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Abstract  

 
Serious Games and Virtual Reality (VR) are present nowadays as an alternative to 

traditional rehabilitation therapies. This project describes the workflow to develop 

videogames for health monitoring as well as a source of entertainment for 

physiotherapy patients, primarily patients that suffer hemiparesis caused by a 

neurological disease like a stroke. We propose the last version of Microsoft Kinect 

sensors as low cost game controller and the software Unity to develop Open Source 

Rehabilitation Serious Games. These Serious Games try to imitate physiotherapy 

sessions performed in movement recovery therapies, reducing the waiting list of 

patients together with time and costs to hospitals. The premise is that the gameplay 

makes patients execute upper body exercises alongside equilibrium training, meanwhile 

they are monitored extracting useful data and results for the physicians. 

Key words: Serious Games, Hemiparesis patients, Kinect, Unity, Open Source. 
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1 Introduction  
 

1.1 Background  
 

The world of technology is growing faster since the entrance of 21st century and, 

alongside the technology, the field of videogames.  

 

This evolution is obvious if we compare the videogames ǇƭŀȅŜŘ ŀǘ улΩǎ, controlled 

using gaming machines installed at recreation halls, with the ones used today, 

consoles equipped with a complex hardware and complementary devices which let 

users play at home only switching on the console. 

 

Is collectively known that videogames have the purpose of amuse their users. In 

spite of this, videogames are evolving with the objective of acquire a more relevant 

and responsible role in the modern society. [1] 

 

±ƛŘŜƻƎŀƳŜΩǎ world is reaching this role with the apparition of a recent ƎŀƳŜΩǎ 

ŎŀǘŜƎƻǊȅ ƭŜǎǎ ǿŜƭƭ ƪƴƻǿƴ ǊŜƴƻǿƴŜŘ ŀǎ ά{ŜǊƛƻǳǎ DŀƳŜǎέΦ Serious games can be 

defined as digital games serving serious purposes like training, education, research 

or healthcare [2]. The implementation of these Serious Games in high-ranking areas, 

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

and great results obtained with enjoyable methods that let the user acquire specific 

ǳǎŜŦǳƭ ǎƪƛƭƭǎ ƻƴƭȅ ŎƭƛŎƪƛƴƎ ǘƘŜ άǇƭŀȅέ ōǳǘǘƻƴΦ 

 

This project focusses on the creation of a Serious Game for healthcare purposes, 

creating a distracted way to carry out hemiparesis rehabilitation treatments for 

patients that have suffered a neurological disease, like a stroke, at the same time 

that a tracking of the patient evolution is performed without the constant presence 

of rehabilitation specialists. 

 

1.2 Motivation  
 

Each day videogŀƳŜΩǎ ǿƻǊƭŘ ǇǊƻƎǊŜǎǎŜǎ ƻŦŦŜǊƛƴƎ ŀ ōǊƻŀŘ gamut of devices including 

different types of cameras and sensors. The motivation of this project is to design, 

using these devices, a low cost and effective alternative to present commercial 

Serious Games, which actually are sold to the hospitals. To achieve this, low cost 

hardware devices and free Open Source Game Engines and scripts have been used 

to minimize the prize. 

 

hƴŎŜ ǘƘŜ ǾƛŘŜƻƎŀƳŜΩǎ ƘŀǊŘǿŀǊŜ ƛǎ ǎŜƭŜŎǘŜŘΣ ŀƴ ƛƴǘŜǊŦŀŎŜ ōŜǘǿŜŜƴ ǘƘŜ ƘŀǊŘǿŀǊŜ ŀƴŘ 

the videogame ƛǘǎŜƭŦ ƛǎ ƴŜŎŜǎǎŀǊȅΣ ǘƘƛǎ ƛƴǘŜǊŦŀŎŜ ƛǎ ǘƘŜ άGame EƴƎƛƴŜέΦ DŀƳŜ Engines 
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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 devices, Game Engines, and rehabilitation exercises that could fulfil 

our requirements for the creation of Serious Games. 

 

1.3 Objectives  
 

As previously mentioned, the main objective of this study is to choose and use a 

series of software tools and hardware devices in order to develop a hemiparesis 

rehabilitation Serious Game, which reduce the workload of physiotherapists and 

allow patients to have fun during the rehabilitation process. In order to achieve this, 

the program must fulfil the following aspects: 

 

1. !ŎǉǳƛǊŜ ǇŀǘƛŜƴǘΩs position and movement 

 

Track the patient is the most important issue ǿƘŜƴ ƛǘΩǎ ǘƛƳŜ ǘƻ do a diagnosis 

or evaluation. Include this recording in a Serious Game could be a useful help 

for physicians in order to follow closely their patient evolution. 

 

2. Integrate patients in a comfortable virtual environment 

 

The mood of the patients is an essential factor at any rehabilitation therapy. 

To influence their interest, this Serious Game has to move the patient to 

other environment different to the hospitalΩs one. They have to forget that 

they are doing an unpleasant rehabilitation while they are playing with this 

Serious Game. 

 

3. Motivate the patients to achieve rehabilitation objectives 

 

The self-improvement and motivation is the key in a rehabilitation process. 

In order to do 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 previous performance score. 

 

4. Store and retrieve patientΩs results  

 

All the results obtained during the game session have to be stored in a 

suitable format, easily accessible for the physicians that must check 

Ŏƻƴǘƛƴǳƻǳǎƭȅ ǘƘŜ ǇŀǘƛŜƴǘΩǎ ǇŜǊŦƻǊƳance. 
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5. Use an Open Source software  

 

The principal advantage of develop an Open Source application is the 

possibility of be manipulated and enhanced by any user. An Open Source app 

lets to modify the principal codes and structure of the software with the 

purpose of change and enhance it, and how it can be manipulated by any 

user that has access to the app, is easier to give different perspectives to this 

application. 

 

1.4 Structure  
 

The dissertation starts clarifying what are the target users that will use the Serious 

Games developed in this project (chapter 2). These users are mostly stroke survivors, 

so to go in depth about the Stroke, the thesis continue with its definition and 

classification, causes, risk factors and finally, showing some examples of post-stroke 

rehabilitation evaluation (2.1). Next is exposed the integration of these type of 

rehabilitation therapies with Virtual Reality (2.2). In chapter 3 the state of art of 

vƛŘŜƻƎŀƳŜΩǎ ǘŜŎƘƴƻƭƻƎȅ ƛǎ analyzed, including Game Engines (3.1), creation and 

modelling of 3D objects (3.2), and Motion Capture devices (3.3). 

 

Next chapters assess the materials and methods used in the development of Serious 

Games and how are Serious Games themselves. In chapter 4 are described the 

hardware (4.1) and the software (4.2) used for the project fulfilment. Straightaway, 

in chapter 5 is described how the developed Serious Games operate; how they help 

to patients (5.1), the design basis for Serious Games development (5.2) and the 

description of the Serious Games created (5.3). 

 

The thesis ends with the conclusions and future work extracted from conclusions 

analysis (chapter 6). 
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2 Target users  
 

This Serious Game project tries to tackle rehabilitation processes dedicated to people 

that have suffered a neurological disease. One of the physical sequels caused by this 

kind of diseases is the hemiparesis, which is a unilateral όάƘŜƳƛέύ weakness όάǇŀǊŜǎƛǎέ) 

of the entire left or right side of the body. To treat this complaint physiotherapists force 

their patients to use the weakened part of their body. 

 

Hemiparesis affects about 8 out of 10 stroke survivors so for that reason, along this 

dissertation we will focus in people that have been afflicted by a stroke, especially to 

patients with reduced mobility and coordination. 

 

2.1 Stroke  
 

In this section we are going to review some important issues of this disease that 

affects to the locomotor system, and its rehabilitation processes which can be 

handle with Serious Games.   

 

2.1.1 Definition and classification 
 

A stroke, also called cerebrovascular accident (CVA), occurs when blood flow is 

interrupted to part of the brain. Without blood to supply oxygen and nutrients, 

brain cells of the affected area quickly begin to die. Depending on the region of 

the brain affected, a stroke may cause paralysis, speech impairment, loss of 

memory, coma or death. [3] 

 

Stroke is classified on the basis of its aetiology as either ischaemic (87%) or 

haemorrhagic (13%). Ischaemic stroke is produced by occlusion of a cerebral 

artery [thrombotic or atherosclerotic (50%), embolic (25%) and microartery 

ƻŎŎƭǳǎƛƻƴΣ άƭŀŎǳƴŀǊ ǎǘǊƻƪŜέΣ όнр҈ύϐ, meanwhile haemorrhagic stroke is caused 

mainly by spontaneous rupture of blood vessels or aneurysms. [4] 
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Figure 2.1: Stroke's Classification 

In the next subsections we are going to resume some important features about 

this neurological disease according to [3], with the purpose of know better how 

stroke can affect 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 "mini-stroke." In a TIA, blood flow is temporarily interrupted, causing 

short-lived stroke-like symptoms. Recognizing the occurrence of a TIA, and 

seeking immediate treatment, is 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 brain, either 

in the brain or in the neck, it can cause an ischemic stroke. The most common 

cause of cerebral embolism is atrial fibrillation, a disorder of the heartbeat. In 

atrial fibrillation, the upper chambers (atria) of the heart beat weakly and rapidly, 

instead of slowly and steadily, and blood 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 breaks, either from 

trauma or excess internal pressure. The vessels most likely to break are those 

with pre-existing defects such as an aneurysm, which is a "pouching out" of a 

blood vessel caused by a weak arterial wall. Intracerebral haemorrhage affects 

vessels within the brain itself, while subarachnoid haemorrhage affects arteries 

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

- Age and sex. The risk of stroke increases with age, doubling for each decade

 after age 55. Men are more likely tohave a stroke than women. 

- Heredity. Blacks, Asians, and Hispanics have higher rates of stroke than do 

whites. People with a family history of stroke are at greater risk. 

- Diseases. Stroke risk is increased for people with diabetes, heart disease 

(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 choices. Stroke risk increases with cigarette 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, or other therapies. Treatments 

for stroke vary depending on whether the stroke is caused by a blood clot 

(ischemic stroke) or a brain bleed (haemorrhagic stroke). Not matter the type of 

stroke, acting fast and seeking treatment as quickly as possible is key to reducing 

the risk of permanent brain damage. [5] 

 

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 possible. A number of medications may be given at the hospital to 

help break up the clot and prevent the formation of new clots. These 

medications may include: 

 

- Tissue plasminogen activator (tPA, alteplase): Alteplase or tPA is a 

thrombolytic medication, often referred to as a "clot buster." 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 clots from 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 haemorrhagic stroke will depend on the cause of the bleeding 

and what part of the brain is affected. Bleeding around the brain is often 

caused by abnormally formed blood vessels, called aneurysms. 

 

Non-surgical treatments for haemorrhagic stroke may include: 

 

- Controlling blood pressure. 

- Stopping any medications that could increase bleeding (e.g., aspirin). 

- Blood transfusions with blood clotting factors to stop ongoing bleeding. 

- Measuring pressure within the brain using a ventriculostomy. 

 

Surgical treatments for haemorrhagic stroke may include: 

 

- Endovascular treatment: A 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 placed 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 into a blood vessel in the groin. The catheter is then guided 

through the blood vessel to 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 craniotomy: If a patient's 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 person keep abilities and 

gain back lost abilities to become more independent and it usually begins while 

the patient is still in acute care. But for many patients, it continues afterward, 

either as formal rehabilitation program or as individual rehabilitation service. [6] 

 

Some people do not need rehabilitation after a stroke because the stroke was 

mild or they have fully recovered. Others may be too disabled to participate. 

However, many patients can be helped by rehabilitation. There are several kinds 

of rehabilitation programs: 

 

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

 

These programs can be provided 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 professionals provides 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 programs 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. 

  

Home-based programs 

 

The patient can live at home and receive rehabilitation services 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 the outcome of health 

care is a άŎŜƴǘǊŀƭ ŎƻƳǇƻƴŜƴǘ ƻŦ ŘŜǘŜǊƳƛƴƛƴƎ ǘƘŜǊŀǇŜǳǘƛŎ ŜŦŦŜŎǘƛǾŜƴŜǎǎ ŀƴŘΣ 

therefore, the provision of evidence-ōŀǎŜŘ ƘŜŀƭǘƘŎŀǊŜέΦ So following this, is 

really important to outcome measurements in stroke rehabilitation in order to 

check the effectiveness of stroke rehabilitation. Each of these measurements 

usually are evaluated in terms of appropriateness, reliability, validity, 

responsiveness, precision, interpretability, applicability and feasibility. [8]  

 

Some important outcomes in stroke rehabilitation are the Fugl-Meyer 

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

Test (ARAT). 
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2.1.6.1 Fugl-Meyer Assessment of Motor Recovery after Stroke  
 

The Fugl-Meyer Assessment (FMA) is a disease-specific impairment index 

designed to assess motor function, balance, sensation qualities and joint 

function in hemiplegic post-stroke patients. The scale comprises five 

domains; motor function (in the upper and lower extremities), sensory 

function, balance (both standing and sitting), joint 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 0=cannot perform, 1=performs partially and 

2=performs fully. The total possible scale score is 226. Points are divided 

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 uncommon for the sections of the FMA to be administered 

separately. However, it should take approximately 30 ς 45 minutes to 

administer the total FMA. Assessments are completed by direct observation 

on a one-to-one basis and should be performed by a trained physical 

therapist. 

 

The Fugl-Meyer assessment is widely used and internationally accepted. The 

motor assessment is grounded in well-defined, observable stages of motor 

recovery. But on the other hand, though a trained therapist should be able 

to administer the test in approximately 30 - 45 minutes, it may take 

considerably longer, forcing therapists spend much time with only one 

patient. [8] 
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Figure 2.2: Example using Fugl-Meyer Assesment-Upper Extremity with post stroke 
patients [9] 

 

2.1.6.2 Action Research Arm Test  
 

The Action Research Arm Test (ARAT) is an observer-rated, performance-

based assessment of upper extremity function and dexterity. 

The ARAT comprise only 19 items, which are grouped into 4 subsets. These 

subsets include: grasp (6 items), grip (4 items), pinch (6 items) and gross 

movement (3 items). All items are rated on a 4-point ordinal scale ranging 

from 0 to 3 where 0 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 successfully 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 (easiest) 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 assessed. 
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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 has some 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 sensitive enough to detect changes in 

performance. [8] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2.1: Action Research Arm Test (ARAT) Evaluation [10] 
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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 limitations that are 

outlined in Table 2.2.  

 
Table 2.2: Limitations of conventional rehabilitation [11] 

So for this reason, Virtual Reality (VR) is becoming a consistent alternative to 

standard rehabilitation, innovating in the different therapeutic areas and 

enhancing the rehabilitation process for the patients. 

 

VR is a computer-based technology that allows users to interact with a 

ƳǳƭǘƛǎŜƴǎƻǊȅ ǎƛƳǳƭŀǘŜŘ ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ ǊŜŎŜƛǾŜ άǊŜŀƭ-ǘƛƳŜέ ŦŜŜŘōŀŎƪ ƻƴ 

performance. VR exercise applications have the potential to apply relevant 

concepts of neuroplasticity (ie. repetition, intensity, and task-oriented training). 

Also classified as VR are a variety of non-immersive video game systems 

developed by the entertainment industry 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 rehabilitation goals. [11]  

 

Several companies have seized the potential of VR in rehabilitation processes, 

launching different products and softwares designed to create a virtual and 

interactive environment that facilitates to patients their rehabilitation programs.  

Below are listed some ŎƻƳǇŀƴƛŜǎ ǘƘŀǘ ŎƻƳƳŜǊŎƛŀƭƛȊŜ ǘƘŜǎŜ ±w ǊŜƘŀōƛƭƛǘŀǘƛƻƴΩǎ 

products for hospitals: [12] [13] 

 

2.2.1 BRUTM (Balance Rehabilitation UnitTM)  
 

MedicaaTM is a company committed through the use of technology, to help and 

treat patients with balance disorders. The research team of MedicaaTM have 

developed the MBSTM, a software platform that provides a set of tools to improve 

the results of rehabilitation in patients with balance disorders. With this purpose 
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in mind they have created the BRUTM (Balance Rehabilitation UnitTM), an efficient 

solution for functional assessment and rehabilitation therapy for patients that 

suffer from balance disorders. The BRUTM uses the MBSTM, as software that 

works by means of virtual reality stimuli recreating real life situations. The 

BRUTM 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 the postural 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 therapeutic module is based on 

neurorehabilitaion concepts, which confronts the patient to the conflictive 

stimuli to unleash mechanisms of neuroplasticity, as to achieve vestibular 

compensation. 

 

 

Figure 2.3: Virtual Reality Headset used for BRUTM 
 

- Motor Coordination RetrainingTM - MCRTM 

 

The MCRTM module consists of exercises for the training of the postural control 

using a biofeedback system. The MBSTM recreates controllable interactive 

exercises in which the patient trains postural strategies under professional 

supervision. The exercises have different recreational styles and difficulty levels 

ǘƻ ǎǘƛƳǳƭŀǘŜ ǘƘŜ ǇŀǘƛŜƴǘΩǎ ōŀƭŀƴŎŜ ƛƳǇǊƻǾŜƳŜƴǘ ŀƴŘ ǘǊŀƴǎŦƻǊƳ ǊŜƘŀōƛƭƛǘŀǘƛƻƴ 

process into an entertaining experience. 
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Figure 2.4: BRUTM workstation 

2.2.2 BioTrak©  
 

BioTrak© is a tool based on virtual reality technology which integrates in a single 

platform training exercises for the rehabilitation of certain body functions that 

have been depleted or lost due to various pathologies. 

 
BioTrak©´s technology allows the patients to interact in a virtual environment 

where they are challenged to fulfil simple tasks by means of their own 

movements. The system motivates patients in order to improve their adherence 

to the treatment, and serves them as a very efficient tool in their recovery 

process. Actually BioTrak© works in exercises designed by physicians for the 

rehabilitation of musculoskeletal injuries, balance, anosognosia, memory, etc. 

BioTrak© needs an Internet connection and a gamut of hardware devices used 

during the performance of the exercises/exergames, which are listed below: 

 
- Laptop 

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

- TV connection 

- Internet connection 

 

      

Figure 2.5: BioTrak©  workstation and software interface 
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3 Technologies  
 

In this chapter we will expound information about all the technologies thought-out and 

used during the development of this project, their differences and reasons of why are 

technologies that we can use to create our Serious Game. 

 

First we will discuss about the called Game Engines, which let us design and create 

videogames for different platforms. After that, we will review some modelling and 3D 

animation softwares, their characteristics and which one fits better to our needs. Finally, 

at the end of the chapter, we are going to describe several hardware devices used in 

motion capture together with the plugins that allow us to connect these devices with 

our personal computer in order to 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 with input and output 

devices to physics calculations and artificial intelligence.  They are like toolkits aimed 

to provide an abstraction to developers making their project development easier by 

hiding complex concepts. Game Engines normally are packed with a set of powerful 

resources (usually described as libraries or APIs) and tools used in the design and in 

coding stages. [14] 

 

A regular game engine provides different functions: scripting, imagery rendering, 

artificial intelligence, physics, animation, cinematic, network access and resource 

management. [15] 

 

¶ Scripting: Let developers to write little pieces of code to control certain parts of 

the game. 

¶ Imagery rendering: LǘΩǎ ǘƘŜ ŎƻǊŜ ƻŦ Ǿƛǎǳŀƭ ǇŀǊǘ ƻŦ ǘƘŜ ƎŀƳe. Handles lights, 

shadows, ray tracing, and rendering of 3D objects. 

¶ Artificial Intelligence: Brings the world and characters of the game to life, 

through a set of routines that makes possible the interaction with the game 

environment. 

¶ Animation: Adds behaviour to objects, through transformations, skeletons, 

deformations and dynamics. 

¶ Physics: Provides realistic interaction between objects and with their 

environment. tƭǳǎΣ ŎƘŀǊŀŎǘŜǊ ƳƻƳŜƴǘΣ ŦƭǳƛŘ ǎƛƳǳƭŀǘƛƻƴΣ ŀƴŘ άǎƻŦǘ ōƻŘƛŜǎέΦ 

¶ Cinematic: Adds the possibility to include video within the game to capture the 

attention of the player. 
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¶ Network access: Provides support to deploy the game in a network 

environment, be client-server or peer-to-peer. 

¶ Resource management: A fundamental issue for the game engines is the 

efficient use of the computer resources (CPU, graphics card, memory, storage, 

hardware) and the load of game related resources (animations, shaders, 3d 

objects, sound, etc.)  

 

Game engines can be classified according to several criteria, being one of them 

the type of licensing: commercial and freeware or Open Source. 

 

Nowadays exist several Game Engines that could provide all the functions 

mentioned above, for that reason is not an easy task to choose a Game Engine 

thaǘ ōŜǘǘŜǊ Ŧƛǘǎ ǘƻ ƻǳǊ ǾƛŘŜƻƎŀƳŜΩǎ ƛŘŜŀΦ Lƴ ǘƘŜ ƴŜȄǘ ǎǳōǎŜŎǘƛƻƴǎ ƻŦ ǘƘƛǎ ŎƘŀǇǘŜǊ 

we will describe some of the most used Game Engines in 2014 according to [16], 

and compare between them in order to decide which one is the best one for this 

project. 

 

3.1.1 Unreal Engine 4 
 

The Unreal Engine 4 (UE4) is the last version of the Game EngineΩǎ ŦŀƳƛƭȅ ¦ƴǊŜŀƭ 

developed by Epic Games, and first showcased in the 1998 first-person shooter 

game Unreal. This Game Engine is the base for several known videogames as 

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

series, Star Wars Republic Commando or Mass Effect. [17] [18] 

 

 
Figure 3.1: Unreal engine 4 logotype 

 

With its code written in C++, the UE4 features a high degree of portability and is 

a tool used by many game developers today. It is compatible with different 

platforms such as: 

 

¶ Microsoft Windows 

¶ GNU/Linux 
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¶ Apple Macintosh (Mac OS)  

¶ Xbox One  

¶ PlayStation 4 

¶ Android 

¶ HTML5 

¶ Oculus Rift 

  

In addition to this, Unreal Engine offers different useful tools for designers 

helping their artistic work in the creation and visualization of 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 education, training simulation, construction 

simulation, virtual reality, and CG animation. Licensees include many 

universities, corporations, the U.S. Army, the U.S. Air Force, NASA, the 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 Windows 7 64-bit 

or a Mac with Mac OS X 10.9.2 or later, 8 GB RAM and a quad-core Intel or AMD 

processor, and a DX11 compatible video card. UE4 will run on desktops and 

laptops below these recommendations, but performance may be limited. 

 

Unreal Engine is one of the most important Game Engines that we can found in 

the Web nowadays, and this reputation begun in 2006 with the launch of the 

videogame Gears of Wars, created with the second version of this Game Engine. 

DŜŀǊǎ ƻŦ ²ŀǊǎ ǊŜŎŜƛǾŜŘ ǎŜǾŜǊŀƭ ƴƻƳƛƴŀǘƛƻƴǎ ŀƳƻƴƎ ǿƘƛŎƘ ǎǘŀƴŘ ƻǳǘ άDŀƳŜ ƻŦ 

ǘƘŜ ȅŜŀǊ нллтέ ŀƴŘ ά.Ŝǎǘ ƎŀƳŜ ŦƻǊ ·ōƻȄ ослέΦ So it is a Game Engine that was 

necessary to take into account its use in this project. 

 

 
Figure 3.2: Image of the videogame Gears of War 

 

https://en.wikipedia.org/wiki/United_States_Army
https://en.wikipedia.org/wiki/United_States_Air_Force
https://en.wikipedia.org/wiki/NASA
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3.1.2 Unity 
 

Unity is a cross-platform game engine developed by Unity Technologies used to 

develop video games for PC, consoles, mobile devices and websites.  

 

 

Figure 3.3: Unity Logotype 
 

Unity Technologies was founded at 2004 by David Helgason (CEO), Nicholas 

Francis (CCO) and Joachim Ante (CTO) in 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 giving importance 

to the needs of indie game developers, who ŎŀƴΩǘ ŎǊŜŀǘŜ ǘƘŜƛǊ ƻǿƴ DŀƳŜ 9ƴƎƛƴŜ 

or acquire licenses from other Game Engines. Unity tries to offer and to make 

accessible to everyone the development of interactive contents and videogames 

in 2D and 3D environments. [19] 

 

Currently different reports demonstrate that Unity has a participation of 45% of 

ǘƘŜ DŀƳŜ 9ƴƎƛƴŜ ƳŀǊƪŜǘΣ ōŜƛƴƎ ǘƘŜ Ƴƻǎǘ ǇƻǇǳƭŀǊ ŜƴƎƛƴŜ ōŜǘǿŜŜƴ ƎŀƳŜΩǎ 

developers. The proportion of people trusting in Unity as development toolkit 

undergo in a constant growth. [20] 

 

 

Figure 3.4Υ DŀƳŜ ŜƴƎƛƴŜΩǎ Dƭƻōŀƭ ƳŀǊƪŜǘ ǇŀǊǘƛŎƛǇŀǘƛƻƴ ώнлϐ 
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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 of functions to develop videogames, easy to 

use and totally free with the Personal license of Unity although with few 

limitations, but with great results. But Unity also offers other three licenses for 

companies and professional developers:  [21] 

 

¶ Plus: Offers more functions and reports in order to optimize the projects 

(35$/month) 

¶ Pro: Advanced personalization and more flexibility and storage 

(125$/month) 

¶ Enterprise: License offered taking into account the services that you and 

your company need (Negotiable price) 

 

In March of 2015 the version 5 of Unity was launched, this version allow users 

develop games for the next platforms: 

 

¶ Apple Macintosh (Mac OS)  

¶ Windows 

¶ Linux 

¶ Web 

¶ iOS 

¶ Android 

¶ Windows Phone 8 

¶ Blackberry 10 

¶ Playstation 3, 4, and VITA 

¶ Xbox 360 and ONE 

¶ Wii U 

¶ Tizen 

 

In addition to this, Unity is compatible with many design softwares like Blender, 

Maya, Adobe Fuse, Cheetah3D, etc. This Game Engine lets import objects from 

ŀƭƭ ǘƘŜǎŜ ǇǊƻƎǊŀƳǎΣ ǎǳŎƘ ŀǎ ǿŜ Ŏŀƴ ǳǎŜ ǘƘŜƳ ŀǎ ŜƭŜƳŜƴǘǎ ƻŦ ǘƘŜ ǾƛŘŜƻƎŀƳŜΩǎ 

environment. 

 

To create and modify the source code of a videogame, we can use MonoDevelop 

or Microsoft Visual Studio as code developer tools. This codes, or scripts, can be 

written in three different programming languages: [15] 

 

¶ C#, similar to C++, used in a great percentage of the created scripts. 

¶ UnityScript, or JavaScript for Unity. 

¶ 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 2010 was launched an important resource for Unity, the called 

Asset Store. The Asset Store is an online platform in which Unity users can access 

to thousands of packages that incorporates a wide collection of game objects 

and elements including: 3D models, textures, materials, music, sound effects, 

tutorial, projects, scripts, etc. Some of these assets can be downloaded totally 

ŦǊŜŜ ƳŜŀƴǿƘƛƭŜ ƻǘƘŜǊǎ ƘŀǾŜ ǘƻ ōŜ ōƻǳƎƘǘ ǿƛǘƘ ŀ ǇǊƛŎŜ ǘƘŀǘ ŘŜǇŜƴŘ ƻƴ ŀǎǎŜǘΩǎ 

creator. 

 

Summing up, Unity is a great Game Engine with several interesting functions for 

our Serious Game project, relatively easy to use and with the capacity to create 

Open Source applications, scripts and entire games that other people can modify 

and use using the Asset Store. 

 

3.1.3 CryEngine 
 

CryEngine is a Game Engine designed by the German game developer company 

Crytek. Originally was a demo Game Engine for Nvidia enterprise, showing a great 

potential, and for that reason is implemented for first time in the videogame Far 

Cry.  In 2006, all the rights of CryEngine are acquired by the company Ubisoft.  

 

 

Figure 3.5: CryEngine logotype 

 

This Game Engine is one of the most complete and awarded engines available, 

providing top-notch functionality for the games developed with this technology. 

LǘΩǎ ŎƻƴǎƛŘŜǊŜŘ ŀ ƴŜȄǘ ƎŜneration solution for game development, 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 is built ƻƴ ǘƻǇ ƻŦ ŀ άǎŀƴŘōƻȄέ ǘƘŀǘ ǇŜǊƳƛǘǎ ǊŜŀƭ ǘƛƳŜ 

adjustment of parameters and error correction. [22] 

 

https://en.wikipedia.org/wiki/Game_engine
https://en.wikipedia.org/wiki/Germany
https://en.wikipedia.org/wiki/Crytek
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CryEngine has a very intuitive interface, which allows closely observing and 

controlling the event flow in a visual manner, largely avoiding the need for 

ground zero coding of 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 software for non-

commercial uses, CryEngine is now available as a pay what you want service, 

allowing users to set their own price for it, and obtaining access to different 

features:  

 

¶ Full Engine Source Code 

¶ Full commercialization for any games created 

¶ 100% royalty-free 

¶ Access to all supported platforms 

¶ Primed for VR development 

¶ Buy and sell assets on the Marketplace 

¶ Access to Learning resources 

 

Other important feature about CryEngine is it compatibility with a great part of 

ǾƛŘŜƻƎŀƳŜΩǎ ǇƭŀǘŦƻǊƳǎ ǳǎŜŘ ƴƻǿŀŘŀȅǎ ŀǎΥ 

 

¶ Windows 

¶ Linux 

¶ Playstation 3 & 4 

¶ Wii U 

¶ Xbox 360 & One 

¶ iOS 

¶ Android  

 

All this flexibility 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 the Open Source perspective. Finally in addition to 

this, its potential and easy to use interface makes this engine a serious candidate 

to be used in our project. [23] 
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3.2 Creation, modelling and animation of objects  
 

As in many videogames, our Serious Game has to be composed of different objects 

interacting in a motivating environment for the pŀǘƛŜƴǘΦ ¢ƘŜǎŜ ƎǊŀǇƘƛŎΩǎ 

components, ƻǊ άƎŀƳŜƻōƧŜŎǘǎέ, are designed by 3D computer graphics softwares 

that let you create avatars, game environments, objects or anything required in a 

videogame. 

 

Some of the Game Engines previously listed incorporates an onƭƛƴŜ άƳŀǊƪŜǘέ ǿƘŜǊŜ 

you can download, buy and sell gameobjects created by other companies or users, 

as could be the Asset Store in Unity or the Marketplace in CryEngine. The variety of 

objects, scenarios, and avatars are huge in these places, some of them free and 

others paying an extra cost. 

 

All these gameobjects can be created by specific graphic design programs like 

Blender, MakeHuman, Maya, Adobe Fuse, Rhinoceros, etc. The advantage of use 

these softwares is that many of them are free and easy to use, allowing the export 

of gameobjects to Game Engines without problems in different 3D modelling 

formats as could be .fbx, .blend, .obj, .max, etc. 

 

For the creation of different models integrated in this project, some 3D modelling 

programs have been assessed.  Blender and MakeHuman are two useful and 

complete design tools, free and relatively easy to use. These characteristics fit 

perfectly with our projectΩs philosophy. 

 

3.2.1 Blender 
 

Blender is a professional free and Open Source 3D computer graphics software 

product used for creating animated films, visual effects, 3D models, and 

ǾƛŘŜƻƎŀƳŜǎΦ .ƭŜƴŘŜǊΩǎ ŦŜŀǘǳǊŜǎ ƛƴŎƭǳŘŜ о5 ƳƻŘŜƭƭƛƴƎΣ ǘŜȄǘǳǊƛƴƎΣ ǊƛƎƎƛƴƎ ŀƴŘ 

skinning, camera tracking and rendering.  

 
Figure 3.6: Blender logotype 

The Dutch animation studio Neo Geo developed Blender as an in-house 

application in January 1995, with the primary author being software 

developer Ton Roosendaal. On July 18, 2002, Roosendaal started the Free 

Blender campaign, a crowdfunding precursor. Finally on September 7, 2002, it 

https://en.wikipedia.org/wiki/Netherlands
https://en.wikipedia.org/w/index.php?title=Neo_Geo_(animation_studio)&action=edit&redlink=1
https://en.wikipedia.org/wiki/Ton_Roosendaal
https://en.wikipedia.org/wiki/Crowdfunding
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was announced that they had collected enough funds to release the Blender 

source code. Today, Blender is free and Open Source software developed by the 

community.  

 

The last version of Blender, version 2.77a, is compatible with different operative 

systems like Windows, Mac OS X, GNU/Linux, Solaris, FreeBSD and IRIX, available 

in both 32-bit and 64-bit versions. This software contains features that are 

characteristic of high-end 3D software, among them we can found: [24] [25] 

 

¶ Support for a variety of geometric primitives, including polygon meshes, 

fast subdivision surface modelling, Bezier curves, metaballs, icospheres, 

multiresolution digital sculpting and a new n-gon modelling system called 

B-mesh. 

¶ Internal render engine with scanline rendering, indirect lightning, and 

ambient occlusion that can export in a wide variety of formats. 

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

¶ Simulation tools for Soft body dynamics including mesh collision 

detection, Lattice Boltzmann methods (LBM) fluid dynamics, smoke 

simulation, Bullet rigid body dynamics, and ocean generator with waves. 

¶ Python scripting for tool creation and prototyping, game logic, importing 

and/or exporting from other formats, task automation and custom tools. 

¶ 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 and gameobjects that decorates our Serious Game in order 

to entertain and amuse the patient during the Serious Game performing. 

 

3.2.2 MakeHuman 
 

MakeHuman is an Open Source 3D computer graphics software middleware 

designed for the prototyping of photo realistic humanoids. It is developed by a 

community of programmers, artists, and academics interested in 3D 

modelling of characters. [26] [27] 

 

 

https://en.wikipedia.org/wiki/Source_code
https://en.wikipedia.org/wiki/Free_software
https://en.wikipedia.org/wiki/FOSS
https://en.wikipedia.org/wiki/3D_computer_graphics_software
https://en.wikipedia.org/wiki/3D_modeling
https://en.wikipedia.org/wiki/3D_modeling
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Figure 3.7: MakeHuman logotype 

 

The ancestor of MakeHuman was MakeHead, a python script for 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 Blender. In 

2005 MakeHuman was moved outside Blender, and finally in 2009 the team 

decided to release MakeHuman 1.0 pre-alpha. 

 

MakeHuman is developed using 3D morphing technology. Starting from a 

standard (unique) androgynous human base mesh, it can be transformed into a 

great variety of characters (male and female), mixing them with linear 

interpolation. It uses a very simple GUI in order to access and handle hundreds 

of morphings. The MakeHuman approach is to use sliders with common 

parameters, like height, weight, gender, ethnicity and muscularity. The 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. 

 

 
Figure 3.8: MakeHuman interface 

https://en.wikipedia.org/wiki/Morph_target_animation
https://en.wikipedia.org/wiki/Linear_interpolation
https://en.wikipedia.org/wiki/Linear_interpolation
https://en.wikipedia.org/wiki/Graphical_user_interface
https://en.wikipedia.org/wiki/Slider_(computing)
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MakeHuman is fully Open Source, and the character output of MakeHuman is 

released to public domain under Creative Commons License, in order to be freely 

used in commercial and non-commercial projects.  

 

Summing up, MakeHuman is a software that fits perfectly with our project 

strategy; is easy to use, Open Source and can provide us the avatars we need for 

our Serious Games. 

 

3.3 Motion Capture devices  
 

We can define motion capture (MoCap) as the process of recording the movement 

of objects or people. Motion capture and computer animation techniques have 

made significant progress in game and film industry, detecting movements of people 

in 3D and displaying it in a 3D virtual scene is a research problem. There are two 

ways for motion capture, marker based motion capture and markerless motion 

capture. 

 

The marker based motion capture has many drawbacks, the major drawback is that 

the performer has to wear a suit with adherent sensors or markers on it, and the 

process consist of handling multiple cameras placed in a room. 

 

 
Figure 3.9: Example of Marker based motion capture 

 
In markerless motion capture the performer doesn't have to wear a suit, but still 

being a challenging task. With 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 also increases cost of the overall 

system. 

https://en.wikipedia.org/wiki/Open_source
https://en.wikipedia.org/wiki/Public_domain


LƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ hǇŜƴ {ƻǳǊŎŜ ŀǇǇƭƛŎŀǘƛƻƴǎ ά{ŜǊƛƻǳǎ DŀƳŜέ ŦƻǊ wŜƘŀōƛƭƛǘŀǘƛƻƴ | Jaime Herreros Díaz 

28 
 

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 system. [28] 

 

 
Figure 3.10: Example of depth camera motion capture 

 

In the following subsections we are going to analyse some of the principal depth 

cameras that are nowadays in the market according to Ashish Shingade and Archana 

Ghotkar [28], which features are overviewed in the incoming table. 

 

 
Table 3.1: Survey of different depth cameras with their specifications [28] 


































































































