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ABSTRACT — Location-based services are growing in
popularity due to the ubiquity of smartphone users. The
availability and validity of location-based services are often
effected by mobile user location contexts, which make mobile
location-based services testing becomes one urgent and
challenging issue. In this paper, we analyze location related
features for location-based mobile apps. Then some test
strategies are proposed to test those location related features
and characteristics. Moreover, a case study is reported to
describe our test approaches and test steps in details.

CCS Concepts

 Software and its
debugging

» Human-centered computing~Mobile computing

engineering~Software testing and

Keywords—Location-based services; mobile testing; mobile
apps; test approach;

I. INTRODUCTION

Location-based mobile apps provide many interesting and
convenient location-based services (LBS) and functions, and bring
many surprising and exciting user experiences[1]. For example,
mobile tourism app “Tripadvisor (tripadvisor.com)” helps to find
nearby hotels and restaurants; mobile social app “Momo
(immomo.com)” helps to find nearby friends; and mobile game
“Life is Crime (redrobot.com)” make mobile players to fight with
other players in the same location contexts.

Mobile location-based services have been identified as the one
of most important features of mobile app services [2], and have
become one hot research topic in mobile computing domains. In
the recent years, there have been a number of published research
papers addressing LBS. However, most papers primarily focus on
infrastructure [3,4], positioning techniques [5], location privacy
preserving [6,7], and other areas.

Till now, there are a few publications discussing mobile LBS
testing. There is a lack of systematic and effective test approaches
for test engineers to address mobile LBS testing. For mobile LBS
testing, test engineers often are confused by following questions:

1) How to select and test location contexts form wide areas?

2) How to test location related information and services?

3) How to test moving objects with moving paths?

4) How to test location related interactive behaviors between
multiple mobile users and objects?
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Goal of this work is to provide an answer to those urgent
questions. We analyze features of location-bases mobile apps
firstly. Then some key test strategies and test approaches are
proposed for solving above questions, and a case study is also
presented to describe test approaches in details. Finally, concluding
remarks and future research directions are given.

IT. LOCATION-RELATED FEATURES

Location-based mobile apps have some special location-
related features, such as map, location contexts, location objects,
location-based information, location-based services and behaviors,
and moving patterns and paths.

Map is the basic component of location-based mobile apps,
which displays location contexts, and positions of mobile users
and other location objects. Most of mobile LBS use third-party
map service, such as Google Maps, Apple Maps, Baidu Maps, etc.

Location contexts represent different physical positions,
mobile environments, and location-based user contexts, which
affect information, behaviors and services provided by mobile
Apps.

Location objects are objects with geographical positions,
which may represent hotels, restaurants, mobile users, cars, or
sensors in mobile apps. Location objects may be static or moving,
provide static or dynamic information, and interact with nearby
other location objects.

Location-based information is recommended and provided
based on the geographical position of mobile users, such as
position information, nearby business information, and local
advertisements and news.

Location-based services include basic location services and
domain related location services. There are three mainly basic
location services, including map service, position service, and
navigation service. There are different domain related location
services, for example,location-based advertisement service, search
nearby friend service, report nearby jam service, etc.

Mobile users and moving objects have various moving
patterns and paths, which will change geographical positions of
mobile users and location objects, and also change location
relations between mobile users and location objects. Then moving
patterns and paths bring many uncertainties for location-related
mobile apps.

In table 1, we analyze location related features for four
popular location-based mobile apps: TripAdvisor, Waze, Momo,
and Life is Crime.
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TABLE I.

LOCATION-BASED MOBILE APP FEATURES

Mobile Apps TripAdvisor Waze Momo Life is Crime
Web Site tripadvisor.com waze.com |mnr:]omo.co redrobot.com
. . Traffic Social Fight Game
Domain Business
network
MAP Yes Yes No Yes
Location Area About 39 About 190 China About 120
Countries countries countries
Restaurants, Traffic jams,

Loc Static Hotels, Tourist spots, | Accidents, Cameras, No Houses,
ation- Obijects Malls, and Event Police, Dangers, Shops, Streets,
based centers Gas stations,

Object Moving Mobile users Auto, friends _Nearby MOb'Ie_ USErs,
Objects friends Polices
- Information
Position . .
Location-based information abqut traffic jams, Information
. . accidents, cameras, about nearby No
Information Business . .
. . police, dangers, and friends
information :
gas stations,
Map Third party map, Own map N Own map
service such as Google Map | service 0 service

Basic Position GPS GPS GPS GPS
location service
Service Navigati

on Yes Yes No No
Service
Report nearby Search
Domain-related Search nearby event services, Fight with
. . . : - nearby user
Location Services object service Display nearby . nearby players
- ) service
friend service
Mobile patterns On feet, By car By car Orl;fet’ By Orl;fet’ By

ITI. TEST STRATEGIES AND APPROACHES
There are four key steps for testing location-based mobile
apps: 1) select mobile test devices; 2) select and test location
contexts; 3) test location objects, location-based services and
behaviors; 4) test moving patterns and paths. In this section, we
use Waze as an example to explain how to test location-based
mobile apps in details.

A. Select and prioritize mobile test devices

There are thousands of mobile devices with diverse
appearances, architectures, and platforms. It is impossible to test
location-based mobile apps on all thousands of devices with
restricted test resources. There are two main strategies for
selecting mobile test devices as below.

a) Select a set of mobile test devices to cover all
compatibility features;
b) Select and test a set of popular mobile devices;

Those two strategies should be combined to select mobile test
devices. Higher coverage helps to discover more faults, and
testing popular devices helps to reduce fault damages on mobile
users. In table 2, we list 10 mobile devices selected form Amaze
to test “Waze”, those test devices contain diverse compatibility
features, and also have higher market shares.

B. Select and test location contexts
Location-based mobile apps are used in wide areas, and then
only limited location contexts are selected to test because of
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restricted test resources. We select and test location contexts
according to below strategies:
a) Select and prioritize the location contexts containing
more location objects;
b) Select and prioritize the location contexts appearing
more mobile users;
c) Select a set typical user location contexts;
d) Select a set of location contexts with diversity using
environments;

The location contexts including more location objects and
mobile users are selected and tested to achieve higher test
coverage and find more bugs. Typical user location contexts
represent mobile apps frequently used in those location contexts.
Diversity using environments mean different position
environments (such as indoor position, GPS position, and network
position) and network environments (such as 2G, 3G, 4G, and
WiFi).

Normally, we randomly generate a large number of test
location contexts considering location distributions of mobile
users and location objects firstly. Then we select and prioritize a
small set of location contexts using above strategies according to
test resources and costs.

For example, we generate 200 initial location contexts for
Waze. And then we select a set of 5 location contexts as test
location contexts, as shown in table 3. The number of objects and
mobile users are changing, so we calculate the average number of
objects and mobile users for every location context. Waze is used



for providing navigation services, and then user contexts are
designed to test Waze in different road contexts, such as: street,

high way, country road, beach path, etc.

TABLE Il. SELECTED MOBILE TEST DEVICES FOR WAZE

Scree Screen R
Device Manufa Mobile n sizes resolutions AM Wireless
Models cturers platforms (inche - (G network
(pixels)
s) B)
*

App;g Iphone Apple 10S 7.0 40 11036 64 1 4C;‘:,i’SG,WI
Appgg IPhone Apple 10S 9 47 1?634x75 2 4GF,IBG,WI
Aé)f:)e;ulshone Apple 10S 9 55 189020x10 2 4(?:,|3G,WI
Moto x Pure Motorol Android OS 57 2560x14 3 4G,3G,WI

Edition a 5.1 ' 40 Fl
OnePlus Two Microm Android OS 1920x10 4G,3G,WI

55 4

ax 5.1 80 Fl
Samsung Samsun Android OS 51 2560x14 3 4G,3G,Wi

GALAXY S6 g 5.0 ' 40 Fl
One Touch ALCAT Android OS 47 720 1. 4G,3G,WI

Idol 3 EL 5.0 ' x1280 5 Fl
Moto G Motorol Android OS 45 1280x72 1 2G,3G,WI

a 4.3 0 Fl
Samsung Samsun Android OS 57 2560x14 4 4G,3G,Wi

GALAXY Note 5 g 5.1 ' 40 Fl
Grand X Android OS 1280x72 2G,3G,WI

Max+ ZTE 4.4 6 0 2 Fl

TABLE Il SELECTED LOCATION CONTEXTS FOR WAZE
Averag Avera
_Locat Locatio | e number ge Desc
ion o . number A
n positions | of location . riptions
contexts . of mobile
objects
users
40.7142
o 70.- 5845 20156 | c?t;ea
74.005970
9.99299 .
Frangz:(r:]o 0.- 1625 4099 ci o
84.129340 Yy
san 9.93333 Sma
Jose 0,- 1547 3784 Il cit
84.083330 y
31.5534
Burnt 90, 48 154 Tow
Corn - n
87.160260
32.7153
Din 3, - 746 3529 peee
9 117.157260

C. Test location objects and location-based services

In mobile apps, there are different kinds of location objects,
which one has thousands, even millions of instances. Every
location object provides different information, and has some
special behaviors. Then we should test every location object, and
its information and behaviors.

For Waze, there are some type of location objects, such as
Traffic jams, Accidents, Cameras, Police, Dangers, and Gas

29

stations. We design a set of test cases to check if the positions and
information of location objects are right.

There are three mainly basic location services: map service,
position service, and navigation service. Position service is
provided by mobile platform. Most of location-based apps
integrate and use the third party maps and navigation services,
which have been tested sufficiently.

However Waze provides map service and navigation service,
then some test cases are designed to test Waze map service, such
as: zoom in, zoom out, moving. Navigation service is more
difficult to test for considering many complex factors, such as
traffic jams, dangers, road situations, etc.

Every location-based mobile app also has some special
domain-related location services, which should be paid more
attentions on testing. Waze provides some domain related location
services, such as: report nearby police, report nearby jam, report
nearby danger, display nearby friend, etc. We design test cases for
every kind of domain-related location services, and those test
cases are tested in various location contexts.

D. Test moving patterns and paths

When a mobile user is moving, his location context is
continually changing, the wireless network is unstable, and his
position is continuously changed. That brings many uncertainties
for location-based mobile apps. There are three key factors for
design test cases to test moving patterns of mobile users and
moving objects.

1) Moving paths

Moving path for mobile user represents continually changing
location contexts, wireless network environments, and position
environments. There are some typical kinds of moving paths, such
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as highway, street, alley, hill pathway, seaside pathway, etc. There
are three basic strategies to test moving paths: 1) selecting all kind
of moving paths; 2) selecting and prioritizing moving paths with
more mobile users; 3) selecting moving paths with complicated
network and position environments. For Waze, we select 10
typical moving paths, as shown in Table 4.

2) Moving ways and speed

There are some classic moving ways, such as on feet, by car,
by train, and by plant. Every moving way has special speed ranges,
and then boundary value method can be used to design test cases.
For example, the speed of car is normal between 0-65 m/h. Then
we separately test speed of mobile users in Waze on 10 m/h, 40
m/h and 65 m/h, 80 m/h.

TABLE IV. SELECTED MOVING PATHS FOR TESTING WAZE
clo_r?tceittion Path name Start position End position tyzzth P?ﬁgfggth
New York Murray Street 470 470115??12292 470 4755322 478 Street 692
s R R
rancisgo | CovalFreenay | 3 Arparoery | Freewy | w07
Francio | DUbOceAvense | 37 sy razares | Avene 3
e | e | oo T 2 | ey | o
San Jose Blossom Hill 37.257180, 37.235722, Hill 20494
Road -121.794240 -121.977623 Road
mcon | Sposon | slsmen | omme | | o
mcom | OGOy | sl | s T s |
San Diego Pacific Highway ﬁ;ﬁiggs ﬁ;gggﬁ% H)i/ghwa 7465
San Diego Sea World Drive _ii;;g%% :’)ﬁ;gggﬁ Dri?/za 2730

3) Location relations

Because positions of mobile users and moving objects are
continually changing, the location relations between mobile users
and moving objects are changing. Changing location relations will
affect location-related interactive behaviors between mobile users
and moving objects.

Fig.i. A test case for location relations

The typical changing patterns of location relations include
appearing, disappearing, approaching, and distancing. Appearing
means a location object is activated, and then enter location context
of mobile user. Disappearing means a location object is deactivated,
and then exit location context of mobile user. Approaching means
a location object is nearing mobile user. Distancing means a
location object is far away from mobile user. Test cases should be
designed to test every type changing patterns of location relations,
and also to test the combinations of above four patterns.
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Waze shows location relations between mobile users and
nearby friends. As shown in Figure 1, a test case is designed to test
changing location relations between one mobile user and his friend.
In the test case, the friend appears firstly, move closely to the
mobile user, and then move far from the mobile user, and
disappear at last. So this test case combines all four type of
location relations: appearing, approaching, distancing, and
disappearing.

IV.  RELATED WORKS

Nowadays, mobile LBS have become one hot research topic in
mobile computing domain, and many papers have been published
to address different areas in mobile LBS. A conceptual framework
for personalized location-based tourism apps leveraging semantic
web to enhance tourism experience is proposed by Mahmood [3].
Al Nabhan presents a new strategy in achieving highly reliable and
accurate position solutions fulfilling the requirements of Location-
Based Services (LBS) pedestrians’ applications [8].

The location privacy issues are serious for LBS. Zhang et al.
propose an LBS privacy-quantifying framework and used the
mutual information metric to measure adversary’s information gain
in his inference attacks [9]. An adaptive location privacy-
preserving the system is presented, which allows a user to control
the level of privacy disclosure with different quality of location-
based services [10]. Freudiger et al use Kullback-Leibler
divergence between prior and posterior distributions to measure the
ability of the adversary to guess the probability of each user
visiting specific POIs [11].



However, there are a few publications about mobile LBS
testing. Jerry Gao discusses the issues and difficulties of mobile
LBS testing [12]. Ke Zhai proposes a suite of metrics for
prioritizing test cases for regression testing of LBS [13]. Nigel
Davies proposes a hybrid test and simulation environment for
evaluating system- and network-related issues in location-based
applications. Huichun Chu proposes a two-tier test approach for
location-aware mobile learning systems [14]. Solveig Bjgrnestad
presents an example study about evaluation of a location-based
mobile news reader [15]. Jiang Yu analyzes test requirements, and
presents a scalable testing framework for mobile LBS [16].

We have proposed an initial test model [17] and some test
coverage metrics [18] for function services of mobile LBS. In this
paper, we present some test strategies about selecting test devices,
location context, location objects, and moving patterns. And then
the test approaches are described in details using a case study.

V. CONCLUSION

In this paper, we discuss test approaches and test steps for
location-based mobile apps, and some test strategies are proposed
about how to select test devices, location contexts, location
objects and location-based services, and moving patterns and
paths. We also provide a case study to describe our test
approaches in details. We hope our approaches are useful for test
engineers to design test cases for location-based mobile apps.
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