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Abstract

Seriols Games and Virtual Reality (V&g present nowadays as an alternative to
traditional rehabilitation therapiesThis projectdescribes the workflowto develop
videogame for health monitoringas well as a source of entemenent for
physiotherapy patients primarily patients that suffer hemiparesis caudeby a
neurological disease like stroke We propose the lastersion of Microsoft Kinect
sensors asow costgame controllerand the software Unity to developOpen Source
Rehabilitation Serious Games. The Serious GameBy to imitate physiothergy
sessions performed in movement recoveityerapies, reducing the waiting list of
patientstogether withtime and coss$ to hospitals. The premise is that the gameplay
makes patients execute uppbodyexercises ngside equilibrium trainingneanwhile
they are monitored extracting useful data and results for the physicians.

Key words: Serious Gametemiparesipatients, Kinect, UnityQpen Source
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1

Introduction

1.1 Background

Theworld of technologyis growingfaster since the entrance &1t century and,
alongsidethe technology, the field ofideogames.

This evolution is obvious if we compare the videogamds | & S R, cdntiiollegt 1 Q &
using gaming machines installedt recreation halls, with the wes used today,
consoles equipped with complex hardwarend complementarydevices whichet

users playat home only switching on theonsole

Is collectively known thatideogames have the purpose of amuseithésers. In
spite of this videogames arewwlvingwith the objectiveof acquirea more relevant
and responsibleole in the modern soety. [1]

+ A R S 2 IvwoNdSsréaching thigole with the apparitionof arecent3 | YS Q&
OFrGS32Ner tSaa o¢Sftf 1Y 206y SeNdby gammegédhbbe | & a{ S
defined as digital games serving serious purposes like training, educeds®march

or healthcare[2]. The implementation of these Serious Games in fagtking areas,

how ishealthcare, could mean a quality step for training processes, with lower costs

and great results obtained with enjoyable methdtiat let the user acquire specific

dza SFdzA afAftfta 2yfte OftAO0O1AYy3a (KS aLX Il e&é 0dz

This project focusses on thereation of a Serious Game foedithcare purposes

creating adistractedway to carry outhemiparesis rehabilitation treatments for
patientsthat have suffered a neurological disease, like a strakéhe same time
that a tracking othe patient evolutionis performedwithout the constantpresence

of rehabilitation specialist

1.2 Motivation

Each dayideod YS Q& ¢ 2 NI R LINE 3 NJarwadbdevicegicid A y3 | 0

different typesof cameras and sensor§hemotivation of this poject is to design

using trese devices,a low costand effectivealternative to present commercial

Serious Gamesyhich actuallyare soldto the hospitals.To achieve thislow cost

hardware devices anftee Open Sourc&ameEnginesand scripts have been used

to minimize the prize

Q&4 KINRgINBE Aa aStSOdSR.:

OS a4 aGankEEl I & K S amndingdl S8F I OS
3

hyO0S GKS @ARS23l

YS
the videogamé\ 1 4 St F A& y S
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are toolkits aimed to ease the development of videogames, acting as a
superstructure of several development efforts. This project set out and combine a
list of hardware device$;ameEnginesand rehabilitation exercises that could fulfil
our requirements for the creation of Serious Games.

1.3 Obijectives

As previously mentioned, the main objective of this study is to chemskusea
series of software tools and hardware devices in orttedevelop ahemiparesis
rehabilitation Serious @me, which reduce the workload of physiotherapists and
allow patients to have fun during the rehabilitation procdssorder to achieve this,
the program mustulfil the following aspects:

1. ! Olj dzA NXBspasitidin Anf yhdvément

Track the patient is the most importantissgek Sy A (i fo@diaghodisS G 2
or evaluation Include this recording in a Serious Game could be a useful help
for physicians in order to follow closely their patieevolution.

2. Integrate patients in a comfortable virtual environment

The mood of the patierstis an essential factat any rehabilitation therapy.
To influence their interestthis Serious Game Isa2o move the patient to

other environmentdifferent to the hospita® one. They have to forget that
they are doingan unpleasantehabilitationwhile they are playing with this
Serious Game.

3. Motivate the patients to achieverehabilitation objectives

The seHimprovement and motivation is the key in a rehabilitation process.

In order todo that the videogame have to integrate a type of reward system

which motivates the patient when he is playing with the purpose of surpass
his previougperformancescore.

4. Sore and retrievepatient® results
All the results obtained during the game sesshave to be stored in a

suitable format, easily accessible for the physicians that must check
O2yGAydz2dzafeée GwBe LI GASY({iQa LISNF2NY
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5. Use anOpen Source software

The principal advantage of develop an Open Source application is the
possibility of bemanipulated and enhanced by any user. An Open Source app
lets to modify the principal codes and structure of the software with the
purpose of changand enhance it, and how it can be manipulated by any
user that haaccess to the app, is easier to giviatent perspectives taohis
application

1.4 Structure

The dissertatiorstarts clarifying what are the target users that will use the Serious
Games developed in this projechapter 2) These users are mostly stroke survivors,
so to go in depth about the Stroke, the thesis continuih its definition and
classificationcausestisk factors and finallyshowing some examples pbst-stroke
rehabilitation evaluation(2.1) Next is exposed théntegration of these type of
rehabilitation therapieswith Virtual Reality 4.2).In chapte 3 the state ofart of
VARS2 3l YSQa d@ndly2dd yhaudiggdGameAiEngines (3.1), ¢iea and
modelling of 3D object3.2), andMotion Capture devices (3.3).

Next chaptersassesshe materials and methods used in the development of Serious
Gamesand how areSerious Games themselvda chapter 4 are describethe
hardware (4.1) and the software (4.@3edfor the project fulfilment Straightaway

in chapter Ss described how thdevelopedSerious Gamesperate how they help

to patients (5.1), he design basis foBerious Games development (5.2) and the
descriptionof the Serious Games created (5.3).

The thesiendswith the conclusions and future work extrackdrom conclusions
analysis (chapter)6
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2 Target users

This Serious Gameroject tries to tackle rehabilitation processes dedicated to people

that have suffereda neurological diseas®ne ofthe physical sequelsaused by this

kind of diseases the hemiparesisvhichis a unilateralo & K Sweakhessd & LI ENE a A a
of the entire left or right side of the bodylo treat thiscomplaint physiotherapists force

their patients to use the weakened part of their body.

Hemiparesis affects about 8 out of 10 stroke survivardor that reason along this
dissertation we will focus in pgte that have been afflicted by a strokespecially to
patients with reducednobility and coordination

2.1 Stroke

In this sectionwe ae going to review somémportant issues of thisliseasethat
affects to the locomotor system and its rehabilitation proesseswhich can ke
handle with Serious Garse

2.1.1 Definition and classification

A stroke also called cerebrovascular accident (C\@8gurs when blood flow is
interrupted to part of the brain. Without blood to supply oxygen and nutrients,
brain cellsof the affected areajuickly begin to dieDepending on the region of

the brain affected, a stroke may cause paralysis, speech impairment, loss of
memory, coma or deatH3]

Stroke is classified on the basis of its aetiology as either ischaemic (87%) or
haemarhagic (13%)lschaemic strokds produced by occlusion of a cerebral
artery [thrombotic or atherosclerotic (50%), embolic (25%) and microartery
200fdzaA2y s af | QumahwNilehaembidhdgis strbkdsocaustt O 6
mainly by spontaneous rupture bfood vessels or aneurysirjg]
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\ PEN 7 Hemorrhagic | \ Ischemic
i . Stroke i —_— Stroke
< | & 1
( % Weakened/diseased - >y
, _ P blood vessels ,( ¥ o

rupture.

Blood clots stop the
flow of blood to an area
of the brain

Blood leaks into
brain tissue

© Heart and Stroke Foundation of Canada

Figure2.1: Stroke's Classification

In the next subsections we are going to resume some important features about
this neurological diseas&ccording to [ with the purposeof knowbetter how
stroke camaffect us and how we can deal with it.

2.1.2 Causes

Cerebral thrombosis occurs when a blood clot, or thrombus, forms within the
brain itself, blocking the flow of blood through the affected vessel. Clots most
often form due to hardening" (atherosclerosis) of brain arteries. Cerebral
thrombosis is often preceded by a transient ischemic attack, or TIA, sometimes
called a "ministroke.” In a TIA, blood flow is temporarily interrupted, causing
shortlived strokelike symptoms. Recogzing the occurrence of a TIAnd
seeking immediate treatments an important step in stroke prevention.

Cerebral embolism occurs when a blood clot from elsewhere in the circulatory
system breaks free. If it becomes lodged in an artery supplying the,kzither

in the brain or in the neck, it can cause @schemicstroke. The most common
cause of cerebral embolism is atrial fibrillation, a disorder of bartbeat In
atrial fibrillation, the upper chambers (atria) of the heart beat weakly and rapidl
instead of slowly and steadily, andobd within the atria is not completely
emptied. This stagnant blood may form clots within the atria, which can then
break off and enter the circulation

Haemorrhage, or bleeding, occurs when a blood vessel breaikiser from
trauma or excess internal pressure. The vessels most likely to break are those
with pre-existingdefects such as an aneurysmhichis a "pouching out" of a
blood vessetaused by a weak arterial wallhtracerebral lmemorrhage affects
vesselawithin the brain itself, while subarachnoichkémorrhage affects arteries

at the brain's surface, just below the protective arachnoid membrane.



LYLX SYSYy(GFGA2y 2F hLISYy {2dz2NOS | LiJkikeHerelo8Daz ¢ { SNR 2 dz&

2.1.3 Risk factors

- Ageandsex Theriskof strokeincreasesvith age,doublingfor eachdecade
after age55. Men are more likelytohavea strokethan women.

- Heredity. BlacksAsiansand Hispanic$iavehigherratesof strokethan do
whites. Peoplewith afamily history of strokeare at greaterrisk.

- Diseases Stroke risk is increased for people with diabetes, heartatie
(especially atrial fibrillation), high blood pressure, prior stroke, or TIA.

- Other medical conditions Stroke risk increases with obesity, high blood
cholesterol level, or high red blood cell count.

- Lifestyle choicesStroke risk increases with cigéte smoking (especially if
combined with the use of oral contraceptives), low level of physical activity,
alcohol consumption above two drinks per day, or use of cocaine or
intravenous drugs.

2.1.4 Treatment

Treating a stroke may involve drugs, surgery, titeo therapies.Treatments

for strokevary depending on whether the stroke is caused by a blood clot
(ischemic stroké or a brain bleednaemorrhagic strokg Not matter the type of
stroke, actingast and seeking treatment as quickly as possible is key to reducing
the risk of permanent brain damagig]

2.1.4.1 Treatment for Ischemic Stroke

With this type of stroke, the goal is to restore blood flow to the brain as
quickly as possiblé& number of mediations may be giveat the hospital to
help breakup the clot and prevent the formation of new clot$hese
medications may include:

- Tissue plasminogen activator (tPA, alteplas@)teplase or tPA is a
thrombolytic medication, often referred to as a "clouster.” They will
quickly break up or dissolve blood clots that are blocking blood flow to the
brain.

- Aspirin: Aspirin won't dissolve existing blood clots, but it will help to prevent
new clotsfrom forming. Doctors may give aspirin within 48 hours of the start
of stroke symptoms.

- Anticoagulants:Anticoagulants, such as heparin, may be used to help
prevent more blood clots from forming.


http://www.everydayhealth.com/stroke/guide/
http://www.everydayhealth.com/drugs/aspirin
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2.1.4.2 Treatment for Haemorrhagic Stroke

Treatment for lemorrhadc stroke will depend on the cause of the bleeding
and what part of the brain is affected®leeding around the brain is often
caused by abnormally formed blood vessels, caleelurysms

Non-surgicakreatments for laemorrhagic stroke may include:

- Controlling blood pressure

- Stopping any medications thabuld increase bleeding (e,@spirin)

- Blood transfusions with blood clotting factors to stop ongoing bleeding
- Measuring pressure within the brausing aventriculostomy.

Surgical treatments foraemorrhagic stroke may include:

- Endovascular treatmentA long tube is slid into a blood vessel in an arm
or leg, and passed all the way up to the blood vessels in the brain, where
a coil or clip is pleed to prevent further bleeding

- Aneurysm treatment:This may involve removing a small piece of the
skull to locate the aneurysm and put a small clamp around it to stop the
bleeding.An aneurysm may also be treated by placing a small tube or
catheter intoa blood vessel in the groin. The catheter is then guided
through the blood vesséb the location of the aneurysm and a small coil
is placed within the aneurysm to block blood flow and prevent it from
rupturing again

- Decompressive craniotomyf a patients life is in danger, the doctor may
consider opening the skull to remove blood and release pressure on the
brain.

2.1.5 Rehabilitation

Rehabilitation is another part of treatment. It helps the parkeep abilities and
gain bacKost abilities to becomenore ndependent andtiusually begins wiel
the patient is still in acuteare.But for many patients, icontinues afterward,
either asformal rehabilitation progranor asindividual rehabilitation servicg6]

Some people dmot need rehabilitation after atroke becausetie stroke was
mild or they havefully recovered Others may be too disabled fmarticipate.
Howe\er, many patients can be helpéy rehabilitation.There are several kinds
of rehabilitation programs:


http://www.everydayhealth.com/aneurysm/
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Hospital programs

These programs can bprovided by special rehabilitation hospitals or by
rehabilitation units in acute care hospitals. Complete rehabilitation services are
available. The patient stays in the hospital during rehabilitation. An organized
team of specially trained professionadeovides the therapy. Hospital programs
are usually more intense than other programs and require more effort from the
patient.

Nursing facility (nursing home) programs

As in hospital programs, the person stays at the facility during rehabilitation.
Nursing facility programs are very different from each other, so it is important to

get specific information about each one. Some provide a complete range of
rehabilitation services; others provide only limited services.

Outpatient programs

Outpatient prograns allow a patient who lives at home to get a full range of
services by visiting a hospital outpatient department, outpatient rehabilitation
facility, or day hospital program.

Homebased programs

The patient can live at home and receive rehabilitationviees from visiting
professionals. An important advantage of home programs is that patients learn
skills in the same place where they will use them.

2.1.6 Outcome Measures in Stroke Rehabilitation

In [7] Van der Putten et al. pointed out that measuring theaame of health

care is ad OSY (NI} f O2YLRYSyld 2F RSUSNXYAYAyY3
therefore, the provision of evideneg | & SR K S ISd follkvidnlg M is ®

really imporeant to outcome measurements stroke rehabilitation in order to
checkthe effectiveness of stroke rehabilitatiofcach of these measurements

usually are evaluated in termsf appropriateness, reliability, validity,
responsiveness, precision, interpretability, applicability and feasilifity.

Some important outcomes in strek rehabilitation are the FudWleyer

Assessment of Motor Recovery after Stroke (FMA) and the Action Research Arm
Test (ARAT).

10
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2.1.6.1 FugtMeyer Assessment of Motor Recovery after Stroke

The FugMeyer AssessmenfFMA)is a diseasspecific impairment index
despned to assess motor function, balance, sensation qualities and joint
function in hemiplegic posstroke patients The scale comprises five
domains; motor function (in the upper and lower extremities), sensory
function, balance (both standing and sittingdint range of motion and joint
pain.

Scale items are scored on the basis of ability to complete the item using a 3
point ordinal scale where O=cannot penfo, 1=performs partially and
2=performs fully. The total possible scale score is 226. Points iaiged
among the domains as follows: 100 for motor function (66 upper & 34 lower
extremity), 24 for sensation (light touch and position sense), 14 points for
balance (6 sitting & 8 standing), 44 for joint range of motion & 44 for joint
pain.

It is not unommon for the sections of the FMA to be administered
separately. However, it should take approximately @35 minutes to
administer the total FMA. Assessments are completed by direct observation
on a oneto-one basis and should be performed by a traineayscal
therapist.

The FugMeyer assessment is widely used and internationally accepted. The
motor assessment is grounded in we#fined, observable stages of motor
recovery. But on the other hand, though a trained therapist should be able
to administe the test in approximately 3G 45 minutes, it may take
considerably longerforcing therapists spend much time with only one
patient. [8]

11
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Rating Scale Item Description
o 1 2 Wrist Circumduction
0 1 2 Hook Grasp
(4] 1 2 Shoulder Flexion to 180", Elbow Extended
0o 1 2 Spherical Grasp
1 2 Lateral Prehension
1 2 Werist Flexion/E i Elbow E ded
0 1 2 Pronation-Supination, Elbow Extended
1 2 Wrist Stable, Elbow Extended
o 1 2 Movement with Normal Speed
0 1 2 Forearm Supination
2 Shoulder Abduction to 90°, Elbow Extended
2 M With Dy ia
Shoulder External Rotation
2 Wrist Stable, Elbow at 90*
2 Wrist Flexion/Extension, Elbow at 90°
) 1 2 Palmar Prehension
o 1 2 Scapular Retraction
0 1 2 Pronation-Supination, Elbow at 90°
0 1 2 Shoulder Flexion to 90°, Elbow Extended
o 1 2 Hand to Lumbar Spine
o 1 2 Shoulder Abduction
0 1 2 Elbow Extension
0 1 2 Forearm Pronation
0 1 2 Movement Without Tremor
(4] 1 2 Cylindrical Grasp
0 1 2 Finger Mass Extension (relaxation of flexion)
0 1 2 Scapular Elevation
0 1 2 Finger Mass Flexion
o 1 2 Shoulder Adduction with Internal Rotation
0 1 2 Elbow Flexion
-6 -4 -2 0 2 4 6 Measure (Logits)

©cocoo
O e
N

Figure2.2: Example using Fulyleyer Assesmertpper Extremity wit post stroke
patients [9]

2.1.6.2 Action Research Arm Test

The Action Research Arm Test (ARAT) is an obsextesl, performance
based assessment of upper extremity function and dexterity.

The ARAT comprise only 19 items, which are grouped into 4 subsets. Thes
subsets include: grasp (6 items), grip (4 items), pinch (6 items) and gross
movement (3 items). All items are rated on gdint ordinal scale ranging
from O to 3 where O represents no movement possible and 3 represents
normal performance of the task.

Within each subset, the first item is the most difficult and the second is the
easiest. The remainder of the items are ordered by ascending difficulty.
Successful completion of a particular task or item implies that subsequent,
easier tasks can also be sassfully completed. For each subset, the most
difficult task is attempted first, and, if successful (i.e. 3 points awarded), full
points for that subsection are awarded. If the item is not completed
successfully (i.e. <3 points were awarded), the next iésés item is
attempted. If the patient receives a score of 0 on the easiest item, no points
are awarded for that subsection and no further items are attempted. If the
patient receives a score greater than 0, all remaining items within the subset
are assesed.

12
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The ARAT is a relatively short and simple measure of upper limb function that
provides assessment of a variety of tasks over a range of complexity.

The test covers most aspects of arm function, including proximal control and
dexterity. But also hasome limitations such as in more impaired individuals,
testing time can extend to 20 minutes or more, test administration requires
a fairly long list of materials, or in patients with severe impairments or near
normal function, the scale may not be sengtienough to detect changes in
performance 8]

Action Research Arm Test Activity Score

Grasp
1. Block, wood, 10 cm cube (If score = 3, total = 18 and go to Grip)
Pick up a 10 cm block
2. Block, wood, 2.5 cm cube (If score = 0, total = 0 and go to Grip)
Pick up 2.5 em block
3. Block, wood, 5 cm cube
4. Block, wood, 7.5 cm cube
5. Ball (Cricket), 7.5 cm diameter
6. Stone 10 x2.5x 1 cm
Coefficient of reproducibility = 0.98
Coefficient of scalability = 0.94

Grip
1. Pour water from glass to glass (If score = 3, total = 12, and go to Pinch)
2. Tube 2.25 cm (If score = 0, total = 0 and go to Pinch)
3. Tube 1 x 16 cm
4. Washer (3.5 cm diameter) over bolt
Coefficient of reproducibility = 0.99
Coefficient of scalability = 0.98

Pinch

. Ball bearing, 6 mm, 3™ finger and thumb (If score = 3, total = 18 and go to Grossmt)
. Marble, 1.5 em, index finger and thumb (If score = 0, total = 0 and go to Grossmt)

. Ball bearing 2™ finger and thumb

. Ball bearing 1* finger and thumb

. Marble 3" finger and thumb

. Marble 2™ finger and thumb

Coefficient of reproducibility = 0.99

Coefficient of scalability = 0.98

QOB WON =

Grossmt (Gross Movement)
1. Place hand behind head (If score = 3, total = 9 and finish)
2. (If score = 0, total = 0 and finish
3. Place hand on top of head
4. Hand to mouth
Coefficient of reproducibility = 0.98
Coefficient of scalability = 0.97

Table2.1: Action Research Arm TesRAT) Evaluation [10]

13
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2.2 Virtual Reality in rehabilitation

Standard rehabilitation (ie. physiotherapy and occupational therapy) helps improve
motor function after stroke, but it presents some important liations that are
outlined in Table 2.2.

Time-consuming

Labor and resource intensive

Dependent on patient compliance|

Limited availability depending on geography

Modest and delayed effects in some patients

Fequires transportation to special facilities

Initially underappreciated benefits by stroke survivors

Requires costs/insurance coverage after the initial phase of treatment

Table2.2: Limitations of conventional rehabilitation [11]

So for this reasonvirtual Reality (VR) is becomiagconsistent alternative to
standard rehabilitation innovating in thedifferent therapeutic areasand
enhancing the rehabilitation process for the patients.

VR is a computebased technology that allows users to interact with a

Ydzft GAaASYyaz2NE aAYdzZ | 6SR SyMMNRyTYSFRO Q1R
performarce. VR exercise applications have the potential to apply relevant
concepts of neuroplasticity (ieepetition, intensity, and taskriented training.

Also classified as VR are a variety of -momersive video game systems
developed by the entertainment @ustry for home use, making this technology

less costly and more accessible to clinicians and individuals. Several of these
games have been adopted by clinicians as rehabilitation interventions although

they have not been especially designed to meet relialtion goals [11]

Several companies have seized the potential of VR in rehabilitation processes,
launching different products and #wares designed to create a virtual and

interactive environment that facilitates to patients their rehabilitation prams.

Below are listesomeO2 YLI YA SE GKFG O2YYSNODAIFEfATS
products for hospitalg12] [13]

2.2.1 BRUM(Balance Rehabilitation Ut}

MedicadMis a company committed through the use of technology, to help and
treat patients with kalance disordersThe research team of MedicBahave
developed the MBY', a software platform that provides a set of tools to improve
the results of rehabilitation in patients with balance disord&ksth this purpose

14
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in mind they have created the BR{Balance Rehabilitation Unif), an efficient
solution for functional assessment and rehabilitation therapy for patients that
suffer from balance disordersThe BRWMuses the MBS, as software that
works by means of virtual reality stimuli recreating rdiée situations.The
BRUM comprises of three main modules:

- Functional Assessment

The Functional Assessment is carried out using the force platform. It is a
technique used to diagnose which families of stimuli are more conflictive to the
patient in thepostural control strategies.

- Therapeutic using Virtual Reality

According to the clinical evaluation and Functional Assessment, a customized
rehabilitation program is designed, which includes visual stimulation by means
of Virtual Reality Headsets This herapeutic module is based on
neurorehabilitaion concepts, which confronts the patient to the conflictive
stimuli to unleashmechanismsof neuroplasticity, as to achieve vestibular
compensation.

Figure2.3: Virtual Reality Headset used for BRU

Motor Coordination Retraining"- MCRM

The MCR"module consists of exercises for the training of the postural control

using a biofeedback system. The NBi®creates controllable interactive

exercises in whichhe patient trains postural strategies under professional
supervision. The exercises have different recreational styles and difficulty levels

G2 adAyYydzZ 4SS GKS LI GASyidQa oFfFyOS AYLN
process into a entertaining experience
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The MBS™ delivers a comprehensive system
approach to assessment, treatment and training of
balance disorders utilizing complex virtual reality simuli.

- e L
PO
B

Force platiom

"\3.( o

=6s
s om,g..(mg | = N

M 60° real life simulation J‘
Figure2.4: BRU" workstation

2.2.2 BioTrak®©

BioTrako is a tool based on virtual reality technology which integrates in a single
platform training exercises for the rehabilitation of certain body functiorst th
have been depleted or lost due to various pathologies.

BioTrako s technology allows the patients to interact in a virtual environment
where they are challenged to fulfisimple tasks by means of their own
movements. The system motivates patients inartb improve their adherence

to the treatment, and serves them as a very efficient tool in their recovery
process.Actually BioTra® works in exercises designed by physicians for the
rehabilitation of musculoskeletal injuries, balance, anosognosia, menatry
BioTrak©needs an Internet connection and a gamut of hardware devices used
during the performance of the exercgexergameswhichare listed below:

- Laptop

- Tracking devices (Wii Balance Board, Kinect, Wireless Magnetic Tracker)
- TV connection

- Internet connection

Figure2.5: BioTrako workstationand software interface
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3 Technologies

In this chapter we will expound information about all the technologiesight-out and
used during the developmerof this project, their differences and reasons of why are
technologies that we caunseto create our Serious Game

First we will discuss about the called Gameii#gy which let us design and create
videogames fodifferent platforms. After thatwe wil review some modelling an8D
animation softwars, their characteristics and whiabmefitsbetter to our needsFinally,

at the end of the chapter, we are going to describe several hardwargeekewsed in
motion capturetogether withthe plugins that allowus to connect these devices with
our personal computein orderto test and design our Serious Game.

3.1 Game Engines

Game engines are software systems that enable game development and execution.
These systems can provide features from communication witlutiggmd output
devices to physics calculations and artificial intelligenideeyarelike toolkits aimed

to provide an abstractioto developers making theproject development easier by
hiding complex concept&ame Enginesormallyare packed with a sebf powerful
resources (usually described as libraries or Adtid)toolsused in the design and
coding stageq14]

A regular game engine providesferent functions scripting, imagery rereting,
artificial intelligence physics, animation, cinemati networkaccess and resource
management[15]

1 Scripting:Let developers to write little pieces of cotle control certain parts of
the game.

 Imagery rendering:L 1 Qa4 G KS O2NB 2 ¥Fe. @dandelights, LI NI 2
shadows, rayracing, and renderingf 3D objects.

T Atrtificial Intelligence: Brings the world and characters of the game to life,
through a setof routines that makes possible the interaction with the game
environment.

1 Animation: Adds behaviourto objects, through transformtions, skeletons,
deformationsand dynamics.

1 Physics: Provides realistic interaction between objects and with thei
environmentt f dza >3 OKIF N} OGSNJ Y2YSy (s> FtdzAR &AaYd

1 Cinematic:Adds the possibility to include videathin the game to capture the
attention of the player.

17



LYLX SYSYy(GFGA2y 2F hLISYy {2dz2NOS | LiJkikeHerelo8Daz ¢ { SNR 2 dz&

1 Network access: Provides support to deploy the game in a network
environment, beclientserver or peetto-peer.

1 Resource managementA fundamental issue for the gamengines is the
efficient use otthe computer resources (CPU, gragheard, memorystorage,
hardware) and the loadf game related resources (animations, sbesj 3d
objects, sound, etc.)

Game engines can be classified according to several critexiag one of them
the type oflicenshng: commercial and freeware @pen Source

Nowadays exist several Game Engines ttauld provide all the functions

mentioned above, for that reason is not an easy taskhoose a Game Engine

thal o0SGGSNI FAGA G2 2dzNJ ARS231YSQa ARSI ®
we will descibe some of the most used Game Engime2014 according to [16

andcompare between them in order tdecide which one is the best one for this

project.

3.1.1 Unreal Engine 4

The Unreal Enging(UE4)s the last version of thGame Engir@d T YA T & ! y NF
deweloped by Epic Gameand first showcased in the 1998 firglerson shooter

game UnrealThis Game Engine tlse basefor several known videogames as

Unreal Tournament, Tom Clancy's Rainbow Six: Vegas, Gears of War, BioShock

series Star Wars Rrublic Commadoor Mass Effec{17] [18]

UNREAL

ENGINE
Figure3.1: Unreal engine 4 logotype

With its code written inC++, thdJE4features a high degree of portability and is
a tool used by many game developers today. It is cdibjgawith different
platforms such as

 Microsoft Windows
1 GNU/Linux

18
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Apple Macintosh (Mac OS)
Xbox One

PlayStation 4

Android

HTML5

Oculus Rift

= =4 8 A4 A -9

In addition to this, Unreal Engine offers different udefaols for designers
helpingtheir artisticwork in the creation and visualizatioaf environments

Unreal Engine 4 is free to use, with a 5% royalty on gross product revenue after
the first $3,000 per game. The Unreal engine technology is licensed to many
notable entities in the fields of educatiotraining simulationconstruction
simulation, virtual reality and CG animation. Licensees include many
universities, corporations, thg.S. Armythe U.S. Air ForcdNASAthe Federal
Bureau of Investigation (FBI), the Michigan Department of Transportation
(MDOT)and the U.S Department of Homeland Security (DHS).

For developing with UE4, is recommended a desktop PC with Windowbit 64
or a Mac with Mac OS X 10.9.2 or later, 8 GB RAM and aapuadntel or AMD
processor, and a DX11 compatible video card. UB4ruvil on desktops and
laptops below these recommendations, but performance may be limited.

Unreal Engine is one oféhmost important Game Engines that we can found in

the Web nowadays, and thigputation begun in 2006 with the launch of the

videogame Gars of Wars, created with the second version of this Gamgine.

DSFNE 2F 2| NAE NBOSAYSR aSOSNIt y2YAYLl (A:
G§KS @SI N HnnTé | YR oibisidiGaldEigneth&Nds- 6 2 E
necessary to take into account its usethis project.

Figure3.2: Image of the videogame Gears of War
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3.1.2 Unity

Unity is a crosplatform game engine deVeped by Unity Technologiesed to
develop video games for PC, consoles, mobile devitgsvabsites.

& unity

Figure3.3: Unity Logotype

Unity Technologies was foundeat 2004 by David Helgason (CERicholas
Francis (CCO) addachim Ante (CT@®) Copenhague, Denmark, after the failure
of their first game GooBall They recognize the potential and value of the Game
Engine with its development tools, so for that reason they started to create an
accessible engine for anyone.

So following this philosophy, Unity has reached a great success givioganmge

to the needs ofndie game developers, WOl y Qi ONBIF S GKSANI 24y
or acquire licenses from other GanimginesUnity tries to offer ando make

accessibléo everyonethe development of interactive contentsd videogames

in 2D and 3[@nvironments.[19]

Currently different reports demonstratinat Unity has a participation of 45% of

GKS DIFYS 9y3aAyS YINJSiz o0SAy3a (GKS Yzal
developers. The proportion of people trusting in Unity as development toolkit

undergo n a constant growth[20]

9

Unity Closest competitor Others

Figure34Y DI YS Sy3ayS$Qa Df2okf YIFNJSG LI NIA
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Unity is used both by companies and independent developers. For the second
ones this is a great tool, with a lot afrfctions to develop videogames, easy to
use and totally free with thePersonallicense ofUnity although with few
limitations, but with great resultBut Unity alsooffers other three licensefor
companies and professional developef21]

1 Plus Offersmore functions and reports in order to optimize the projects
(35%/month)

1 Pra Advanced personalization and more flexibility and storage
(125%/month)

1 EnterpriseLicense offered taking into account the services that you and
your company need (Negotiableipe)

In March of 2015 the version 5 of Unity was launchédgs version allow users
develop games for the next platforms:

Apple Macintosh (Mac OS)
Windows

Linux

Web

i0S

Android

Windows Phone 8
Blackberry 10

Playstation 3, 4, and VITA
Xbox 360 and ONE

Wii U

Tizen

= =4 =4 4 4 4 -4 -5 5 5 92 -2

In addition to this, Unity is compatible with many design softwaresBikeader,

Maya, Adobe Fuse, Cheetah3D, etc. This Game Engine lets import objects from
Fff (GKSaS LINPINIYa: adzOK |a ¢S OFy dzas
environment.

To create and modify the source codesofideogame, we can usdonoDevelop
or MicrosoftVisualStudioas code developer tools. This codes, or scripts, can be
written in three different programming languagd45]

1 C#,similar to C++ysed in a great peentage of the created scripts
1 UnityScript, or Java8pt for Unity.
1 Boo, with a syntax similar to Python.
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The three of them can coexist with each other, and make us of .Net libraries for
database access, regular expressions, XML, etc.

In November of 20@ was launched an important resource for Unity, the called

Asset StoreTheAsset Storés an online platform in which Unity users can access

to thousands of packages that incorporat@svide collection of game objects

and elementsincluding 3D models, tetures, materials, music, sound effects,

tutorial, projects, scripts, etcSome of these assets can be downloaded totally

FNBS YSIYysKATS 20KSNAR KI @S (G2 0SS 02dzaKi
creator.

Summingup, Unity is a great Game Engine witlvesal interesting functions for
our Serious Game project, relatively easy to asd with the capacity to create
Open Sourcapplications scriptsandentire gamesthat other people can modify
and use using théAsset Store

3.1.3 CryEngine

CryEnginés aGame Enginéesigned by th&ermangame developecompany
Crytek Originally was a demo Game EngineNerdiaenterprise, showing a great
potential, and for that reason is implemented for first time in the videog&rae
Cry In 2006, all the righ of CryEngine are acquired by the compaMysoft

(*)

CRY=NGINZ=

Figue 3.5: CryEngine logotype

ThisGame Engine is one of the most complete and awarded engines available,
providing topnotch functionality for the games developed with this technology

LGQ&a O2y aA RSald Rolution fgranie devedopment, able to use

scalable computing technology. Is expected for version 3 to be free for outside
development, but the licensing and business model has not been disclosure yet.
CryEngine technology tsuilt 2y (2 LIy RP 2IE€ G &@IKI G LISNXYAGa
adjustment of parameters and error correctid2]

22


https://en.wikipedia.org/wiki/Game_engine
https://en.wikipedia.org/wiki/Germany
https://en.wikipedia.org/wiki/Crytek

LYLX SYSYy(GFGA2y 2F hLISYy {2dz2NOS | LiJkikeHerelo8Daz ¢ { SNR 2 dz&

CryEngine has a very intuitive interface, which allows closely observing and
controlling the event flow in a visual manner, largely avoiding the chder
ground zero codingf the application.[15]

The programming languages used for the users to create games with this Game
Engine are C++, C# and Lua. Although is a completely free softwamerfor
commercialuses,yEngine is now available as aypwhat you want service,
allowing users to set their own price for, iand obtaining access to different
features:

Full Engine Source Code

Full commercialization for any games created
100% royaltyfree

Access to all supported platforms

Primed for VR development

Buy and sell assets the Marketplace

Access to Learning resources

= =4 4 4 A8 a8 A

Other important feature about CryEngine is it compatibility with a great part of
GARS23FYSQa L FGF2N¥YA dzaSR y246l RlIé&a &y

Windows

Linux
Playstation 3 & 4
Wii U

Xbox 360 & One
i0S

Android

= =4 4 -4 48 8 -

All this flexibiliy in the code manipulation, access to tutorials and to the
Marketplace, where you can obtain assets for your game, makes this Game
Engine really interesting from th@pen Sourceerspective. Finally in addition to
this, its potential and easy to use inface makes this engine a serious candidate
to be used in our projec{23]
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3.2 Creation, modelling and animation of objects

Asin manyvideogame, our Serious Game has to bemposed oflifferent objects

interacting in a motivating environmentfor the pr G ASy G ® ¢KS&asS 3INJ
components2 NJ & 3| Y S@&edessgied dye3D computer graphics softwares

that let you create avatars, game environments, objects or anytheggiredin a

videogame.

Some of the Game Enginpeeviously listed incorporatesandm yS  a Y NJ St € & ¢
you can download, buy and sell gameobjects created by other companies or users,

as could be thé\sset Storen Unity or theMarketplacein CryEngineThe varietyof

objects, scenarios, and avatars dregein these places,®@ne of themfree and

others payingan extra cost.

All these gameobjectsan be created by specific graphic design programs like
Blender, MakeHuman, Maya, Adobe Fuse, Rhinoceros, etcadvantageof use
thesesoftwaresis that many of them are free and easy to use,wifg the export

of gameobjects to Gamé&ngines without problems in differe@D modelling
formats as could bdbx, .blend,obj, .max etc.

Forthe creation of dfferent models integrated irthis project, some 3D modelling
programs have been assessedBlender and MakeHuman are two useful and
complete design tools,rée and reléively easy to useThesecharacteristicsfit
perfectly withour project@ philosophy

3.2.1 Blender

Blerder is a professional free and Opeouge 3D computer graphics software

product used for aating animated films, visual effects, 3D models, and
GARS23FYSad . fSYyRSNRa TSI Gdz2NBEa Ay Of dzRS
skinning, camera tracking and rendering.

®) blender’

Figure3.6: Blender logotype

The Dutchanimation studio Neo Gealeveloped Blender as an -house
application in January 1995with the primary author being software
developerTon RoosendaalOn July 18, 2002, Roosendaal startéa Free
Blendercampaign, arowdfundingprecursor.Finally @ September 7, 2002, it
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was announced that they hacdollected enough funds toelease the Blender
source codeToday, Blender fsee and Open 8urce software developed by the
community.

The last version of Blenderenrsion 2.77a, is compatible with different operative
systems like Windows, Mac OS X, GNU/Linux, Solaris, FreeBSD and IRIX, available
in both 32bit and 64bit versions. This software contains features that are
characteristic of higlend 3D sdfvare, amonghem we can foundf24] [25]

1 Support for a variety of geometric primitives, including polygon meshes,
fast subdivision surface modelling, Bezier curves, metaballs, icospheres,
multiresolution digital sculpting and a newgon modelling system called
B-mesh.

1 Internal render engine with scanline rendering, indirect lightning, and
ambient occlusion that can export in a wide variety of formats.

1 Integration with a number of external render engines through plugins.

1 Simulation tools for Soft body dynamics inchgli mesh collision
detection, Lattice Boltzmann methods (LBM) fluid dynammsoke
simulation, Bullet rigid body dynamics, and ocean generator with waves.

1 Python scripting for tool creation and prototyping, game logic, importing
and/or exporting from oher formats, task automation andustom tools.

1 Camera and object tracking

All these characteristics and its high capability to export compatible gameobjects
in format .blend make of this software an important tool for the creation of
visual environments angameobjects that decorates our I8®is Game in order

to entertain and amusé¢he patient during the Serious Game performing.

3.2.2 MakeHuman

MakeHumanis anOpen ®urce3D computer graphics softwaraiddleware
designed for the prototyping of photo realistic humanoids. It is developed by a
community of programmers, artists, and academics iested in3D
modellingof characters[26] [27]
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Figure3.7: MakeHuman logotype

The ancestor of MakeHuman was MakeHead, a pytledptfor Blender, written

by Manuel Bastioni, artist and coder, in 1999. A year later, a team of developers
had formed, and they released the first version of MakeHuman for Blerhaler.
2005 MakeHuman was moved outside Blendeand finally in 2009 the team
decided to release MakeHuman 1.0 gakpha.

MakeHuman is developed usiB® morphing technology Starting from a
standard (unigue) androgynous human base mascan be transformed into a
great variety of characters (male and female), mixing them iwtmar
interpolation. It uses a very simpl@Ulin order to access anldandle hundreds

of morphings. The MakeHuman approach is to siggerswith common
parameters, like height, weight, gender, ethnicity and musculalfitye tool is
specifically designed for the modelling of virtual humans, with a simple and
complete pose system that includes the simulation of muscular movement. The
interface is easy to use, with fast and intuitive access to the numerous
parameters required in modelling the human form.

3 cm

Figure3.8: MakeHuman interface
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MakeHuman idully Open Sourceand thecharacter output of MakeHuman is
released tgpoublic domainunder Creative Commons License, in order to be freely
used in commercial and necommercial projects.

Summing up, MakeHuman is a software that fits perfectly with praject
strategy; is easy to us®pen Sourcand can provide us the avatars we need for
our Serious Games.

3.3 Motion Capture devices

We can dahe motion capture (MoCap) as the process of recording the movement
of objects or peopleMotion capture and computer animation techniques have
made significant progss in game and film industryet@cting movements of people

in 3D and displaying it in 3D virtual scene is a research problem. There are two
ways for motion capture, marker based motion capture and markerless motion
capture.

The nmarker based motion capture has many drawbacks, the major drawback is that
the performer tas to wear a suit witladherentsensos or markers on itand the
process consist of handling multiple camepéaced in a room.

Figure3.9: Example of Marker based motion capture

In markerless motion capture the performer dogshave to wear a suit, but still
being a challenging taskWith this type of motion capture enough good results
cannot be obtained using a single ordinary camera, the process still requires a set of
multiples cameras placed all over the room, which at&oeases cost of the overall
system.
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With the development of depth cameras such as Microsoft Kinect has eased the task
of motion capture, without requiring the burden of multiple cameras, hence it
decreases the cost of overall systd28]

Figure3.10: Example of depth camera motion capture

In the following subsections we are going to analyse some optheipal depth
cameras that are nowadays in the marlketording to Ashish Shingade and Archana
Ghotlar [28], which features are overviewed the incoming table

Table3.1: Survey of different depth cameras with their specifications [28]
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