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ABSTRACT

This paper presents the u-map, a user-centric crowd-sourcing

QoE-based geo-database recommendation system that en-

ables clients to upload information about their profile, their

quality-of-experience (QoE) feedback for a service, traffic

demand, network/spectrum conditions (e.g., interference, cov-

erage), providers, and their position (e.g., GPS-based mea-

surements) in a spatio-temporal geo-database, running on

Android devices.
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1. INTRODUCTION

Wireless access, use and traffic demand are on a fast
rise. The number of mobile devices and the capabili-
ties of the new smartphones & tablets, accessing poten-
tially multiple wireless network interfaces, also increase
dramatically. According to forecasts, by 2014, the mo-
bile data traffic will exceed the 3.6 exabytes per month
worldwide, while by 2016, video will be approximately
86% of the global consumer traffic [1]. Wireless net-
works experience “periods of severe impairment”, caus-
ing severe degradation to the performance of the service
running on wireless devices and to the respective user
experience. While traditional network metrics can pro-
vide some insight into the quality of the communication,
the diverse set of services and heterogeneity of network
operators and users make the estimation of the quality
of experience (QoE) challenging and still largely under-
explored. Furthermore, in various production network
environments, there is no automated monitoring to a)
diagnose customers’ poor QoE, b) provide recommen-
dations to customers, and c) send meaningful feedback
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to the network operators, application/service providers,
and terminal vendors.
Traditionally the mobile network access paradigm is

both static and fragmented: Users subscribe to or pre-
pay for specific cellular operators/providers for long-
term network access. At the same time though, the
technology that allows user devices to select the ap-
propriate operator and/or base stations (BS) is ready.
Moreover, the Body of European Regulators for Elec-
tronic Communications (BEREC) in recent reports en-
visages measures for consumer empowerment, boosting
consumer choice, network transparency and developing
mechanisms for data collection and analysis. By pro-
viding meaningful feedback to users and providers, the
QoE can be significantly improved.
U-map is motivated by the need to enable users to se-

lect the appropriate provider/operator, especially when
visiting a new environment and allow providers/operators
to obtain feedback about the quality of their network
and their services. U-map performs QoE estimations
from cross-layer network measurements and user data
to provide recommendations to users and feedback to
mobile operators and service providers.
The innovative aspect of u-map is its crowd-sourcing

monitoring aspect and the use of sophisticated statisti-
cal analysis and data mining techniques for inferring the
QoE of services in real-time, considering not only net-
work measurements, but also user feedback, and opinion
scores.
This paper extends our previous work [3] in several

ways: (a) it supports new types of queries, consider-
ing jointly cellular and WiFi network providers, (b) it
provides a more flexible GUI for querying the u-map
server.

2. RELATED WORK

Recently databases have been proposed to maintain
spectrum/physical-layer based information, focusing on
spectrum availability/usage, “whitespace”, and inter-
ference. For example, in [4], Min et al. presented a
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cooperative sensing algorithm that employs the knowl-
edge of the network topology and signal propagation
characteristics to detect attacks. Gurney et al. [5] fo-
cused on a geo-database for TV-band incumbents that
allows dynamic updating techniques and enables regu-
lators to correct interference problems after device de-
ployment, focusing on the use of interference models.
Unlike these approaches, the u-map aims to integrate
a richer set of data, encompassing cross-layer measure-
ments (e.g., RSSI values to QoE scores) and user pref-
erences and constraints with respect to data rate and
price. Moreover, only a limited number of network
measurements and analysis applications are available
on the market. OpenSignal maps [6] and Sensorly [7]
focus on signal strength measurements. Portolan [8]
also performs traceroute-like measurements for the dis-
covering of the Internet topology. WeFi [9] allows the
automatic connection to the best available network in
terms of throughput. To the best of our knowledge,
there are no studies that propose such user-centric QoE-
driven spatio-temporal data repositories for the support
of wireless access markets.

3. SYSTEM ARCHITECTURE

The u-map system follows a client-to-server architec-
ture, as shown in Fig. 1. A u-map client running on
an Android smart-phone will record information about
the user profile (e.g., willingness-to-pay, service require-
ments, device capabilities), QoE feedback for services
(as indicated explicitly by the user), traffic demand
statistics, network/spectrum conditions, and the po-
sition of the device. This information is temporarily
stored in a local database at the client device. U-map
clients (or simply clients) connect and exchange infor-
mation with the u-map server on a regular basis. During
these connections, the recorded information is uploaded
from the clients to the u-map server and stored in an
attached spatio-temporal geo-database. A u-map client
may query this database to obtain information about a
service provider (Fig. 2(b, c)), its customers’ satisfac-
tion, in order to enable a roaming user to make an ed-
ucated selection of the appropriate provider (Fig. 2(d)),
when visiting a new area. The term appropriate denotes
the provider that best matches user’s criteria (cost and
QoS in an area). Providers access the u-map database
to obtain network measurements about their infrastruc-
ture and user feedback about their coverage/services
performance to potentially improve/adjust their deploy-
ment and services.
The u-map server consists of the PHP application,

geo-database, and security and privacy components. The
PHP application is responsible for responding to client
requests, which may include operations on the data
stored in the geo-database. The security and privacy
components prevent unauthorized access to data and

Figure 1: An example of the use of u-map in an
access market.
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Figure 2: Procedure for (a, b, c) querying the
u-map server about the best network in a user-
defined area, (d) connecting to the suggested
network, (e, f) making a VoIP call using Sip-
droid, and (g, h) evaluating the QoE of the call,
when it is ended.

intrusions. The collected data are anonymized before
being stored, and access to it is controlled through a
fine-grained query-rewriting access control layer. The
u-map client includes its GUI, a local database, a mon-
itor, and the performance estimator. The monitor col-
lects data and stores it in the local database, while the
performance estimator is responsible for assessing the
QoE for various networks/services. The u-map client
and server communicate through appropriate messages
on top of a secure HTTP connection.

4. IMPLEMENTATION

A u-map prototype has been developed and a testbed
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has been deployed at the University of Crete and FORTH.
The performance of the prototype was first analyzed in
[3]. The Sipdroid, an open source VoIP application,
was integrated with the u-map and analysed. After
a refinement of the prototype, a larger-scale analysis
study with 21 users was performed. Users via the u-
map could select and evaluate the present cellular and
WiFi providers and make calls during a 2-week period.
It is a part of the ongoing work to refine the u-map
implementation (its GUI and functionality), develop a
robust security and access control mechanism, analyze
its performance (e.g., energy measurements, GUI, scal-
ability), and deploy a large-scale testbed.

5. DISCUSSION

The u-map technology can be beneficial to wireless
users for accessing wireless/cellular networks, service
and content providers, telecommunication operators, net-
work device manufacturers, and telecommunication reg-
ulators. More specifically, u-map users that are cus-
tomers of a network/service/content provider can re-
view their network providers, learn about the perfor-
mance of networks and providers and connect to the
most appropriate network based on their profile. Providers
can learn about their customer profiles and their net-
work infrastructure or service performance (even with-
out sophisticated/expensive equipment), predict the QoE
of their customers in certain regions (even without com-
plete data), advertise their performance and infer the
performance of the foreign networks of their roaming
users. Regulators can audit the providers’ conformance
to certain regulatory agreements. Via u-map, the mar-
ket’s transparency is also promoted.
Users are sometimes unwilling to provide feedback

(e.g., often only to provide feedback when the quality
is low as a mean of expressing dissatisfaction). Even if
such a feedback is provided by some users, it is highly
unlikely that a detailed explanation of which factors
contributed to the score will be provided. Moreover,
smartphones only perform partial monitoring and pro-
vide a sampling of measurements due to the lack of
incentives, energy constraints, and privacy and secu-
rity concerns. Thus, the collected data exist for only
a part of BS, users, and regions, resulting to sparse
measurements in space and time. At the same time,
devices may employ different hardware and monitor-
ing capabilities, which could impact the granularity and
accuracy of measurements. Users may provide erro-
neous or noisy information, sometimes even purpose-
fully. Thus, the collected data are noisy, sparse, and
of large size, and generated by heterogeneous sources.
Even with such measurements, u-map can employ ad-
vanced signal-processing and data-mining techniques to
address various questions about user profiling, QoE per-
formance, and network operation in different spatio-

temporal scales.
The high dimensionality and sparsity of the collected

data results in various challenges in the modeling and
information extraction processes, namely (a) increased
unreliability of statistical estimators, (b) difficulty in
identifying the true underlining trends while minimiz-
ing the effects of noise, and (c) extra computational
capabilities of the processing system, especially when
real-time processing is necessary. Statistical and ma-
chine learning will be used to address these issues.

6. CONCLUSIONS AND FUTURE WORK

Our performance analysis on the u-map system in-
dicated relatively low delay and power consumption.
Also, we performed a preliminary field study with 21
users and obtained a positive evaluation about the util-
ity, performance, and usability of the u-map. The de-
velopment of the security and access control modules is
an ongoing effort. Similarly, we currently focus on the
automated user-centric QoE prediction.
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