras

makes tracking easier, but it also increases pwostegsing time when each marker

becomes more complex.

This two camera tracking method is very vulnerdbteerrors in the data stream. If one or
more markers are occluded or hidden in some pthetoptical system can’'t follow the

marker and it creates a hole into the stream (Trd@99). This can be avoided by adding
more cameras. With optical systems, one must cothgthalance with accuracy of data
(increasing with increase of cameras) and the paawailable for the post-processing
(Menache, 2000).

The biggest problem with the optical systems isdbelusion of the markers. If cameras
cannot see the markers, the data stream will beigted. Second problem is the already
mentioned extensive post-processing needed. OpticAbn capture is also quite location
sensitive meaning that the equipment cannot besfeened from place to place easily
(Vlasic, 2007). Environment must be very controleith no reflective noise around. Also

the right lighting conditions are important for sassful capture (Menache, 2000).

On the other hand, the data is most often extremaeburate (Vlasic, 2007). This is
because the performer can be equipped with a fargder of markers. It is also very easy
and fast to change the configuration of the markeiar example only an arm movement
is wanted to track. The optical system also alltivesperformer a large performance area
with no cables attached directly to the performMderfache, 2000).

The optical motion capture system is widely favoredhe computer animation and film
industry communities (Vlasic, 2007). In this thesie use optical motion capture system

9



manufactured by OptiTrack. This system is equippid 12 infrared cameras. More about
this motion capture system’s specifications anaitiein chapter 7.3.1.

Figure 4. The optical motion capture system

2.2.2 Electromagnetic motion capture system

Electromagnetic motion capture systems were otfliginavented for military purposes.
The system was first used in aircrafts for helmetinted displays in which the pilot could
acquire a target by just locating the target vigu@Menache, 2000). The system, also
known as magnetic tracker, is very much used nolaya for performance capture (Trager,
1999). It captures the motion from relative magndtix of transmitter’'s and receiver’'s
coils.

Magnetic motion capture utilizes to “whole bodyapture typically from 11 to 18 sensors
strapped on to various parts of performer's bodlge mumber of sensors needed is
dependent a lot of the usage of the motion capfiiiese sensors act as receivers for the
capture and they are connected to an electronid¢raionnit by individual cables.
Transmitters are located nearby so that the rexeesen measure their spatial relationship
to the transmitters (Menache, 2000; Trager, 1999).

In practice the system works by the transmittersegating a low frequency

electromagnetic field that the receivers detecteAthe detection, the data is sent to
electronic control unit for filtering and amplifisan (Menache, 2000). The final data
stream holds the 3D positions and orientationg&wh receiver (Trager, 1999).

The electromagnetic motion capture system betters the optical motion capture system
in few ways. It doesn’t have the occlusion probfemthe markers. Furthermore it doesn’t
need as much post-processing as the optical sydtes. This is partly because the
magnetic system uses fewer markers than opticaersysBut the configuration of the
markers however is not as simple to change astinabgystem (Menache, 2000).
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The biggest problem is with the usage of magnétid fand electric current in a form of
metal conductivity (Vlasic, 2007). If the systemusing direct current (DC), tracking will
be very sensitive for disturbances if there areofes metals, like iron or steal, nearby. On
the other hand, alternating current (AC) trackaitiso sensitive for ferrous metals but it is
very sensitive to aluminum, copper and carbon steeie systems have algorithms to
compensate these interferes but this problem lithéstracking a lot in different locations
and stages (Menache, 2000). It also has a very pogrer consumption which decreases
its portability (Vlasic, 2007).

Magnetic trackers are used in real-time purposesenentertainment industry. It's been
used for live television and performance. In thesgormances, the actor is constrained by
cables and smaller capture area than in optic&sgs(Menache, 2000)

2.2.3 Electromechanical motion capture system

Electromechanical motion capture system is onehef g¢arliest methods in capturing
human motion straight from the performer’'s movem@mager, 1999; Vlasic, 2007). This

suit is a structure of potentiometers and goniorsetdich measure angular and rotational
change from the major joint locations in human bdMenache, 2000; Vlasic, 2007).

Potentiometers are used in electronics industrynwiagiable voltage change is needed for
example volume control in radios (Menache, 200®jis Tmethod can also be called as
prosthetic motion capture or exo-skeleton motioptwa because of the skeleton look-a-
like suit attached to the performer.

Figure 5. Electromechanical motion capture system
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The biggest drawback of this system is the assampdf human joint characteristics.
These electromechanical systems assume that huwres kare connected by simple
hinges (Menache, 2000; Trager, 1999) and the sydtssan’t take account the rotational
movement of joints. It also affects to the posisi@i measuring sensors. The configuration
of the sensors cannot be changed very easily withoonajor modification to the suit
(Menache, 2000).

This method is fairly cheap way to capture humariiono During the performance, the

sensors are never occluded but the suit can beuwagmfortable due to the amount of
hardware needed (Menache, 2000). Data coming oot fensors is simple so there is no
need of extensive post processing. Suit is alsg pertable, so it can be moved from

location to location.

2.2.4 Acoustic motion capture system

Acoustic motion capture system uses the time ghfliof an audio signal to track the
whereabouts of transmitters strapped to variouts mdithe performers body (Vlasic et al.,
2007). The system uses a triad of audio receivecause the distance calculated from the
performer by receivers is triangulated to provigeoant to the 3D space (Trager, 1999).

Most of these systems use ultrasonic pulse emitbetsgger the measurement. By using
ultrasonic sound for the measurement, the perforsmérdisturbed by the sound (Vlasic et
al. 2007). With a spread-spectrum ultrasonic sdimedacoustic motion capture performs
very well because of the lack of occlusion problehich is bigger problem with optical
motion capture systems (chapter 2.2.1) (Vlasic,7200ager, 1999). The use of sound can
in some situations also cause different and unégdesound reflections from walls and
floor that affect the accuracy of the measuremeérader, 1999).

The acoustic system is not without its own proble8ystem is equipped with cables that
can cause problems to various types of performamdest current acoustic systems are
not portable and they can only handle a small numidemarkers attached to the
performers body (Vlasic, 2007). This becomes a lprabif the personality of the
performance is important (Trager, 1999). Anothesbpem is with the capture area size.
The size is limited by the speed of sound in aol #re number of transmitters (Trager,
1999).

2.3 Applications of motion capture

Motion capture equipment has been developed priyfarn entertainment purposes. Other
major markets are medical industry, sport and éxen(Menache, 2000). The equipment
can also be used for research and developmengx@ample, ergonomic design or for
safety tests to automobiles with crash test dumiiMenache, 2000).
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The first application for motion capture was gaialysis as earlier stated. Etienne and
Muybridge studied animal motion in series of phoapins taken. This yielded after about a
decade later to a medical science where motionucaptata could be used for creating
biomechanical data. Data could be used for analygait and in orthopedic area for

recognizing joint movement and designing prosthgiint and limbs (Menache, 2000).

With motion capture, we can separate differenelithechanisms from our phases of walk
cycle.

Motion capture differs from normal videotaping ineocrucial way. Motion capture can
represent the movement in a three-dimensional spdus is why in medical sciences
motion capture is often called three-dimensionaldgical measurement (Menache, 2000).
Afterwards a specialist can examine gait from nuwusrdifferent angles. With motion
capture it is easier to detect abnormalities artdrdene a treatment. Motion capture and
gait analysis is also used for rehabilitation digyas with joint problems (Menache, 2000).

The entertainment business is one of the biggest aisd certainly the fastest growing
market segment for motion capture (Menache, 20B0).it is the video gaming industry
that uses motion capture the most widespread. Tagom capture is the most well
accepted and understood in gaming business (Men&€@®) where as television and
movie industries are still quite infants with théchnology. Gaming industry was the first
segment of entertainment to really use motion cadtur character motion animation.

In animation, motion capture is widely used to aatienchanges to motion trajectories that
must appear as natural as possibly (Zordan et(#l2)2 Some movements are almost
impossible to create looking like natural withoubtion capture or the motion will be
perceived as flawed (Zordan et al. 2002).

One of the major breakthroughs in motion pictuidustry was the movie called Avatar by
James Cameron in 2009 (Twentieth Century-Fox FilnpGration, 2009). In this movie,
the director used a method called performance ocajrtuwhich the performers’ movement
and facial expression were transformed into CGInf@oter-generated imagery) avatar
character in real time (Sagar, 2006). Visual apgreae was totally computer-generated but
the result looked photorealistic. Before all tmsotion capture was used only for adding
digital extras and digital crowds. It has been usisd for doing digital stunt actions where
the action itself is too dangerous or impossiblpadorm by live human being or the stunt
performer need to look the same as the star ahitnee (Menache, 2000).

In sports, motion capture is being used to imprthee performance of different athletes.
Especially in golf, there are lots of professioms#ilidios and analysts willing to help
improving the swing (Menache, 2000). The improvehtgmmotion capture equipment has
led to undisturbed data collection in sport fiefldat were impossible earlier, for example,
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in swimming. Another important advantage of mota@apture against videotaping can be
noticed in fast-pace sporting. Normal videotapiag only record 30 frames per second,
time in which all the motions may not be fully caygd (Menache, 2000). With motion

capture we can record much higher frequencies @k 100 frames per second

(NaturalPoint, 2010)), so more detailed motion barcaptured.

Motion capture can also be used for reconstructideos of event for example in crime
investigation. Videos can be used to aid the jorynderstand the situation in the scene
(Menache, 2000). It can also be used as a sulesfintphotographs which can be too
horrific to show the jury (BBC, 2010). In one ofetmost widely known murder trial, the
0.J. Simpson’s trial, motion capture was used ¢omstruct the events of the murder scene.
The data was not actually used for evidence bshdwed what can be done with the
motion capture (Menache, 2000).

2.4 Facial recognition

Facial expressions are a very strong communicati@dium that is meant for social
situations in everyday life (Atkinson et al., 200%he reason why they are so strong is the
fact that we all know the expressions very wellpésson can recognize others expression
very quickly, usually with only one glance. Fastcagnition is necessary because,
according to lzard (1991), some facial expressionl/ last Y%-seconds. Usually the
expressions last over 1/3-seconds and less thaactihds (Izard, 1991).

One very important tool for facial expression conmmation is the direction of gaze and
the difference between direct and averted gazee Gambined with facial expressions can
have significant information value of either apmioar avoidance (Adams and Kleck,
2003). They also have a significant role in faatlhg social communication (Haxby,

Hoffman and Gobbini, 2000 and 2002). Facial expoess such as joy and anger
(approach oriented emotions), can be processed mamiely if there is direct gaze

presented. Respectively, emotions are interpretedavwidance oriented emotions if
presented with averted gaze (Adams and Kleck, 2003)

The recognition of individual is based on the pptioa of different facial structure aspects.
These aspects can be the changes in facial expmesand the movements of eyes and
mouth (Haxby, Hoffman and Gobbini, 2000). Humanugissystem is divided into two
pathways according to Bruce and Young (1998, &l &y Haxby, Hoffman and Gobbini,
2000), magnocellular and parvocellurar. Facial @gtion is usually done from the coarse
information in the magnocellular pathway. For propzognition, it has been noticed that
lightness has much more importance to it than f@mgle hue (Haxby, Hoffman and
Gobbini, 2000).
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Facial expressions and the recognition of thoseesgpons have a huge role in the study of
emotions in human-computer interaction (HCI) (Afeakl., 2009). The facial information
has a significant advantage over other physioldgicaasurements, because it can be
detected and analyzed unobtrusively in real tirhalslo can be made totally automatically
in real-time and requires only a simple video car{@&fzal et al., 2009).

As in every motion capture and recognition techajaine facial recognition has also it
flaws. We can very easily occlude face from cameraw area or the lighting conditions
might not be suitable for proper recognition. Orfetlee biggest problems with facial
recognition is the mapping of the facial expressitmemotional states (Afzal et al., 2009).
These mapping tools are much researched but tleayodincluded to this thesis.
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3 EMOTIONS

In this chapter we examine the question of how e@nstand moods are created in the
brain. This is one of the most central questionsfiiective neuroscience. The answer
might not be so simple. There are a numerous éifteopinions and theories created in
past decade. They should all be considered in otolennderstand the phenomenon
completely.

We start by reviewing the very basis of the ematiostudies from William James and
Charles Darwin, the pioneers of emotional reseaddter this, we move on to more
advanced emotional theories. We also examine Prdifferent brain regions which are
involved in processing emotions.

These emotional theories might not be purely psipghical but also physiological, which
means that test subject experiences changes fonpdsan heart rate, muscle tension or
brain activity. That's why we also need to have sv&y measure the emotions in different
ways.

Emotions are not the most logical phenomenon. Tieye taken a lot of time to be
theorized. Still today, we don’t know exactly holey are created and interpreted. Even
the Star Trek character Mr. Spock thinks that eomstiare useless because they are not
logical.

3.1 Early theories

One of the first theories of emotions where pulgdim 1872 by Charles Darwin (Gross,
1996). It was the first real attempt to researclot@ns. In his study, Darwin argued that
emotional expressions are not depended of raceulture of people but they are
accompanied through borders of race and even spe&mther notion in his work was
that animal emotions are quite homogenous to huenawtions (Dalgleish, 2004). Darwin
approached the problem with emotions by compategsimilarities of behavior in other
species (Gross, 1996).

Soon after Darwin’s theory, a well-known Americayghologist and philosopher William
James and Danish physician and psychologist Caié.&ad started to work their theories
of emotions without knowing the others work in 14890’s. Their theories acclaimed that
our emotional reaction is the result of perceivedily changes, not the cause (Gross, 1996;
Dalgleish, 2004). In other words, when some situatauses a reaction in our body, we
interpret this reaction as emotion. Widely usedneple is that if we meet a bear in woods,
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we are frightened and run. The James-Lange theoggests that we are frightened
because we run. Figure 6 presents the James-Laegey/ tthoroughly.

Figure 6. The James-Lange theory

Another interpretation of this theory is that if weliberately alter our behavior we could
control emotional experiences (Gross, 1996). Sotudies that Gross (1996) presents,
have found that stimulating some facial expressamtsally alters the autonomic nervous
systems (more about ANS in chapter 6.) activity: &ample in Levenson, Ekman and
Friesen (1990) study, stimulated anger and feaeased heart rate but with anger skin
temperature increased whereas with fear it decdea$&ppiness decreased heart rate but
didn’t affect to skin temperature.

Walter Cannon challenged the James-Lange theoeraleyears later, acclaiming that the
theory had four major faults (Cannon, 1929, asdclig Gross, 1996; Dalgleish, 2004).
These faults were:

1. Assumption that every emotion has a unique sethgtiplogical changes in our

body and with these changes we could label eachi@mo

2. Physiological arousal is insufficient to generate&ons.
Arousal may not be necessary.
4. Some bodily changes are too slow for some emotiexagriences.

w

This criticism from Cannon led to his own investigas with Philip Bard. According the
Cannon-Bard theory, the autonomic nervous systeantseto all emotional stimuli the
same way (Gross, 1996). The subjective emotions rezaly independent of the
physiological bodily changes. When emotion-prodgcstimulus is perceived, thalamus
sends impulses to cortex and to hypothalamus. fibery suggests that humans feel the
emotion first and only after that act upon it (Delgh, 2004). With the bear example, if we

17



see a bear in woods, we first feel the emotion amlg after that act accordingly. The
Cannon-Bard theory is visualized in Figure 7.

A few decades later, the Cannon-Bard theory wasupder review by Stanley Schachter
in 1962. Schachter argued that Cannon was wrorbimking that emotions and bodily
changes are independent (Gross, 1996). He was rmmavithat the James-Lange theory
was right claiming physiological changes as theseanf emotion. In other words, bodily
changes are preceding the experience of emotion.

Figure 7. Cannon-Bard theory

Schachter’s theory is often referred as the twdofatheory of emotion. Schachter thinks

that arousal (1st factor) is necessary for ematigperience (Gross, 1996). The difference
between Schachter’s and the James-Lange thedrg Sahachter’s believe that we have to
decide which emotion we are feeling (Gross, 1996)his means that we have to

cognitively interpret (2nd factor) or label the asal. Schachter’s theory is presented in
Figure 8.

Additionally, a few theories that have been dondh@ 1980’s are Lazarus’s cognitive
appraisal theory and Zajonc’s affective primacyotiye Lazarus’s theory argues that there
is a minimal cognitive process preceding the enmali@xperience, though the process can
be unconscious and automatic, whereas Zajonc’s\trsemgests, that emotional responses
can happen without cognitive thinking (Gross, 1996)
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Now a days, most of the theorists would agree sbate sort of cognitive processing is a
necessity for most of the emotions (Gross, 199@he biggest problem lays with

specifying more precisely these cognitive procested are crucial to the emotion

generation. After that we must identify the neuredwork for emotion and cognition, and
the interaction between them (Gross, 1996).

Figure 8. Schachter’s theory

3.2 Psychology of emotions

Most theories of emotion acknowledge that emot®mat a simple phenomenon. They
cannot be described completely by person tellinguaibis/hers experience (Izard, 1977).
Even sophisticated electrophysiological measuremimis cannot give definitive
description of emotions. According to Izard (19@7omplete definition of emotions must
take into account the experience of emotion, tleegsses that occur in our body and the
patterns of emotions that can be observed fronaf@gipressions.

Emotions are necessary in human daily life. Theytrod nearly everything that we do.
They are very important for our intelligence, facgsion making in rational situations and
in social situations and interactions (Picard, )99%Iso our memory, learning, and
creativity are functioning based on what we fedataRl (1997) argues in hers book
Affective Computinghat the key component for creating truly inteding computers is the
emotions. For long time scientists have concerdradgproblem solving, learning and also
to theuncanny valleyn creating a believable human analog and inteatlg ignoring the
emotions (Picard, 1997).
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Emotions have been ignored because they are bemgdered inherently non-scientific
(Picard, 1997). They are also considered to hagatihe influence to research’s logical
thinking. This is why emotions have mainly a sidelirole in scientific research (Picard,
1997). Emotions are studied by carrying out pratticser experiments and at the same
time measuring test subject physiological or psi@fical indicators. Emotions are
considered to be as products of evolution (Parg4ab).

The wordemotionhas many different interpretations and many synangescribing the
same effect. They are often used interchangealdyvathout any clear definitions. The
most common terms used in scientific research dfecta emotion and mood
(Zimmermann et al. 2003). Zimmermann et al. (20&jnes that the term affect can be
used for generalizing both emotion and mood. Ematias a specific cause and effect. It is
triggered by stimulus or preceding thought followeg short duration of intense
experience which the person in well aware of itm{@ermann et al. 2003). A mood is
much less intensive than emotion. It also tendbdamore in the background and last
longer.

There are many different theories defining humaalirigs and how emotions are created.
Wilson’s (2000) theory is dividing the emotion intaree layers of human behavior. The
top layer consists of reactions and momentary emdtiat are small bursts of feelings.
The next level down is the mood. Wilson (2000) wesi mood as “prolonged emotional
states caused by the cumulative effect of emotitias is signals of punishment and
reward”. Below both of these layers is human peabtn The personality is always
present in every situation unless some momentagtiemor mood overrides it (Wilson,
2000).

Figure 9 represent Wilson’s (2000) theory. Diffdrégyers of behavior have different

levels of rise and fall. The highest in the laykas also the highest priority. If there is no
reactions or momentary emotions present, our beh&based on our current mood. And
if our mood is below a specific threshold, we baseg behavior on our underlying

personality (Wilson, 2000).

Figure 9. Wilson’s theory
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Another well known theory of emotion presented lie scientific literature is by Arne
Ohman from 1987. He constructs his theory to thsumption that emotions are
multifaceted structures (Ohman, 1987). His thesrpased on to the assumption that all
emotional phenomena’s are caused by emotionallyhnmgful situation. After the stimulus
emotions can show themselves in three differentswBynotion can occur in some verbal

delivery or it can be felt in some physiologicaspense or it can be seen in changes of
behavior (Ohman, 1987).

Figure 10. Ohman’s theory

According to Gross (1996), there are three compisndrat each distinct emotion has.
From these three categories, the second and tttedain also be categorized together as

bodily reactions. Gross’s theory (1996) is sigrifily based on the Ohman’s theory.
1. The subjective experience

2. Physiological changes
3. Associated behavior

Emotion theories can be divided into two categobiased on their level of abstraction

(Partala, 2005). Discrete emotions can be seensast af packages which have specific

and very noticeable bodily and facial reactionsnikns, 1967). Discrete emotions can be
detected already from very early age. Dimensionabteon theory assumes that emotions
can be defined in continuous dimensions. Thesetwories are considered as compatible
and complementary to each other (Partala, 20053. mkans that discrete emotions can be
presented as subspaces of dimensional emotions.
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Next chapters presents a little more about botthe$e theories and a little about how to
measure emotions in different physiological ways.

3.3 Discrete emotion framework

Discrete emotions are assumed to have unique expali states that are someway
noticeable and measurable (Barrett, 1998). In otherds, the emotional transition for
example from anger to happiness is not seamless efifotional space between different
emotions is categorized into discrete areas. Aaagrtb some theories, for an emotion to
be a discrete emotion, the emotion should be expesd separately from one another for
some proportion of the time (Barrett, 1998).

Discrete emotion theory is sometimes also refeaedifferential emotion theory or DET
(Izard, 1977). The theory is based on five key ag#ions by Izard (1977):
1. Ten fundamental emotions that are the principalvatonal system for human.
2. Each fundamental emotion has specific uniqgue mtitimal and phenomenological
properties.
3. Some fundamental emotions lead to more inner espees and different
behavioral consequences.
4. Emotions interact with each other by amplifyingtigating and attenuating another
emotion.
5. Emotion processes interact with other processbsmman body.

Another well known theory of discrete emotionshis theory of six basic emotions by Paul
Ekman (1992). In this theory, Ekman suggested tlaeee six universally recognizable
facial expressions that can be associated for eifgpemotion. These six emotions are
anger, disgust, fear, joy, sadness and surprisefddial expressions of these emotions can
be seen in Figure 11 below.

Figure 11.Ekman’s six basic emotions: Happiness, surpresr, sadness, disgust and
anger (Ekman, 1992)

Izard (1971 and 1978, as cited in Matsumoto, 2@G6ined that six basic emotions should
also include interest-excitement and shame-hunaohaexpressions. Other emotions or
expressions suggested to be basic include contembarrassment and pride (Matsumoto,
2006). Ekman revised his own theory later on arghyested that there should be 15 basic
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emotions instead of the six (Ekman, 1999). Thesermbtions were amusement, anger,
contempt, contentment, disgust, embarrassment, teexent, fear, quilt, pride in
achievement, relief, sadness/distress, satisfgciensory pleasure and shame (Ekman,
1999).

The recognition of these 15 emotions was suppdrtethe development of a theory of
characteristics. Ekman (1999) distinguished eleebaracteristics that could help in
defining basic emotions. The first three were usedlistinguishing one basic emotion
from another and the rest of eleven characterifticdistinguishing emotions from moods,
emotional traits and emotional attitudes (Part2085).

Another theory closely related to Ekman’s basic-fireory, is the theory of primary and
secondary emotions. Plutchik presented this theo®980 (Gross, 1996). As the primary
emotions Plutchik used emotions that correspond&thaf’s, plus acceptance and
expectancy. The idea of the theory was that evielyles emotion could be derived from
these eight emotions. Figure 12 describes the ematineel that presents the theory
visually (Gross, 1996). Plutchik believed thesemany emotions are biologically and
subjectively distinct in every human (Gross, 1996).

Figure 12. Emotion wheel

3.4 Dimensional emotions framework

Most researchers agree that emotions have at teastjualities (Barrett, 1998). These

qualities are valence, or pleasantness, and aroisil these two qualities, emotions can
be presented in a two-dimensional affective sp@be. valence dimension presents how
pleasant some experience is ranging from negabiy@sitive leaving the neutral zone at
the center of the dimension (Partala, 2005). Thesal dimension uses scale from calm to
excited or highly aroused for representing expeeenarousal. This dimension also has
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neutral zone at the center (Partala, 2005). BraalhelyLang first introduced this dimension
scale in 1994.

These two dimensions are often completed with &d tliimension. The dominance

dimension presents the degree in which a test sulfgels that she/he dominates the
situation (Partala, 2005). It ranges from “in cohwf the situation” to “controlled by the

situation” from end to end, leaving the neutraleai the center (Partala, 2005).

From these three dimensions, valence and arousalther most frequently used in
emotional research (Partala, 2005). Valence caseesm as reflector of presence of an
appetitive of aversive motive systems in a way ehdvioral approach and withdrawal
whereas arousal dimension presents the intensitheokemotional stimulus (Lang et al.,
1995, as cited by Partala, 2005).

The next figure (Figure 13) represents some discegtotion categories positioned into
dimensional emotion space. The faint scale in tieidlm marks the neutral zone for each
dimension.

Figure 13.Discrete emotion in dimensional space (Partal@520
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3.5 Controversy of emotional theories

There are few advantages with using dimensionaltiemdheory rather than discrete
emotion frameworks in experimental research. Fawstblem is when test subjects are
asked to report their emotional states using tkerelie emotions approach. This method
forces test subject into a forced-choice responk&hwoften oversimplifies the felt
experience (Partala, 2005).

Picard (1997) points out that if test subjects altewed to report their emotions and

feeling totally freely, they usually report moreotbughly the experiences and with many
different emotions. This brings another problemhwiiterpretation. Each test subject can
report a specific emotion in different ways andeesher must know how each of them
thinks. For example, merry, jolly, or glad canrakkan the same emotion which is basically
happy. Researcher must do a lot of work for cre$srring these reported emotions. There
are many researches already done with these @tm®mce models but they are not
discussed here.
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4 EMOTIONAL CIRCUITS AND HOW TO MEASURE THEM

There are many psychological theories of emotiond how they are created. But
psychological research is not the only way to gérmation about emotional responses.
We can measure many different physiological indicgtwhich are present when emotions
accrue, from our body. So what really happens inbmgdy when sudden emotional rush
emerges? How does our body react for example todiedappiness? What parts of our
body react to it and what can we measure?

The brain has obviously a big role in creating amerpreting emotions. The more we
collect information about the representation of #oms, the more we can eliminate the
nature of emotional processes (LeDoux, 1995). Whils knowledge, we can choose
correctly between different hypotheses that are lagipg emotional processes.
Furthermore, we can complete psychological theasigs the findings about the neural
basis of emotion. This might bring new insightghe functional organization of emotion
(LeDoux, 1995).

This chapter presents the emotional circuits inlmay. In other words, how emotion are
created. The chapter may not be the core of thesighbut it is still very important to
understand how emotions are created in our body,they affect our body and how they
might affect our way of moving and gesturing.

4.1 Emotional circuits in our body

4.1.1 Nervous systems

The brain isn’'t the only part of human body thatinsolved in creating emotional
information. The involvement includes the entirefaim nervous system (Partala, 2005),
which is a part of human psychophysiological syst€he nervous system is a network of
neurons that transmit electrical signals all aroandbody. Our nervous system consists of
two parts: the central nervous system (CNS) andp#rgpheral nervous system (PNS)
(Partala, 2005). Brain and the spinal cord arewleparts of CNS. The peripheral nervous
system consists of the sensory-somatic nervougrayahd the autonomic nervous system
(ANS).

The main function of CNS is to receive sensory trjpom the environment. From CNS

the information is passed on to the limbic system the cortex. Partala (2005) notes that
the limbic system is often described as the seatmdtion. The limbic system contains the
hypothalamus, the hippocampus and the amygdaladibeD2000). Some studies have
shown evidence that the limbic region, especiathygdala has an important role in the
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processing of emotional information (LeDoux, 2006pecially the processing of the
emotional fear. The limbic system is presentedext khapter figure 15.

Autonomic nervous system is mainly functioning elevel of consciousness, meaning
that it is mostly involuntary. The ANS transmitsetlelectrical impulses from CNS to
internal organs (LeDoux, 2000; Partala, 2005) waeensory-somatic nervous system is
responsible for moving limbs and receives informratirom our senses. ANS has the vital
role in regulating emotion creation in our body.

ANS is further divided to the sympathetic nervoystem and the parasympathetic nervous
system. These systems work as a counter balanceafdr other. When sympathetic
nervous system is activated our heart rate, bloesspre and pupil size increases. It
prepares our body for “emergency status”. Parastimefia nervous systems function is to
lower our heart rate etc. and bring our body badké normal status (Partala, 2005).

4.1.2 Brain areas involved in processing of emotions

Amygdala seems to be one of the most importantnbragions for emotion and for
processing social signals of emotion (DalgleisifQ&20Cardinal et al., 2002). Amygdala is
very important also with recognition of faces. Sostigdies have shown that if amygdala is
damaged, it can lead to impairments in the prongsef faces and other social signals
(Jacobson, 1986 as cited by Dalgleish, 2004). Dancag also lead to state where patient
cannot learn to predict aversive events. This sgmpis also known as fear conditioning
(LeDoux, 1995 and 1996). The fear conditioning fown to act without subject
consciousness.

Another important region of brain involved in presgng emotions is the prefrontal cortex.
The prefrontal cortex is the very front of the brgust beneath the forehead. It has been
discovered that prefrontal cortex meditate our kctrig thoughts, predicts the future
events, makes choices between right and wrong aed suppresses our emotional and
sexual urges (Dalgleish, 2004).

The prefrontal cortex is also been called in sorases the reward center of the brain
because it expects a reward when heading to someefgoal. In some studies, the
activation of the prefrontal cortex with controlbgects is shown to elevate sweating (skin
conductance) in situations with possible rewardthi@ same situation, the patients with
prefrontal cortex damage the skin conductance stioweelevation (Bechara, Damasio et
al. 1994 as cited by Dalgleish, 2004). These dfieparts of brain involved in emotion
creation and recognition are presented in figudearid 15.
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Hypothalamus, like the prefrontal cortex, is alswalved in the processing of rewarding
stimuli. The hypothalamus is responsible for défar activities of the ANS. It has been
shown that the hypothalamus is a part of an extenstwarding system which also
involves amygdala and ventral striatum (DalgleR®04).

!~

Figure 14. Different brain regions affecting to emotions pssing

Figure 15. The limbic system
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4.1.3 Brain areas involved in perception of biological motion

Perception of biological motion influences in intging, interpreting and predicting tt
movements and actienof others (Grézes et al., 2(). Especially the facial movemer
create strong neural responses that are all diffedrem each other (Puce and Pet,
2003). These movements can be such as deviatioegeirgaze are very important -
determining individual’'s social attention whereasutih movement represents differ
types of prosody (Puce and Pet, 2003).

Greres et al. (20Q1suggest that pception of biological motiongs served by a specific
neural network. These neural networks caistudiedwith electroencephalography (EE
or functional magnetic resonance ima( (fMRI). Researctof biological motionincludes
a use of pointight displays as a stimult Test subjects can reauge mide from female
with no more tharl2 poin-lights when portraying a biological motion (Grossn&t al.,
2000).We can even recognize friends from strangers blylgoking at their pint-light
movement (Cutting and Kozlowski, 197 These types of researches are discusst
chapter 5.

Is has been shown that perceiving biological mowveme highly dependent of tt
orientation. If wefor exampliinvert the motion or turn it upside down, the reaitign of
emotions in the pointight displays becomes more challengi(Grossman and Blak
2000).

Biological motion is a complex and highly evolvedtion pattern. It is also a go«
example ofthe sophistication of pattern analysis in the b(&@rentema and Lappe, 200

Brain links seamlessly the perception of motionhwiite perception of form together

pointdight displays. These qualities involve differerdrpof cortical processing eams
(Bientema and Lappe, 200 Motion perception is analyzed in the areas of tbhesal

stream whereas form perception analysis is locatdtie ventral stream (Bientema &
Lappe, 2002Vaina et al., 200). Dorsal stream is also call¢ide wher- or how-pathway
and ventral stream the wl-pathway.

Figure 16.Ventral (colors, purple) and dorsal (visual, grestingam
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Many studies indicate that viewing biological maticactivates specialized visual
mechanism in the posterior superior temporal su{8isSp) (Grossman and Blake, 2001
and 2002; Grossman et al., 2001; Puce and Pe26€18; Grézes et al., 2001; Vaina et al.,
2001). The STSp is located in temporal lobe ofire@n which is located in both sides of
the brain.

The posterior superior temporal sulcus activateingdwiewing biological motion. If the
motion vectors are scrambled in space, the aabivatian be bigger than in normal
situation (Grossman and Blake, 2001). The STS tsmaativate if test subject only thinks
of the motion that draws a mental image of the amotin this case, the level of activation
is weaker (Grossman and Blake, 2001). Grossmah @0®1) discovered that in the right
hemisphere the activation was more frequent thahdreft hemisphere. The activation of
right hemisphere in 8-month-old infants suggest tha neural substrates for recognizing
biological movement begins to develop at aroundo@tims of age (Hirai, Hiraki, 2004).

Beauchamp et al. (2003) researched how differenhlbegions react to human motion and
to man made manipulable objects such as toolssaws or hammers etc, moving with

their characteristic natural motion. They showeskthactions to test group with full-light

motion (normal video) and with point-light motiohhey found that the superior temporal
sulcus (STS) reacted strongly to all human motegardless of if the motion were shown
in full-light or point-light display. This reinfoes the meaning of the STS in recognizing
the biological movement. They also found anotheraacalled middle temporal gyrus

(MTG) and inferior temporal sulcus, which reactédsgly to tool videos regardless of the
display (Beauchamp et al., 2003).

4.1.4 Theory of structure and image based object recognition

As we concluded, our brain has multiple ways tolyaavisual images. Theories of
structure and image based object recognition aceradically different theories that have
been proposed to explain how human can recognffereht objects. These both theories
might be entirely plausible, it just shows that dwain has multiple ways of analyzing
visual output (Ware, 2000).

Image based object recognition proposes that weseardifferent objects by matching the
visual image of an object with a rough snapsha-limage in our memory, whereas
structure based object recognition analyzes an eniaderms of primitive 3D form. For
example, we know that a chair has three to fous,legat and back rest. If we would see
this kind of form, we would immediately recognizeat form as a chair. In image based
recognition, we recognize the chair from its owti{Ware, 2000).
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4.2 Emotion measurement

There are many ways we can measure emotions fronanan. These methods do not
actually measure the emotion but fluctuations iman physiological outputs. In other
words, the methods measure emotional responsesouoimody actions. A nervous person
might sweat a lot. A scared person has faster hhatet A happy person tends his/hers
facial muscles more and so on.

Emotions affect to our body through our nervoudesys. The system works sometimes
voluntary and sometimes involuntary. We cannot ibrdll of our emotions. Figure 17
presents how different emotional outputs affect laom voluntary they are.

These psychophysiological measurements are nottaopany thesis but they are very
important for whole emotions research. This is wigy are presented only briefly.

Figure 17.Voluntariness of different communication channels

4.2.1 Electrocardiography (ECG)

One of the most commonly used method for measungeyt rate is electrocardiogram
(ECG or EKG). As mentioned before, heart rate lsteel to ANS activity and studies have
shown that heart rate can change between positinveulss and negative stimulus
(Anttonen and Surakka, 2005). ECG measures healéstrical activity during the
pumping action with three electrodes attached atybBrom ECG we can measure heart
rate and inter-beat intervals where we can caleula heart rate variability (Haag et al.,
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2005). If the heart rate variability is low, thaually indicates a state of relaxation. On the
other hand, increased heart rate variability indisanental stress or frustration (Haag et al.,
2005). Variability and heart rate represents clpsknensional emotion theory’s arousal
axis.

4.2.2 Galvanic skin response (GSR)

Galvanic skin response - also referred to as @detmal activity (EDA) or skin
conductance response (SCR) or psychogalvanic rédBR) — measures changes in skin
resistance. Resistance fluctuates when glands @rskim produces sweat (Haag et al.,
2005). Galvanic skin response needs a careful aefer measurements and calibration
before the actual tests, because temperature chaageaffect with the results. GSR has
also been shown to have correlation with ANS amdedlisional arousal (Haag et al., 2005,
Partala, 2005). Therefore it can be a good indiaaitgtress or differentiate between anger
and fear.

4.2.3 Electroencephalography (EEG)

Brain activity can be measured with electroencegdralphy or EEG. It measures both
frequency and amplitude of electrical activity gexted in the brain using electrodes
attached to the scalp (Partala, 2005). The actisitaused by neurons firing prior to some
task or emotion. There are studies that have shbanEEG asymmetries over the frontal
cortex are relatively grater in the left side oéfpontal cortex than the right side. This
asymmetry happens with emotion related to joy, rege and anger which have a
behavioral tendency of approach (Coan et al., 2@31cited by Partala 2005). As a
conclusion, the asymmetry is inversed with behalitandency of withdrawal like sadness
and fear (Coan et al. 2001, as cited by Partal@5R0

4.2.4 Electromyography (EMG)

Facial expressions have a significant role in hurtarhuman communications. EMG

measures facial muscle activity or frequency of cfeusension (Haag et al., 2005). High
muscle tension in specific muscles tells us of egless level (Haag et al., 2005). Facial
recognition is often used in entertainment businggs optical motion capture systems. It
can also be used for learning purposes and ubiggitomputing (Partala, 2005).

The facial electromyography is used for measurireggdimensional valence axis. Studies
have shown that increased activity at the zygomatimajor and corrugator supercilii
muscles associates with positive and negative em@Bartala, 2005). Zygomaticus major
is responsible for the muscle that produces smyledtawing the lip corners up and
corrugator supercilii knits and lowers the brows flowning. Orbicularis oculi activity is

noted to be particularly high with positive valenaed high arousal emotion (Ravaja,
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2004). Orbicularis oculi is totally voluntary andsponsible of closing our eyelids, but
there is also involuntary muscle tissue which g of sympathetic ANS. Activation of
this muscle tissue is thought to be involved wikpressions of enjoyment smile and
genuine pleasure (Ekman, Davidson and Friesen,)1990

4.2.5 Psychological interview

One of the most commonly used methods of meastimgmotional response to stimulus
is to simply ask what the test subject feels. Beject can be whether asked to express
feelings, moods and emotions totally freely or he/san be forced to make a choice
between different predetermined alternatives. Bo#thods have their pros and cons that
were presented earlier.

The free choice method can also be carried outreifit ways. One way is to allow the test
subject to express him-/herself in writing or oyalnother way is to use for example the
dimensional emotion model and ask the test suldgotstimate his/her feelings and
emotions with valence, arousal and dominance sc8leales can be divided for example
into nine steps.
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5 RECOGNITION FROM MOTION

Biological motion information tells a lot about tlaetor actions, intentions and emotions
(Troje, 2002). Pollick (2004) presents two complataey approaches to study the human
understanding of the movements of others. The fagproach uses visual motion
perception as a starting point and examines theahummovement with traditional
psychophysical methods. The other approach spediféerent brain regions in processing
of human motion and from that extends to organitivege regions (Pollick, 2004).

Pollick (2004) continues with listing three commexplanations offered for the human
capability to recognize point-light displays. Thestf two of those dealt with the structure
of the human body and the third with the kinemadicthe human movement.

Many researchers have concluded that the recognitidhe biological motion relies on
recruiting higher level of cognitive processes he interpretation of the motion signals
(Pollick et al., 2002; Shiffrar and Freyd, 1993ofitton, Pinto and Shiffrar, 1998).

5.1 Biological motion in point-light displays

The first attempts for isolating pure biological tmo were made by Gunnar Johansson in
1973 (as cited by Atkinson et al., 2004; Hill, Jnand Johnston, 2003). He devised a
technique called point-light displays (sometimefenred also as patch-light display) to
study the perception of biological movement. Witis ttechnique he could minimize or
totally eliminate all static form information froratimuli but still retain the motional
information (Atkinson et al., 2004). As an opposdite point-light displays, a full-light
display presents the whole body image and motiah @rresponds to a normal video
recording.

Point-light display technique differs from full-hg displays in a way. In point-light display,
the moving character is presented by a small nunabetluminated dots or patches

(Atkinson et al., 2004). These stimuli are produbgdilming reflecting dots attached to

actor joints with multiple cameras (Hill, Jinno addhnston, 2003). This technique is
widely based on the optical motion capture techaidthe dots can be placed to joints or
to actor’s facial area if facial expressions aredssl to capture.

When point-light display is static, the dots appaara random series of dots. But if the
dots are moving, we can immediately recognize tirenfas human motion (Atkinson,
2003; Heberlin et al., 2004). Point-light displagre very useful in numerous research
areas but they have a few disadvantages assot@afedial expression recognition. Hill,
Jinno and Johnston (2003) claims that with natfaelal movements, point-light displays
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only provide a limited sampling and representaidrthe motion information available.
They also argue that if the point-light displayni® explicitly normalized, the display will
contain residual cues to spatial configuration glsidle with motion information.

Different brain regions have been noticed to rehfferently if test subjects are shown
point-light displays or full-light displays (Beawsmtmp et al., 2003). Even infants can
recognize the human form and decode the biologiwation from point-light displays
(Beauchamp et al., 2003; Hirai and Hiraki, 2004).

It has been shown that perception of a structura point-light display doesn’t require
prior knowledge of individual features or their &celations (Bertenthal and Pinto, 1994).
This means that perception of form, when specibgdbiological motion, foregoes the
perception of different elements and local relati&e joint angles (Bertenthal and Pinto,
1994).

Figure 18. PL-display

5.2 Person recognition

The most researched and often cited area of retboigns the recognition of gender from
gait or motion (Pollick, 2004; Pollick et. al, 2Q0Pollick’s (2004) review had found that
gender recognition from the side view and with pdight walkers yielded a range of 46%
to 72% correct answers with median of 65% correct.

Head and facial movement provides lots of valuaifiermation about the actor’s identity.
Hill and Johnston (2001) discovered that test stibjeould in fact indentify impressions
between individuals and between males and fematesr findings suggest that from rigid
movements of head test subjects can identify idd&is and from non-rigid motions is
used for recognition of sex. They also showeddtmauli backwards and upside down
which lead to reduction of the identification perfance.
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There are many researches considering the gaysasi@nd how humans can recognize a
friend from a stranger or male from female by jlmiking at the biological motion
(Kozlowski and Cutting, 1977, Little and Boyd 1998ut some studies argue that the
experiments held in laboratory conditions diffebstantially from the realistic conditions
(Jacobs and Shiffrar, 2005).

Humans have been found to predict the effects tidrae more reliably if the actor is the
test subject oneself (Knoblich and Flach, 2001;laai al., 2005). This result collides with
theories claiming that perception and action systeare totally separated from the
cognitive system. The test subject knows one’adtecause when recording the motion,
the same system plans the action and afterwardscpgehe action’s effects (Knoblich and
Flach, 2001). Some studies suggest that represemtat biological movement may be
based upon the movement limitations of the humaaly bi&ourzi and Shiffrar, 1999).
Troje (2002) also presents that the dynamic path@fmotions contains more information
about the gender or sex of the actor that strulctwies that are motion-mediated.

The role of posture as an emotional communicatimoesgium has been poorly studied if

related to research of facial and vocal expressf@ugilson, 2004). Some evidences have
already been found that test subjects can readi@msofrom static body postures with

good level of accuracy (Coulson, 2004). With pdigit motion data, recognition rates

were only 30% for one emotion, which were still ed@hance (Walters and Walk, 1988,

as cited by Coulson, 2004). With full-light dispjdiie rates were above 70%.

5.2 Emotion recognition

The role of emotions affecting to human movemerats been research for long. Some
studies have even tried to interpret emotions frstylized dance movements with
conclusions that of the six basic emotions thatewsaptured, the emotional anger was the
most reliably indentified (Pollick et al. 2001).

Test subjects can recognize with high probabilityogonal content of dance movements
which are varied in four emotional states (Camuraigerlof and Volpe, 2003). The most
common mix-up was between anger and joy.

Humans can recognize from point-light display wleetthe movement style specifies to
vulnerability in case of a physical attack (Gundsehnston and Hudson, 2002). Same
experiment also confirmed that different genderedhtplight display walkers can be
recognized to male and female. The hard to attamlkex was recognized from a longer
stride length, swinging foot movement, a largemgeanf arm swing, higher energy, lower
constraint, a faster walk, and a relatively heabiedy weight than easy to attack walkers
whereas easy walkers moved more gesturally (Gummsston and Hudson, 2002).
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Pollick et al. (2001) examined how the visual pptcm of emotions can be seen from
simple arm movements in point-light displays. Thesed two actors to perform and
capture drinking and knocking movements with tefiedent emotional states. Motion
capture was done with optical motion capture systeinich recorded the three-
dimensional positions of actor’'s arm.

After the capture, Pollick et al. (2001) showedsthenotions to test subjects. The point-
light stimuli were shown in normal way and in otlperiment the displays were altered
so that the stimuli were shown upside down andoaryg phase shifting the points. In the
latter test, the distortion should decrease th@opaance of the recognition.

The results showed that the test subjects can amasectly 30% of the time with a range
of 15% with strong-emotion and 50% with afraid-ermot(Pollick et al., 2001). It is well
above the rate of chance. The other experimentteglsa correct answer rate of 14%. The
range was from 4% with afraid-emotion and 34% \witkited-emotion.

However, some studies have shown totally differesult. For example Pollick et al.
(2002) research showed a failure to recognize gefide biological motion. This was
determined because of inability to use the avalabformation. This concludes that
human performance in this kind of studies can \dmgmatically (Pollick et al., 2002).
This lead to a suggestion that the gender infownatis carried in the form of the
movement and it varies across actions and limb satgn
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6 RESEARCH QUESTIONS / HYPOTHESIS

The main research question that we explore in tiiésis is whether emotions can be
perceived in point-light displays with a single @cand without social interaction. Which
emotional states are recognized more easily andhadre less accurately.

The second part of this research is to find out Inowech different attributes affect on the

recognition rate. We concentrated on the oriematibpoint-light displays, the gender of

both the actor and the test subject. We also exaithia possible learning process that
might occur during the test.

Some of the emotions might be easier to recoghiae tthers, for example angry might be
easier than weak. We hypothesize that weak, afraidsad will be mixed up between each
other, and also strong and angry will be easilyfesed together.

We hypothesize that there might be some learninggss during this experiment in a way
that our test subjects learn to recognize emotiooge accurately toward the end. In other
words, the recognition rate of the first 40 stimwlll be lower than the latter 40 stimuli.
We also hypothesize that the distribution of therng answers will decrease with the latter
40 stimuli.

The question if the gender affects somehow thegmition rate is a difficult one. We
would like to think that female participants wowdncentrate more on these kinds of tests
and get better results than male participants.

We also hypothesize that our test subjects cargreze emotion from point-light displays
better that just guessing the right answer. Thezenaany emotion cues in the motion so
the recognition is assumed. The extent of the n&tiog isn’t so easy to estimate. The past
researches (Pollick, 2004) suggest a recognitimah15-50 percent of all emotions and
stimuli with normal oriented point-light displayg/e would be pleased if all emotions
could be recognized with rate over the level of nge (10 percent, 10 different
possibilities of answering). From previous studiesl references we can already tell that
emotions can be recognized from point-light displa@ur goal is to verify these results
and find out the scale of recognition rate. In othverds, how accurately and in what
conditions emotions are recognized from the pagtitidisplays. These results will give a
good ground for further studies which are presemtexhapter 10.
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/ RESEARCH METHODS

In this chapter we give a detailed picture of theearch done for this thesis. We'll try to be
as thorough as possible so that these tests captmuced afterwards again.

Our experimental research consists of two diffepgants. The first part is the capture of
motion from two actors with different emotions. Téexond part deals with the experiment
with test subjects and emotional point-light diggla

Different experiments were performed simultaneouslyinvestigate how emotions are
perceived from point-light displays of human motitmthe first part of the experiment we
presented the actions with ten different emotiamtatles and measured how accurately the
participants can categorize the emotion from motiorthe second part of the experiment
we displayed the movement in upside down as Paodlicd. (2001) and Clarke et al. (2005)
research. We examined the effect of gender andilgam recognition from PL-displays.

7.1 Movement collection

For motion capture, we used OptiTrack’s optical iomtcapture system that contains 12
infrared cameras. We obtained the movement andigosiata from whole body. That
means that the actors had 31 reflective marketd@n body tracking their motion. Figure
19 presents the placement of these markers.

Figure 19. Actor wearing the motion capture suit and markers
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We used two volunteer actors (one male, one fenfabeh Aalto University student
union’s acting group called Teekkarispeksi. Theyhbacted two different acts with 10
different emotional states. These acts were baalkimg action and knocking at door. Due
to our small capture area, the walking action wageéd to a couple of steps.

Emotional states that the actors played were theesass in Pollick et al. (2001) research.
These emotions were afraid, angry, excited, happwytral, relaxed, sad, strong, tired and
weak. These emotional states are placed quiteynicekvery side and corner of the

dimensional scale (Figure 20) so wide range of @noivas covered. The placement of
strong and weak emotion in valence-arousal scalquige controversy. Their proper

placement should be in the dominance scale witloipresented in Figure 20.

Figure 20.Used emotions mapped into dimensional space

Actors were asked to perform a small pre-act befbee act that we wanted for the

experiment. This way we got our actors better enrtiood. The whole act consists of the
pre-act, walking and finally the knocking. Beforeetknocking the actor approached the
“door”, stayed still for a second and then statteel knocking action. This way we could

better edit the scene afterwards. Walking mightehiaet been ended before the knocking,
if it was done with seamless motion.
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7.2 Psychological tests

The psychological tests were held in at the begmrof April 2010. We had 35 test
subjects, 16 males and 19 females (mean age 24r9)yand they all volunteered to serve
as subjects. All the participants were naive tophgose of this experiment and had never
previously encountered this kind of experimentamsti. They were not paid for
participate in this experiment.

A PHP-questionnaire form was made for running tieist online. Test subjects were
collected via contacts in different social mediaor®l detailed instructions were sent via
email. This method might have brought more uncetyaio the results but this way we
could acquire more test subjects and more datahamight decreased the uncertainty of
statistical analysis.

The test subjects were informed that some of thaliBplays would be distorted. They
were told what they were looking at. One test sangblPL-displays was shown prior to
the actual test. This was done to get the tesestgfamiliar with the PL-displays. They
were also informed explicitly that there was nadhtigr wrong answers in this research.
This way we could decrease the feeling of commetiti

One of the biggest challenges was to form the rekeguestion for test participants so that
everyone could know what we wanted them to ansWee. test participants were finally
told to describe the emotion of the character mlaye display with one of the given
adjectives. These adjectives were the same adliolkRet al. (2001) research and the same
we used in capturing the motion with different eimioal states (afraid, anger, excited,
neutral, happy, relaxed, sad, strong, tired anckjvea

Gathering data with interview based methods is tor@suming. You get more control for
the situations but it takes more time. The orderthed stimuli must be randomized
preferably to every test subject. Randomizing exdlse possibility for different stimuli to
affecting each other. This way we get more accutata from our test subjects.

The order of the PL-displays was randomized foheast subject by the PHP-software.
The test subjects didn’'t know if the next displaguld be right way up or upside down.
Each display was shown to the test subject twodjree each test contained 80 PL-display
stimuli (2 actors x 2 orientations x 10 emotion3 pepetitions).

In the PHP-questionnaire form, the test subject®eWest asked to fill out his/hers age and
gender. They could start the display whenever thagted. Below the display were 10
adjectives to choose from. After all stimuli, thest stopped automatically. The
questionnaire form is presented in appendix A.
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7.3 Equipment

7.3.1 Motion capture system

Our OptiTrack optical motion capture system is nfacwred by NaturalPoint, Inc. The
company is specialized to high quality image tragkiechnology and different kinds of
unique computer control devices (NaturalPoint, 2000r system uses 12 FLEX:V100R2
infrared cameras (Figure 21) that produces up t ARS pre-processed video and full
grayscale video.

Figure 21.OptiTrack optical infrared camera

Cameras have an onboard MJPEG image compressibsauthat the movement in front
of the cameras can be viewed in real time and witlitiple cameras. Cameras have a
resolution of 640 times 480 pixels. A standard lilimeter (5/8 inch) marker can be
tracked up to 7 meters with precision of 0.1 miéiier (NaturalPoint, 2010).

There are a few possibilities how these camerasbeaplaced to the capture area. Six
cameras is the minimum amount of cameras for fadyomotion capture (NaturalPoint,

2010). It is recommended that eight or more camterde used for improved tracking and
much larger capture area. Our cameras were setgrdiieg to 12-camera truss setup
which is presented in Figure 22.

System is controlled with ARENA™ motion capturete@re which can provide natural
looking motions, animated characters and even sspaeial effects (NaturalPoint, 2010).
It automatically detects the actors’ markers asaigmt and can place a skeletal model on
top of those markers.
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Figure 22.12-camera truss setup

7.3.2 Displaying the point-light displays

Actors’ movements were converted to point-light imoetwith right way up and then
turning each display upside down. Each movement alasut 3-4 seconds long. PL-
displays were shown as white dots moving againstkobackground and 25 points on
actor's body were shown. With normal orientatioe #ingle of view was from up-left
position from which we could get as informativewias possible (Figure 18). The upside
down displays were made by just turning aroundrtbemal displays. Both actors were
right-handed so the knocking action was visuallyrenmformative from this angle.
Displays were converted into DVD-format with red@u of 720 x 576 and 25 frames per
second.

7.4 Statistical analysis methods

For statistical analysis of the data, we used tiugleht’s t-test and the Wilcoxon signed-
rank test. The t-test calculates the means of ta deoups and assesses whether these
groups are statistically different from each other.

The formula of the t-test can be seen as a ratis.also a metaphor of signal-to-noise ratio.
The difference of two group means is divided byuhgability of the groups.

(1)

Usually the top part of the equation is easy tcuate. X and X are the mean values of
two different data groups which we want to examimbese two groups are normal
distributed. The bottom part is called the standamdr of the difference (SE) and it is
calculated by taking the variance of each groupdindling it with the number of people
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in the group. Variance can be calculated by sintpking the square of the standard
deviation. The equation is shown below.

LS e B @

d, -1 1. 1
/0.1). ./(') L (3)
%2_))_3T 45)628 )935)628 o
) ,

The t-test result is used to look up in a tablsighificance to test whether the ratio is large
enough so that the groups are really differenthéf P-value (from table of significance) is
smaller than 0,05, it means that the difference“btistical significance”. The t-test was
used for examine the difference between orientatiand comparing recognition rates
against the level of chance.

The Wilcoxon signed-rank test is an alternativethie paired Student’s t-test. It also
compares the differences between group measurenienttis method can be used when
the data cannot be assumed to be normally distibdthe Wilcoxon signed-rank test can
be used for binomial data, which was the case @sour experiment. The test can be
performed as following five steps:
1. Sort the data.
2. Discard the data points that are exactly equalptxified center (C) (usually the
mean value).
3. Rank the remaining data points (N) by the absorataes of their deviation from C.
The smallest deviation ranked 1. Assign mean rémkied points.
4. Calculate the sum of the ranks (S) for all the galthat are above C and for the
values below C. Define D as the smaller of the sk sums.
5. Compare S to a table to define the significancellpv

The Wilcoxon signed-rank test suits better for datd has small differences. We used it to

recognize the significance of differences betwedierént emotions, orientation and the
gender of the actor.
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8 RESULT AND ANALYSIS

The data were obtained from 35 test subjects thigt dompleted the test. One set of data
had to be excluded from the results because ohteigiretation of the test. We had overall
70 data samples for each video which meant thdt elmotion had 140 data samples (Male
+ female actors) per orientation (2 actors x 3bgabjects x 2 repeats = 140). The order of
the point-light display stimuli was totally randared by the PHP-software so every test
subject got unique sequence of stimuli.

Test subjects used on average 28 minutes for dbiagest set which included 80 videos.

8.1 Results

8.1.1 The overall recognition rate

First we present the overall emotion recognitiote ravith normal and upside down
orientation. Figure 24 shows the percentage ofectlyr recognized emotion from 140
answers that each stimulus had. The figure is ptegpthe recognition rate of the normal
orientation display with descending order. The dpsiown orientation’s rate is marked on
the right side of normal oriented results. The ltssare also presented in Figure 23.

By purely guessing the answers, the results shyiald an emotion recognition rate of 10
percent because of the 10 emotion that the tegecubould choose from. The level is

marked into the Figure 24 with black line.

Figure 23.Recognition rates and percentages for differeentations
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Figure 24.Recognition percentages arranged in descendireg bsdnormal orientation

8.1.2 Effect of gender in motion capture

We must also assess question of are there diffesemetween male and female actor’s acts?
Can either one of these actor’s stimuli be recagphinore accurately that the other?

These results might indicate that some emotionsasger to recognize from male actor
than female actress. There might be emotions tteaespecially recognizable from the
movement of specific gender. Anger might be moralgnamotions whereas excited could
be related more often to emotions with females. fd@ognition rate should be evenly
distributed between male and female actor, if timaudi are not statistically different. The
results are presented in Figures 25 and 26. Bgtlrds are arranged in descending order
with male actor’s recognition rate.
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Figure 25.Recognition rates of male and female actors wittmad orientation
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Figure 26.Recognition rates of male and female actors wiide down orientation
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8.1.3 Test subject’s gender dependent recognition

Next, we assess the test subject's gender depemdeognition rate. There might be

difference of recognition when female test subjects watching female actress’s moving
and vice versa. On the other hand, theory sugg#sis,there might not be any major

difference between male and female test subjeahidl et al., 2002). These results are
presented in Figures 27-30. The bar graphs aregedaaccording to descending order of
female actress’s normal oriented displays, malgestib recognition rates. Figure 31

below the figures 27-30 presents the average réwmgmates for both gender test subjects
watching male and female actor’s acts.
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Figure 27.Female actress’s recognition rates with normaraation
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Figure 28.Male actor’s recognition rates with normal origiua
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Figure 29.Female actress’s recognition rates with upsidendosentation
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Figure 30.Male actor’s recognition rates with upside dowiematation

Figure 31. Average recognition rates for different orientatigender of the actor and the
test subject

Normal orie ntation Upside-down orientation
Test subject \ Actor Female Male Female Male
Female 22 % 17 % 18 % 19 %
Male 18 % 22 % 22 % 18 %
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8.1.4 Learning during the test

Finally, we assessed the possibility of learningcpss during the test. Do the participants
learn to recognize the emotions from point-lighgpdiays more efficiently? Are the first 40
displays more difficult to recognize than latterdiSplays?

Since the order of displays was randomized ovemithele test of 80 display stimuli, we
couldn’t get evenly distributed number of differeamhotion displays to first and latter 40
set of displays. This is why the statistical analyaf the data is not possible. The results
are presented in figures 32 and 33.
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Figure 32.Learning process during normal oriented displays
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Figure 33. Learning process during upside down oriented displ
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8.3 Analysis

8.3.1 The overall recognition

First we will start the analysis by looking the caléresults of our experiment.

Figure 24 shows the recognition rates of differemtotions for normal oriented displays
and upside down oriented displays. The stimuli @manged to descending order with
normal oriented displays. Tired-stimulus has bee® most recognized emotion with
recognition rate of 44 % (Figure 23). The upsidevaooriented tired-stimulus was
recognized with rate of 39 %, being the highest maith upside down orientation. The
lowest percentages were with normal oriented dyspld. % (afraid) and with upside down
oriented displays 8 % (sad, relaxed and afraid).

All normal oriented display’s recognition rate stdyabove 10 %, which was the level of
chance (average rate of recognition by purely gngssWith upside down orientation sad,
relaxed and afraid stimuli fall under the 10 % levEhe average recognition rate for
normal oriented displays was 19,79 % and for updaien oriented displays 19,07 %. The
t-test shows that both of these results are swifly better than the level of chance
(normal oriented: t(34)=9,0071, P < 0,0001, twdetsi upside down: t(34)=8,8918, P <
0,0001, two tailed). From these results we can looiecthat overall recognition rate for
both orientations were above the level of chance.

A few anomalies can be detected from the FigureT2% recognition rate of neutral,
excited and strong stimuli have higher percentagegpside down orientation than in
normal orientation. With excited stimulus, the merage difference is 10 % and with
neutral stimulus almost 9 %. The t-test shows thatdifferences’ P-value with excited
stimulus is t(34)=1.9834, P = 0.0554 (two tailedyl avith neutral stimulus t(34)=1,4148,
P=0,1662 (two tailed). Excited stimulus’ differenise not quite statistically significant
whereas neutral stimulus’ difference doesn’t hawesagnificance.

Another interesting result can be seen if we revadiwthe answers that our test subjects
have given to each stimulus category. We can asectianomalies in answering patterns,
e.g. the test subjects have answered more ofteatrate than “sad”. To assess more
thoroughly the recognition rate, we must consider-ups with the stimulus displays. In
other words, some stimulus might have been mixeavitp other stimulus. A confusion
matrix (Figure 34) shows in percentages all thgpoases that our test subjects gave to
each emotion stimulus. The correct answer rateas/s in the diagonal of the matrix.
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Figure 34.Confusion matrix to all responses (regardlessntaieon). If stimulus has more

responses than the correct one, the cell is inlfstimulus has responses more than 10 %
(the level of chance), the cell is in yellow.

From the confusion matrix we can observe how dffieistimuli have been mixed-up with
each other. As early estimated in theory Polliclalet{2001), sad and weak stimuli have
been mixed-up with afraid and tired stimuli. Fostemce the weak-stimulus has been
confused with sad and afraid. There are more resgsoto angry and neutral stimulus than
the correct answers in strong stimulus. Angry, textineutral and tired stimuli have been
recognized most conclusively since there are nporeses that overcome their rate. The
worst mix-up is with afraid and sad stimulus. Téhresponses overtake those categories’
correct answer.

One discovery from the confusion matrix is the antoaf neutral responses. Almost all

stimuli have been mixed-up with the neutral stinsuior some extent. This might implicate

that the test subjects have been confused durmgxberiment and they have used this
response as a “don’t know’-answer. Whenever adelject has not recognized enough
from the stimulus, they have answered “neutralitt@he increase of neutral recognition

rate in upside down oriented displays (Figure 24 &uggests that the neutral answer
might have been used more often than the othereansussibilities.

We also wanted to know if there are differencefiomw test subjects answer in normal
oriented and upside down oriented displays. Farwh need two confusion matrices more,
shown in Figures 35 and 36 below. If we comparesd¢h® matrices we can notice the
increased amount overtaking confusions in upsidendariented displays (Figure 36). The
change of orientation might have some effect toameunt of confusion. Relaxed, afraid,
sad, happy and weak stimuli have much worse ansgatistribution in upside down
orientation than in normal orientation. In otherrd& some other stimulus’ response rate
overtakes the correct answer’'s percentage. In apdoavn oriented displays (Figure 36),
tired stimulus is more often confused to weak shirmthan sad stimulus which is opposite
to normal oriented displays (Figure 35).
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Figure 36. Confusion matrix for upside down oriented dispgéynuli

In next Figure (37), we have calculated each te$jest's recognition rate for each

stimulus. From these recognition rates we couldutate the standard deviation. We also
used these individual recognition rates to complaeen to the level of chance (in Figure
38).

The Figure 37 below shows the average recognititaaf each stimulus (regardless of the
orientation and gender of the actor) and rangenefsiandard deviation to plus and minus
sides. Because percentages are not normally disgdba few stimuli’'s standard deviation
falls under the zero.

From Figure 37 we can conclude which stimuli haeerbrecognized and which might
have been somewhat guessing. The average recaograt® of tired and neutral stimuli is

well above the level of chance as earlier estabtisiAlso angry and excited stimuli’s

deviations are mostly above the level of chancaysa@an conclude that these stimuli the
test subjects have recognized. For all other stirmé cannot say definitely that the test
subjects would have recognized them, although ¥leeage recognition rate is above 10 %
(except afraid being 9,64%).
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Figure 38. Average recognition rate, standard deviation avdlBe from t-test
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From Figure 38 we can find the t-test results fehestimulus against the level of chance.
These results support our previous conclusions.ryngxcited, neutral and tired are
considered to be significantly different than teedl of chance whereas all others are not
considered as significantly different.

8.3.2 The effect of gender

Next we want to know, if there are differences lesw male and female actor playing in
the display stimulus. We also wanted to know how thrientation affects to the
recognition rate with male and female actors.

First we examine the Figure 25 with normal orieintatWe can notice male actor has been
recognized significantly (in percentages) bettantfemale actress with angry and relaxed
stimuli. Also happy, neutral and strong stimuli baigher recognition rate with male actor.
Excited and weak stimuli have better rate with feEsmactress. The difference between
those categories is over 20 percent. Female adi@Esslso been recognized better with
tired, sad and afraid stimuli. One noticeable remilthe amount of male actor's weak
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stimulus’ recognition. Only 3 % of our test subgbiave recognized this stimulus. More
detailed numbers of both genders and orientatiompr@sented in an appendix B.

Figure 26 shows the results with upside down oaigort. We can still notice the
difference in recognition rate between male andalenactor with weak emotion. Other
notable differences can be noticed with neutrafjrarand strong stimuli to male actor’s
advance and the rest of the stimuli to female astr@dvance. If we want to know which of
these differences are significant, we must uséifileoxon signed-rank test to test them
statistically. Results are shown in Figure 39 below

Figure 39.P-values from Wilcoxon signed-rank test, male asfadiemale
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The signed-rank test gives a two tailed probabdgyan answer. If the probability is under
0,05, the difference is considered to be statibyicggnificant as in the t-test. From Figure
39, we can conclude which stimulus’ difference igngicant. With normal oriented
displays, the difference between male and femdls & considered to be significant with
angry (P=0,0293), excited (P=0,0044) and weak @83), stimuli. Relaxed emotion is
close to being significant but not quite. With w@esdown orientation only weak stimulus’
difference (P=0,0074) between male and female astsignificant. Sad’s difference isn’t
guite enough to be significant. Angry and strongrdases even more.

8.3.3 The effect of orientation and gender

Next we must also assess the differences betwesetwih orientations. When comparing
the Figures 25 and 26, there has been a decredse gfercent in recognition rate with
tired, angry and afraid stimuli in upside down otaion (Figure 26). With relaxed, sad
and happy stimuli, the male actor's recognitioneratas also deceased. With excited
stimulus’, the recognition rate has increased ain2fs % in upside down orientation.
Biggest differences are with male actor’s emotiogsognitions. Finally, to support our
earlier theory of neutral answers, there has begigraficant (in percentages) increase in
recognition rate with upside down orientation. Téiggest that the neutral has been used
as a “don’t know” —answer. To support our visuatifngs, we calculated the P-values with
the Wilcoxon’s signed-rank test for the two oridiaias. The results are shown in Figure
40 below.
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Figure 40.P-values from Wilcoxon signed-rank test, normaliagt upside down
orientation
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The biggest differences are in the male actorswdii with different orientations. This
means that the change of orientation did not affectmuch to the female actress’s
recognition rate. Male actor has a significantediéhce between orientations with excited
(P=0,0105), relaxed (P=0,0135) and sad (P=0,0186uk. Happy has also a notable
difference but a P-value of 0,1098 means thatnbissignificant.

We can also go further with this analysis and s& bur test subjects have answered to
different stimuli. In other words we can make cadm matrices describing the
distribution of answers. We made four of these madr with two genders and two
orientations. These matrices are presented in €git-44 below.
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Figure 41. Confusion matrix of male actor with normal oridria
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Figure 44.Confusion matrix of female actress with upside dasientation

These matrices are constructed same way as bdéfowe. first take a glance of normal
oriented matrices and compare the differences legtweale and female actor (Figures 41
and 42). Male actor's emotions have been recogmuéld varying rates of recognition
(Figure 41). Angry, neutral and tired emotions hdeen recognized without bigger
confusions. Most of the confusion with male actomes in afraid, excited, sad and weak
stimuli. The female actress has been recognizedraiety with excited and tired stimuli
(Figure 42). Overall, the female actress has beeongnized better than the male with
normal orientation. With upside down stimulus, matdor has same stimuli at the top
(Figure 43). The biggest difference is the increalseonfusion in sad, relaxed and weak
emotions while female actress’s recognition commgiFigure 44) amount has been nearly
unchanged.

There are a few observations that are interesfiing. amount of neutral answers with
afraid-stimulus is significant (in percentages)alhfigures (41-44) the amount of answers
exceeds 40 % and goes even over 50 % with male apside down orientation. Another
observation is the significant (in percentages)re@se of neutral answers with strong
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stimulus in male’s upside down oriented matrix (Fe&y43). Happy stimulus has been quite
often been confused with excited stimulus.

We also want to examine which stimuli in which otegion and gender of actor has a
statistically significant difference. If we combirnbe orientations, we can examine the
effect that gender had and vice versa. We used-tib&t and got the P-values for all the
stimuli. The results are shown in Figure 45 below.

Figure 45. T-test results for different combinations
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We first examine the upper part of Figure 45 in ckhive have compared orientations
regardless of the gender. When comparing the twentations, sad and relaxed stimuli
have enough small P-value (Sad: P=0,00948; RelaRe@;04826) for the difference to
have significance. Excited stimulus has P-valueO(B5545) just on the threshold so we
can say that there is little significance in itfafience between the orientations. The lower
part of Figure 45, we have a comparison of genfléne actor regardless the orientation.
Under the threshold fall angry (P=0,01387), excited0,03291) and weak (P=0,000014)
stimuli and strong stimulus (P=0,05755) is justtioa threshold. Angry, excited, weak and
strong stimuli have statistically significant diféaice between genders of the actor.

Finally we calculate if there are differences betwerientations or the gender of the actors
regardless of the emotion/stimulus. We combine wdbjects’ responses into four
categories based on two orientations and two genofethe actors. After that we can
calculate the t-test for each possible combinatibhe difference between male and female
actor is not statistically significant with normaliented displays (t(34)=0,6357 P=0,5295)
nor is it with upside down oriented displays (1336766 P=0,5680). We also couldn’t
find difference between orientations with male adi$34)=0,4047 P=0,6882) or with
female actress (1(34)=0,3448 P=0,7324). If we fmrtbn combine the results we can
calculate overall P-values for difference betweearerdations and between different
genders. The t-test results show that there areliffi@rence in orientation recognition
(t(34)=0,5606 P=0,5788) or in gender of the adi@4()=0,8212 P=0,4173).

Next we analyze the data for the effect of partioifs gender. For this data, the statistical
analysis was impossible because of the experimetnop sdifferent number of male and
female test subjects and total randomizing of tispldy stimuli. So we settle for only
visual analysis of the data and try to find sonemdis based on these bar graphs. We can
also use past results to estimate the significaotctee differences.
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In Figures 27-30 we have bar graphs presentingafdtaw male and female test subjects
have answered to differently oriented and gendstieaulus. First examine the Figure 27
with female actress and normal orientation. We q@ite evenly distributed recognition

rate between male and female test subjects. Exeeptian be noticed with afraid, happy
and relaxed stimuli. These stimuli have notablefeddnce. We can compare these
differences to already examined differences andnagt that all of them might have

statistically significant difference. The male atdaecognition rates (Figure 28) have been
arranged into same order as female actors. Weenthie differences in excited, weak,

happy and relaxed stimuli between genders. Ex@tetiweak stimuli’'s recognition rates

have decreased over 20 % whereas male subjeatsfarahappy and relaxed is increased
the same amount.

Next we are comparing the results of upside doviented recognition (Figures 29 and 30).
The recognition rates between male and female sisbfge quite evenly distributed with

only one exception. Female test subjects havectigeized the upside down presented
female actresses performed strong stimulus (Fig@yeThey’'ve had this display shown 38

times and none of those times the answer was ¢okiéth male actor the same situation
is with weak stimulus (Figure 30). None of male jsats have recognized it correctly.

Other notable difference is the increase of neuswad angry recognition rate and a
decrease of female subject’'s weak recognition wdten comparing different actors in

upside down orientation (Figures 29 and 30). Buisatering the past results, we estimate
that there are no statistically significance défeces between these stimuli.

We can also compare the results from each gendeted with different orientations. The
biggest differences with female actress are indfiad strong stimuli (Figures 27 and 29).
There is somewhat significant increase (in pergadp with afraid —stimulus’ female
subject’s recognition rate and significant diffezerwith both gendered subjects in strong
stimuli when comparing these with different origidas. Overall the recognition rates
haven’t changed significantly between orientatibased on past results. But when we are
comparing the results of male actor’s recognitiaes we see a lot more variation (Figures
28 and 30). Excited, happy, sad and relaxed stiratéi has decreased notably. Neutral and
strong stimuli increase is about 10 %. We estintat¢ the decrease of excited, male
subject’s sad and relaxed stimuli are statisticalynificant, based on the past results.
None of the increases were so big that they coalsignificant.
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8.3.4 Analysis of learning

The best way to get some confirmation to the sugge®f neutral response being the
confusion answer is to study how the responses tlaaeged from the first period of the
test to the latter period.

Figures 32 and 33 present bar graphs of possiateifeg process during our experiment.
In other words, we want to know how the recognitiates changes from first part of 40
displays to latter part of 40 displays. From FigB& we notice how almost all “latter”
bars are above the “first” bars. This indicated thare has been learning in test subjects
during the experiment. The decease of neutral aige suggests that the test subjects
haven’t just answered “I don’t know” but they'veesesomething on those displays. Also
the upside down orientation (Figure 33) has sanmé lif trend with neutral answers
decreasing. These finding just indicates a po#silfdr learning but there is no statistical
evidence of the difference between the parts.
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9 CONCLUSIONS

In this master thesis, we used optical motion aapgslystem to collect “a knocking at the
door” motion with 10 different emotions. Capturesrevconverted into point-light displays
which were shown to our test subjects as a stimulbe test subjects were asked to
describe the actor's emotion or overall feelinghwidne pre-given adjective. A PHP-
guestionnaire form was used to collect the data.

Overall we got good results out of our experim@e obtained an overall recognition rate
of 19,79 % for normal oriented displays and 19,07o%upside down oriented displays.
Both of these rates of recognition were signifibabetter than the level of chance. This
means that our test subjects have recognized emsofrom point-light displays. The
difference between orientations was surprisinglalénthe difference was determined not
being statistically significant.

The best recognized stimulus was tired in bothnt@itions. This might be caused by a
little bit longer stimulus display. Tired, as an @rmn, is longer lasting so it might be
easier to recognize from longer stimulus. The Idwesognition rate was with afraid —
stimulus with normal orientation. Sad, relaxed aafilaid stimuli had the lowest

recognition rate with upside down orientation.

The second best recognized stimulus was neutraltrdleas an emotion, is very simple
and it doesn’t hold any specific motional cues. Wheer our test subject was confused
with the display they might have answered “neutes™| don’t know” -answer. Confusion
matrices show the amount of neutral answers wigryestimulus. This suggests that our
theory is right. In future studies, the neutral #ooshould be considered to be left out.

The confusion matrices gave us an insight of howtest subjects answered to different
stimuli. There we could conclude that for exampkaiwwas confused often to afraid and
sad was confused to tired, weak and neutral. We amalyzed the effect of male and
female actor’s performance. Male actor’s angry @elaxed stimuli were recognized better
than female actress’. Female actress’s stimuli weoegnized better with excited and
weak stimuli. There was not a big difference betwegentations. Male actor was already
strong body built which might have affected to pegformance in weak emotion. In future
studies, we should also consider having many @iffesizes of actor whom which we
capture the motion.

Based on the analysis, we claim that only four éonst were recognized. These four
stimuli were angry, excited, neutral and tired. Watll other emotions, the deviations or
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confusion matrices showed too widespread respahsesve would think they were not
recognized properly. The test situation was notrotled in any way so it will bring the
most of the uncertainty to the results.

We can also conclude that there were some signifidé&ferences between male and
female actors, but since we had only one of botidges, we cannot say definitely if the
difference was caused by the gender. To get mdiable result, we have to capture
motions from more than five male and five femaléoec We also do not have any
statistical proof for the effect with participantgender. There were visually significant
differences between male and female participanis same stimulus but the lack of actors
forces us not to draw any definite conclusions.

To the final research question of learning, we camonclude anything definitely. We can
just visually inspect these learning charts anck toat latter 40 display’s recognition rate
has a trend of being little bit better than thetfilO display’s. This would suggest that
learning has happened during this experiment.
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10 POSSIBLE FUTURE STUDY

We believe that if we’d had more controlled expanmhenvironment, the recognition rates
would have risen even higher. Now our test subjectdd do the experiment as they liked
and as fast as they could. These tests might dalusaun again with few modifications.
First of all, more controlled environment. Testjgaks would have to come to the test “site”
themselves. Secondly, we’'d need to capture theopedance of more actors with less
emotion categories. We could capture same emotahsve should use only a few of
those. We would leave neutral, strong and weak iem®iout of the experiment with test
subjects. Finally we’'d had to show these stimulgteat number of subjects, to find out
what emotions they really see. Only after this weld start the larger scale experiments.

This thesis will be a good starting point for fuattstudies in Aalto University’s aivoAalto
project. These results will give a baseline measerdg for more advanced research like
fMRI brain scanning research or more thorough pshadical interviews.

Further studies of this research area might inchiag#uring motion from persons who has
noticeable abnormalities in their gait or postufHsese persons usually have a long-term
sickness like Parkinson’s disease or might havardéficial join. The captured motion
could then be shown to medical professionals ireiotd develop their skills to recognize
sicknesses more accurately.

Another possibility for further study might also teeuse physiological measurement tools
like EEG, GSR, EMG or ECG to measure what thedabject feels during certain point-

light display. This would need a radical change¢hi® test configuration. Each test subject
would have to be measured individually and the tlergd the stimulus and interstimulus

would have to be longer. With this setup, thera @ossibility that the test subject would

not feel anything (or anything measurable) durimgdisplay.

We could also use traditional video to capture tin@ion and then show it to the test
subjects. In this case, we should blur the facigkression out of the picture if we want to
see how posture, gait and body movement is intrepiifferent emotions. We also need
to somehow improve the change of interpreting thetens right. This might be achieved
by adding the sound of knocking to the PL-dispfaywe might play only the sound to the
test subjects and they would have to recognizethation from the sound.

One very interesting sideline to this research @dnd the research of uncanny valley and

purely animated PL-displays. As parallel to my theanother thesis in my research group
is trying to achieve different emotional statesfittering PL-data and trying to get it to
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resemble the ones with actor playing the scenectMél also alter the PL-data away from
human look-a-like by distorting the appearance sume

One last potential further study might be to resleathe amount of data needed to
recognize the emotion. This basically means thadl weduce the amount of light points
and see how the rate of recognition decreases. yjettesize that we can recognize
emotions, from data such as mine, by using only liglat points (one in the elbow and
another in wrist).

This research area has potential for many diffestatlies. If 1 would pursue to PhD-
studies, | probably would like to study how colaféect to emotion in different cultures
and different situations. Another possibility wouddd neuroleadership combining the brain
research and social behavior leadership studies.
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