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Preface

The Tellervo application is primarily designed for the measurement of tree ring widths and the organization and
curation of the data, metadata and physical samples for dendrochronological research. It is cross-platform (running
on all Java 7 and later enabled operating systems including Windows, MacOSX and Linux) and open-source. It
includes support for a variety of standard measuring platforms including Velmex, Lintab and Henson.

Tellervo can be run as either the full desktop application that communicates and stores data in a database server,
or in the much simpler Tellervo-lite mode that stores data as simple data les on your computer.

This manual is divided into two main sections, the rst for users, the second for developers. Tellervo is open source
software (see the details of the license on pages 199{204), so you are welcome to inspect and edit the code. The
second part of this manual will help you do that.

Over the years Tellervo (and it's predecessor Corina) have been developed by many people, all of whom are listed
within the about box of Tellervo. We would like to thank the many people that have tested the applications
especially: Charlotte Pearson; Carol Griggs; Brita Lorentzen; Jess Herlich; LeAnn Canady; Kate Seufer; and many
undergraduate and postgradutes students at Cornell and the University of Arizona.

We would also like to thank the National Science Foundation (NSF - grant #1756352); University of Arizona;
Cornell University; the Malcolm H. Wiener Foundation; and the many patrons of the Aegean and Near Eastern
Dendrochronology for their nancial support.

We hope that you nd Tellervo useful and look forward to hearing your feedback.
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Chapter 1

Installation

1.1 Introduction

Tellervo is a cross-platform and open source application primarily aimed at dendro data collection and management.

Tellervo can be run in one of two "'modes": full Tellervo and Tellervo-lite. Tellervo running in full mode is an
enterprise-style tool requiring access to an installation of Tellervo server. Tellervo server manages all data and
metadata within a relational database, based on the Tree Ring Data Standard (TRiDaS { Jansma et al., 2010).
Tellervo provides a host of advanced features such as: integrated 3D mapping; eld data collection with mobile
devices; graphing; metadata management; barcode-based curation; dendro data indexing; crossdating; secure
access permissions system; collaborative sharing of data; amongst others.

For users looking for a simple tool to just measure dendro samples and edit existing data les, the cut-down
Tellervo-lite may be a more appropriate option. Tellervo-lite is a standalone desktop application that doesn't
require access to a server. It provides a very similar interface for measuring samples as the full Tellervo but instead
of the data being stored and managed within the Tellervo server, they are saved to one of a wide variety of legacy
dendro data le formats. The lack of relational database, however, means that many of the advanced functions
o ered by the full Tellervo (e.g. 3D mapping, metadata management; curation etc) are not available within
Tellervo-lite.

Unless speci ed otherwise, this manual describes the functionality of the full Tellervo application with the exception
of chapter 2 which outlines all the behaviour speci c to Tellervo-lite.

Tellervo is made up of two packages: the Tellervo desktop application and the Tellervo database server. Tellervo
was designed primarily for laboratories with multiple users, each running the Tellervo desktop application on their
own computer connecting to a single central server containing the lab's data. The Tellervo server is only required if
you are running the full Tellervo. If you intend to use Tellervo in lite mode then you can skip the server installation
and move directly to section 1.3.

1.2 Server installation

To make use of all the features of Tellervo desktop you will require access to a Tellervo server. If you are running
Tellervo in a lab where the Tellervo server has already been set up by your systems administrator, all you will
require is the URL of your server and your login credentials. Otherwise you will need to install Tellervo server
yourself.

How you install Tellervo server will depend on how you intend to use it. In medium to large laboratories, you would
typically install the server package on a dedicated server. However, in smaller laboratories this is probably not
necessary or feasible. In which case it is perfectly ne to install the server on the same machine that is connected
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to your measuring equipment. This is likely to be the situation if you simply want to try out Tellervo, if you don't
have a separate server, or if you do not work in a multi-user laboratory.

The Tellervo server is made up of a number of components, which unlike the desktop client, can't be easily
combined together into cross-platform packages. Although all the constituent components are open-source and
available for all major platforms, building and maintaining separate packages for each platform is too large a task
for a small development team. To conserve resources, we therefore made the decision to utilize Virtual Machine
technology to ensure that the Tellervo server could still be run on all major operating systems. This means that

we can package the Tellervo server for a single operating system (Ubuntu Linux) and then distribute it as a Virtual

Appliance that can be run as a program on your preferred operating system.

The Tellervo server is therefore available via three methods. The rst is as a VirtualBfistual Appliance which

can be run on any major operating system and we strongly recommend that you stick with this option unless you
are experienced with Linux and running servers. The second option is to intall the native Ubuntu package on an
Ubuntu Linux server. The source code for the server is also available so it is perfectly possible for more experienced
users to set up the Tellervo server to run natively on other platforms. To do this you will require a good knowledge
of Apache 2, PHP and PostgreSQL. Choose the most applicable method and follow the instructions in the following
sections.

1.2.1 Install as Virtual Appliance (recommended method)

To run the Tellervo server Virtual Appliance, you will rst need to download and install VirtualBox frottps:
/Iwww.virtualbox.org . Installation packages are available for Windows, MacOSX, OpenSolaris and many Linux
distributions.

Once you have VirtualBox installed, you will then need to download the Tellervo server from the Tellervo website
https://www.tellervo.org/download . This package contains a bare-bones Ubuntu Linux server with every-
thing required to run the Tellervo server installed and ready to use. As VirtualBox, the entire Ubuntu operating
system and Tellervo server components are all open source there are no license fees to pay.

1. Open VirtualBox and go td-ile: Import Appliance

2. Press the choose button and locate the virtual appliance le that you downloaded from the website
3. Rename the server if you choose, then press the nish/import button

4. Once the server is installed, highlight it in the virtual machine list and press the “settings' button

5

. Go to "Network' and choose “Attached to Bridged Adapter'. You may also like to give the system more RAM
if you have powerful machine

D

. Click ok, then back on the main page, press the “run' button
7. Read and accept the information about how to gain and release control of the keyboard in VirtualBox

8. The server will boot and eventually present you with a command line login screen. Log in with the following
temporary details but please note that as is normal in command lines the password will be hidden:

Username : tellervo
Password : dendrochronology

9. Once you are logged in, the server will automatically ask you a series of questions. The con guration will
nish by testing your new server (see gure 1.1).

Note that the Tellervo appliance is provided in the open standard format OVA. You should be able to run the appliance in other
Virtual Machine applications (e.g. VMWare, Citrix etc) but this is not tested or supported.



Installation 7

10. Note down the URL of your new Tellervo webservice as you will need to enter this when you start your
Tellervo desktop client. If you need to know the URL at a later date you can run the tests again by typing:

tellervo-server --test
11. You can now install and run the Tellervo Desktop application (see section 1.3)

To save on download size and disk space only the es-
sential packages to make the server run have been in-
stalled. This means there is no graphical interface just
a command line. Hopefully this should not be a prob-
lem as once set up, the only interaction needed with the
Virtual Appliance will be through the normal Tellervo
desktop application. If you would prefer to use a graph-
ical interface to the server this can be easily installed.
See chapter 13 for further details.

There are a number of limitations caused by distribut-
ing the server software in this way. The operating
system has already been con gured to use networking
without a proxy server, so if your computer requires a
proxy then you won't be able to connect to the Internet.
Please contact the developers for more details.

VirtualBox has a number of methods for providing net-
work connectivity to the Tellervo virtual appliance. The
default setup described above is to ubedged net- Figure 1.1: Screenshot of VirtualBox running the Tellervo

working. This makes the virtual server appear as if ikeryver. The console contains the results of the tests run at
was another physical computer on your network witkhe end of the con guration routine.

its own IP address. This works best in most situations,

but can cause problems if your network administration

is particularly strict. Note for instance that some in-

stitutions require the network card MAC address of new computers been registered before they will be allowed
access to a network. It is also not suited to those installing Tellervo Server on a laptop which is used on di erent
networks, especially via wi. If you have problems with bridged networking, then it may be better to use one of

the alternatives listed below.

The rst network alternative is to usehost-only networking. To use this you simple select your server in
VirtualBox, click settings then on the network tab choose host-only adapter. This setting means that your server
will only be visible to the physical computer you are running Tellervo server on. This may not be a problem (it
may even be desirable) if you are installing for your personal use but of course it is not suitable if you are intending
to share the server with colleagues. Note though that your server will not have access to the Internet so will not
be able to download updates or use remote backup tools etc.

The second network alternative is to us¢AT networking . NAT stands for Network Address Translation and
means that requests and responses sent to/from your physical computer are intercepted and forwarded on to the
virtual Tellervo server. Instead of Tellervo server having its own IP address, Tellervo clients wanting to talk to the
server send requests to your physical computer. This has the bene t of being more likely to work if your institution
has strict network policies. The drawbacks are that networking is slower, it takes a little more e ort, and perhaps
requires a better understanding of systems administration to set up.

With your virtual machine powered o, select it in VirtualBox, click settings and go to the network tab. Change
the network type to NAT and then click the port forwarding button. Add an entry to the list:

Name - TellervoHTTP
Protocol - TCP
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Host Port - 8080
Guest Port - 80

You can leave the other elds blank. The host port is the port that your Tellervo users connect to. The normal
port that users connect to for web services is port 80, however, on most secure operating systems (e.g. Linux and
OSX) you cannot port forward to ports below 1024, although it should be possible in Windows. If you are running
Windows you may therefore be able to use a host port of 80. If you use 8080 (or any other port other than 80)
you will need to include this in the URL of your webservice when you try to connect. The other complication
of using NAT networking is that the URL provided by the Tellervo server con guration utility is incorrect as
the server has no way of knowing that NAT is being used. The URL that you need to use to connect to is:
http://ip.of.your.physical.machine:8080/tellervo/

1.2.2 Ubuntu native installation

If you are fortunate enough to be running Ubuntu then the native Ubuntu deb package is the best and easiest
method for installing the Tellervo server, otherwise see section 1.2.1 to install the server as a Virtual Appliance.
Note that due to limited resources we only support Tellervo Server on one version of Ubuntu at a time (typically
the latest LTS release). Attempting to install Tellervo Server on a di erent version of Ubuntu and especially other
distros such as Debian are likely to fail. If you really want to use a di erent operating system see section 1.2.3.

To install the Tellervo server in Ubuntu simply download the deb package from the Tellervo sbttges.//
www.tellervo.org/download  and install with your favourite package manager. For instance, to install from the
command line simply type:

sudo dpkg --install tellervo-server.deb

Almost certainly you'll be missing one or more required dependencies, in which cause dpkg will return an error.
This can be xed by running:

sudo apt install -f

This will install all the missing packages, and will automatically allow dpkg to run to completion. The package will
automatically run a con guration script to assist with creating a database user, building the Tellervo PostgreSQL
database, setting database permissions and setting up the Apache webservice. The con guration ends with a test
routine to check all services are set up correctly and if so, will provide you with the URL of the newly con gured
Tellervo webservice.

1.2.3 Advanced install on other operating systems

The limited resources available for Tellervo development means that we have been unable to produce native
installers for platforms other that Ubuntu. The VirtualBox method can be used on all modern operating systems
so we strongly suggest you stick with this method. However, if you are an experience systems administrator and
are feeling brave, it is possible to set up the Tellervo server manually.

The Tellervo server is essentially a PostgreSQL database running PostGIS and PLJava extensions accessed via a
PHP webservice running on Apache 2. The current dependencies are listed in the control dtps://github.
com/Itrr-arizona-edu/tellervo/blob/master/Native/BuildResources/LinBuild/ServerControl/control

Note the interdependencies for PostgreSQL and PostGIS are very speci ¢, so be careful to install the correct ver-
sions.

The basic procedure for installation is as follows:

| Install all dependencies
| Create PostgreSQL database
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| Install PostGIS to database

| Install PLJava to database

I Restore Tellervo tables and data from template SQL le

| Set up a database user and provide access to the server in thgbpgeonf le

| Give this user read and write permissions to the database

| Copy the webservice code into a web accessible folder

| Set up Apache to see this folder by creating an entry in the sites-enabled folder

| Restart PostgreSQL and Apache and check you can access the webservice from a web browser

A great deal of the complexity in setting up databases and running the server are hidden in the standard Ubuntu
package through the tellervo-server script. The script is highly tailored to Ubuntu so is unlikely to work on another
OS, but reading it may helpful.

1.3 Installing the desktop application

Installation packages for the Tellervo desktop application are available for Windows, MacOSX and Ubuntu Linux.
Tellervo can also be run on other operating systems as long as they support Java 8 or later (see section 16.11,
page 93 for more information).

To install Tellervo, download the installation le for your operating system framtps://tellervo.org/download
The website should provide you with a link to the installer for your current operating system:

Windows { Run the setup.exe and follow the instructions.

Mac OS X { Download then open the zip le and drag the Tellervo.app into your applications folder. If you
want to use a measuring platform you may need to run the * xserialportpermissions.sh' script located in the
package.

Ubuntu Linux { A deb le is available which was designed for use on Ubuntu distributions but should work
on any Debian based system. Install using your favorite package management system or from the command
line like this: e.g.

sudo dpkg --install tellervo.xx.xx _all.deb

On Ubuntu and similar distributions, the package should add a Tellervo shortcut to your applications menu.
Alternatively you can start Tellervo from the command line by typing tellervo.

Unix { The installation script will work on most avours of Unix and Linux. You will need to install Java,
RXTX serial port library and JOGL graphics libraries manually though.

Once you have installed your Tellervo Desktop application and you have access to a Tellervo server you are now
ready to launch Tellervo for the rst time.

1.3.1 First time launch

When you launch Tellervo for the rst time you will be presented with a setup wizard (gure 1.2). Following the
wizard to con gure the main settings required before you can begin to use Tellervo. If you want to re-run this
wizard at any time you can do so from the entry in the Help menu. You can also manually edit all these settings
from the Tellervo preferences dialog which can be foundEdit : Preferences

The pages of the wizard include:

Tellervo mode { asks the user to choose whether they want to run Tellervo in full or lite mode.
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Figure 1.2: The Tellervo setup wizard will launch the rst time you start Tellervo.

Network connection { this con gures how your computer accesses the internet. Most users will be able to use
the default "Use system default proxy settings' option here, but if you know that your computer is behind a
corporate proxy server you may choose to manually provide the settings.

Con guring the Tellervo server { Tellervo comes in two parts: the Tellervo desktop client that you are using;
and the Tellervo server which runs the database that stores your data. If you are working in a lab your
systems administrator may have already set up the Tellervo server and given you the URL to connect to.
Alternatively, you may have already installed the Tellervo server yourself. If so the installation program should
have given you the URL. If you don't have access to a Tellervo server yet, you should close this wizard, then
go to the Tellervo website and download it.

Measuring platform con guration { the next page enables you to con gure measuring platform hardware at-
tached to your computer. Some measuring platforms have xed settings in which case the port settings will
be set automatically, but others can be changed in the hardware and must be set explicitly here. Use the
“Test Connection' button to make sure that Tellervo can successfully communicate with your platform.

Once you have completed the wizard you will be presented with a dialog ( gure 1.3) for logging in to your Tellervo
server.

The username and password details requested are your
Tellervo login credentials (not your system or network
credentials) provided to you by your systems admin-
istrator. If you are using your own Virtual Appliance
server, the default admin user details are provided in
section 13.5.1, page 72. The dialog gives you the op-
tion for saving your username and/or password if you
prefer. We recommend using this feature only on per-
sonal machines. You may choose to cancel the login if
you like and Tellervo will continue to load, however, you
will not have access to the Tellervo database therefore
very few functions will be available to you.

Figure 1.3: Tellervo server login dialog.
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1.3.2 Mapping support

Tellervo includes 3D mapping for visualization of sam-

pling locations. Although this is not necessary for most

tasks, to make use of the mapping functions you will require a OpenGL 3D capable graphics card. To check whether
your computer already supports 3D mapping, open Tellervo, go to Admin, then Site map. Tellervo will warn you
if your graphics card is not supported.

All MacOSX computers should automatically support OpenGL. Most Windows and Linux computers made since
2006 should also support OpenGL, however, this does require proper drivers to be installed. In some cases Windows
computers may include a compatible graphics card, but may only have the default Windows video drivers installed.

If you are having trouble with the mapping in Tellervo make sure you have installed the most recent drivers for
your graphics card. Linux users may be required to install proprietary graphics drivers.

The mapping component of Tellervo makes use of NASA's open source World Wind Java. NASA's website
http://worldwind.arc.nasa.gov/ contains further information and instructions that you may nd helpful if
you are having problems getting the mapping to work.

1.4 Upgrading Tellervo desktop

There are no special requirements for upgrading the Tellervo desktop client. You need simply install the new
version over the top of your previous version. Any personal settings will be maintained after the upgrade.

1.5 Upgrading Tellervo Server

Complete instructions for upgrading Tellervo Server run both natively or in Virtualbox can be found in section
13.3.

1.6 Uninstalling

We understand that Tellervo will never suit the requirements of all users, but as an open source product, we would
really appreciate feedback as to why it didn't work for you. Without this feedback it is di cult to prioritize future
development.

1.6.1 Tellervo desktop application

For Windows users, Tellervo desktop can be uninstalled using the standard add/remove programs feature in
control panel, or via the item in the Tellervo start menu. Mac users should simply delete the application from their
applications folder. Linux users should use their prefered package management tool e.g. from the command line:

sudo dpkg --remove tellervo

1.6.2 Tellervo server

If you are running the Tellervo server as a virtual appliance simply follow the uninstall instructions for VirtualBox.
Please note that uninstalling the Virtualbox Tellervo server will delete your Tellervo database and all the data it
contains. Make sure that you export any data you need before uninstalling.
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If you are running Tellervo server on a native Linux computer, you should use your preferred package mangement
tool. To remove the server software but leave the database in place:

sudo dpkg --remove tellervo-server

To do a complete removal of the software and database then you should run:

sudo dpkg --purge tellervo-server



Chapter 2

Tellervo-lite

Tellervo-lite is the form that the Tellervo desktop application takes when you disable integration with the Tellervo

server. The basic interface of Tellervo-lite is very similar to the full Tellervo, however, it lacks many of the advanced
features such as 3D mapping, curation, and metadata management. If you are looking for a easy to use tool for
simply measuring dendro samples and editing existing data les, then Tellervo-lite may be the best option for you.

Tellervo-lite is a "'mode' of the standard Tellervo application, not a smaller separate application. There is a uni ed
installation procedure for installing Tellervo, and the switch to “lite' mode is done during the con guration stage
the rst time you launch the application. If you have not installed Tellervo yet, please do so now by following the
instructions on page 9.

2.1 Launching Tellervo-lite

The rst time you launch Tellervo you will be presented with the setup wizard. The rst question asks whether
you'd like to use the standard Tellervo or Tellervo-lite. If you have decided to convert to Tellervo-lite mode at a
later date (or vice versa), you can make the change by goingdtp : Setup wizardto relaunch the wizard, or

by going toEdit : Preferencesand ticking the “disable databse integration' checkbox on the network tab. Once

you have launched (or relaunched) Tellervo in lite mode you will see the main screen shown in gure 2.1.

2.2 Tellervo-lite interface

The main Tellervo-lite interface is split into two parts. On the left is the series list, which contains all of the
measurement series present within the current data le. On the right are two tabs: the data tab which contains
the ring measurement values table and a graph representation; and the metadata tab which contains some basic
metadata elds. Depending on the le format you intend to use, the series list may have one or more measurement
series. For instance the Tucson RWL data format is capable of storing multiple series, whereas the She eld format
can contain just one.

2.2.1 Data tab

The data tab contains three main panels: data table; graph; and remarks panel, all out which can be resized to
suit your needs. The remarks panel enables you to tag individual rings with features, however, there is currently
no support for saving this information in legacy les so it's not particularly useful in the context of Tellervo-lite
and is therefore collapsed by default. The data table provides a way to view and edit the ring width data for your
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Figure 2.1: The main screen when Tellervo is launched in lite mode.

series, and is arranged in decades. You can enter and edit data within the table directly by clicking the cell and
typing in a value.

The graph panel shows a basic chart of the ring width data and has it's own toolbar for adding/removing features,
zooming etc.

At the bottom of the data tab is a status bar providing some summary information about the series. It includes:
the calendar being used (whether absolute or relative); year and size of the currently selected ring; the variable
being displayed (whole ring width; early/latewood width etc); the current measurement units; and some basic
statistic. Clicking on the nal three items, gives you options to change what is displayed.

2.2.2 Metadata tab

The metadata tab in Tellervo-lite provides a very generic and simpli ed method for entering the most common
metadata to legacy dendro data les. The type of metadata stored in legacy data formats varies substantially,
from essentially none (e.g. Belfast format) to quite rich (e.g. Heidelberg format). The time it would take to
provide, maintain and support a metadata screen tailored to each format would be prohibitive. Besides, if you are
interested in storing rich dendro metadata you should really be using the full version of Tellervo! The metadata
screen in Tellervo-lite therefore provides the ability to add/edit a few of the very core metadata elds supported
by most data formats.

At the top of the metadata tab is a pull down menu for specifying how the series are grouped. This is only relevant
if you have multiple series in your le but will a ect how the metadata elds behave and how les are saved

depending on the output format you choose. For example, if you specify that the series are all from the same
site/object, then then site/object name will be syncronised across all the series. Similarly, if the series are from the
same tree, then the species eld will be synchronised. If you choose to save a to a le format that expect all series
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to be from the same site, yet you specify the series are from di erent sites, then Tellervo will save each series to
a separate le.

2.3 Measuring a new sample

To begin measuring a new sample you should start by clickingRie: New menu or by clicking the corresponding
button on the toolbar. A new “Untitled' series will appear in your sample list. Next, switch to the metadata tab
and enter the name for this series and any other of the metadata elds that are desired. You can now switch back
to the data tab. You can add as many series as you like by clicking the add series button at the top of the series
list. You can also sort the series using the drop down menu at the bottom of the panel.

Before you begin measuring you need to tell Tellervo what sort of measurements you are making: whole ring
widths; or early/latewood widths (the default is whole ring widths). To specify early/latewood widths you need
to go to Edit : Measuring mode...: Early and latewood widths If you use this menu after you have already
measured some rings you will be warned that Tellervo will delete the data you have already collected. Once in
“early and latewood widths' measuring mode you will be able to choose which data is displayed in the table by
clicking the variable box on the status line and choose between: Ring width; Earlywood width; Latewood width;
Early/Latewood width.

To begin measuring your sample you can now goHdit : Start measuring press the start measuring button on

the toolbar, or you can press F5. While measuring you should be provided with audible feedback for each ring
measured with a more pronounced sound made every 10th ring. If there is a problem communicating with your
measuring hardware, check your settings in the preferences dialog. If you still have problems contact the Tellervo
developers by going télelp: Email developetrsmaking sure you include details of your hardware and any error
messages that you receive.

If your sample is already dated and/or you already know how many rings your sample has, then you can initialise
your data matrix using the button on the toolbar or the menu item in the edit menu. This gives you a dialog
requesting date and ring number information which can be useful for those of you that use the skeleton plotting
method prior to measuring.

Note by default Tellervo labels rings as relative years beginning in 1001 (a convention from the days of mainframe
computers and punchcards). If your sample is dated, you should explicity tell Tellervo either using the initialise
grid function prior to measuring, or by going tbools: Redateonce you've nished.

Depending on the measuring platform hardware you have, you will see some variation of the measuring panel
in gure 2.2. The left display holds the absolute position of the last ring boundary (for devices that measure
cumulatively), the middle display holds the last recorded measurement width and the right display holds the
current position of the measuring plaform (for devices that report live measurements). The right-hand display is
useful for devices that don't have a physical display such as the Lintab.

Tellervo supports the measuring of rings both individ-

ually and cumulatively. We feel that it is easier and

more accurate to measure rings individually, that is to

say the device is reset to zero after each measurement.

If a device accepts requests to reset measurements (e.g.

Quadra Chek boxes) or if it automatically resets itself to

zero after recording a measurement (e.g. EVE 10) thepigure 2.2: Measuring control panel. The number of digital
this procedure is used by Tellervo. In this case the usgisplays will vary between 1 and 3 depending on what type of
begins measuring by setting the display to zero, themeasuring platform hardware you have.

moves the platform to the end of the ring, then either

presses the ‘measure' button on the hardware device or the “record' button on the screen.
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If your device does not have a physical ‘measure' button you don't need to click on the “record'
button each time. Instead click on the “turn on mouse trigger' button and then you can use your
mouse's left button as a measure button regardless of where the mouse is on the screen. This means
you don't need to lift your eyes from your microscope to ensure you are clicking the button correctly.
When you're nished measuring press escape to exit this mode. Alternatively you can use the tab key
to ensure the record button has focus and then you can use the spacebar on your keyboard.

Certain devices (e.g. Boekler Microcode boxes) do not listen for requests to reset to zero. In this case to measure
each ring individually, you would need to manually reset the reading to zero following each measurement. This
would of course be extremely tedious. In this situation Tellervo measures cumulatively from the beginning of the
rst ring and calculates the ring width based on the previous ring boundary position. With this method you must
be careful not to knock your sample, and you must also take special care when altering radii to navigate around
problem structures. If you do knock your sample, the best way to recover is to reset your platform to zero and
press the measure button. Next, press the “stop measuring button', manually x the values in the data table, then
begin measuring again from where you left o .

If you are in "Early and latewood widths' measuring mode the measurements are made and sent to the data
table in pairs. The rst measurement should be of the earlywood of the ring, and the next value the latewood
measurement. Whether you are currently measuring early or latewood is indicated as a message at the bottom of
the measuring panel.

2.4 Loading existing les

If you have existing data les that you would like to examine and/or edit, these can be opened usingilhe
Openmenu or the equivalent button on the toolbar. Through the use of the TRICYCLE conversion library (Brewer
et al., 2011), Tellervo supports many legacy dendro data formats. Select the correct format from the format list
in the dialog and then select the le you'd like to open. You can now make changes to the data and/or metadata
just as if it was a new series. Ring width values can be changed manually just by clicking on the value in the table
and typing in the new value, or you can use tReit : Start measuringmenu to remeasure rings.

2.5 Inserting, deleting and remeasuring rings

If you nd you need to insert or delete a ring in your dataset, the easiest thing to do is to right click on the cell
in question and use the popup menu. You can also nd similar options in the edit menu. You will notice that in
the popup menu there is also the option of tagging a ring with various features (e.g. frost damage, false ring etc).
This feature exists in Tellervo-lite, however, there is currently no support for saving this information to legacy data
les.

If you want to remeasure a ring (or series or rings) you need simply highlight the ring in the data table and measure
as normal. The new measurements will simply be pasted over the top of the old ones.

2.6 Saving

Saving your changes is simply a matter of goingFde : Saveor File : Save asor using the corresponding
toolbar icons. If you are saving to a new le, then you will need to choose the format you'd like to use from the
le save dialog. There is no need to add the le extension for formats that have a standard extension as Tellervo
will automatically add this for you.
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If you have loaded an existing data le, you will be warned that overwriting it may result in the loss of some
metadata. If your original le contained metadata not supported by the rudimentary elds in the metadata tab,
then this metadata will be missing from the newly saved le. You may therefore prefer to usé&itbe Save as
option and save to a new le instead.

If you have multiple series in your le and you attempt to save to a format that only supports one series per le,
Tellervo will warn you and ask whether you'd like to use the keycodes of the series as le names. If you answer
yes the les will be saved within the speci ed folder with the keycodes as the le names, otherwise it will create a
series of les with the same lename with a number su x.






Chapter 3

Getting started

Once you have your Tellervo desktop application installed (see chapter 1) and you also have access to a Tellervo
server (either via your lab network administrator or your own on as a Virtual Appliance) you are ready to start
using Tellervo. Below are some basic instructions for performing common tasks in Tellervo followed by a number
of more in-depth chapters.

3.1 Main window

When you launch Tellervo in full mode and login you will be presented with the Tellervo main window ( gure 3.1).
The screen is split into two main areas. On the left is a list of series that are currently loaded. On the right are a
series of tabs that display data and information about the currently selected series. The tabs include:

Data { This is the main tab for showing ring-width data for the currently selected series. The tab is split into
three: data tables contain the ring-width values; graph of the ring-widths; and a ring remarks panel where
individual rings can be tagged with comments.

Metadata { The metadata tab records all the associated information about the currently selected series following
the Tree Ring Data Standard (TRiDaS). Full details about metadata is given in chapter 5.

Components viewer { For series that are derived from other series e.g. indices, sums, chronologies etc, the
components viewer displays all the series that are referenced by the currently selected series.

Dependents viewer { Displays all other series that rely upon the currently selected series. For instance if this
series is used in one or more chronologies, then those chronologies will be displayed here.

Map { Contains a 3D map viewer with the location of all the series currently loaded and that have location data
recorded in their metadata.

3.2 Measuring a new sample

Once your measuring platform has been con gured, measuring your rst sample is simple. To start a new mea-
surement go toFile : New or click the “new' icon on the toolbar. A dialog will appear where you can scan your
sample's barcode, or press the button to enter metadata for your sample later. Barcodes minimize data entry errors
and also speed up the process of measuring your samples. See section 10.2 for more information. Once you have
scanned your barcode or pressed the button, you will then be presented with an empty Tellervo metadata screen.



20 Tellervo: A guide for users and developers

Figure 3.1: The main window in Tellervo. The screen is split into a two, with a list of open series in the workspace on the
left, and a series of tabs on the right showing information about the currently selected series. The data tab is opened with
a new series ready to receive measurements.

The next step is to Il out the metadata information. If you have used a barcode, nearly all of this metadata will
be lled in for you, otherwise you will need to Il this out yourself. Details about metadata can be found in chapter
5, page 27. Once you have populated the metadata tab, you can then switch to the data tab.

Before you begin measuring you need to tell Tellervo what sort of measurements you are making: whole ring
widths; or early/latewood widths (the default is whole ring widths). To specify early/latewood widths you need
to go to Edit : Measuring mode...: Early and latewood widths If you use this menu after you have already
measured some rings you will be warned that Tellervo will delete the data you have already collected. Once in
“early and latewood widths' measuring mode you will be able to choose which data is displayed in the table by
clicking the variable box on the status line and choose between: Ring width; Earlywood width; Latewood width;
Early/Latewood width.

To begin measuring your sample you can now goHdit : Start measuring press the start measuring button on

the toolbar, or you can press F5. While measuring you should be provided with audible feedback for each ring
measured with a more pronounced sound made every 10th ring. If there is a problem communicating with your
measuring hardware, check your settings in the preferences dialog. If you still have problems contact the Tellervo
developers by going tdlelp : Report bug on last transactignmaking sure you include your email address and
any further information.

If your sample is already dated and/or you already know how many rings your sample has, then you can initialise
your data matrix using the button on the toolbar. This gives you a dialog requesting date and ring number
information which can be useful for those of you that use the skeleton plotting method prior to measuring.

Note by default Tellervo labels rings as relative years beginning in 1001. If your sample is dated, you should
explicity tell Tellervo either using the initialise grid function prior to measuring, or by goingidéols : Redate
once you've nished.
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Depending on the measuring platform hardware you have, you will see some variation of the measuring panel
in gure 3.2. The left display holds the absolute position of the last ring boundary (for device that measure
cumulatively), the middle display holds the last recorded measurement width and the right display holds the
current position of the measuring plaform (for devices that report live measurements). The right-hand display is
useful for devices that don't have a physical display such as the Lintab.

Tellervo supports the measuring of rings both individ-

ually and cumulatively. We feel that it is easier and

more accurate to measure rings individually, that is to

say the device is reset to zero after each measurement.

If a device accepts requests to reset measurements (e.g.

Quadra Chek boxes) or if it automatically resets itself to

zero after recording a measurement (e.g. EVE 10) thepigure 3.2: Measuring control panel. The number of digital
this procedure is used by Tellervo. In this case the usggplays will vary between 1 and 3 depending on what type of
begins measuring by setting the display to zero, themeasuring platform hardware you have.

turns the platform to the end of the ring, then either

presses the ‘'measure' button on the hardware device or the “record’ button on the screen.

If your device does not have a physical ‘measure' button you don't need to click on the “record'
button each time. Instead click on the “turn on mouse trigger' button and then you can use your
mouse's left button as a measure button regardless of where the mouse is on the screen. This means
you don't need to lift your eyes from your microscope to ensure you are clicking the button correctly.
When you're nished measuring press escape to exit this mode.

Certain devices (e.g. Boekler Microcode boxes) do not listen for requests to reset to zero. In this case to measure
each ring individually, you would need to manually reset the reading to zero following each measurement. This
would of course be extremely tedious. In this situation Tellervo measures cumulatively from the beginning of the
rst ring and calculates the ring width based on the previous ring boundary position. With this method you must
be careful not to knock your sample, and you must also take special care when altering radii to navigate around
problem structures. If you do knock your sample, the best way to recover is to reset your platform to zero and
press the measure button. Next, press the “stop measuring button', manually x the values in the data table, then
begin measuring again from where you left 0.

If you are in "Early and latewood widths' measuring mode the
measurements are made and sent to the data table in pairs.
The rst measurement should be of the earlywood of the ring,

and the next value the latewood measurement. Whether you
are currently measuring early or latewood is indicated as a
message at the bottom of the measuring panel.

While you measure your sample you can ag features in a
ring by right clicking on any cell in the table and selecting
one or more of the standard notes (see gure 3.3).

Tellervo supports all standard TRiDaS remarks including:

re damage; frost damage; crack; false ring(s); compression

wood; tension wood; traumatic ducts; single pinned; double

pinned; triple pinned and many others. Rings that includgigure 3.3: Right click context menu showing some of
remarks are indicated by the relevant icon in the data screetine options for adding remarks to rings.

Depending on your method of work, this can be useful for

keeping track of sample pin holes. For instance, if a missing

or false ring is discovered after a sample has been pinholed,

the o set in pinholes can be easily seen without resurfacing the sample.
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In addition to the right click menu, you can also access ring remarks by opening the remarks panel using the button
on the toolbar. This panel gives the the ability to add free text remarks to individual rings. One nal method
for adding remarks is specic to re history researchers. Standard FHX-style remarks can be added to rings by
pressing the equivalent FHX character code key in the relevant ring cells. For instance pressing a lower-case "a' in
a cell will add the " re injury in latewood' remark.

The data screen also contains a status bar at the bottom. By clicking on the units section, you can switch between
micron and 1/100th mm units. Tellervo understands the units being supplied by the measuring platform, therefore
changes here are purely for display purposes only. If you have a platform that measures in microns, but prefer to
see the values in 1/100th mm then you can use this feature. There are also options on the status bar that enable
you to choose one of a variety of summary statistics about your series.

Once you have nished measuring your sample, you should then gbi: Saveto save your series to the
database.

3.3 Opening existing data

If you have used traditional dendrochronology software, you are probably used to opening existing dendro data
les from your computer. Tellervo works in a dierent way. All data accessed by Tellervo is stored within the
central Tellervo database rather than in les. The database provides many bene ts over le based storage, most
importantly it means there is a high degree of security and integrity in your data.

To use data that you have stored in existing data les you must fishport your data into the Tellervo database.
This gives you the opportunity to clean-up your data! For details of how to import your data see chapter 9, page
47.

Once you have data in your database, either by importing existing data les or measuring new samples, you
can access your data through the database browser. This is accessed througdfiléhe Openor File : Open
multiple menus and an example of the dialog is shown in gure 3.4. The same database browser dialog is used in
multiple places throughout Tellervo, e.g. when adding additional series to graphs and when choosing chronologies
to crossdate against.

The database browser is divided into two main parts. On the left are the browse and search tabs, and on the right
is the series table. Selecting options in the browse or search tab populates the series table on the right with all the
series that match the speci ed criteria.

The browse tab shows a heirarchical tree view of the contents of your Tellervo database based upon the TRiDaS
data model. The panel will be pre-populated with all the objects in your database but it is possible to “drill-down'
by right clicking on an object and choosing "Expand branch'. Expanding an object for instance, will show all the
elements associated with that object, and expanding an element will show all the samples associated with the
speci ed element. To better understand the TRiDaS terminology please read chapter 5, page 27.

By double clicking (or right clicking and choosing “Search for associated series') on an item in the browse panel
Tellervo will search the database for all series that are associated with the speci ed entity. The results of the
search will be shown in the series table on the right of the screen. This table shows basic metadata about each
search and is sortable by click on any of the column headers. To open a series, simply select one of these series
and click "OK'. If the database browser is open in 'multiple series' mode, then you can use the arrow buttons to
select multiple series to open in one go.

There is also a “Show options' button on the database browser dialog. This adds additional advanced methods for
Itering the series table to help you nd the data you are interested in.

This doesn't mean you don't have to backup your data though! Whoever is in charge of maintaining your Tellervo database should
make sure regular backups are made{preferably o site.
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Figure 3.4: Screenshot of the database browser dialog.

At the bottom of the list of objects in the browse tab are two categories of "tags': personal tags; and system tags.
The tagging concept in Tellervo is borrowed from the world of social media. Just like you can tag a photo or blog
post in social media tools with a tag, perhaps someone's name, a keyword, or location name, in Tellervo you can
tag series. For instance with tags like "needs checking', or “in progress'. Any tags used will be displayed in the list
and by double clicking on them, all series that have been tagged will be displayed. Tags can be personal (only
visible to you) or system tags. The system tags are useful when you want to share tags with other users of your
database.

3.4 Reconciling data

Tellervo has been developed not only for experience dendrochronologists, but as a tool for teaching students. It
therefore includes a comprehensive ‘reconciling' tool for supervisors to check the quality of measurements made
by students. The reconcile dialog does a comparison of a measurement series made by a student with a references
series of the same radius measured by the supervisor. The same dialog can also prove useful for comparing
measurements from two experienced dendrochronologists when handling particularly di cult samples.

Open the series you would like to check as normal. Next goltmls : Reconcile This will open a database
browser window where you should then locate the reference series you'd like to compare against. The two series
will then be opened in a reconcile window such as the one shown in gure 3.5.

The reconcile window contains: a data table for each of the series; a graph of the two series; and an information
panel describing inconsistencies. The reconcile tool runs a number of tests:

Series length { this simply test checks that the two series are the same length

Trend agreement { this checks that the trend from yean to n + 1 is in agreement between the two series. For
example if the ring-widths increase from 1950 to 1951 in the reference series then they should also increase
in the test series. Where trends are di erent the pair of years are marked with a red border.

Error margin { this checks that the ring-width values in the reference and test series are within a 3% error margin.
Where the ring-widths are outside this error margin, then cells are coloured red.
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Figure 3.5: Example of the reconcile window showing the di erences between two dummy datasets. The green cells show
where the series are in agreement, and the red cells and cell-pairs with red borders are where there are con icts.

In circumstances where the test series includes an extra, or is missing a ring then typically there will be a large
amount of ‘red' in the tables begin at the point of the error. Such errors are typically easiest seen in the graph.

Errors in the measurements can be xed from within the reconciliation screen by directly editing the data tables.
Right click popup menus can be used to insert or delete rings where necessary. There is also the option of
remeasuring the current ring. The remeasuring tool allows you to remeasure the same ring multiple times to triple
check you end up with an accurate measurement.

Once you have xed all the errors you can then click the " nish' button to commit the changes to the test series.
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Measuring platforms

Although it is possible to manually enter the ring-widths of your samples into Tellervo, it is normal to automate this
process using a measuring platform. Tellervo supports the most common measuring platforms including Velmex
and Lintab. However, please note that standard Lintab platforms use a proprietary communications protocol.
Rinntech{the manufacturers of Lintab platforms{claim intellectual property rights over this protocol. During
discussions between the Tellervo development team and Rinntech an agreement was reached whereby the Tellervo
developers agreed not to release details of the protocol. In turn Rinntech has agreed to produce an adapter that
can be attached to Lintab platforms so that they communicate with an open ASCII protocol. Users wishing to use
Lintab platforms with Tellervo (or any software not developed by Rinntech) must therefore contact Rinntech and
purchase an adapter.

Measuring platforms typically use serial ports to communicate to computers. In recent years computer manufac-
turers have been phasing out serial ports so you may need to purchase a serial-USB converter. Modern releases
of MacOSX, Linux and Windows should support most serial-USB adapters out of the box, otherwise you must
install the relevant drivers before continuing. Recent Lintab USB platforms use internal serial-USB converters so
are treated in exactly the same way by Tellervo.

To begin, shut down your computer, attach your platform, then reboot and launch Tellervo. Next, go to the
preferences window and open the hardware tab and you should see an interface that looks like gure 4.1. The
same panel is shown in the setup wizard if this is the rst time you have run Tellervo.

In the “type' pull down menu, select the type of measuring equipment you are using. Note that this refers to
the equipment that the computer is attached to, and not necessarily the measuring platform itself. For instance,
Velmex platforms are typically connected through a Metronics digital readout device. Included in this list is the
EvelO device which is an open-source device designed for the Cornell Tree-Ring Laboratory. Circuit drawings for
this device can be obtained from the Cornell lab to enable Hensen measuring platforms to be used with Tellervo
(and other software). If your measuring platform is not included in the list it should be relatively easy for us to add
support so please get in touch and we'll see what we can do. Alternatively you could implement support yourself
(either personally or by employing an independent developer). Technical details on how to do this are included in
section 16.13, page 93.

Next you must choose the port that your platform is connected to from the pull down menu. In Windows this

will be a COM port, in Linux and Mac this will be a /dev/xxx port. Depending on the type of platform you
choose, you may also need to set various communication parameters. If these boxes are enabled, please check the
documentation that came with your measuring platform to ensure these values are set correctly.

To check whether your platform is working, click the “Test connection' button (see gure 4.2) and attempt to
measure a few rings. Dierent measuring platforms have di erent capabilities. For instance, some include a
physical switch for ring measurement events, others also include switches for resetting measurements to zero.
Some platforms (e.g. Lintab) also continuously report the measurement values to the computer. So depending on
the hardware you use, Tellervo will present the you with slightly di erent options.
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Figure 4.1: The hardware preferences dialog.

The test dialog includes information about the capabil-
ities of your platform as well as a log window to show
the raw information being received by Tellervo. If you
are having trouble interfacing with your platform, you
should send the communications log to the developers,
along with as much information about your hardware
as possible.

Once you are satis ed that you are getting the correct

results from the measuring platform, click close on the
test window and then close the preferences dialog to
return to the Tellervo home screen.

Figure 4.2: Testing the connection to a hardware measuring
platform.
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Metadata

Metadata is “data about data'. In Tellervo this means all the information associated with your physical samples
and measurement series e.g. species, location, who measured it, dimensions, slope, soil type etc.

The metadata in Tellervo, and in fact the entire Tellervo data model, is based on the Tree Ring Data Standard
(TRiDaS). Before you use Tellervo you may nd it useful to read Jansma et al. (2010) so that you get a better
understanding of the principles of TRiDaS, but a summary is also provided here.

5.1 Tree Ring Data Standard - TRiDaS

TRiDaS is an XML-based data standard for recording dendrochronological data and metadata. More than 80 den-
drochronologists, computer scientists and specialists from research disciplines that rely on dendrochronology have
so far contributed to its development, including dendroarchaeologists, art and architecture historians, ecologists,
geologists and climatologists. The standard is therefore capable of recording the wide variety of metadata required
by these di erent elds. TRiDaS builds upon other established standards, such as GML for the recording of locality
information. The extensible nature of XML also means that TRiDaS can evolve to accommodate the changing
needs of dendrochronologists over time.

TRiDaS includes a total of eight data entities: project; object; element; sample; radius; measurementSeries;
derivedSeries; and value. Detailed descriptions of each of these entities are given below and their relationships are
illustrated in gure 5.1.

A project {is de ned by a laboratory and encompasses dendrochronological research of a particular object
or group of objects. Examples include: the dating of a building; the research of forest dynamics in a stand
of living trees; the dating of all Rembrandt paintings in a museum. What is considered a \project” is up to
the laboratory performing the research. It could be the dating of a group of objects, but the laboratory can
also decide to de ne a separate project for each object. Therefore, a project can have one or more objects
associated with it. Projects within Tellervo are managed with tAdmin : Project Browserinterface (see
section 5.5).

An object {is the item to be investigated. Examples include: violin; excavation site; painting on a wooden
panel; water well; church; carving; ship; forest. An object could also be more speci c, for example: mast
of a ship; roof of a church. Depending on the object type various descriptions are made possible. An
object can have one or more elements and can also refer to another (sub) object. For instance a single
le may contain three objects: an archaeological site object, within which there is a building object, within
which there is a beam object. The list of possible object types is extensible and is thus exible enough to
incorporate the diversity of data required by the dendro community. Only information that is essential for
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Figure 5.1: TRiDaS data model showing the relationships between data entities. Most of the entities having a simple
hierarchical relationship (a project has one or more objects, an element has one or more samples.
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dendrochronological research is recorded here. Other related data may be provided in the form of a link to
an external database such as a museum catalogue.

An element { is a piece of wood originating from a single tree. Examples include: one plank of a water well;
a single wooden panel in a painting; the left-hand back plate of a violin; one beam in a roof; a tree trunk
preserved in the soil; a living tree. The element is a speci c part of exactly one object or sub object. An
object will often consist of more than one element, e.g., when dealing with the staves (elements) of a barrel

(object). One or more samples can be taken from an element and an element may be dated using one or
more derivedSeries.

A sample { is a physical specimen or non-physical representation of an element. Examples include: core
from a living tree; core from a rafter in a church roof; piece of charcoal from an archaeological trench; slice
from a pile used in a pile foundation; wax imprint of the outer end of a plank; photo of a back plate of
a string instrument. Note that a sample always exists and that it can either be physical (e.g. a core) or

representative (e.g. a picture). A sample is taken from exactly one element and can be represented by one
or more radii.

A radius { is a line from pith to bark along which the measurements are taken. A radius is derived from
exactly one sample. It can be measured more than once resulting in multiple measurementSeries.

A measurementSeries{ is a series of direct, raw measurements along a radius. A single measurementSeries
can be standardised or a collection of measurementSeries can be combined into a derivedSeries. The mea-
surements themselves are stored separately as values.

A derivedSeries { is a calculated series of values and is a minor modi cation of the \v-series" concept
proposed by Brewer et al. (2010). Examples include: index; average of a collection of measurementSeries

such as a chronology. A derivedSeries is derived from one or more measurementSeries and has multiple
values associated with it.

A value { is the result of a single ring measurement. Examples include: total ring width; earlywood
width; latewood width. The values are related to a measurementSeries or a derivedSeries. In case of a
measurementSeries the variable and its measurement unit (e.g. microns, 1/100th mm etc) are recorded as

well. Tellervo supports both total ring width, and early/latewood values. Support for other variables is
planned for a future version.

Working top to bottom, the TRiIDaS entities are nested within each other. For instance a project contains one or
more objects, which in turn contains one or more elements, and so on. The bene t of this is that you record data
once and once only. In standard le-based dendrochronological software, when creating measurement series you

are typically required to type the name of the site, the species of tree etc over and over again. This is not only
time consuming, but very error prone.

Keeping data consistent is also dicult. For instance, if it was determined that a tree species was identi ed
incorrectly, in existing le-based software, the user would need to locate all data series from this tree and manally
update the metdata. This is not the case in Tellervo. A tree is represented just once in Tellervo and samples of
this tree, and the subsequent measurement series reference this one entry. If metadata for this tree needs to be
changed, the tree record is updated in just this one place. Because the measurement series obtain this information
by reference, then all associated series are automatically kept up to date.
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Figure 5.2: Example of the metadata dialog. The screen is showing the details of a TRiDaS object. Note that the location
geometry eld is highlighted and so a description of what is expected in this eld is given below.

5.2 Entering sample metadata

The metadata for a series is viewed and edited on the "Metadata' tab of the main window such as that shown
in gure 5.2. You can see the interface is organized according to the TRiDaS data model with separate tabs for
object, through to series.

When creating a new series, the metadata screens must be populated in order. This is necessary because of the
nesting of entities described above. For instance, an element is associated with an object, so an object must be
chosen before an element can be de ned. Likewise, an element must be chosen before any samples of this element
can be de ned.

Much of the time the entities that you need will already be stored within the database. Instead of re-entering
data, you simply need to select the existing entry from the database, saving a great deal of time. Depending on
the situation, buttons will appear at the top of the dialog to let you “choose' an entry from the database, ‘revert'
to the previously chosen entry, “‘change' the existing entry to a di erent one from the database, or create a "new'
record.

Please note that the content of these metadata screens is kept read-only by default. To edit the values, you must
rst click the padlock icon to unlock the elds. When you have nished making changes you need to press the
save button to write the changes to the database before moving to another metadata screen.

Very few of the metadata elds in the TRiDaS data model are mandatory, but a few are. In this case, these elds
are highlighted with a red star. Note that whether a eld is mandatory or not can depend on the other elds that
have been lled in. For instance, the dimensions of an element are not required, but if dimensions are given then
the units for these measurements must also be provided.

A number of the metadata elds are restricted with regards the values that you can enter. These are known
as “controlled vocabularies' in TRiDaS terms. Controlled vocabulary elds are represented by drop down menus.
Similarly elds that expect numerical values (such as element dimensions) will only allow numbers. The nal data
entry method is through custom dialogs, for example there is a custom dialog for entering location information.
This accepts coordinates in either decimal degrees or degrees minutes and seconds. Alternatively you can use data
from a GPS handset by providing a GPS Exchange (GPX) format le containing the waypoints. The GPX format

is the most common interchange format for GPS data. You can pick the relevant waypoint from the drop down
menu. You can also preview the de ned coordinates on a map using the “view on map' button.
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Figure 5.3: The bulk metadata entry screen. The “show/hide columns' button has been pressed showing how the user can
turn on and o particular columns.

A popular open source GPS communication tool is GPS Babel. It is an easy to use application
which can download data from the majority of GPS handsets. &#p://www.gpsbabel.org  for
more information.

5.3 Entering bulk metadata

Entering metadata on a sample-by-sample basis works perfectly well, but does not necessarily t best with the
typical work ow of a laboratory. Samples do not typically arrive in a lab in ones and twos, rather in large quantities
following a eld excursion. In this case it is most e cient to enter all the metadata for the samples as they arrive.
This is often best in terms of data accuracy as the metadata can be entered while the eld notes are still fresh in
the mind. If you have not yet been to the eld, then we strongly recommend you use the ODK functionality in
Tellervo (see chapter 6). This uses mobile devices with tailored forms to quickly collect metadata in the eld, and
have it entered directly into the database on your return.

To enable the e cient entry of lots of metadata stored in spreadsheets, eld notes etc, Tellervo includes the bulk
data entry interface. This can be accessed from the le menu and is illustrated in gure 5.3. There are three
pages, one each for objects, elements and samples.

The interface is designed like a spreadsheet so as to be as familiar to users as possible. Each row of the table
represents a new entry in the Tellervo database. The columns that are shown to the user are determined by the
“show/hide columns' button on the top right of the screen.

It is common for many of the metadata elds to be the same in a single eld collection. For instance, when coring
trees in a forest, they are often of the same species. Rather than requiring the user to repeatedly type the same
data over and over, the “copy row' button can be used to duplicate a record, and then the user can change the
few elds that are di erent.

Another time saving feature is the ability to cut and paste back and forth between Tellervo and spreadsheet
programs like Microsoft Excel. This can be particularly helpful if you already have large amounts of metadata
entered into a spreadsheet. The best way to do this is to populate a row in Tellervo then copy this into Excel. This
will then show you the order of columns and the format that Tellervo expects data to be in. If the data you try to
paste data that Tellervo isn't happy with (e.g. text into a numbers eld, or terms that don't match the Tellervo
dictionary) then a summary table will list all the errors and allow you to cancel, or just paste the data that is valid.
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When you have entered all the data you want, you can press the “Import selected' button to write the records to
the database. Start on the objects tab, then move to elements then samples.

5.3.1 Toolbar buttons

There are a number of additional features in the bulk data entry interface that can make data entry more e cient.

{ Support for GPS data. The user can provide a GPS Exchange (GPX) format le containing the waypoint
locations recorded in the eld. Tellervo will add a waypoint column to the spreadsheet with a drop down
menu which will automatically populate the latitude and longitude elds for the record.

{ The samples page has the additional feature of creating barcode labels. Once you've nished importing
your metadata, simply press the barcode button and a PDF le will be generated ready for printing.

{ Another method that makes metadata entry even quicker is through the use of the Open Data Kit (ODK)
features within Tellervo. ODK is an open source project that makes use of tablets and phones for data entry
in the eld. Details of how to use the ODK features in Tellervo are given in chapter 6.

{ The Bulk Data Entry interface can be populated with records that are already in the database. This is
a good way to check and edit metadata for a large number of records in one go, it also is a good way to
export metadata out into other programs like Excel.

{ Where records have coordinate information, Tellervo can use the Geonames service to lookup the country
and closest town name and populate the table.

{ The elements and samples tab have the option of using the “quick II' tool to prepopulate the table with
new records. This is useful if you collect many trees and/or samples from these trees from a site all with
similar metadata.

5.4 Metadata browser

The metadata browser interface provides a convenient way to view all the metadata within your Tellervo database.
It can be accessed through the “~Administration' menu from the main screen.

The metadata browser contains two parts: a hierarchical representation of all TRiDaS entities in your database
on the left; and a metadata viewer for the selected entry on the right. This interface is also the best method for
xing mistakes in your database.

Although Tellervo's database architecture maintains integrity within your data, it does come at the price of being
a little more complicated to x mislabelled series. For instance, what if you were to measure a series 'B' and assign
it to sample ABC-138-A only later to realize you misread the label and it was in fact ABC-188-A. In a traditional
le-based system, you would probably just need to rename the le you'd just created. In Tellervo however, you
need to rede ne the relationship of the series within the database and reassign it to the correct sample. This is
best understood when looking at the hierarchical tree in the metadata browser. Hopefully you will see that you
what you need to do is to move the series from its current position in the database to the correct one.

The reorganization of data in this way is achieved by right clicking on items in the hierarchical tree and choosing
either “merge' or ‘reassign'. These functions are only accessible to database administrators. The reassign option
simply moves an entry to a di erent parent in the database. The merge tool handles the more complicated situation
where a entry has been made in two di erent places in the database and they need to be combined. For instance in
the case described above if the erronously created ABC-138-A after (the correct) sample ABC-188-A had already
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been created and populated. In this case the "A' sample from ABC-138-A would be merged into ABC-188-A,
bringing with it any radii and measurements. Hopefully the metadata for the merged series will be identical, but
in the case of discrepancies, details are noted in the comments eld of the nished entity. You should therefore
take the time to check the nished entry and clarify any di erences.

5.5 Project Browser

The project browser provides a similar interface as the metadata browser, with a list of all the projects within
the database on the left and the details of the currently selected project on the right. Once projects are de ned,
objects can be assigned to projects in the metadata browser, bulk data entry screen, or main metadata tab.

5.6 Laboratory codes

Tellervo uses lab codes to refer to the hierarchical nature of the TRiDaS entities in the database. The separate
parts of the code are delimited by hyphens and depending on the level of the entity you are referring to, will have
a di erent number of parts. For instance, if you are referring to a tree (an “element' in TRiDaS terminology) then
the lab code will consist of just two parts: the object code and the element code. See gure 5.4 for an illustrated
example.

Lab codes are used throughout Tellervo to describe TRiDaS entities. They can also be used in many places to
specify entities that the user would like to choose. For instance, in the database browser, you can type the lab
code for an object, element, sample, radius or series to search the system for all the series that match the speci ed
entity. For instance entering "ABC-5' would search for all series associated with element "5' from object "ABC'.
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Figure 5.4: lllustration of the how lab codes are built in Tellervo. Figure courtesy of Charlotte Pearson.
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Field data collection

Accurate eld notes are essential to ensure the greatest value is made of samples. With no metadata associated
with a sample, it is of little more use than rewood. At the same time, though, time in the eld is often very
limited therefore there is pressure to record metadata as e ciently as possible.

Dendro eld data collection is traditionally done through either handwritten eld notebooks or paper forms. The
trade-o between comprehensive metadata collection and time e ciency means that eldnotes are often abbreviated
with the best intentions to write them up fully in the evening or on the return to the laboratory. These sorts of
pressures typically lead to the bare minimum of metadata being recorded.

In Tellervo, one solution to this problem makes use of the collection of open source tools known as Open Data Kit
(ODK). ODK is a platform that utilises (Android) mobile phones and tablets as simple eld data collection devices.

It was originally designed to collect medical information in rural regions of developing countries and has proven to
be extremely e ective and reliable. Forms are designed and uploaded to the mobile device, and a simple sequence
of questions enables the eld researcher to enter text, categorical, numerical, GPS and photographic data. On
return to base, the data is then uploaded from the device to a database for analysis. The system does not rely on
mobile network signals that are typically weak or non-existent in remote eld regions, rather storing the data on
the device and then transfering the data at the end of the day once the researcher returns to base.

The hardware requirements for the mobile application are very low meaning it can run on entry level phones and
tablets. The addition of rugged waterproof cases mitigates for di cult eld conditions, and the storage of data

on removeable ash memory cards means that data can often be recovered even when disaster strikes your device.
Entering data via touch screens is now second nature to most people, enabling data entry speeds approaching or
exceeding that of a traditional keyboard.

The eld data collection system implemented in Tellervo is described in the following sections and by Brewer and
Guiterman (2016).

6.1 Data transfer

There are two methods of transferring data from ODK mobile devices to the Tellervo database. The rst and
most convenient is via wi and/or cellular network connections directly to the Tellervo server. This is quick and
e ective, however, it does require that your Tellervo server be available over the Internet. If you run your server
on a private network or using the Virtualbox “host-only' network con guration, then this will not be possible.

The alternative method is to manually transfer les back and forth between the computer running Tellervo Desktop
and your mobile deivce. This can be done via a USB cable, by removing the SD-card from the device and reading
it directly from the computer or via a variety of Android Apps. There are many methods for doing this and their
availabilty will depend on the version of Android you are running.
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6.2 Creating data entry forms

The metadata capabilities of Tellervo are extensive so producing a data entry form with all possible elds would

be unhelpful. The elds required will vary dramatically depending on the researcher and the research questions
being addressed. The Tellervo desktop application therefore has a tool for designing tailored forms for each eld
trip. This tool can be accessed via thgle : Design ODK Formmenu (see 6.1).

Figure 6.1: Screenshot of the Design ODK Form dialog.

The Design ODK Form dialog gives the user the ability to create two types of forms: the rst for recording new
objects (sites); and the second for recording elements (trees) and samples. The user should name the form they
are creating, then select the form type, and then pick all the elds that they would like to include. Fields that are
required by Tellervo and TRiDaS are pre-selected.

When you select a eld you will see it's details below depending on the data type that it stores. You can then
modiy the eld's properties. For instance you can change the name of the eld which can be useful when the
person using the ODK tool in the eld is not familiar with the TRiDaS terminology. The eld name “element code'
might not be intuitive whereas “tree code' will be. There is also the option to alter the help text that goes with
each eld. This is another way to ensure the correct metadata is collected in the eld. It is important though that
you don't change the meanings of these elds as they will be mapped back to the original TRiDaS concept when
you upload the data. For instance regardless of what you choose to name the “element code' eld, the contents of
this eld will be entered into the “element code' eld in the Tellervo database.

If you know in advance the most likely information that the ODK user will want to enter you can set a default
value for a eld. In this case the user can quickly con rm the entry is correct without having to enter it each time.
You also have the option of hiding a eld from the ODK user. This can be useful when you are certain of that the
contents of a eld. For instance if you are collecting in "New Mexico' you might like to include the “State' eld,
but set the default value and hide it from the user. This way the state is automatically recorded without the ODK
user even having to con rm.

The ODK system has the ability to record a variety of data types. Depending on the data type a di erent interface
is shown to the data collection user. For basic text elds, the user is shown the standard on-screen keyboard,
similarly for numeric elds. ODK has the option of using the integrated GPS receiver, in which case the user has
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the option of pressing a ‘record location' button. It can also take photographs, video and sound recordings which
can be associated as " les' in the Tellervo database.

The nal data type is the choice data type. In this case a user is displayed a list of options from which to choose.
This is used to restrict the user to a prede ned dictionary of terms (e.g. species, location type, object type etc).
In the form builder, choice elds like this are prepopulated with the terms used by Tellervo. In the case of species,
for instance, the list can be very long. Selected the correct item from a long list can be slow and tedious. The
form builder tool therefore allows you to limit the list to a subset of terms. For example, you may know before
your eld visit that you will collecting one of just a handful of species of trees. Shortening the list to the likely
options makes the data entry much more e cient.

All the prede ned eld types in the form designer correspond to the elds de ned in the Tree Ring Data Standard.
If you want to collect additional metadata not covered by TRiDaS then there is the ability to add user de ned
elds using the blue “add user de ned eld' icon on the toolbar. Note, however, that at this time these elds are
ignored by Tellervo when you import your metadata into the Tellervo database. To read data from these elds you
should use the "Create CSV File' option when downloading the data using the Bulk Data Entry ODK wizard (see
section 6.4). Alternatively you can use other ODK compatible software such as ODK Briefcase or Kobotoolbox to
extract to CSV, or Excel les.

Once you have nished de ning your form you need to save it either to the Tellervo server|if you are planning on
using the standard wireless data transfer method|or to a le. You can upload the form de nition to the server

by pressing the "Upload Form' button or alternatively if your server is not accessible over the internet you can save
the form de nition to an XML le on your computer by going tdrile : Save as ODK XML le

If you would like to save your form de nition to reuse and edit later you should useRihe: Save form design
option. Note you cannot load an ODK XML form de nition le within the Tellervo form designer, only the
Tellervo-speci ¢ “*.odkform form design' le.

6.3 ODK mobile application

Once you have generated your ODK form de nition you are ready to transfer
it to your mobile device. Install the ODK Collect App from the Google Play
Store as you would any other application.

If your Tellervo server is accessible remotely then you need to con gure it
by going to the “general settings' page. From here click “con gure plat-
form settings'. The URL of your server is the same as the URL you enter
when start Tellervo Desktop but with the addition of */odk/' at the end (e.g.
http://my.ip.address/tellervo/odk/ ). Your username is your normal
Tellervo username and your password is the ODK speci ¢ password that you
set in the Adminstration: Users and groupgage of Tellervo Desktop. The
authentication schema that ODK Collect uses is not as secure as Tellervo.
Using the same password for ODK and Tellervo would require downgrading
the security on Tellervo, something we are not willing to do. Instead a second
less secure password is assigned for use with ODK Collect. Note that this
ODK password only provides limited access to load and save ODK form data
to the server, it doesn't provide access to the Tellervo database. Once you
have con gured your server, you can click the “Get Blank Form' button on the
main menu of ODK Collect. This will list all the ODK forms you have de ned

in Tellervo and allow you to transfer them to your mobile device. Figure 6.2: Screenshot of the main
screen of the ODK Collect mobile ap-

If your Tellervo server is not accessible over the Internet, you will needp@i}‘ation running on an Android mo-
transfer the ODK form de nitions to your device manually. Whichever metho@ile phone.
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you use, the ODK XML form de nition le needs to end up in thedk/forms
folder of your device.

With your ODK form de nition now installed on your mobile device you can press the “Fill Blank Form' button on
the ODK Collect main menu and you should see your form in the list. You can then create a form instance for
each record that you'd like to create. The metadata for each instance is stored as a separate XML le on your
phone in theodk/instance folder, along with any additional photo, video, or sound les that you created.

6.4 Importing ODK metadata into Tellervo

Once you have returned from the eld, you can import your ODK metadata into Tellervo via the Bulk Data Entry

interface (see section 5.3). On the Bulk Data Entry toolbar there is a button that opens up the ODK import
wizard. The wizard has a number of steps each with descriptions to walk you through the process regardless of
whether you are accessing your ODK data over the network or from a local folder. If you are doing the latter, you
will need to copy the ODK form instances from your device to a local folder on your computer. The import wizard
will then access the les from there.

Once you have completed the import wizard, the Bulk Data Entry screen will be populated with all the metadata
you entered in the eld. From here you can check, x and augment the metadata before nally pressing the “import
selected' button on each of the object, element and sample pages. Once your metadata is safely imported into the
Tellervo database you can then generate barcode labels for your samples using the button on the toolbar of the
samples page.

6.5 Deleting ODK data

Both the ODK form de nitions and form instances are by default left on the server. If you decide you no longer
want a ODK form de nition any more then you can go tBile: Delete form designs from servérom the main
Tellervo window. Similarly you can delete form instances by goindrile : Delete form data from serverNote
there is no undelete option so you need to be certain!

Both form de nitions and instances are also stored on your mobile device. To delete these too you can go to
‘Delete Save Form' from the main menu of ODK Collect. From here you can delete some or all of the forms
de nitions and/or instances.






	Preface
	I User Guide
	Installation
	Introduction
	Server installation
	Install as Virtual Appliance
	Ubuntu native installation
	Advanced install on other operating systems

	Installing the desktop application
	First time launch
	Mapping support

	Upgrading Tellervo desktop
	Upgrading Tellervo Server
	Uninstalling
	Tellervo desktop application
	Tellervo server


	Tellervo-lite
	Launching Tellervo-lite
	Tellervo-lite interface
	Data tab
	Metadata tab

	Measuring a new sample
	Loading existing files
	Inserting, deleting and remeasuring rings
	Saving

	Getting started
	Main window
	Measuring a new sample
	Opening existing data
	Reconciling data

	Measuring platforms
	Metadata
	Tree Ring Data Standard - TRiDaS
	Entering sample metadata
	Entering bulk metadata
	Toolbar buttons

	Metadata browser
	Project Browser
	Laboratory codes

	Field data collection
	Data transfer
	Creating data entry forms
	ODK mobile application
	Importing ODK metadata into Tellervo
	Deleting ODK data

	Mapping
	Navigation
	Mouse with scroll wheel
	Single button mouse

	Interacting with data
	Map layers
	Data layers
	Web Map Service (WMS)

	Toobar buttons
	Layers list
	Exporting maps

	Graphing
	Controlling graphs
	Exporting graphs

	Importing and exporting
	Exporting data
	Naming conventions
	Character sets

	Importing data

	Curation and Administration
	Laboratory workflow
	Barcodes
	Sample labels
	Box labels
	Series barcodes

	Storage boxes
	Creating and editing boxes
	Inventory
	Checking boxes in and out
	Locating samples


	Indexing
	Types of index
	Exponential Index
	Polynomial Index
	Horizontal Line Index
	Floating Index
	High-Pass Filter Index
	Cubic Spline Index

	Indexing data

	Crossdating and chronology building
	Algorithms
	T-Score
	Trend
	Weiserjahre
	R-Value

	Crossdating series
	Managing chronologies

	The Tellervo server
	Backing up and restoring your database
	Backup whole Virtual Appliance
	Restoring a Virtual Appliance backup
	Backup PostgreSQL database
	Restoring a PostgreSQL database
	Backing up media files
	Automated backups

	Copying files to/from server
	Virtualbox shared folder
	Secure copy (SCP)
	Dropbox
	Amazon Simple Storage Service (S3)

	Upgrading the server
	Upgrading VirtualBox Tellervo Server
	Upgrading a native Ubuntu Tellervo Server
	Upgrading the server operating system

	Graphical Interface to the Virtual Appliance
	Security
	Usernames and passwords
	Authentication and encryption

	Directly accessing the database
	PGAdminIII
	ODBC
	PSQL

	Tellervo server configuration
	Standard server configuration
	Advanced server configuration

	Managing map services

	Publishing data
	Integrated Publishing Toolkit (IPT)
	Installing IPT
	Connecting Tellervo to IPT
	Submitting data to GBIF
	Submitting data to iDigBio

	International Tree Ring Databank (ITRDB)

	Help and support
	Getting help
	Support for future development


	II Developers guide
	Developing Tellervo Desktop
	Source code
	Development environment
	Dependencies
	Code layout
	Multimedia resources
	Ring remarks

	Translations
	Logging
	Preferences
	Build script
	Building native installers
	Code signing
	Native libraries

	Java Architecture for XML Binding - JAXB
	Java version
	Developing graphical interfaces
	Supporting measuring platforms
	Writing documentation
	Recording screencast tutorials
	Making a new release

	Developing Tellervo Server
	Webservice
	Creating new series

	Server package
	Tellervo server script

	Handling version dependencies
	Client requiring a recent server
	Server requires a recent client

	Handling server configuration
	Making a new release
	Administering the Maven repository

	Webservice specifications
	Basics of sending requests
	Standard request/response
	Namespaces
	Errors and warnings

	Authentication requests
	Plain authentication
	Secure authentication
	Cookies and sessions
	Logout

	Reading records
	Deleting records
	Creating records
	Updating records
	Reading and setting permissions

	Systems architecture
	Authentication design
	Database permissions design
	Universally Unique Identifiers
	Barcode specifications

	Tellervo Database
	Spatial extension
	CPGDB functions
	Complex database functions


	III Appendices
	Belfast Apple
	Description
	Example file

	Belfast Archive
	Description
	Example file

	Besançon
	Description
	Additional information
	Example file

	CATRAS
	Background
	Reading byte code
	Strings
	Integers
	Real numbers
	Categories
	Dates

	Metadata
	Data
	Ring widths
	Chronologies


	Cracow Binary Format
	Description

	Comma Separated Values
	Description
	Example file

	Corina Legacy
	Description
	Example file

	DendroDB
	Description
	Example file

	Heidelberg
	Description
	Example file - raw series
	Example file - chronology

	KINSYS-KS
	Description
	Example file

	Microsoft Excel 97/2000/XP
	Description

	Microsoft Excel 2007
	Description

	Nottingham
	Description
	Example file

	ODF Spreadsheet
	Description

	Oxford
	Description
	Limitations
	Example file

	PAST4
	Dating
	Example file

	Sheffield
	Description
	Dating
	Example file

	Topham
	Description
	Example file

	TRiDaS
	Description
	Example file

	TRIMS
	Example file

	Tucson
	Description
	RWL files
	CRN files
	Workarounds and quirks
	Example file - raw series
	Example file - chronology

	Tucson Compact
	Description
	Example file

	VFormat
	Description
	Example file

	WinDENDRO
	Description

	XML Error Codes
	GNU General Public License
	Preamble
	Terms and Conditions

	References


