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ABSTRACT 
As mobile users take their devices with them everywhere, adding 
location-awareness and incorporating geographic data into the 
applications is an important way to keep users connected to the 
surrounding world and people nearby, enhancing the overall 
contextual experience. Through the use of sensors like GPS, 
accelerometer, gyroscope and more on a mobile device, the 
addition of rich location and motion capabilities, automated 
location tracking, geofencing and activity recognition is feasible.  
In this paper, the facilities available on mobile devices for 
incorporating location-based services in mobile applications and 
the way this location awareness relates to mobile games are 
critically discussed. The paper consists of a review of previous 
research on the field and enlists all the necessary elements and 
components exposed by different platforms encompassing:  (1) 
native functionality for Android and iOS platforms (2) web 
applications and (3) hybrid functionality for cross-development 
platforms like PhoneGap. This paper contributes to the field of 
location-based mobile games research by offering an enhanced 
understating of location-based services, as well as providing best 
practices for battery efficiency and performance that can be used 
as a starting point for adding locational awareness functionality.   
CCS Concepts 
• Software and its engineering➝Software notations and 
tools➝Development frameworks and 
environments➝Application specific development 
environments • Human-centered computing➝Ubiquitous and 
mobile computing➝Ubiquitous and mobile 
devices➝Smartphones. 
Keywords 
Android; iOS; HTML5; Hybrid app; Location Based Services 
(LBS); GPS; Google Maps; cross-platform development. 
1. INTRODUCTION 
The popularity of mobile games is increasing and with the 
improvements in the location awareness of smartphones, mobile 
applications are moving to the surrounding environment 

enhancing the overall user experience. When it comes to location 
based games, the player's location is part of the game-play and the 
game outcome depends on that location. According to Google (the 
most prevalent market with a sharing of 79% [2]) more than 1.5 
billion apps and games are downloaded each month [1]. Fu et al. 
[11] presented detailed statistics for the 10 most commonly used 
permissions for popular Android games. As stated in their analysis 
the permission to access internet is the most frequently used with 
88.4%, while 21.8% of the sampled games also obtain user 
location. Location-based games are gaining market acceptance 
and especially the successful augmented reality game Pokemon 
Go skyrocketed to the 20th position [20] in the list of most 
downloaded Android apps. The owner company Niantic is 
investing also in its own Bluetooth-enabled peripherals releasing 
in September 2016 the Pokemon Go Plus device in order to offer 
extended location-based functionality; the device connects to the 
smart device via Bluetooth LE and activates game mechanics 
whenever the user approaches in the real world special marked 
locations on the game's map.  
In 2012 Apple decided to drop Google Maps and introduced its 
own new vector-based mapping solution with voice-guided 
directions at its Worldwide Developers Conference (WWDC) 
illustrating its desire to offer users optimal user experience [5]. 
The next year, Apple introduced the iBeacon Bluetooth based 
protocol for indoor navigation at its WWDC. Concurrently, the 
Google Play services location API was introduced as part of the 
Google Play services required by most Google APIs such as 
Google Drive, Google+ and Games, offering a simple interface, 
higher accuracy and low-power geo-fencing [13][16]. Although 
these two major companies that monopolize the mobile OS 
market are putting effort in providing optimal infrastructure 
services to programmers and GPS receivers became a common-
place in smart phones, implementing location-based functionality 
can be a daunting task. Continuous and ubiquitous location access 
cannot be assumed because of high energy cost of using the 
location sensors and furthermore, in cities, buildings may obscure 
the signals from the GPS Satellites. 
Actually, there are many studies on localization systems; 
however, more work is needed in order to gain insight into the 
new emerging technologies, their limitations and challenges. In 
general, research in the field is focusing on aspects like research-
oriented and commercial localization solutions ([10], [21]), indoor 
tracking ([8]) and techniques and algorithms ([26], [28], [29]). 
Our work aims to foster better understanding of the components 
and APIs exposed by different platforms encompassing native, 
web and hybrid applications, offering an enhanced understating of 
location-based services, as well as providing best practices for 
battery efficiency and performance that can be used as a starting 
point for adding locational awareness functionality. These best 
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practices can be utilized for implementing testing apps and 
evaluating location services, accuracy, background execution 
limitations and battery consumption over a period of time for 
specific weather and landscape environments on each platform. 
This paper is organized as follows. In sections 2 and 3 common 
cases in location-based games and the challenges in determining 
the player's location are assessed respectively. In section 4 several 
location service options for native, web and hybrid apps are 
analyzed. In section 5 the recommendations presented in the 
previous sections are summarized and a list of best practices for 
developing applications enhanced with location services is 
presented. Finally, in the last section conclusions are drawn and 
proposals for future research directions are made. 
2. COMMON CASES IN LOCATION-
BASED GAMES  
Location-based games use the player's physical location in order 
to configure game-play elements and dynamics. These games are 
typically multi-player games (referred to as urban or street 
games) that can be played in diverse or specific places where 
action takes place in the real world (e.g. inspecting artifacts) and 
at the same time in virtual space (e.g. interacting with avatars). 
More specifically the following categories are identified, treasure 
hunts, action games and role playing games [7][24]. According to 
Sotamaa [30] these games can be categorized into three different 
groups in terms of the technology used: (a) the first category is 
based on using GPS receivers and the playground can be the 
entire planet; (b) the second category is based on local area 
networks and proximity sensors utilizing a limited area and 
making physical location objects and states of the other player’s 
intrinsic elements of the game; (c) and the third category is taking 
advantage of cell identification using standard GSM phones 
without the need of any specific hardware. 
Games like Geocaching, Treasure and Feeding Yoshi resolve 
around the strategy of finding, collecting and/or placing items on 
locations. In Geocaching (probably the most popular of 
geocaching games with more than a million registered players), a 
player stashes a “cache” sharing the approximate location with 
other players that try to locate it by solving riddles and exploring 
the area. In Treasure, players collect digital coins outside of the 
wireless network and upload them into network range, while in 
Feeding Yoshi, they collect fruit at open wireless access points 
and feed animals (Yoshis) situated at secured wireless access 
points. Other games like the BotFighters, Can You See Me Now? 
and CatchBob! are designed around proximity. In the MMORPG 
action game BotFighters first launched by the Swedish company 
“It's Alive” in 2001, the users play using a standard GSM phone 
over SMS. The players (bots) locate and shoot at each other on the 
streets using their mobile phones; the user's location is used to 
determine whether the users are close enough in order to be able 
to hit [31]. In the pedagogic game CatchBob!, the concept is to 
conquer space and players cooperate forming groups of three and 
creating a triangle with certain proximity around a digital object 
(Bob). Apart from the aforementioned examples, players can also 
experience the atmosphere and authenticity of certain locations 
that act as the stage of the game, explore the infrastructure, and 
experience how topography affects the game experience [9]. 
Generally, common scenarios used in a number of implemented 
games may include tracing users wondering around an outdoor or 
indoor area in order to locate game elements such as allies or 
enemies and proximity evaluation between game entities and 
objects.  

3. CHALLENGES IN DETERMINING THE 
USER'S LOCATION 
Identifying user location from a mobile device can be a 
complicated process. There are many reasons why reading the 
device location can contain errors leading to inaccuracies [12]. 
The most important reasons are: 
 Provider trade-offs. Various providers like GPS, Cell-ID or 

Wi-Fi offer different trade-offs in accuracy, speed and 
battery efficiency. 

 Location re-estimation. The user location must be re-
estimated periodically as users wonder around. 

 Varying accuracy. Location estimates may vary in their 
accuracy. A location obtained from one source might be 
more accurate than the newest estimation from another or 
same source. 

To overcome the obstacles of obtaining an accurate user location 
while preserving battery power, the application must define a 
consistent model. This model defines when the application should 
start and stop listening for updates and when to use cached 
location data. 
3.1 Indoor navigation 
An important limitation of GPS sensors is that they don’t work 
properly within indoor spaces, buildings and urban or physical 
obstacles because there is no direct line of sight with the satellite 
and as a result, accuracy suffers due to reflections and weakening 
of signal [21][29]. A number of technologies have been 
investigated to overcome this issue; the principal options take 
advantage of already common Wi-Fi hot sports or can be 
Bluetooth based. There is also research going on in order to 
minimize location accuracy errors caused by indoor scenarios 
based on positioning techniques and algorithms such as the 
Pedestrian Dead Reckoning [26][28].  
Apple has been working on indoor mapping technologies for 
many years and even acquired companies like WifiSLAM in 2013 
in order to craft more accurate indoor positions and maps. The 
SLAM acronym stands for Simultaneous Localization and 
Mapping [23] and the goal of this technology is to take advantage 
of any hotspot that responds to probe requests (even hidden and 
password protected) and recording trajectories from sensors 
including gyroscopes, accelerometers and magnetometers [35]. 
Assets in the Core Location functionality indicate that Apple is 
investing on indoor mapping solutions for iOS. On Apple’s 
Developers webpage the sample code Footprint released in 2015 
demonstrates how to take latitude/longitude positions and project 
it onto a flat floorplan and how to do the conversions between a 
Geographic coordinate system, a floorplan PDF coordinate system 
and MapKit [4]. Apple introduced the iBeacon [6] Bluetooth 
based protocol for indoor navigation at its WWDC 2013 event; 
Google released its own Proximity Beacon with the open beacon 
format Eddystone [16]. Currently, the ability to interact with 
Bluetooth devices hasn’t been possible for web apps and a hybrid 
solution is needed using a cross-platform development framework 
like PhoneGap. However, there are ongoing experimental 
implementations of the Web Bluetooth API [34] such as by 
Google on Chrome for Android [18].  
Bluetooth based systems offer an interesting alternative, but it is 
likely to be sometime before there is sufficiently dense, 
widespread coverage to provide a universal solution. In addition, 
these Bluetooth-based technologies are not yet integrated into the 



platforms’ location frameworks, so they aren’t transparent to the 
location APIs. However, they offer an interesting avenue for 
differentiation. There are also several cloud-based SaaS products 
like MapsIndoor [22] that enable indoor navigation in large 
buildings by digitizing floor plans, create a route network and can 
be integrated in existing applications like mobile and desktop or 
as a standalone service. 
4. LOCATIONAL STRATEGIES 
4.1 Android  
Android provides access to location technologies and sensors by 
abstracting implementation details through location providers. 
More specifically, to pinpoint the user's location, location-aware 
applications must communicate either with the Android 
framework location API or the Google Play services location API 
where the use of location providers changes dynamically using the 
Fused Location Provider [12].   
The Google Play services location API was introduced in the 
Google I/O 2013 event as part of the Google Play services 
(required by most Google APIs such as Google Drive, Google+ 
and Games) and is preferred over the Android framework location 
API as a way of adding location-awareness to applications. 
Google strongly discourages the use of the Android framework 
location APIs for a number of reasons, such as the simpler 
interface, higher accuracy and low-power geo-fencing offered by 
the Google Play services location API [13][17]. 
In order to receive location updates the application must request 
user permission though appropriate permission directives in the 
application manifest file. Depending on the application's 
requirements about the user's location accuracy the application 
should set the minimal permission required for the application to 
work properly [12]. It is important to note that Google Play 
delivers service updates for users on Android 2.3 and higher 
through the Google Play Store app [15]. However, updates might 
not reach all users immediately, so the app should verify the 
version available before attempting to perform API transactions. 
Deciding the appropriate place in the app to verify the Google 
Play services version depends on whether Google Play services is 
required for the app at all times or not. In the first case the app 
might want to do it when it first launches, while in the second case 
where Google Play services is optional, the app could check the 
version once when the user navigates to that part of the app. 
The application must remove location requests when the activity 
is in a paused or stop state, especially for the applications that 
request frequent location updates. As long as the activity is 
partially visible but currently not the activity in focus it remains 
paused (e.g. when other activity opens in the style of a dialog), 
and once it is fully-obscured and not visible it stops.  
Usually, it takes too long time for the location listener to receive 
the first location fix, so the cashed location should be used until 
the evaluation of a more accurate location. It is important to note 
that the most recent location fix is not always the best. This 
happens because the accuracy of the location fix varies. The 
application should implement adequate logic for choosing 
location fixes based on several criteria, such as: whether the 
location retrieved is much newer than the previous estimate; 
whether the accuracy claimed is better; and which provider is used 
to determine the new location. With the use of hardware 
directives the activity reporting can stop when the device is still 
for an extended period of time leading this way to less battery 
consumption. The use of the background services to monitor 

activities is also discouraged in order to avoid the consumption of 
resources. As an alternative detected activities can be delivered 
via intents. 
4.2 iOS 
Location services are provided on iOS by the Core Location 
framework for obtaining information about the user’s location and 
heading, the direction in which a device is pointing [3]. Apps can 
use region monitoring to be notified when a user crosses 
geographic boundaries or when a user enters or exits the vicinity 
of a beacon. Beacons are simply devices that advertise a particular 
Bluetooth low-energy payload and even an iOS device can be 
turned into a beacon with the use of the Core Bluetooth 
framework [6]. While a beacon is in range of an iOS device, apps 
can also monitor for the relative distance to the beacon. These 
capabilities can be used to develop many types of innovative 
location-based apps. 
There are many situations where location services may not be 
available, for example when location services are disabled by the 
user in the device settings or when location services have been 
denied for a specific app. For these reasons, it is recommended to 
always validate if location services are available before attempting 
any transaction. An attempt to start location services anyway 
would result in a system prompt to the user in order to confirm the 
location services activation. 
The Core Location framework provides two services, the standard 
location service that provides a general-purpose solution for 
location data for a specified level of accuracy and the significant-
change location service that provides updates only when there is a 
significant change in the device’s location. Standard location 
service is used for fine-grained control and demands higher 
battery usage. In cases when high-accuracy location data is not 
critical for the application and neither continuous tracking then 
the use of the significant-change location service is recommended.  
Apps should not start location services until they are needed and 
include a text describing how the app intends to use the location 
data collected. When the location services must be used in the 
background in order to avoid battery life degradation and power 
down the location hardware there is a number of steps that must 
be taken. The location manager must be set to pause location 
updates: (a) whenever is possible, such as when the user is not 
moving; (b) whenever is safe, such as when the user does not 
move a significant distance over a period of time; (c) deferring 
location updates when the app could process data later [6].  
Apart from the aforementioned services, the Core Location 
framework provides two ways to detect a user’s entry and exit 
into specific regions. A geographical region (iOS 4.0 and later) is 
an area defined by a circle of a specified radius around a known 
point on the Earth’s surface. In contrast, a beacon region (iOS 7.0 
and later) is an area defined by the device’s proximity to 
Bluetooth low-energy beacons.  
4.3 HTML5  
Since 2010 new HTML5 APIs emerged and matured such as Web 
Sockets, Web Storage and Geolocation API and soon it became 
obvious that HTML5 could function as a promising alternative for 
mobile app development focusing on the cross-platform 
experience as the most noticeable advantage.  
The HTML5 Geolocation API is used in order to get the 
geographical position of the user [32] [33]. For privacy reasons it 
is available only with the user’s approval since it can compromise 
privacy. It is important to note that geolocation support is not 



granted e.g. for Firefox Mobile the first version that supports 
geolocation is version 3.5 [25]. Furthermore, in cases like Firefox 
information is gathered about nearby wireless access points and 
sent to the default geolocation service provider Google Location 
Services to get an estimate of the location. 
As geolocation support is not granted it is recommended to check 
initially if Geolocation is supported and also potential errors must 
be handled accordingly (e.g. permission denied or a timeout 
error).   
According to the W3C specification the location service method 
returns data asynchronously attempting to obtain the current 
location of the device and data accuracy in meters (practically 
using Wi-Fi, IP address or the GPS). The application can set a 
highAccuracy option to true in order to set the accuracy as high as 
possible, timeout property to define the time to wait before 
receiving the user's location and maximumAge property that 
indicates that cached location data should be no older than this 
number of milliseconds.  
It is worth noting that although using the geolocation functionality 
is quite simple and widely supported by the main mobile 
browsers, in reality the situation is a little more complicated. 
Enabling location-awareness on mobile devices in the past 
resulted in various legacy geolocation implementations like 
BONDI from OMTP and Google Gears that later shifted efforts 
towards bringing all functionality into web standards like HTML5 
[19]. So, if location-awareness is required on those devices then 
these legacy APIs must also be addressed.  
Finally, apart from the browser option there are a number of 
mobile operating systems like the Tizen by Samsung and Intel, 
Firefox OS by Mozilla and Chromium OS by Google offering 
native HTML5 apps.  
4.4   Hybrid Apps  
Hybrid mobile apps are built with a combination of web 
technologies like HTML, CSS and JavaScript using cross-
platform development tools targeting at least the major Android 
and iOS platforms. Among the motivations to developing hybrid 
apps are the ability to use existing skills in web development and 
the creation of a common source pool targeting many platforms. 
Typically, hybrid apps are hosted inside a native application that 
utilizes a mobile platform’s WebView enabling access to device 
specific hardware like the accelerometer and GPS, otherwise 
restricted from inside native mobile browsers [36].    
It is important to note that in October 2013 Google with Android 
4.4 introduced a new version of WebView based on Chromium 
upgrading performance and standards support for HTML5, CSS3 
and JavaScript [14]. The new remote debugging through Chrome 
allows inspecting and analyzing web content, scripts and 
networking activity when running in WebView. 
In PhoneGap the geolocation object provides access to location 
data based on the device’s GPS sensor or inferred from network 
signals [27]; as of version 3.0, Cordova implements APIs as 
plugins that need to be installed in order to add the feature for a 
project. The PhoneGap Geolocation API is based on the W3C 
specification and works only on devices that don’t already support 
geolocation functionality. PhoneGap runs the code in the native 
WebView without any additional functionality in order to improve 
accuracy.   
One of the advantages of using hybrid vs web apps is the ability to 
retrieve geolocation information even when the application is 
running in the background. Another advantage is the ability to 

develop custom plugins that can access for example native 
geolocation APIs and implement more efficient battery-life 
geolocation services. Specifically, extending PhoneGap requires 
the implementation of a JavaScript interface for the extension 
with the use of PhoneGap's API to queue up messages to be sent 
to native code, registering the extension with the native project 
(e.g. Cordova.plist file on iOS) and the development of the native 
code that PhoneGap will route requests to.  
5. COMMON FEATURES AND BEST 

PRACTICES 
The features offered for location based apps and services on 
Android, iOS and HTML5 platforms are fairly common as shown 
in Table 1.  

Table 1. Android, iOS and HTML LBS APIs 

(1) A hybrid solution is needed. 
(2) A service like Google Maps is needed. 
(3) The API is agnostic to the geolocation implementation.  
Summarizing all recommendations from the previous sections we 
conclude to the following list of best practices for developing 
applications enhanced with location services.  
5.1 Best practices for Android 
 The use of the Google Play API is recommended by Google 

over the Location API as it achieves better accuracy and 
battery performance. 

 The compatibility of the Google Play services APK must be 
checked before accessing Google Play services features and 
attempting to perform API transactions using the 
GoogleApiClient class, because updates from Google Play 
might not reach all users immediately and it is hard to 
anticipate the state of each device. 

 Feature availability and currently installed packages on the 
device must be ensured using the PackageManager class.  

 The minimal permission required for the application to work 
properly must be set in the manifest file. Depending on the 
application's requirements about the user's location accuracy 
either ACCESS_FINE_LOCATION for accessing GPS data 
or ACCES_COARSE_LOCATION for accessing Cellular 
and Wi-Fi location data must be used.  

 The activity reporting should be stopped with the use of 
power consumption parameters when the device is still for an 
extended period of time, leading this way to less battery 
consumption (TYPE_SIGNIFICANT_MOTION parameter). 

 Android  iOS HTML5 
Altitude Yes  Yes Yes  
Background 
location track Yes  Yes No (1) 
Direction the 
device is facing Yes  

(Sensor API) Yes  
(Location API) Yes  

(Orientation API) 
Geocoding, 
Reverse 
geocoding 

Yes  Yes No (2) 
Location 
(lat/long) Yes Yes Yes 
Location 
providers 

GPS, Cell, 
Wi-Fi  

GPS, Cell,  
Wi-Fi 

Platform 
specific (3) 

  



 Ongoing location requests should be removed when the 
activity is in a paused or stopped state through the use of the 
system calls onPause() and onStop() methods respectively.  

 The cached location can be used as first location fix - until 
the evaluation of a more accurate location - with the use of 
getLastKnownLocation of the NETWORK_PROVIDER 
Location Manager. 

 The application should implement adequate logic for 
choosing location fixes based on several criteria, like if the 
location retrieved is much newer than the previous estimate, 
if the accuracy claimed is better and from which provider is 
used to determine the new location. 

 The use of the background services to monitor activities is 
discouraged in order to avoid the consumption of resources. 
As an alternative detected activities can be delivered via the 
Intent class. 

5.2 Best practices for iOS apps 
 The availability of location services must be ensured by 

calling the locationServicesEnabled method of the 
CLLocationManager class before attempting to start either 
the standard or significant-change location services. 

 When the app must keep monitoring location, even while it’s 
in the background, the standard location service must be used 
with LocationUpdatesAutomatically property set to true in 
order to conserve power. 

 The value of NSLocationAlwaysUsageDescription or 
NSLocationWhenInUseUsageDescription keys in the app’s 
Info.plist file must be set, describing how the app uses the 
location data collected. 

 Location services should be paused whenever possible using 
the pausesLocationUpdatedAutomatically property. The 
activityType property must be assigned to an appropriate 
value to help manager to decide when it is safe to pause 
location updates. 

 Location updates should be deferred when the application 
can process data later using the allowDeferredLocation 
UpdatesUntilTraveled method. 

5.3 Best practices for web and hybrid apps 
 The availability of the geolocation feature by the browser 

must be checked and potential errors must be handled 
accordingly (PERMISSION_DENIED, POSITION_ 
UNAVAILABLE, TIMEOUT and UNKNOWN_ERROR). 
The geolocation functionality is published through the 
navigator.geolocation object with the use of 
getCurrentPosition callback method. 

 The location accuracy returned through the on success 
accuracy callback property must be checked and the high 
accuracy and request timeout options (enableHighAccuracy 
and timeout properties of the getCurrentPosition function) 
must be defined accordingly given that depending on the 
application high accuracy may or may not be required.  

6. CONCLUSIONS AND FUTURE 
RESEARCH DIRECTIONS 

Location-based games, whether are serious games or not, are 
often unpredictable as they rely on the player's real location and in 

many cases provide limited gaming experience, such as within 
indoor spaces and urban obstacles.  
This paper contributes to the field of location-based mobile games 
research by offering an enhanced understating of location-based 
services exposed by different platforms encompassing native 
functionality for Android and iOS platforms, HTML5 and hybrid 
functionality for cross-development platforms like PhoneGap. The 
facilities available on mobile devices for incorporating location-
based services are reviewed and a number of best practices in the 
field are presented in order to serve as a reference point for 
implementing those services on mobile devices in terms of 
resource usage optimization and battery efficiency. 
With minor variations, the major platforms iOS and Android bring 
similar features to location-based apps. Getting the user's location 
on iOS is more straightforward than on Android where there are 
two totally different APIs available, the Location API and the 
Google Play API that is recommended by Google as it achieves 
better accuracy and battery performance. Furthermore, there are 
also two different ways of accessing Google Play services 
features, the isGooglePlayServicesAvailable method and the 
GoogleApiClient class that is strongly recommended by Google. 
As an alternative, similar results to those seen in native apps can 
be achieved by hybrid apps through the use of third party location 
services and cross-platform development frameworks like 
PhoneGap. 
In future work, we will strive to implement testing apps relying on 
the best practices presented in this paper in order to evaluate 
location services on each platform and test measurement accuracy 
in different situations. Data collected from this effort could be 
used to compare platform efficiency e.g. differences in GPS/Wi-
Fi/Cell-ID location accuracy between a native app and a hybrid or 
HTML5 app, background execution limitations and battery 
consumption over a period of time for specific weather and 
landscape environments. 
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