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Chapter 1

Introduction

1.1 Smart meter technology

The worldwide concern about energy consumption has increased since the pub-
lic debate about the climate change. More and more people are looking towards
sustainable solutions and efficient use of energy resources. Smart meter tech-
nology can support this process in several ways.

1.1.1 Transparency of energy consumption

A smart meter records energy consumption and stores this information per
preprogrammed time interval, for example, some meters save the consumption
values for each hour of the last month. This stored data contains information
about the consumption, but also the amount of generated energy that is deliv-
ered back into the grid. Since this information is available for the consumer, he
is able to monitor his own energy consumption. This might result in a greater
attention to energy consumption and thus result in a decreasing energy usage.
Also, if the smart meter supports communication with external devices or pro-
grams, the consumer might be supported by external applications which give
more detailed information about their energy consumption.

Moreover, the energy suppliers and network operators might also take ad-
vantage of smart meters since they are able to monitor the energy consumption
in a more direct way. This can be handy for billing purposes since it is possible
for the energy supplier to read the consumption remotely from the smart meter
(automatic meter reading), but also limiting the energy throughput remotely or
cutting of the electricity completely is possible. [9, p. 3-5]

A step further is that this realtime information is used to improve the net-
work quality and network efficiency, this is called a smart grid, which is briefly
described in the next section.

1.1.2 Smart energy grid

If all smart meters are connected to one communication network and the con-
sumption information is shared in a two-way direction, it is possible to make
the energy flow as stable as possible. This is one of the major goals of a smart
energy grid. Unlike the current energy networks, you are able to adjust the



energy demand in a more dynamically way. Nowadays, energy suppliers are
increasing the energy production capacity by enabling more power plants in the
network. With this process a load of energy (and money) is wasted, so it has
advantages to prevent high peaks in the energy consumption [5]. In addition to
this approach, the different components of the electrical grid (I.LE. cables and
transformers) are sized compared to the energy peak that happens once a year.

So, in an energy grid it is more expensive for the network manager to deliver
energy at peak hours. In a smart energy grid it possible to have multiple and
flexible tariffs to charge the appropriate costs to the consumer. And in the future
it might even be possible that the smart meter start controlling home appliances
by itself. For example, your electric car can easily be charged somewhere at
midnight when the smart meter discovers that the energy is cheap (caused by
a low demand inside the network). [38, p. 3-8][10, p. 13-16]

1.2 The project

The goal of this project exists of three major parts. First of all the state of
the art of the smart meter market should be defined, this is done in chapter 2.
In this chapter particular attention is dedicated to the situation of the Dutch
energy market, and also the most common differences between electrical smart
meters will be explained.

The second part of the project is about understanding the communication
protocol of the selected smart meter. The smart meter used is shown in Fig-
ure 1.1 and complies to the NTA 8130 standard. In this standard the OBIS
protocol is used as top level communication protocol. This part is discussed in
section 3.4.3 in chapter chapter 3 since this it was heavily related to the final
application.

An application is written in the final part of the project. The application
should be able to display consumption data in a visual way, and to store this
data into a file. It should also be possible to make the existing application
support new smart meter types in the future. All the other requirements and
the software architecture is discussed in chapter 3.

Figure 1.1: The smart meter used in this project: Itron ACE4000




Chapter 2

State of the art

This chapter will discuss the state of the art of the smart energy meters and
more specific the smart meter available on the dutch energy market.

2.1 Smart meters in the Netherlands

First of all a short description of the Dutch energy market is given. The Dutch
energy marked is liberalized since 2004, and now there are five different parties
involved with the introduction of smart meters: [22]

Household consumes energy, in some cases they also generate and deliver en-
ergy back to network.

Energy Supplier generates energy and supplies it to the network.

Network management (Netbeheer) provides the energy network. These
companies are responsible for the construction, maintenance and manage-
ment of the electric network, they are also responsible for the electrical
meters. A list of all network managers in the Netherlands and their regions
can be found in Figure 2.1.

Metering companies (Meetbedrijven) are certified by TenneT (national
network manager in the Netherlands) to install meters and provide mea-
surement data. A list of all metering companies can be found on the site
of TenneT.[0]

Dutch Government (Overheid) prescribes a list of requirements which smart
meters installed in the Netherlands must have. More information about
these requirements can be found in subsection 2.1.1.

Although it looks like metering companies are separated from energy suppliers,
it does not always have to be. For example, the energy supplier Oxxio is also a
registered metering company that is providing smart meters. [11] [12]



Figure 2.1: Network managers in the Netherlands - 1. RENDO Netwerken,
2. Cogas Infra en Beheer, 3. Liander (former Continuon Netbeheer), 6. Stedin
(former Eneco), 7. Westland Infra, 8. ONS Netbeheer (now Stedin), 9. DELTA
Netwerkbedrijf, 12. NRE Netwerk, 13. Enexis (former Essent Netwerk), 14.
InfraMosane (now Enexis). [17]

2.1.1 Government requirements

The Dutch government prescribes basic functionality for the smart meter, in
general these requirements are restricted to the output facilities of the smart
meter. The prescribed requirements should ensure that people can switch from
one energy supplier to another without replacing the smart meter.

The the Ministry of Economic Affairs asked the Dutch Normalisation Insti-
tute (Nederlands Normalisatie Instituut: NEN) to design these requirements.
This resulted in a Dutch Technical Agreement (Nederlandse Technische Af-
spraak 8130) on April 30, 2007.



High level requirements

A list of high level requirements prescribed by the government is displayed
below:

e Providing remote information about consumed and supplied energy.
e Remote disabling and enabling of capacity.

e Measure and identify quality of network.

Online interaction between consumer and supplier.

Fast reaction with energy installations for load management.

Technical requirements

According to the specifications of the government, each smart meter should have
four different communication ports (P1-P4) where P4 is located on the central
access server (CAS). The CAS is a centralized server where all consumption
data from connected smart meters is stored.

P1 is used for the communication between the metering installation and one
or more other service modules, but it cannot be used for sending data to
the metering system.

P2 is used for the communication between the metering system and one up to
four metering instruments and/or grid operator equipments.

P3 is used for the communication between the metering installation and the

CAS.

P4 is the port on the CAS where independent service providers, suppliers and
grid operators gain access to the CAS. The stored information is accessible
via a XML webservice.

The port P1 is the most interesting port for this project because external
modules can read data from the smart meter using this port. This port should be
implemented over an RJ11 connector and communicate with the NEN-EN-IEC
62056-21 standard with a baudrate of 9600 baud.

2.2 Different types of smart meters

Different number of tariffs

The data that a smart meter is offering can differ in varying ways, but a common
difference is the number of available tariff slots. We have seen meters with only
one tariff slot, but also dynamic configurable number of tariffs. For example,
the ACE4000 supports up to four different tariffs with a maximum of 8 tariff
switches per day. The active tariff slots can be configured by the energy supplier.

[13]



Different types of connection

In general two types of smart meter connections can be defined for communica-
tion with external devices. First of all, push based smart meters as for example
described by the port 1 of the NTA 8130. This kind of meters are publishing
new meter data every static time interval over their connection.

In contrast, request based meters are only sending information after a request
message. Such as message can simply mean give me the latest consumption
readings, but might also contain information to get readings from the internal
meter history.

After the state of the art research we have focused mainly on push based
meters as specified by the NTA 8130.



Chapter 3
Application

This chapter describes the requirements and the software architecture of the
smart meter application which is designed and implemented for this project. The
possible ways to extend the final application are also described from a software
design perspective. In the end a short end-user and developer installation guide
is given.

3.1 Use cases

This section is describing the functional application requirements, this is done
by showing the most important use cases of the application.

3.1.1 Start the application
Primary scenario
1. The user start the program.

2. The main window of the application is shown.

Postconditions
e The chart is empty and other fields do not contain data.

e Specific buttons are disabled.

3.1.2 Shutdown the application
Before shutting down the application the system should ask if the user wants
to save unsaved meter data (if present in memory).
Primary scenario
1. The user closes the program.

2. If there is unsaved meter data in the memory of the system, the system
asks to save the data. See use case in subsection 3.1.9.

3. The system terminates.



3.1.3 Connecting a smart meter
The application will support multiple types of smart meters and it should be
possible to connect to these smart meters easily.
Primary scenario
1. The user opens the options menu.
2. The system shows all the possible smart meter types which are supported.
3. The user selects a smart meter type that he wants to connect.
4. The system will disconnect the active connection.
5

. The system will ask some information of the user which is required for the
specific meter connection.

6. The user will enter this information and press the OK button.
7. The meter is connected and live meter data is displayed into the current
meter reading pane.
Postconditions
e The live meter readings are displayed.
e Disconnect and record buttons are enabled.

e There is a smart meter fysically connected to the computer.

Note

If an error occurs during the connection part, the system will inform the user
about it and clean up the open connection.

3.1.4 Disconnecting connected smart meter

It should be possible to disconnect a connected smart meter.

Primary scenario
1. The user presses the disconnect button in the options menu.

2. The system disconnects the active meter connection.

Preconditions

1. There is a smart meter connected.

Postconditions
1. Disconnect and record buttons are disabled.
2. The live meter readings are removed from the live meter readings pane.

3. Recorded data will stay in the application memory.
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3.1.5 Browse meter data (interaction with the line chart)

It should be possible to browse the meter data by interacting with the line chart.

Primary scenario: go earlier in time
1. The user drags the graph to the right.

2. The application calculates and shows the new line-chart with the earlier
data.

Primary scenario: go later in time

1. The user drags the graph to the left.

2. The application calculates and shows the new line-chart with the later
data.

Alternative scenario: no meter data for this time available
1. The user browses to an earlier or later time. (primary scenario)
2. The application detects that there is no available meter data.

3. The application displays no line in the chart.

Preconditions

1. Meter data is loaded in the application memory.

Postconditions

e The chart axis and data are set to the correct values.

e The date selector is updated.

3.1.6 Browse meter data (select date range)

It should be possible to change the current meter data line chart by selecting a
date range with the calendar.

Primary scenario

1. The user selects a date range on the calendar (changes start date or end
date).

2. The application calculates and shows the new line-chart with the updated
date range.

Preconditions

1. Meter data is loaded in the application memory.

11



Postconditions

e The chart axis and data are set to the correct values.

e The date selector is updated.

3.1.7 Change All / Year / Month / Week / Day / Hour
view
It should be possible to change the current zoom level (all, year, month, week,

day or hour) of the line chart.

Primary scenario

1. The user clicks on a mode button.

2. The system zooms in/out to the new view level.

Preconditions

e Meter data is loaded in the application memory.

Postconditions
e The chart axis and data are set to the correct values.
e The date selector is updated.

e The active button is disabled and marked as active.

Note

This use case is highly related to the Browse meter data (select date range) use
case in subsection 3.1.6. In fact, this use case uses default start and end dates
while the other is using custom date ranges selected by the date selector.

3.1.8 Change chart view

For the user it should be possible to change the view mode of the line chart,
possible modes are at least the following;:

Price mode The consumption price / earnings of export energy are shown in
the graph, this price is calculated with the consumption / produce data
and an configurable tariff which can be entered into a price configuration
window (see use case in subsection 3.1.14).

Consumption mode The consumption values (Kilowatt hour) are shown in
the graph.

Power mode The import power (approximate or values provided by the meter)
are shown in the graph.

Different tariff modes are displayed with different colors in the same chart.

12



Primary scenario

1. The user selects a mode from a combo box menu.

2. The system updates the line chart.

Preconditions

e Meter data is loaded in the application memory.

Postconditions

e The chart axis and data are set to the correct values.

3.1.9 Save meter data to file
Primary scenario 1

1. The user clicks the save as button.

2. The systems asks for the output file location and name including file ex-
tension, otherwise default extension is used (.yaml).

3. The systems writes the meter data to the file with format specified by the
file extension.

Primary scenario 2

1. The user clicks the save button.

2. The systems writes the meter data to the file location where it is saved
before.

Alternative scenario: file type not recognized
1. The user clicks the save or save as button.
2. The systems does not recognize the file extension.
3. The system displays an error message and shows the supported file exten-

sions.

Preconditions

e There is meter data in the current memory.

Postconditions
e The file is written to the specified location in the specified format.

e The current meter data in memory is marked as saved. So the system
won’t ask for saving when closing the application.

13



3.1.10 Open meter data from file
Primary scenario
1. The users presses the open button.

2. If there is meter data in the memory of the application, use case subsec-
tion 3.1.9 is used first.

3. The systems asks for the file location and name.

4. The meter data is opened and parsed from the given file and stored in the
application memory.

Alternative scenario: file type not recognized

1. The users presses the open button.

2. If there is meter data in the memory of the application, use case subsec-
tion 3.1.9 is used first.

3. The systems asks for the file location and name.

4. The system doesn’t recognize the file type and displays an error message.

Postconditions
e There is no unsaved meter data in the application memory.
e The user can browse the meter data.

e The line chart is updated into the view all mode.

3.1.11 Load meter data from connected smart meter his-
tory

Primary scenario

1. The user presses the open meter data from smart meter button.

2. If there is meter data in the memory of the application, use case subsec-
tion 3.1.9 is used first.

3. The systems loads the meter data from the smart meter memory into the
application memory.

Preconditions
e Smart meter is connected.

e Connected smart meter is an import meter that supports importing from
meter history.

14



Postconditions

e There is unsaved meter data in the application memory.
e The user can browse the meter data.

e The line chart is updated into view all mode.

Note

Probably there are no real-time measurements available during the data transfer,
the actual status information will be temporary unavailable.

3.1.12 Start recording real-time meter data from connected
smart meter

By default the real-time smart meter data isn’t recorded and stored. The user
must press the record button to save and view the meter data in the chart.

Primary scenario
1. The users presses the record button.

2. The system detects if there is unsaved meter data in the memory, if so use
case in subsection 3.1.9 is used.

3. The system indicates that it is recording meter data.

4. The system updates the window after every update.

Preconditions

e The smart meter is connected

Postconditions

e The open, save and some other conflicting buttons might be disabled.
These are enabled again after stopping the recording.

e It is visible for the user that the system is recording.

3.1.13 Stop recording real-time meter
Primary scenario

1. The users presses the stop recording button.

2. The system indicates that the recording is stopped.

Preconditions

e The application is recording meter data.

15



Postconditions

e There is unsaved meter data in the memory of the application.
e All buttons that are disabled before recording are enabled again.

e It is visible for the user that the system is not recording anymore.

3.1.14 Configure price settings
Primary scenario

1. The user opens the price configuration window by clicking the settings
button in the option context-menu.

2. The users changes the default price settings for each tariff field.
3. The user presses save settings.

4. The system closes the settings window.

Postconditions

e The system is using the new price settings.

3.2 User Interface

3.2.1 Layout overview

In Figure 3.1 an high level layout sketch is shown of the main window. After
creating the sketch a simple mockup is created, a screenshot of this mockup is
shown in Figure 3.2.

The most important interface components are described in subsection 3.2.2.

Figure 3.1: Main window layout sketch.
File | View | Options | Information

Date range: Current meter reading:

On-peak: 999999

Date time selector |[|off-peak: 999999 Current
Total: 999999 Consumtion

Interactive graph window

Price / Consumption || on-peak / off-peak ‘ | Year | l Month | | Week || Day
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Figure 3.2: Layout mockup with main components and interactive chart.
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3.2.2 Interface elements
Top context menu

This menu allows the user to perform the most common operations which aren’t
directly related to the meter data browsing. Such operations can be: open/save
file, open configuration window and connecting / disconnecting the smart meter.

Current meter reading values

This pane shows the current meter reading values, and contains buttons for
the most common smart meter operations (recording, connecting/disconnecting,
load all meter data). Also the real-time consumption is shown in this pane.

Date range selector

This is a sort of calendar where the user can select a single date or date range
for which the line chart is displayed. It should be visible which dates contain
meter measurements.

Interactive line chart

This is the main meter data browsing utility of the user. The line chart allows
the user to walk over the meter time line and by clicking on a measurement
point the user is informed about the real meter readings and consumption.

Interactive line chart menu

Below the line chart a few buttons are displayed. These buttons allow the user to
interact with the line chart. The main operations performed with these buttons
are zooming the graph and toggling the different view modes.
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3.3 Non-functional requirements

3.3.1 Licensing and use of external software packages

For this project it is allowed to use external open source software packages and
also copyleft licenses (E.G. GPL) are allowed.

3.3.2 Performance

All computations must be performed real-time.

3.3.3 Smart meter compatibility

The smart meter connection part of the software should be programmed with
as much low coupling as possible. It must be possible to connect a smart meter
of every kind such that the connection adapter only has to be replaced.

The application must support single tariff meters but also multi tariff meters,
for example on-peak and off-peak meters. And the application should be able to
read import readings but also export readings if provided by the smart meter.
The system should allow the user to make a selection of import, export or net
readings.

3.4 Software Architecture
3.4.1 MVC pattern

For the communication between the graphical user interface and the system
logic is chosen for the model-viewer-controller pattern. With this pattern it
is possible to program the user interface separate from the system logic and
thus it is easy to implement another user interface without adapting the system
logic. This allowed us to connect the mockup to the application before the final
version of the NetBeans user interface was finished. [23, p. 209-210]

3.4.2 Package overview

The source code is divided in the following source packages:

smartmeterapp Contains the graphical user interface classes and some con-
figuration settings.

smartmeterapp.logic Contains all the classes for the system logic (including
the MVC models) and all calculation classes described in section 3.4.3.

smartmeterapp.logic.chartdataformatter Contains all the chart data for-
matter classes.

smartmeterapp.logic.exporter Contains all the classes responsible for ex-
porting to the file system.

smartmeterapp.logic.importer Contains all the classes and interfaces for
importing meter readings.

18



smartmeterapp.logic.meterconnection Contains all the meter connection
classes.

smartmeterapp.resources Contains all the resources (images and icons) for
the user interface.

smartmeterapp.resources.busyicons A package create by NetBeans con-
taining all the icons for the status bar.

3.4.3 Class Overview

This section gives a brief overview of the most important classes used in the soft-
ware architecture. It will describe the basic functionalities and responsibilities
of these classes.

The class diagrams can be found in Appendix B on page 38.

MeterDataModel

This is one of the two MVC models which is responsible for recording, format-
ting, storing meter data and also tracking the active state of the user interface.
This model is the owner of the LiveMeterModel, and might register itself as
an observer of LiveMeterModel to record the incoming meter data. MeterData-
Model owns also a single instance of the MeterData class which handles actually
all the logic for storing, opening and recording meter data.

LiveMeterModel

LiveMeterModel is the second MVC model, this class is only responsible for
the handling the live meter connection. This class might own a MeterConnec-
tion class which notifies the LiveMeterModel with the meterChanged() method
when an update is available. After an update, LiveMeterModel will notify his
observers and from the perspective of the observers it will act as an wrapper
around the MeterConnection classes for retrieving the updated values.

MeterConnection classes

Since the meter connection should be implemented as modular and independent
as possible it should only extend the abstract MeterConnection class. This class
contains three important abstract methods: getFieldOptions(), getPower() and
getMeterReading() which should be implemented by subclasses. These three
methods will act as getters for the observers of the current MeterConnection.

Next to these getters a few methods needs to be implemented for handling
connection related operations, one of these methods is the performBlockingUp-
date() method. This method must contain the blocking method call to the real
meter connection. After a message is received, it should update the getter values
and return if the connection is still open. The super class MeterConnection will
notify all observers after returning from performBlockingUpdate(). More about
how new meter connection types can be added is stated in subsection 3.6.1 on
page 22.

MeterConnection instances are running in a separate thread to make it pos-
sible to receive updates in the background. For this reason, it has two methods

19



startUpdating() and stopUpdating() which respectively start and stop the up-
dater thread in a safe way.

Push based meter connections; i.e., connections that will publish new meter
data by them selfs, can extend the MeterConnection class directly. However,
in some cases the application is responsible for retrieving the new data from
a request based connection. For these connections the abstract class Request-
MeterConnection is created. This class will periodically call the doUpdate()
method which should contain the update algorithm.

COMDMeterConnection

This class is a concrete implementation of MeterConnection and will support
NTA 8130 compatible smart meters. Meters complying to the NTA 8130 will
be connected with a USB to Serial converter, so the application is able to com-
municate with a COM interface.

The actual communication with the COM port interface is handled by the
RXTX library, this library provides a standard java inputstream reader. Peri-
odical a message is sent over this inputstream which is compliant to the OBIS
protocol. An example of such a message can be found here:

7/ACEBACE4KGPRS

:42.0.0%255(0505514284290634)
:1.8.0%255(000001.069*kWh)
:1.8.1%255(000001.069*kWh)
:2.8.0%255(000000. 114*kWh)
:2.8.1%255(000000. 114*kWh)
:96.14.0%255(01)
:1.7.0%255(000120%W)
:17.0.0%255(0085%A)
:24.4.0%255(on)

- 0O 0O rOFrRr P, P, PFL,O
|
O O O O O O O oo

Every value in the message is uniquely identified by an OBIS code and contains
it’s value between ( and ). For example, the actual import power is defined
by the OBIS code 1-0:1.7.0%255 and has the value 000120*W in the message
above. Currently the tariff configuration needs to be configured manually, in
subsection 3.6.2 is explained how the number of tariffs can be changed.

Importer and Exporter classes

A meter data importer and exporter should respectively implement the Readinglm-
porter and ReadingFxporter interface. These interfaces are describing methods
for getting the tariff configuration and the actual meter data.

The abstract factory pattern is used for both importer and exporter classes.
With this pattern the MeterData class is able to import and export meter data
without knowing the file types. And it doesn’t even care about the medium, for
example a meter data import might be provided by a saved file but also by a
smart meter. In the case of a smart meter connection, the concrete MeterCon-
nection class should only implement the ReadingImporter class as well. [23, p.
605-607] [24]
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MeterReading

The MeterReading class contains the meter reading values and can be created
by ReadingImporter instances or MeterConnection instances. The application
should handle the meter reading values in a flexible way because it doesn’t know
the number of different tariff fields of the smart meter. For this reason, the meter
readings are represented by two arrays of the same length: importReadings and
exportReadings.

MeterData

The MeterData class provides an abstraction of the meter data selection and
calculation part. It owns a set of meter data which is sorted by date, in this
way it is easy to select a specific date range from the set.

This class supplies also methods for getting formatted meter data, which
can be plotted into the chart. However, the actual calculation of the formatted
data is handled by different calculation classes which are described in following
paragraph.

Calculation classes

ReadingDifference, ApproxPower and Cost are helper classes which can be cre-
ated from two MeterReading classes.

The ReadingDifference is able to calculate the difference (for import and
export fields) between two MeterReading. With the reading difference it is
possible to approximate the import power between two measurements, this is
done in ApproxzPower. The Cost class is able to calculate the total earnings or
costs using a ReadingDifference instance.

Chart data formatter classes

The abstract class ChartDataFormatter is created to support multiple ways of
displaying the meter data without making the graphical user interface depend
on the specific formatter.

A concrete getChartData() method from a ChartDataFormatter implemen-
tation has three parameters: MeterData instance and a start and end date.
The ChartDataFormatter implementation is responsible for getting data in the
correct time range from the MeterData class.

In some cases an abstract class is used to prevent duplicate code, concrete
classes that extend these classes only have to implement a format method.

A UML class diagram can be found in Figure B on page 39.

3.4.4 External libraries
The following external libraries were used in the final application:

RXTX Communication API This API (LGPL v 2.1 licenced) is used for the
Serial port communication since the Java Communication API doesn’t
support Microsoft Windows anymore. The RXTX library is providing
exactly the same interfaces as the Java Communication API and only
one import rule should be changed if you want to switch between those
libraries.
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This library depends on platform dependent libraries, for installation in-
struction see section 3.7. Version 2.1 is used, more information can be
found on this website!.

JCalendar This is the date picker (LGPL v 2.1 licenced) used for the graphical
user interface. JCalendar is using the Java Beans pattern which makes
using it in combination with the NetBeans GUI editor easy. Version 1.3.3
is used, more information can be found on this website?.

Orson Chart Beans This chart framework (LGPL v 2.1 licenced) is used for
visualizing the consumption data. This framework is a Java Beans port
of the JFreeChart library. Version 0.5 is used, more information can be
found on this website3.

JYaml This API is used for importing and exporting to the YAML file format.

Version 1.3 is used, more information can be found on this website?.

3.4.5 External resources

Several icons were used in the graphical user interface of the final application:

Menu and button icons All these icons are part of the silk icon set 1.3 which
is licensed under a Creative Commons Attribution 2.5 License.

Window Icon The window icon (stocks.png from this website®) is free to use
for non-commercial usage.

All icons and their license can be found in the resources-package.

Thttp://www.rxtx.org/
2http://www.toedter.com/en/jcalendar/index.html
Shttp://www.jfree.org/orson/
4http://jyaml.sourceforge.net/
Shttp://findicons.com/icon/90250/stocks?id=287484
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3.5 Screenshot

Figure 3.3: A screenshot of the main window with a live meter connection and
imported chart.
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3.6 Application extensions

It is possible to extend a few parts of the application without adapting a large
part of the application architecture. In this section we describe the different
ways the application can be extended.

3.6.1 Create new connections

A major requirement of the application was that it could be extended with
new meter connection types. As described in subsection 3.4.3, a meter connec-
tion should extend the abstract class MeterConnection which is located inside
the smartmeterapp.logic.meterconnection package. All other connection related
classes are also located in this package, and new meter connection implementa-
tions should be added in here as well.

New push based meter connection

Pushed based meters are able to extend the MeterConnection class directly since
they are probably offering a blocking method which will return some kind of a
message with the new meter values.

Listing 3.1: Default procedure for receiving updates from a connection port
(MeterConnection.java)

@QOverride

public final void run() {
this.openConnection () ;
while (this.isActive()) {
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this.performBlockingUpdate () ;
this.notifyModel () ;

}

this.closeConnection () ;

}

In Listing 3.1 the default procedure of receiving updates is visible. This is
implemented in the run() method in the MeterConnection class and the concrete
subclasses are responsible for implementing the following methods:

openConnection() Must initialize and open the connection port. This part
of the code is already executed in the background thread, so this might
contain time consuming operations that cannot be done inside the con-
structor.

If some error occurs during connecting it should be reported to the model
with the notifyModelError() method, which has one parameter for an user
friendly error message. After notifyModelError() is executed the active
connection will be disconnected.

closeConnection() Should close the connection port (if still open) and clean
up resources.

performBlockingUpdate() This method contains the actual update algo-
rithm and must contain at least one call to a method that will bring
the thread to the blocking state to prevent busy waiting. This blocking
method will probably return a message which should be parsed and with
this data the private properties must be updated.

It should return false if the meter connection is closed, for example caused
by an error or timeout. If false is returned the performBlockingUpdate()
is not called again. After returning (true or false) the observer model is
notified, as shown in Listing 3.1.

Next to the connection related methods the following abstract methods related
to the updated meter data should be implemented:

getFieldOptions() This method should return a new FieldsOptions object,
which contains information about the number of fields and field names of
the connected meter. The number of field names given to the FieldOptions
constructor must always be the same as the number of meter reading values
generated by getMeterReading().

getMeterReading() This method should return the updated MeterReading
object, which can be created from a single array and two arrays for re-

spectively only import energy readings and for import and export energy
readings. The values of both arrays should be kilowatt hour (kWh).

getPower() This method returns the actual import power, which should be a
class that implements the Power interface. Meters that comply with the
NTA 8130 have a separate property for the actual import power, this value
can be given to the constructor of MeasuredPower. The value passed to
the constructor should be Watt.
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Other meters that don’t have an actual import power property are able to
create an ApproxzPower object. The constructor of this class should receive
two MeterReading objects so it can approximate the import power.

Generally, the above methods should be implemented in a way that they act as
getters for private properties. These private properties will be set by an update
function with the new values, this should be done inside the performBlockingUp-
date() procedure. The getter methods are called by the observer model after it
has been notified by the notifyModel() method, which is done by the superclass
MeterConnection.

To make the implementation of a new push based meter more explicit, a
kind of template is given in Listing 3.2.

Listing 3.2: Simple template for a new push based meter connection

package smartmeterapp.logic.meterconnection;

public class NewPushBasedMeterConnection extends MeterConnection {

ez

* Last MeterReading from meter
*/

private MeterReading currentReading;

VxS

x Last ApproxPower or MeasuredPower from meter
*/

private Power currentPower;

Vex:
x* Probably some extra properties for the active
* comnection ...

*/

private ConnectionPort connectionPort;

public NewPushBasedMeterConnection () {
// set initial values

this.currentReading = null;
this.currentPower = null;
this.connectionPort = null;
}
@Override

public FieldOptions getFieldOptions () {
// return new field options
return new FieldOptions (
new String [] {” Tariff 17, 7 Tarrif 27}
)
}

@Override

public MeterReading getMeterReading () {
return this.currentReading;

}

@Override
public Power getPower () {
return this.currentPower;

}
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@Override
protected void openConnection() {
try {
this.connectionPort = this.findPort () ;
this.connectionPort.connect () ;
} catch (SomeException e) {
this.notifyModelError (”Some error message: ” + e);
}
}

@Override
protected void closeConnection () {
// if commection is open, close it
if (this.connectionPort != null) {
this.connectionPort.close () ;
}
}

@Override
protected boolean performBlockingUpdate () {
if (this.port = null) return false;
Message msg = this.connectionPort.waitForMessage () ;
if (!this.isActive()) {
// check if meter connection is closed
// while waiting for smart meter
return false;

this.updateProperties (msg);

// after returning (true or false) the

// observers are notified by the superclass
return true;

New request based meter connection

Request based meter connections are a bit more complex compared to pushed
based meter connections, since this type has to control an update interval.

To prevent duplicate code for managing the update thread and interval the
abstract class RequestMeterConnection is created. This class abstracts the use
of the background thread and requires to implement doUpdate() instead of the
performBlockingUpdate() method. All the other methods should be the same as
in the code template in Listing 3.2, but as said the doUpdate() method should
not contain any blocking calls.

Add new connection to the graphical user interface

After a new request based or pushed based meter connection is added to the
application it has to be connected to the graphical user interface before you
can interact with it. The graphical user interface part is located inside the root
package smartmeterapp, the SmartMeterView class is a Java NetBeans class and
contains all code for the graphical main window.

To add a new menu item to the options menu a few few lines of code must
be added to the connectMenuMenuSelected method inside the SmartMeterView
class. What this code should do is explained in the code snipped in Listing 3.3.
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Listing 3.3: New menu item for created meter connection (SmartMeter-
View.java)

// Create menu item for a new meter connection
javax.swing.JMenultem newltem = new javax.swing.JMenultem (”
MeterConnection Name”) ;
// Add action listener to item
i.addActionListener (new ActionListener (){
public void actionPerformed (ActionEvent e){
// disconnect current connection
model . getLmModel () . disconnect () ;
Ve
* If you need some arguments for the new connection you
* can ask the wuser for some input over here.
x See COMMeterConnection menu item for examples.
*/
ArgumentType argl = showInputDialog (...) ;
// conmect new with new connection
model . getLmModel () . connect (new NewMeterConnection(argl));

}
1)
// Add new item to connection menu
this.connectMenu.add (i) ;

Meter reading importing

Connections that support meter reading importing can implement the ReadinglIm-
porter interface. With this interface, the system allows the new connection to
import the complete history from the smart meter. How the ReadingImporter
class can be extended is explained in subsection 3.6.3.

3.6.2 Change tariff configuration of the COMMeterCon-
nection class

At the time of delivery the COMMeterConnection is configured to support only
one default tariff, this can be changed into other configurations easily. Only
the array with tariff names, on top of the COMMeterConnection class, must be
updated. This is shown in Listing 3.4.

The index inside the array corresponds to the rate number starting at one,
the rate number is specified by the internal configuration of the smart meter.

Listing 3.4: Example code that should be modified if a new tariff configuration
is installed (COMMeterConnection.java)

/% Start tariff configuration x/

private final String[] tariffFields = new String[] {
V&
x Define all tariff names for their corresponding
x rate number (1 to N).
*
* format: ”"Rate name”, // => <Rate number>

*/

”?On peak tariff”, // => 1
? Off peak tariff”, // = 2

/* End tariff configuration x/
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Theoretically it is possible to have multiple COMMeterConnection classes with
their own tariff configuration, since this array is not static and is owned by the
COMMeterConnection class itself.

Since the meter is not tested with more than one default tariff, it should be
done carefully.

3.6.3 Add new import and export file types

It is possible to add new import and export functionalities to the application
by adding new implementations of the Importer and Exporter interfaces.

Creating a new importer class

First of all a new implementation of the Importer class must be created. This can
be done by extending the abstract FileImporter class or by creating a concrete
implementation of the Importer class.

The FileImporter has already some extra properties for handling files (E.G.
filename and I/O errors). However, for example, meter connections that have
their own consumption history can implement the Importer class directly. Both
FileReadingImporter instances as ReadingImporter instances should implement
the following four methods:

load() Loads all meter data (from a file or other resource) into the application
memory. Returns true on success and false on failure.

getFieldOptions() Get loaded tariff fields.
getReadings() Get all readings in a collection which might be empty.

getError() If load() fails, an user friendly error message can be retrieved with
this method.

Finally, the new Importer class must be connected to the open or import from
meter operations. For the open operation some self explaining code should be
added to the open() method of MeterModel, an example is given in Listing 3.5.

Adding import capabilities to an meter connection is even more easy, because
the system will recognize import meters automatically. Completing the steps in
subsection 3.6.1 should be sufficient, since the importFromSmartMeter() method
in MeterModel will perform the necessary operation automatically.

Listing 3.5: Code for connecting an extension to an importer class (open() in
MeterModel.java)

VAT

* Import meter data from file. If no wvalid ezxtension
* 18 found, the lastError is set. Another import error
* might also be set to lastError.

* @param filename

*/

public void open(String filename){
String ext = this.getExtension (filename);
if ("yaml” .equals (ext)){
this.doImport (new YamlImporter(filename));
} else if(”ext”.equals(ext)) { // new eztension ezxample
this.doImport (new NewFileTypelmporter (filename));
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} else{
this.lastError = "Not a valid file extension, file not opened.”

} )

this.updateChartData () ;

}

Creating a new exporter class

Creating a new FEzporter class is done in almost the same way as creating an
Importer class, the new class should implement FileEzporter or Exporter and
override the following two methods:

export() This methods has two parameters: a Collection of MeterReading
instances and a FieldOptions object. This method returns false if an error
occurs.

getError() If export() fails, an user friendly error message is available with
this method.

After implementing these methods, the new class should be called if a save or
save as operation is performed. In Listing 3.6 is visible how this can be done.

Listing 3.6: Code for connecting an extension to an exporter class (save() in
MeterModel.java)

VAT

* Exzport meterdata to filename. lastError might be
* set if an error occured or file extension is not
* supporterd.

* @param String filename

*

/

public void save(String filename){
if (filename != null){

String ext = this.getExtension(filename);

ReadingExporter exp = null;

if ("yaml” . equals (ext)){
exp = new YamlExporter(filename);

} else if(”ext”.equals(ext)) { // new ezport class example
exp = new NewFileTypeExporter(filename);

if (exp = null) {
this.lastError = "Not a valid file extension, file not saved
.\nValid extension are: .yaml”;
} else if (!this.data.export(exp)){
this.lastError = exp.getError();

}
} else{
this.lastError = "Not a valid filename specified, file not
saved.”;
}
this.setChanged () ;
this.notifyObservers () ;

}

3.6.4 Add new chart view

It is also possible to add new chart types to the application, this can be
done by implementing a new ChartDataFormatter class which is located inside
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the smartmeterapp.logic.chartdataformatter package. The ChartDataFormatter
class contains an abstract method getChartData which must be overridden, this
method has three parameters: a MeterData object which contains all the data
for the current view and two Date objects that represent the start and end date
of the current selection.

This method returns a TimeSeriesCollection object (from the org.jfree.data.time
package) which will be drawn into the generated chart. How the current chart
formatters are classified is shown in Figure B on page 39.

Finally when the new formatter is created it should be registered in the
ChartDataFormatter class. This can be done easily by adding® it to the for-
matters array which is a global static array.

3.7 End-user installation

All external libraries are added into the runnable jar-archive, except the operat-
ing system dependent part of the serial port communication API. For Microsoft
Windows systems this is a single dll-file (rztzSerial.dll) and for linux systems
a single so-file (librztzSerial.so)”. Where these files should be installed is men-
tioned in the following subsections.

After the installation of the serial port libraries, the drivers for the USB to
serial converter must be installed. On most of the Microsoft Windows platforms
this is done automatically after connecting the USB cable into a free USB port.
If this wont happen the correct drivers can be found on this website®.

Probably other platforms are able to use these drivers as well, but this is
not tested during the project.

3.7.1 Microsoft Windows

For production environments:
copy rxtxSerial.dll to [JRE-directory]\bin\rxtxSerial.dll

For development environments the dll file must also be copied to the JDK di-
rectory:

copy rxtxSerial.dll to [JDK-directory]\jre\bin\rxtxSerial.dll

3.7.2 Linux

copy librxtxSerial.so to /usr/lib

3.8 Application building

The application is build with the NetBeans IDE, however, only the graphical
user interface is depending on NetBeans specific libraries. So, for this reason it

6The sequence of the array elements are representing the sequence of the combo box in the
graphical user interface

"These files can be found in the zipfile from http://rxtx.qgbang.org/wiki/index.php/
Download

8http://ftdichip.com/Products/EvaluationKits/TTL-232R-3V3.htm
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should be possible to build the application with other IDE’s as well. However,
in this description we will only focus on the NetBeans building possibilities.

Before you are able to build and run the application you should first follow
the steps in section 3.7 including the development environment part.

In the build.zml file located in the root of the project directory, an ex-
tra build script (package-for-store) is added. This script? will create a single
jar-archive file with all embedded external libraries (except for the operating
systems dependent part of the serial port API) in the store directory.

The default build scripts provided by NetBeans are also working, but these
scripts will locate the external libraries in a subdirectory called lib.

9You should be able to run this script in the following way: Open Files panel, expand
project directory, right click build.xml, Run Target, Other Targets and click package-for-
store.
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Chapter 4

Evaluation and Conclusion

I have implemented an application that visualizes the consumption data which
can be recorded with a smart meter. The major goal for this application was
that it could be extended with new types of meter connections easily, and thus
the ‘meter connection‘ part of the application should be designed with minimal
coupling to the rest of the application. In theory this sounds easy, however, in
practice your data model is also highly related to the actual meter connection.
For example, your meter connection defines the number of tariff fields inside
your data model. Nevertheless, this could easily be solved by using an array of
readings instead of static properties inside your MeterReading class.

Also, after the state of the art research, I had divided the available smart
meters in two ways:

e History (or import) smart meters versus real-time only smart meters
e Push based smart meters versus request based smart meters

However, after working with the NTA 8130 compliant Itron ACE/000 meter,
I discovered that there was also a difference in available information between
the smart meters, and more important a difference in precision of the available
information. For example, the NTA 8130 compliant meters have a separate data
field for the actual import power, in contrast, when designing the application
model T was convinced that this field could be derived from two consecutive
readings. In fact the derived value is not as accurate as the value provided
by the smart meter itself. Currently, I have solved this problem by adding a
separate getter to meter connection which provides the retrieved actual import
power, or if not available, the derived value. However, in the current version
of the application, this value is not stored inside the data model. So, only the
approximate import power is currently plotted in the chart.

In the end, I can conclude that a really extensible application is created
during this bachelor project. The application can be extended in several ways,
particular attention is payed to the following points which are discussed in detail
in section 3.6:

e Adding new meter connection types; push based and request based; import
connections and real-time only connections

e Changing tariff configuration of COM meter connections
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e Adding new import and export file types
e Adding new chart views

Of course some future work has to be done. The most important part which
could not be done during this project is testing with different smart meters and
different smart meter configurations. Up to now the application is only tested
with some virtual created meters and the Itron ACE4000 meter with one default
tariff.
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Appendix A

Definitions, Acronyms, and
Abbreviations

Abstract Factory Pattern Design pattern where concrete implementations
of a interface are not known by the client. [23, p. 605-607]

Baudrate Transfer speed of a serial smart meter connection (in pulses per
second).

Import reading, export reading, net reading Respectively the readings of;
consumed energy, produced energy and the calculated net readings.

Meter reading The actual kilowatt hour values of the meter at a given time.
MVC Model-View-Controller design pattern.

NTA 8130 Dutch Technical Agreement 8130 (Nederlandse Technische Afspraak
8130), standard with specifications for smart meter communcation. [1]

OBIS Object identification system, protocol used for data exchange between
smart meter and other clients. [7]

Peak-meter A smart meter which uses two separate registers for pricing: on-
peak and off-peak readings.

Pushed based meter A meter which sends an update of its meter reading
values every time interval.

Reading field A meter reading might exists of multiple meter reading values
for the different price registers. A meter value for a specific price register
is called a reading field.

Request based meter A meter that only sends meter reading values after
requesting it.

RJ11 connection Connection over a normal telephone line.

Single-meter A smart meter with one reading register (total consumption
only).
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XML webservice Webservice which use Extensible Markup Language mes-
sages to communicate.
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Appendix B

Application class diagram

Figure B.1: Most important classes of the system logic.
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Figure B.2: Chart formatter classes.
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