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Abstract—This paper outlines the development process of an
energy management model, the Brokerage Agent Front-End
application (BAF) for Android smart phone devices. This application
is addressed to end users who consume and produce energy from any
type of source such as photovoltaic panels and wind turbines. The
application is a front-end illustration of data from smart meters that
enables the user to achieve a more efficient energy management.
Moreover, this paper analyses the technical issues that were
considered in order to reuse the code created for the Brokerage Agent
Front-End web application [12] and the additional implementation
activities needed for the native Android application.
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HE initial approach was to investigate whether the code

from the BAF web application [12] could be used also for
the Android version. Although Android technology fully
supports RESTful web services and Google protocol buffers,
additional classes had to be written in order to be fully
functional. Then, the user interface requirements had to be
considered during the design process. The limited screen size
of the Android smart phone mandated the rendering of
graphical chartsin alandscape format rather than portrait. The
following paragraphs analyze the research that took place in
order to investigate the technical requirements, presenting the
functionalities provided by the BAF Android native
application to the standard prosumer user (is defined from
words producer and consume).

INTRODUCTION

Il. TECHNICAL REQUIREMENTS

The paradigm of smartphone applications, like that of the
BAF for Android, poses a number of additional challenges to
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the ones of the initial web-based application. The first thing
that had to be evaluated was whether the web-based
application was fully functional in the smartphones’ browsers.
The Android application had to be able to serialize/deserialize
Google Protocol Buffer (GPB) messages and send/receive
them through a secure RESTful communication channel.
Additionally, time-based energy data should support the end-
user's timezone as selected in the Android device. The
Android devices used for evaluation were HTC Sensation
Z710e, Samsung Galaxy S3 and Sony Ericsson XPERIA X10
mini E10i.
A. JSF 2.0 application compatibility

After the research that took place during the design of the
BAF web-based application, the JSF 2.0 implementation
selected was the open-source Mojarra 2.0.3 provided by
Oracle [2]. In addition, the PrimeFaces 3.0.M1 for JSF was
used as component suite library [3] for the composite Ul
elements. The application server used to deploy the web
application was Apache Tomcat 6.0. Finaly, the chart
component used to visualize the smart meter’s historical data
was Flot 0.7 [1] which is an HTML 5 component controlled
with JavaScript through JQuery.

The optimum scenario would be that the web application
could run as it is on the smartphones web browsers.
Unfortunately, this was not succeeded. During the evaluation
on HTC Sensation Z710e and Samsung Galaxy S3 certain
HTML rendering errors occurred along with the inability to
select time dot in the Marketplace's chart. Android
applications introduce new semantics in human-machine
interaction [6] and those were not taken under consideration
during the implementation of the web based application. For
instance, in the web-based application selecting a time period
in the chart’s graph was simply a “mouse-down, drag, mouse-
up” sequence. However, in smartphones web browsers this
procedure corresponds to the panning of the browser window,
so an essential piece of functionality was not available in the
smartphones. In the case of Sony Ericsson XPERIA X10 mini
E10i the situation was even worse since the browser was
complaining with parsing errors and could not launch the
application at all.

Following the feedback acquired from the evaluation of the
web-based application in these devices, it has been decided
that a native Android application should be implemented for
the smartphone version of the BAF application.



Proceedings of the 2014 International Conference on Power Systems, Energy, Environment

B. Reuse of existing code

Having to re-implement the whole application for the
Android platform was initially a large frustration. However, a
rather pleasant surprise came up very early in the design phase
of the Android application. It seems that the use of JSF, and
inherently the Java platform, bridged a large percentage of the
gap between the web-based and the native Android
application, since Android development means Java
development. The design of the initial web-based application
was as follows: the JSF front-end was communicating with the
JSF back-end using the specific JSF semantics and the JSF
back-end was consuming a secure RESTful web service that
provided user authentication and energy data using a Java
client, specifically the Jersey open source JAX-RS (JSR 311)
reference implementation [7]. GPB messages were transmitted
over this communication channel. So, for the Android version
of the application, the only thing that needed to be replaced
was the JSF front/back-end with that of the native Android
application front-end, including Intents, Layouts, Dialogs and
graphical components. The whole design stack and the
reusable elements are presented in the following figure.

JSF front-end

Mative
Android
application

Secure
Jersey client

GPB

RESTful
Web

Service

Reused
components

Fig. 1 BAF application design stack and reused components

C. Reusable components integration

Re-using the parts of code that used the Jersey client to
consume the RESTful web services was a big advantage in the
design and implementation of the Android BAF application.
However even following this path obstacles were faced.
During the first tests with the Jersey client, a number of
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“NullPointerException” errors occurred during run-time.
Jersey client was designed for desktop and server applications,
so an official Android port did not yet exist. Jersey has to read
a file located at “META-INF/services/” location in order to
operate correctly. However, the Android platform compiles all
application files to Dalvik Virtua Machine specific bytecode
and there is no way to reference internal application files by
location. Implementing a Jersey client version for Android was
out of scope for the NOBEL European funded research project
[5]. Hopefully, a less time-consuming solution could be
employed by providing a custom ServicelteratorProvider
instance to the client’s ServiceFinder [8].

Serialization and deserialization of GPB messages operated
with no additional effort for the Android application.
Additionally, timezone support mechanisms incorporated in
the web-based application were also used intact by feeding
them the timezone that the user has selected in the Android
platform.

1. USER INTERFACE REQUIREMENTS

Apart from the technical challenges that are introduced
when porting a web-based application to a smartphone
platform, another important point arises; that of user interface
design and interaction paradigm shift.

A. Smartphone device use case

The first notable difference when comparing an application
targeting desktop machines and one that is designed for
smartphones is that of the screen size difference. Small screens
on smartphones enforce a total redesign of the Human
Machine Interaction (HMI) protocol. This was very easily
observed when evaluating the web-based application on the
HTC Sensation Z710e device and Samsung S3. Both
smartphones have a rather large screen for a handheld device,
4.3 inches. Even in that size, interacting with the web
application using the touch screen was rather cumbersome.
Text size was too small and interaction cues, such as buttons
and drop-down menus, were difficult to be clicked. When the
user zoomed in order to easily read text and press buttons,
he/she had to constantly pan to all directions to follow the
application flow. It looks like a web application designed for
desktop screens, without any provision for small-screen
devices, isimpossible to be used in a smartphone. Considering
that, it can be argued that the only components that could be
reused in the Android application were the ones that were
actualy reused. The JSF front-end should have been
redesigned for small-screen devices and the back-end should
have to be altered.

Another important thing in Android applications is that of
the orientation support. Most smartphones' screen aspect ratio
demands for different components layout in portrait and
landscape view. Orientation support has been implemented in
the BAF Android application by using the built-in mechanisms
provided by the Android SDK.

Limitations in screen’'s rea estate enforce a new way of
thinking the user input too. Navigation and action cues are
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replaced by means of haptic input [9, 10]. Since there is not
much screen to place many buttons, links, sliders etc, user
input is captured in gestures and special screen touches. In the
BAF application for Android a back gesture has been
implemented for navigating to the previous screen, apart from
using the home button. In addition, long clicks, dragging and
diding have been used for interacting with the graph charts.
These means of user input may puzzle someone used to
traditional desktop applications at first. In a small period
though they become intuitive and in some cases more user-
friendly than the traditional ones.

B. Android Charting tool

The specifications of the BAF application contain the ability
to draw several types of graphs in order to present information
to the user about energy values, orders etc. These requirements
are not less than those of the web-application. The charting
tools evaluated were the following:

1) Google Chart Tools
2) AchartEngine

3) ChartDroid

4) AndroidPlot

5) aCharts

6) GraphView

7) RChart

8) TeeChart

None of the evaluated tools supported interactive charts.
An essential element that needed to be supported was that of
selecting time periods in the Marketplace. Such a feature was
not available in any of the tools. Finally, considering the BAF
application requirements and based on a cost/value basis, the
RChart library for Android [11] has been selected. This library
supported most of the functionality that the BAF application
needs for displaying charts. It had some infrastructure
available for selecting time-periods but did not support
panning and zooming. Hopefully, the source code of this tool
was open, so it has been extended rather easily in order to
support pan/zoom and selecting time periods.

)
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Time: 13:00 - 13:30
Buy (Wh): 0
sell (Wh): 680

Fig. 1 pan/zoom and selected time period

IV. SUPPORTED FUNCTIONALITY

The current version of the BAF application for Android
supports the following pieces of functionality:
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1) Monitoring of historical and statistical data about
consumption/production.

2) Prediction of future consumption/production of a single
smart meter.

3) User profile and device profile management.

4) Marketplace where the user can sell or buy excess of
energy.

5) User authentication/authorization.

6) Internationalization.

7) User input validation.

Initially, the user is presented with the login screen.
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Username| testz@nobel.com

Password

Nownsouskooo DOrieuren
BrokeRaGE ELEGTRIGITY
AND MOHITORING BYETEM

Fig. 2 login screen

Upon successful login the main application menu is loaded.
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Monitoring Billing

Prediction Marketplace

Optimization Management

Fig. 3 main menu

Here the user can select the various operations provided by
the BAF application. Clicking the “Monitoring” button leads
to the screen where user selects device and time period to
monitor.
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Fig. 4 monitoring options

Selecting “Monitor” presents the chart graph with the
energy production and consumption data fetched over the
RESTful Web Service.
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Fig. 5 Monitoring data for last week

Monitoring is alowed only for past dates since it fetches
historical data from real devices. On the other hand, the
prediction service is only alowed for future dates since it
provides an estimation of the energy consumption and
production for a specific date in the future.

May 4, 2012

Predict

Fig. 6 prediction options

After specifying device and date, clicking “Predict” fetches
prediction data and draws the prediction graph for the selected
date.
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Fig. 7 prediction graph

In the Marketplace scenario the application flow starts
exactly as the Prediction service; user fetches prediction data
for a future date. However, it continues providing two
additional steps of interaction. The user can select a time
period and view the amount of energy that he/she can buy/sell.
For instance, in the following figure the user has selected time
from 12:00 to 14:00 and can observe that he/she has an excess
of 2744 Wh of energy which he/she can sell.
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Fig. 8 marketplace time period selection

By clicking the “Buy/Sell” button the user is presented with
a set of options that he/she can set in order to complete his/her
order.
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Fig. 9 marketplace order options
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Specifically, the user can select the percentage of energy
that he/she wishes to buy/sell and the price to which he/she
will place the bid in the marketplace. By clicking “Place
Order” the user is prompted to confirm his’/her order prior to
communicating with the RESTful web service.

Are you sure you want to place these orders?

Buy (Wh): 0.0
Sell (Wh): 2744.0

0K | Cancel

Fig. 10 order confirmation

In the “Management” screen the user is able to view his/her
user and device profile.

Name : test
Surname : customer 1
E-mail : test2@nobel.com
Street :
Number :
Zip code :
City :

Country :

Fig. 11 customer profile

Device No. : 9999999
Group No. : 179

Location :
Device Type : METER

Manufacturer :

Serial number :

Fig. 12 smart meter profile

Another feature that has been implemented is the support of
multiple languages. The following languages are supported:
1) English
2) Spanish
3) Spanish (Vaencian)
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4) Greek
5) German
6) Swedish

Below, the login screen of the application in the Spanish
languageisillustrated.

Usuario

test2@nobel.com

Contrasefa

Nownsouskooo DOrieuren
BrRokeRAGE ELECTRIGITY
AND MONITORING SYETEM

Fig 13 login screen in Spanish language

Finally, the built-in mechanisms of the Android platform
were used for validating user input.

May 1, 2012

Date selected should be from
tomorrow and on

Predict
| |

Fig. 14 user input validation

V. FUTURE WORK

An important issue that arose during the design and
implementation of the BAF application for Android platform
was how a web-application design can target to smartphone
devices. The combination of JSF design for desktop
application and native Android application may be challenging
under the umbrella of Java, however a better solution would be
to implement a smartphone-ready web application by simply
redesigning the JSF front-end only.

Currently, a certain feature is missing from the Android
application, compared to the web-based version; that of
displaying the user's orders in a tabular view. Presenting
information in tables is inappropriate for smartphone screens.
Certain questions that come up are: how can one present such
dense information in a small screen? How are multiple charts
combined in such screens?



Proceedings of the 2014 International Conference on Power Systems, Energy, Environment

V1. CONCLUSION

This paper shows an energy management application on the
Android OS platform. The user can take advantage of such
application for power quality monitor in order to reduce cost
and emissions. Furthermore, a robust energy management
system on both software (application) and hardware (smart
meter) layers may provide additional valuable and consistent
historical data for future investments and savings in specific
worldwide geographic areas.

APPENDIX

The work described in this paper is aso available on
Android Tablets 4.1.x. The Android tablet version was
evaluated on Samsung Galaxy Tab 2 10"’ device [14].
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