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EXECUTIVE SUMMARY

In order to define the FrailSafe architecture both in the terms of hardware devices and
software requirements implementation, the aim of this deliverable is to review the state -
of-the-art in hardware devices and software tools that are needed for the FrailSafe
game hardware and software design process. Thus, a first detailed analysis is needed
in order to analyze the available devices that are found in the market as well as the
different operating systems and software libraries that will define the development of the
applications and the games in the project. So, this document presents the analyzed
solutions in order to determine the most preferable options and the reasons why. Thus,
the deliverable will provide the basis for the development of the FrailSafe
implementations. In this context, the following comparative analysis was achieved
during the project:

1 A Mobile Devices analysis which was led to the selection of Google Pixel C and
Nexus 5X as the base devices for the FrailSafe developments and tests,

1 A comparison of the latest AR glasses devices that meet the project
requirements,

9 Different graphics and game engines oriented to the development for portable
devices have been taken into account and the detailed results are also
presented in form of comparative tables where pros and cons are studied and
highlighted.
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1. INTRODUCTION

Within the present document, an evaluation of the most remarkable software and
hardware solutions for game development to be used in the FrailSafe project has been
undertaken. A comparative analysis of different concepts has been done, taking into
consideration the different operating systems already existing for mobile platforms and
the most relevant graphics engines for gaming. In addition a concrete study has also
been conducted with regard to the hardware requirements that are needed in the project
as well as a comparative analysis of the most important available devices.

The rest of this deliverable is organized as follows.

Section 2 states the minimum software requirements that will make possible the
expected developments for FrailSafe.

Section 3 specifies the minimum hardware requirements that FrailSafe devices should
comply with, in order to enable the different physical interactions and visual capabilities
that the project games will use.

Section 4 contains a review of the current mobile platforms and operating systems
available. For each examined platform, the most important game-related or general
features are listed, along with the development tools available. Furthermore, notes
regarding the future evolution of each platform are provided, discussing whether each
platform is promising for future development.

Section 5 discusses the currently available game engines compatible with smart
devices. Different features and parameters as level of market acceptance, price and
terms of use, characteristics and capabilities, are analyzed and compared among the
most preeminent engines in the market today.

Section 6 displays a comparison of the most powerful smart devices in the market
today, covering both smartphones and tablets. This comparison is based on the
previous selected devices capabilities with the objective to determine the smart phone
and tablet of choose for FrailSafe.

Section 7 Describes and compares the most versatile Augmented Reality devices
available in the market, with the objective to select the most suitable to be used in
FrailSafe.

Finally, Section 8 concludes the deliverable, summarizing and discussing the selected
software and hardware for game development within the context of FrailSafe.

2. SOFTWARE REQUIREMENTS

This section describes the software requirements of the games that will be developed
within FrailSafe. On one side, graphics acceleration, and particularly OpenGL ES, is
needed as the base architecture for any of the presented game engines for the
visualization of 3D models and scenes.

Geolocalization may or may not be required in games, depending on their design, but
would be of great utility in other to sense the user activity.
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2.1 OpenGL

OpenGL for Embedded Systems (OpenGL ES) is a subset of the OpenGL computer
graphics rendering application programming interface for rendering 2D and 3D
computer graphics such as those used by video games, typically hardware-accelerated
using a graphics processing unit. It is designed for embedded systems like
smartphones,  computer  tablets, video game consoles and PDAs.
The API is cross-language and multi-platform but the libraries GLUT and GLU, devoted
to the creation of user interfaces, are not available for OpenGL ES.

OpenGL ES is managed by the non-profit technology consortium Khronos Group.
Vulkan, a next-generation API from Khronos, is made for simpler high performance
drivers for mobile and desktop devices. OpenGL ES is the most widely deployed 3D
graphics API.

2.2 Geolocation

Geolocation is the identification of the real-world geographic location of an object, such
as a radar source, mobile phone or Internet-connected computer terminal. Geolocation
may refer to the practice of assessing the location, or to the actual assessed location.
Geolocation is closely related to the use of positioning systems but may be
distinguished from it by a greater emphasis on determining a meaningful location rather
than just a set of geographic coordinates.

For either geolocation or positioning, the locating engine often uses radio frequency
location methods, for example Time Difference Of Arrival for precision. Those systems
often utilize mapping displays or other geographic information systems. When a GPS
signal is unavailable, geolocation applications can use information from cell towers to
triangulate the approximate position, a method that is not as accurate as GPS but has
greatly improved in recent years. This is in contrast to earlier radiolocation technologies,
for example Direction Finding where a line of bearing to a transmitter is achieved as part
of the process.

3. HARDWARE REQUIREMENTS

This section contains the main hardware requirements of the games that will be used
within FrailSafe and the devices selected for the project must have.

3.1 3D Acceleration

When developing the mobile application, in addition to software constraints, the
hardware part of the different devices will also have an impact on the development of
the project and its final result.

To carry out this task is necessary that the above- mentioned mobile devices have
certain advanced graphic features that enable such integration. In terms of software, it
is essential to have as minimum OpenGL ES 2.0.

As for the hardware capacity, most of the assessed devices have an Adreno GPU
(Graphic Processing Unit) in its different versions, or a modification of it, although we
also find devices with PowerVR GPU's or Mali.
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After a performance analysis regarding the painted triangles and pixels per second, the
different GPU's integrated in the devices were evaluated within the project in order to
meet the required expectations for this initiative.

3.2 Connectivity

1 Third generation of mobile telecommunication networks (3G), support
services that provide an information transfer rate of at least 200 kbit/s. Later 3G
releases often denoted 3.5G and 3.75G, also provide mobile broadband access
of several Mbit/s to smartphones and mobile modems in laptop computers. This
ensures it can be applied to wireless voice telephony, mobile Internet access,
fixed wireless Internet access, video calls and mobile TV technologies.

1 The Global Positioning System (GPS) is a space-based navigation system
that provides location and time information in all weather conditions, anywhere
on or near Earth where there is an unobstructed line of sight to four or more
GPS satellites. The system provides critical capabilities to military, civil, and
commercial users around the world. The United States government, which
created the system, maintains it, and makes it freely accessible to anyone with a
GPS receiver.

1 IMU Sensors In some cases and depending on their design, some of the games
may make use of accelerometers and even compass as part of their interaction
paradigm. Nowadays almost every smart device counts with these systems.

1 Wi-Fi is a technology that allows electronic devices to connect to a wireless LAN
(WLAN) network, mainly using the 2.4 gigahertz UHF and 5 gigahertz SHF ISM
radio bands.

Devices which can use Wi-Fi technology include personal computers, video-
game consoles, smartphones, digital cameras, tablet computers and digital
audio players. Wi-Fi compatible devices can connect to the Internet via a WLAN
network and a wireless access point. Such an access point (or hotspot) has a
range of about 20 meters (66 feet) indoors and a greater range outdoors.
Hotspot coverage can be as small as a single room with walls that block radio
waves, or as large as many square kilometers achieved by using multiple
overlapping access points.

1 Bluetooth is a wireless technology standard for exchanging data over short
distances (using short-wavelength UHF radio waves in the ISM band from 2.4 to
2.485 GHz) from fixed and mobile devices, and building personal area networks.
Invented by telecom vendor Ericsson in 1994, it was originally conceived as a
wireless alternative to RS-232 data cables. It can connect several devices,
overcoming problems of synchronization.

3.3 Screen

1 Types

0 AMOLED (active-matrix organic light-emitting diode) is a display
technology used in smartwatches, mobile devices, laptops, and
televisions. OLED describes a specific type of thin-film-display

3
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technology in which organic compounds form the electroluminescent
material, and active matrix refers to the technology behind the
addressing of pixels.

o IPS (In-plane switching) is a screen technology for liquid crystal displays
(LCDs). It was designed to solve the main limitations of the twisted
nematic field effect matrix LCDs in the late 1980s. These limitations
included strong viewing angle dependence and low-quality colour
reproduction. In-plane switching involves arranging and switching the
orientation of the molecules of the liquid crystal layer between the glass
substrates. This is done, essentially, parallel to these glass plates.

1 The resolution in which a human eye is finally unable to see the pixels of the
screen is around 320 pixels per inch for a screen located about 40 cm away;
therefore this is the minimum density of pixels that terminals to be used should
have.

1 A touch screen is an input device normally layered on the top of an electronic
visual display of an information processing system. A user can give input or
control the information processing system through simple or multi-touch gestures
by touching the screen with a special stylus and/or one or more fingers. The
touch screen enables the user to interact directly with what is displayed and to
control how it is displayed; for example, zooming to increase the text size.

4. MOBILE PLATFORMS

A mobile operating system (Mobile OS) is an operating system that controls a mobile
device like PCs using Windows or Linux. Likewise, mobile devices have their operating
systems such as Android and iOS among others. However, mobile operating systems
are much simpler than those for PC and are more oriented to wireless connectivity,
mobile multimedia formats and different ways to enter information in them, especially by
touch screens.

4.1 Firefox OS

Firefox OS is an operating system for mobiles, mainly developed by Mozilla
Corporation, which is based on HTML5 with a Linux kernel designed in such a way that
enables HTML5 applications to directly communicate to the hardware using JavaScript
and Open Web APIs.
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Firefox OS

FIGURE 1 - Firefox OS logo

4.1.1 Features

SQLite, a server-less database management system based on SQL.
Web applications without navigator
Adaptive searching.

Adaptable interface design.

=A =4 =4 -4 =4

The initial development work involves three major software layers:

0 Gonk: Platform denomination for a combination of the Linux kernel and
the hardware abstraction layer from Android

0 Gecko: the web browser engine and application run-time services layer
o Gaia: An HTML5 layer and user-interface system

4.1.2 Development Tools

Firefox OS applications are just Open Web apps. These are basically HTML5
applications, which are installed on a device running Firefox OS.

Web applications are built using web standard technologies working on any modern
web browser and can be developed using a wide variety of tools, such as Dreamweaver
or Eclipse.

4.1.3 Evolution and future

The development of Firefox OS has been discontinued due to the poor reception among
the business sector and thus, the marketplace is intended to only accept applications
until 2017. From that moment on, no developments or updates on the devices will be
officially made containing this operating system.

In addition, current devices using this operating system are scarce and all belong to the
range of low-end devices (see FIGURE 2).
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FIGURE 2 - Alcatel One Touch Fire E running Firefox OS

4.2 Ubuntu Touch

Ubuntu Touch is an operating system for mobile phones based on Linux and developed
by Canonical. Ubuntu Touch is in general a new Ubuntu distribution with a different Ul
that is adapted specifically for mobile devices with a touch screen like phones and
tablets (see FIGURE 3).

4.2.1 Features
1 Qt5, a user interface library for application development in computers using C++
language.
Lock screen
Scopes
Side Stage

Convergence desktop mode

=A =4 =4 =4 =

It doesn’t count on some widespread applications such as WhatsApp

4.2.2 Development Tools

HTML5
QUQML (Native applications)

Targeting APIs: Ubuntu applications and scopes are packaged, distributed and
deployed using a format called click packaging. When packaged, all apps and
scopes must declare which API framework they are intending to use on the
device.

1 Security and app isolation: All Ubuntu apps and scopes are confined, meaning
they only have access to their own resources and are isolated from other apps
and parts of the system. The developer must declare which policy groups are

6
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needed for the app or scope to function properly within the confinement rules
providing security and privacy.

1 The build environment: A build environment, or click target, will be required to
develop and test an app or scope. This environment will make it possible to build
the software for a different architecture if cross-compilation is required (e.g. an
app that uses C++) and to run it on different devices (the desktop, a phone/tablet
or the emulator). Whenever a target is required the Integrated Development
Environment (IDE) will help to configure it based on the framework and target
architecture (e.g. i386 or armhf). The architecture will correspond to the test
environment the developer is using and ultimately what the products are built
with.

9 Testing applications on devices: As far as testing environments, the developer
can choose an Ubuntu emulator, which can be x86 or armhf, or real hardware
with a reference device, such as the Nexus 4 or Nexus 7. While it is possible that
simple apps may work in the local desktop environment, it is only in these
supported testing environments that the entire set of framework APIs are
available. It is generally recommended that an app or scope be packaged as a
click and installed to the device or emulator in order to properly test it. Again the
IDE will assist with creating, validating, deploying and installing the package.

4.2.3 Evolution and future

Mark Shuttleworth, the founder of the company Canonical Ltd., believes that Ubuntu for
phones will first find a niche in countries where Ubuntu is well known; more specifically,
developing markets such as India and China where computers have Ubuntu pre-
installed. However, the success of Ubuntu Phone in these markets is difficult to predict.

FIGURE 3- Two different devices running Ubuntu Touch
4.3  Windows 10 Mobile

Windows 10 Mobile is an edition of the Windows 10 operating system developed by
Microsoft. This edition of Windows 10 is a mobile operating system that follows
Windows Phone 8.1 and is designed for smartphones and tablets less than 8 inches of
screen size, it runs on ARM as well in processor architectures I1A-32 and 32 bits (see
FIGURE 4).
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FIGURE 4 - Windows 10 Mobile logo

4.3.1 Features

A major aspect of Windows 10 Mobile is a focus on harmonizing user experiences and
functionality between different classes of devices specifically, devices running the PC-
oriented version of Windows 10. Under the Universal Windows Platform concept,
Windows Runtime apps for Windows 10 on PC can be ported to other platforms in the
Windows 10 family with nearly the same codebase, but with adaptations for specific
device classes. Windows 10 Mobile also shares user interface elements with its PC
counterpart, such as the updated Action Center and settings menu. Although marketed
as a converged platform, and as with Windows Phone 8, using a Windows NT-based
kernel, Windows 10 Mobile still cannot run Win32 desktop applications, but is
compatible with software designed for Windows Phone 8.

Notifications can be synced between devices; dismissing a notification on, for
example, a laptop will also dismiss it from a phone. Certain types of notifications now
allow inline replies. The start screen now has the option to display wallpapers as a
background of the screen behind translucent tiles, rather than within the tiles. The
messaging app adds support for internet-based Skype messaging alongside SMS,
similarly to Apple’s iMessage, and can synchronize these conversations with other
devices. The new Photos app aggregates content from local storage and OneDrive
performing automatic enhancements to photos. The on-screen keyboard now contains a
virtual pointing stick for manipulating the text editing cursor, a dedicated voice input
button, and can be shifted towards the left or right of the screen to improve one-handed
usability on larger devices (see FIGURE 5).

Windows 10 Mobile supports "Continuum"”, a feature that allows supported devices to
connect to an external display, and scale its user interface and apps into a "PC-like"
desktop interface with support for mouse and keyboard input over USB or Bluetooth.
Devices can connect directly to external displays wirelessly using Miracast, via USB
Type-C, or via docking station accessories with USB ports, as well as HDMI and
DisplayPort outputs.

4.3.2 Development Tools

Universal Windows Platform (UWP) is a platform-homogeneous application
architecture created by Microsoft and first introduced in Windows 10. The purpose of
this software platform is to help develop Metro-style apps that run on both Windows 10
and Windows 10 Mobile without the need to be re-written for each. It supports Windows
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application development using C++, C#, VB.NET, or XAML. The API is implemented in
C++, and supported in C++, VB.NET, C#, and JavaScript. Designed as an extension to
the Windows Runtime platform first introduced in Windows Server 2012 and Windows 8,
the UWP allows developers to create applications that will potentially run on multiple
types of devices.

4.3.3 Evolution and future

Developers may be less interested in developing for Windows Phone because of lower
ad revenue when compared to competing platforms. The main criticism of Windows
Phone is still the lack of applications when compared to iOS and Android. Developers
are backing out of the platform and retiring apps because of the low market share.

FIGURE 5- Lumia phone running Windows 10 Mobile

4.4 Android

Android is an operating system for mobile devices such as smartphones and tablet
computers. It is developed by the Open Handset Alliance led by Google. It's is built on a
Linux foundation. Google purchased the initial developer of the software, Android Inc.,
in 2005. The unveiling of the Android distribution on November 5, 2007 was announced
with the founding of the Open Handset Alliance, a consortium of 84 hardware, software,
and telecommunication companies devoted to advancing open standards for mobile
devices.

This alliance shares a common goal of fostering innovation on mobile devices and
giving consumers a far better user experience than much of what is available on today's
mobile platforms. By providing developers a new level of openness that enables them to
work more collaboratively, Android will accelerate the pace at which new and
compelling mobile services are made available to consumers. Android is often
symbolized by a green robot (see FIGURE 6).

FIGURE 6 - Android logo

9
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4.4.1 Features

1 Messaging: SMS and MMS are the available forms of messaging, including
threaded text messaging and Android Cloud to Device Messaging (C2DM). The
now enhanced version of C2DM. Android Google Cloud Messaging (GCM) is
also a part of Android Push Messaging services.

1 Web browser: The web browser available in Android is based on the open-
source Blink (previously WebKit) layout engine, coupled with Chrome's V8
JavaScript engine. The WebKit-using Android Browser scored 100/100 on the
Acid3 test on Android 4.0 ICS; the Blink-based browser currently has better
standards support. The browser is variably known as 'Android Browser', '"AOSP
browser', 'stock browser', 'native browser', and 'default browser'. Starting with
Android 4.4 KitKat, Google has mandated that the default browser for Android
proper be Google Chrome. Since Android 5.0 Lollipop, the WebView browser
that apps can use to display web content without leaving the app has been
separated from the rest of the Android firmware in order to facilitate separate
security updates by Google.

1 Voice-based features: Google search through voice has been available since
the initial release. Voice actions for calling, texting, navigation, etc. are
supported on Android 2.2 onwards. As of Android 4.1, Google has expanded
Voice Actions with the ability to talk back and read answers from Google's
Knowledge Graph when queried with specific commands. The ability to control
hardware has not yet been implemented.

1 Multi-touch: Android has native support for multi-touch which was initially made
available in handsets such as the HTC Hero. The feature was originally disabled
at the kernel level (possibly to avoid infringing Apple's patents on touch-screen
technology at the time). Google has since released an update for the Nexus One
and the Motorola Droid which enables multi-touch natively.

1 Multitasking: Multitasking of applications, with unique handling of memory
allocation, is available.

9 Screen capture: Android supports capturing a screenshot by pressing the
power and home-screen buttons at the same time. Prior to Android 4.0, the only
methods of capturing a screenshot were through manufacturer and third-party
customizations (apps), or otherwise by using a PC connection (DDMS
developer's tool). These alternative methods are still available with the latest
Android.

9 Video calling: Android does not support native video calling, but some handsets
have a customized version of the operating system that supports it, either via the
UMTS network (like the Samsung Galaxy S) or over IP. Video calling through 3™
party apps is available.

Multiple language support: Android supports multiple languages.

Accessibility: Built-in text-to-speech is provided by TalkBack for people with low
or no vision. Enhancements for people with hearing difficulties are available, as
are other aids.

1 Connectivity: Android supports connectivity technologies including GSM/EDGE,
Bluetooth, LTE, CDMA, EV-DO, UMTS, NFC, IDEN and WiMAX.

10
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1 Bluetooth: Supports voice dialing and sending contacts between phones,
playing music, sending files or accessing the phone book. Keyboard, mouse and
joystick support is available in Android 3.1+, and in earlier versions through
manufacturer customizations and third-party applications.

1 Tethering: Android supports tethering, which allows a phone to be used as a
wireless/wired Wi-Fi hotspot. Before Android 2.2 this was supported by third-
party applications or manufacturer customizations.

1 Streaming media support: RTP/RTSP streaming (3GPP PSS, ISMA) and
HTML progressive download (HTML5 <video> tag) are supported. Adobe Flash
Streaming (RTMP) and HTTP Dynamic streaming are supported by the Flash
plugin. Apple HTTP Live Streaming is supported by RealPlayer for Android, and
by the operating system since Android 3.0 (Honeycomb).

1 Media support: Android supports the most common and newest audio/video
media formats

1 External storage: Most Android devices include microSD card slots and can
read microSD cards formatted with the FAT32, Ext3 or Ext4 file systems. To
allow use of external storage media such as USB flash drives and USB HDDs,
some Android devices are packaged with USB-OTG cables. Storage formatted
with FAT32 is handled by the Linux Kernel vFAT driver, while 3rd party solutions
are required to handle some other file systems such as NTFS, HFS Plus and
exFAT.

1 Hardware support: Android devices can include still/video cameras, touch
screens, GPS, accelerometers, gyroscopes, barometers, magnetometers,
dedicated gaming controls, proximity and pressure sensors, thermometers,
accelerated 2D bit blits (with hardware orientation, scaling, pixel format
conversion) and accelerated 3D graphics.

1 Java support: While most Android applications are written in Java, there is no
Java Virtual Machine in the platform and Java byte code is not executed. Java
classes are compiled into Dalvik executables and run on using Android Runtime
or in Dalvik in older versions, a specialized virtual machine designed specifically
for Android and optimized for battery-powered mobile devices with limited
memory and CPU. J2ME support can be provided via third-party applications.

1 Handset layouts: The platform works for various screen sizes from smartphone
sizes and to tablet size, and can potentially connect to an external screen, e.g.
through HDMI, or wirelessly with Miracast. Portrait and landscape orientations
are supported and usually switching between them is performed by turning the
device. A 2D graphics library and a 3D graphics library based on OpenGL ES
2.0 specifications are used.

1 Storage: SQLite, a lightweight relational database, is used for data storage
purposes.

1 Native Apps: Android apps are also written in HTML.
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4.4.2 Development Tools

Android software development is the process by which new applications are created for
the Android operating system. Applications are usually developed in the Java
programming language using the Android software development kit (SDK), but other
development environments are also available.

The Android software development kit (SDK) includes a comprehensive set of
development tools. These include a debugger, libraries, a handset emulator based on
QEMU, documentation, sample code, and tutorials. Currently supported development
platforms include computers running Linux (any modern desktop Linux distribution),
Mac OS X 10.5.8 or later, and Windows XP or later. As of March 2015, the SDK is not
available on Android itself, but the software development is possible by using
specialized Android applications.

Until around the end of 2014, the officially supported integrated development
environment (IDE) was Eclipse using the Android Development Tools (ADT) Plugin,
though IntelliJ IDEA IDE (all editions) fully supports Android development out of the box,
and NetBeans IDE also supports Android development via a plugin. As of 2015, Android
Studio, made by Google and powered by IntelliJ, is the official IDE; however,
developers are free to use others. Additionally, developers may use any text editor to
edit Java and XML files, then use command line tools (Java Development Kit and
Apache Ant are required) to create, build and debug Android applications as well as
control attached Android devices (e.g., triggering a reboot, installing software
package(s) remotely).

Enhancements to Android's SDK go hand in hand with the overall Android platform
development. The SDK also supports older versions of the Android platform in case
developers wish to target their applications at older devices. Development tools are
downloadable components, so after one has downloaded the latest version and
platform, older platforms and tools can also be downloaded for compatibility testing.

4.4.3 Evolution and future

At the moment, Android is the indisputable leader of the mobile market: its devices sell

more than iOS, Windows and BlackBerry together. As of July 2013, the Google Play

Store had over 1 million Android apps published, and over 50 billion apps downloaded.

Around 71% of mobile developers develop for An
encouraged lots of developers to use the open-source code as a foundation for
community-driven projects, which add new features for advanced users or bring Android

to devices which were officially released running other operating systems.

Devel opersé priority is clearly Android (37%),
(32%) . Most of Android deetl bppetbedbpnappwantnd
revenues are much bigger for iOS. On the contrary, Android apps are much popular and

loved by users. And developers seem to focus in the quantity of users more than in the

revenues, so they will probably prioritize developing for Android in the future, although

iOS could provide them bigger revenues.
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FIGURE 7 - Nexus 6P running Android 6.0 Marshmallow
4.5 i0S

iOS (originally iPhone OS) is a mobile operating system created and developed by
Apple Inc. and distributed exclusively for Apple hardware (see FIGURE 8). It is the
operating system that presently powers many of the company's mobile devices,
including the iPhone, iPad, and iPod touch. It is the second most popular maobile
operating system in the world by sales, after Android. iPad tablets are also the second
most popular, by sales, against Android since 2013.

The iOS user interface is based on the concept of direct manipulation, using multi-touch
gestures. Interface control elements consist of sliders, switches, and buttons. Interaction
with the OS includes gestures such as swipe, tap, pinch, and reverse pinch, all of which
have specific definitions within the context of the iOS operating system and its multi-
touch interface. Internal accelerometers are used by some applications to respond to
shaking the device (one common result is the undo command) or rotating it in three
dimensions (one common result is switching from portrait to landscape mode).

/{

o N =

1D

FIGURE 8 - i0S logo
45.1 Features

1 Home screen displays application icons and a dock at the bottom of the screen
where users can pin their most frequently used apps. The home screen appears
whenever the user unlocks the device or presses the "Home" button (a physical
button on the device) whilst in another app. Before iOS 4 on the iPhone 3GS
and newer, the screen's background could be customized with other
customizations available through jailbreaking, but can now be changed out-of-
the-box. The screen has a status bar across the top to display data, such as
time, battery level, and signal strength. The rest of the screen is devoted to the
current application. When a passcode is set and a user switches on the device,
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the passcode must be entered at the Lock Screen before access to the Home
Screen is granted.

1 Accessibility allows the user to customize various aspects of iOS to assist the
user if assistance is needed in the area of seeing or hearing, and allows the
addition of accessibility shortcuts.

1 Multitasking for iOS was first released in June 2010 along with the release of
iOS 4.0. Only certain devicesd iPhone 4, iPhone 3GS, and iPod Touch 3rd
generationd were able to use multitasking. The iPad did not get multitasking
until the release of iIOS 4.2.1 in November 2010. Currently, multitasking is
supported on iPhone 3GS or newer, iPod Touch 3rd generation or newer, and all
iPad models.

9 Siri is a personal assistant and knowledge navigator which works as an
application on supported devices. The service, directed by the user's spoken
commands, can do a variety of different tasks, such as call or text someone,
open an app, search the web, lookup sports information, find directions or
locations, and answer general knowledge questions. Siri was updated in iOS 7
with a new interface, faster answers, Wikipedia, Twitter, and Bing support and
the voice was changed to sound more human.

1 Game center is an online multiplayer social gaming network released by Apple.
It allows users to invite friends to play a game, start a multiplayer game through
matchmaking, track their achievements, and compare their high scores on a
leaderboard.

4.5.2 Development Tools

On 2007, Steve Jobs announced that a software development kit (SDK) would be made
available to third-party developers. The SDK was released on March 6, 2008, and
allows developers to make applications for the iPhone and iPod Touch, as well as test
them in an iPhone simulator. However, loading an application onto the devices is only
possible after paying an iPhone Developer Program fee.

The fees to join the respective developer programs for iOS and OS X were each set at
990 per year. As of July 20, 2011, Appl
download for all OS X Lion users, instead of as a standalone download. Users can
create and develop iOS and OS X applications using a free copy of Xcode; however,
they cannot test their applications on a physical iOS device, or publish them to the App
store, without first paying the yearly $99.00 iPhone Developer or Mac Developer
Program fee.

Since the release of Xcode 3.1, Xcode is the development environment for the iOS
SDK.

Developers are able to set any price above a set minimum for their applications to be
distributed through the App Store, keeping 70% for the developer, and leaving 30% for
Apple. Alternatively, they may opt to release the application for free and need not pay
any costs to release or distribute the application except for the membership fee.

14

r el



FRAILSAFEi H2020-PHC1 690140 D5.1 Analysis of hardware devices

and software tools

4.5.3 Evolution and future

Apple products have less and less weight in the technology market. This fact which
could be unthinkable for most of the people, it becomes already a reality after knowing
the data offered by the American company about their sales in 2015.

iPhone’s sales, Apple's flagship product, have been rated at 74.4 million units sold
during the last quarter. On this occasion, the mobile sales have only increased by 1%
over the last three months of 2014 showing the product stagnation, while the company
is expecting a decrease in sales for the coming quarters, something that had never
happened since its launch in 2007.

Still, the company continues its development plans foreseeing the launch of new
devices and the evolution of its operating system in the future.

4.6 Comparison table

After the carried analysis on the most frequent available operative systems these are
the features that allow comparing all of them:

TABLE 1 - Mobile OS comparative analysis
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- April 2015 April 2016 April 2016 October 2015 May 2016
- Linux Linux Wlndg\ivs il Linux Darwin
- Yes Yes No Yes No
Free and Free and Microsoft Apache Proprietar
open-source  open-source EULA P P y
: . Open
Fo'\ljlr?égt?on Carlm_?glcal Microsoft Handset Apple Inc.
' Alliance
Firefox Windows
- Marketplace ~ Phone Store Ubuntu Store  Google Play App Store
ARM, ARM,
ARGEXA’XBG AE%EEG ARM64, x86, ARM®64, x86, ARM, ARM64
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Windows, Windows,
Mac OS X Ubuntu Windows Mac OS X Mac OS X
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4.7 Conclusions

Android and iOS are considered the most suitable operative systems for the project for
several reasons; both have reached a mature development state and both are a greatly
accepted on the market. Android has an extra value due to the fact that many smart
devices firms have adopted it as their standard while iOS is only supported on Apple
devices.

Other factors pointing to an Android device selection are the market share (> 80%) and
the easiness to develop and upload apps to its corresponding market place.

5. GAME ENGINES FOR MOBILE PLATFORMS

A game engine is a term that refers to a series of programming routines that enable the
design, creation and representation of a video game. Similarly, there are game engines
operating in both game consoles and operating systems, or as in our case, mobile
devices. The basic functionality of an engine is to provide the video game with a
rendering engine for 2D and 3D graphics, physics engine or collision detection, sound,
scripting, animation, artificial intelligence, memory management, and a graphic
environment.

Next, the most outstanding graphics engines for gaming are listed:

5.1 Unity 3D

FIGURE 9 - Screenshot of the Unity 3D interface
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Unity' is a cross-platform game engine developed by Unity Technologies and used to

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

only for OS X, at Applebdbs Worl dwi de Developers
extended to target twenty one platforms. It is the default software development kit (SDK)

for the Wii U.

5.1.1 Features

Real-time Global lllumination by Enlighten
Physics based shading

Curve and gradient managed particle system
Facial animation

Intuitive Ul Tools (see FIGURE 9).
Multithreading capabilities

Box2D physics and NVIDIA PhysX 3.3

C# and Java scripting

=A =4 =4 =4 4 4 -4 -4 -9

Native integration with Visual Studio

5.2 Unreal engine 4

The Unreal Engine? is a game engine developed by Epic Games, first showcased in the
1998 first-person shooter game Unreal. Although primarily developed for first-person
shooters, it has been successfully used in a variety of other genres, including stealth,
MMORPGs, and other RPGs. With its code written in C++, the Unreal Engine features a
high degree of portability and is a tool used by many game developers today.

The current release is Unreal Engine 4, designed for Microsoft's DirectX 11 and 12 (for
Microsoft Windows, Xbox One, Windows RT); OpenGL (for OS X, Linux, PlayStation 4,
iOS, Android, Ouya and Windows XP); Vulkan (for Android); Metal (for iOS) ;and
JavaScript/WebGL (for HTML5 Web browsers).

5.2.1 Features

1 Multi-platform
9 Scripts with Unreal Scripting

! unity3d.com

2 .
www.unrealengine.com
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Artificial intelligence

Full source code access

Terrain & foliage generation

Character animation

Instant game preview & hot reload function
Cinematic toolset

Physics by NVIDIA PhysX

=A =4 =4 =4 =4 4 I

Moeste- Plimport @ Save Al

- i Engine » EngineSky »

FIGURE 10 - Screenshot of the Unreal engine 4 interface
5.3 CryEngine

CryEngine® is a game engine designed by the German game developer Crytek. It has
been used in all of their titles with the initial version being used in Far Cry, and
continues to be updated to support new consoles and hardware for their games. It has
also been used for many third-party games under Crytek's licensing scheme, including
Sniper: Ghost Warrior 2 and SNOW. Cloud Imperium Games use a modified version of
the engine for the games Star Citizen and Squadron 42. Ubisoft maintains an in-house,
heavily modified version of CryEngine from the original Far Cry called the Dunia Engine,
which is used in their later iterations of the Far Cry series.

5.3.1 Features

1 Multi-platform

3 .
www.cryengine.com
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Scripting with Lua

Material editor

Vehicle creator

Performance Analysis Tool

Integrated vegetation & terrain cover generation system
Real time dynamic global illumination

Natural lighting & dynamic soft shadows with penumbra

Integrated multi-threaded physics engine

=A =4 =4 =4 =4 4 4 -4 -9

Volumetric, layer & view distance fogging

B3 Woncamn sry - CRYENGIN “anthes 0 - ki 0

FIGURE 11 - Screenshot of the CryEngine interface

54 GameMaker Studio

GameMaker Studio* is a tool for rapid application development (RAD), property of
YoYoGames, which is based on an interpreted programming language and a software
development kit (SDK) to develop video games, created by Professor Mark Overmars in
the Delphi programming language, which is mainly oriented to inexperienced users or
ones knowing basic notions of programming. The program is free, although there is an
extended commercial version with additional features.

The program is designed to allow its users to easily develop games without having to
learn a programming language such as C ++ or Java. For advanced users, Game

4
www.yoyogames.com/gamemaker
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Maker contains a scripting programming language so called Game Maker Language
(GML), which enables users to further customize their games and expand their features.
Video games can be distributed under any license subject to the terms of the EULA of
Game Maker in non-editable executable files ".exe" Android packages ".apk" and sets
HTMLS script as source code with extension .gmx. Users of Game Maker are allowed to
distribute and even sell their creations as long as they comply with the EULA terms of
Game Maker, which bans a number of illegal programs such as those involving
unauthorized use of copyrighted material.

541
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FIGURE 12 - Screenshot of the GameMaker interface
Features

Multi-Platform

Drag and drop interface (see FIGURE 12)

C programming language

Box2d physics and LiquidFun particle physics engine
Spine 2D animation from Esoteric Software

Shaders capability

Resources marketplace

Own scripts language (GML)
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55  Shiva3D

Shiva3D® is a 3D game engine with a graphical editor designed to create applications
and video games for desktop PCs, the web, game consoles and mobile devices (see
FIGURE 13). Games made with ShiVa can be exported to over 20 target platforms, with
new export targets being added regularly.

Many applications have been created using ShiVa, including the Prince of Persia 2
remake for Mobiles and Babel Rising published by Ubisoft.

B
e}
-§
=

3
IiSEEREEREN .

[Data Explorer
* [NavMesh Editor

FIGURE 13 - Screenshot of the Shiva3D interface
5.5.1 Features

Multi-Platform
Geometry up to 15M triangles per frame
Shaders

Lights and shadows

1

1

1

1

i Particles and trails
1 C++ plugin support
9 Lua scripting

1 ODE based physics
1

2D HUD system for on-screen information displays

5 . .
www.shivaengine.com
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56  AppGameKit

App Game Kit® is an easy, instant game development engine, ideal for beginners and
indie developers. One can easily and quickly code and build apps for multiple platforms
using AppGameKit's BASIC scripting system. Using a few commands, one can have
demos/games running on mobile devices.

.+ mainagc - CAUsers\Ricks\Documents\AGKDemes\Games\SpaceShooter - [SpaceShooter] - AGH
File Edit Search View Document Build Jools Help
B. @ o & @
New  Open Save Save All Revert Back Forward

Project | Symbols level.age 3 | mainage ¥

SpaceShooter
akens.agc
level.agc
main.agc
misc.agc
plyer.agc
setup.agc

Status? Compiler 7Se
Running C:\Program Fil
Compilation finished sucd

0 files saved.

B >

Compile Run

" ‘A,A_A 2.3

e & ® Ay

Broadcast Debug Find

B J”_H__

FIGURE 14 - Screenshot of the AppGameKit interface

5.6.1 Features

Multi-Platform
IntelliSense
Code folding
Colour schemes

Multiple projects editing

=A =4 =4 =4 4 =4

Fast Compiler

6 .
www.appgamekit.com
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91 Full debugger
i Broadcast direct to device

1 Export to exe, app, ipa, apk

5.7 Marmalade SDK

Marmalade SDK' is a cross-platform software development kit and game engine from
Marmalade Technologies Limited that contains library files, samples, documentation
and tools required to develop, test and deploy applications for mobile devices (see
FIGURE 15).

FIGURE 15 - Screenshot of the Visual interface with Marmalade debug window

5.7.1 Features

1 Multi-Platform

7

www.madewithmarmalade.com

23





























































































