Novel automated and stand-alone integrated pest management
tool for remote count and bioacoustic identification
of the Olive Fruit Fly (Bactrocera oleae) in the field
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Part I – Web platform
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ENTOMATIC: OVERVIEW
The Entomatic web application gives users access to a variety of tools that are grouped in
five different web pages: (i) administration, (ii) pest management, (iii) analysis, (iv) network
performance and (v) configuration (Figure 1). Depending on the user type, a different set of
functionalities is enabled. There are four different user types:
1. Farmer: has access to data from the sensors that are assigned to him/her;
2. Administrator: can assign sensors to users and perform user administration, when
an administrator is assigned to an SME, he/she can view all data from sensors that
are assigned to farmers within the SME;
3. Supervisor: can view the same data as an administrator but has no rights to edit
data;
4. Super user: can view all data on the server and has the right to change the behaviour
and appearance of the web app through the configuration page.

Figure 1: Sy mbols used t o navigat e t hrough t he different web app funct ionalit ies

In this tutorial, a description is given on how to sign-up for a user account and how to work
with the tools on the web pages that are shown above.

SIGNING-UP FOR AN ENTOMATIC USER ACCOUNT
When accessing the test.entomatic.upf.edu web page, you can either log-in by clicking on
“Log in” in the upper-right corner of the page if you already have an account, or request a
user log-in by clicking on the “Request a user log-in” button in the middle of the page.
When requesting a user log-in, one is asked to fill-in a series of text fields (Figure 2). Using
the Organization drop-down list, one selects the organization he/she is directly part of (i.e.
the lowest level structure from which the user is a member). If a mistake is made, this can
still be changed later on by a user with administrator rights in an umbrella organization.
Therefore, in case of a mistake, another request for a user log-in must not be made.
The username has to be unique and therefore can only be chosen once. In an attempt to
make a second user log-in request, a different username must be chosen.
The e-mail address is used for sending notifications and when one wants to reset his/her
password (e.g. when the previous password was lost). Initially, a password can be freely
chosen by entering it twice in the respective text fields.
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To prevent robots from automatically generating data on the Entomatic database and
preventing our system from being used to spread spam e-mails, the symbol that
corresponds to the green word in a bold font must be clicked prior to signing-up.

Figure 2: Quest ions t hat are being asked when request ing a user log -in

After signing-up for a user account, an administrator of the organization that you selected,
must confirm that you are allowed to use the web platform. As this is not an automated
process, this may take some time. In case you don’t get an e-mail confirmation of your new
account being active, please refer to the system administrator of your organization.

THE HOME SCREEN
The first screen that a user gets to see after successfully logging -in is the home screen. This
screen will give summaries of the information that is given on the other pages so the user
has a clear overview of the most important data: (i) the number of active gateways and
nodes, (ii) the latest recommendations and (iii) alarms.
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Figure 3: The home screen shows summaries of t he informat ion t hat is given t hrough
t he ot her pages

All tables can be downloaded in a .csv file format by clicking “Download table as CSV”.

ADMINISTRATION
In order for users to being able to select their organization from the dropdown list when
requesting a user log-in, organizations must first be added to the Entomatic database. This
can only be done by users with administrator or super user rights. By clicking on the “Create
new” button, a new row is added to the list with text fields in which the user can specify the
name of the organization and the name of the organization to which the new organization
belongs to. Also, an existing organization can be edited or deleted. Prior to deleting an
organization, all users within that organization must be removed or linked to another
organization.
When one of the organizations is selected from the Organizations-section, the users that are
linked to that organization or to its “children” appear in the Users -section. When no
organization is selected, the Users-section remains empty. All attributes from a user can be
edited by an administrator or super user after clicking on the button that has a pencil.
Changes can be confirmed using the confirm button on the right of the row that is being
edited, or cancelled by clicking on the cancel button. When no changes are made in the edit
mode, only the cancel button can be used to return out of the edit mode. The “Active” field
contains a checkbox that is unchecked by default when a new user log-in request is made.
Before the new user can access the application, this checkbox must be checked by the
administrator.
The Sensors-section shows all sensors for which data has been received by the Entomatic
database. This includes sensors that were powered-on but not yet assigned to a user. It is up
to the administrator to assign new sensors to users by editing the data and selecting a user
from the dropdown list. Also users can be changed in case a sensor is moved from one user
to another. The “View on Map” button allows the user to see where the sensor is located on
a map together with the locations of other sensors that may or may not be assigned already
to a user (Figure 5).
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Figure 4: The administ rat ion page allows t o create new organizat ions, change user
dat a and assign sensors t o users

After selecting an organization and user, a new section is shown on the administration page,
which is called “Orchards”. Orchards need to be created first, before a user that has been
assigned sensors, can assign these sensors himself to a specific orchard. The only
information that is needed to create a new orchard is a unique name. After this is done, one
can select the orchard and click the “View Sensors” button which brings the user to the
orchard’s administration page. For getting back to the main administration page, one has to
click the “Back” button on the upper right corner (Figure 6).
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Figure 5: When clicking "View on Map" it becomes clear where t he sensor is locat ed,
t ogether wit h ot her sensors t hat may or may not be assigned already t o a user

In the main administration page, a farmer, administrator and super user are allowed to
assign sensors to orchards after which they will appear on the orchard administration page.
In the orchard’s administration page there are three different sections: (i) a Sensors section,
(ii) a map that shows the orchard’s sensors and (iii) a Last sensor readings section. Once a
sensor is selected from the Sensors-section, this sensor is marked on the map and its sensor
readings are given in the Last sensor readings-section.
The label of a sensor can be changed to a text which is more easy to remember than the
Mac address (specific to the sensor hardware) of the ID (linked to the Entomatic database).
The text that is chosen to enter in this field could, for example, also be written on a physical
label that can be attached to the trap for easy reference.
The Last sensor readings-section shows all sensor readings for the selected sensor. As there
can be many readings that make it hard to interpret the data, readings can be filtered by
checking or unchecking the boxes in front of the different variables that are being
monitored. For each reading the date and time of acquisition is given, as well as the
Measurement Type and the Sensor Reading itself.
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Figure 6: The orchard administ rat ion page shows which sensors are assigned t o t he
orchard and sensor readings for t he select ed sensor

A super user has the rights to disable certain Measurement Types in the configuration page.
Once disabled, they will still be stored in the Entomatic database but users will no longer be
able to see their Sensor Readings until it is enabled again.
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PEST MANAGEMENT
The pest management page shows all information related to Recommendations that are
automatically generated by the Entomatic spatial decision support system (SDSS) and
Control Actions that are manually entered by the user (Figure 7).

Figure 7: The pest management page shows recommendat ions t hat are aut omat ically
generat ed by t he Ent omat ic spat ial decision support sy st em (SDSS) and cont rol act ions
t hat are manually ent ered by t he user

The Recommendations-section shows following information:
1. Date: the date on which the recommendation was generated. The Entomatic system
runs an algorithm each day to decide whether new recommendations should be
given;
2. Type: the type of control action that is recommended at the moment;
3. Comment: a brief text describing why a certain recommendation was given;
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4. Orchard: the orchard to which a recommendation applies.
While the Recommendations-section reflects the data that was generated by the Entomatic
system and visible to administrators, supervisors and super users, the Control Actions section shows only information that was manually entered by the farmer. The information
the farmer enters is not visible to other farmers, administrators, supervisors and super
users.
While the information on Control Actions can be edited or deleted, this cannot be done for
Recommendations.

ANALYSIS

Figure 8: The analy sis page allows t he user t o compare dat a from his own orchards or
sensors t o dat a from t he nearest sensors (also from ot her users) and sensors wit hin a
given radius
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For those users that are not just interested in viewing recommendations, the web platform
also offers opportunities to analyse sensor readings both in space and time.
In the Data parameters-section the data can be loaded for analysis, based on a timeframe
and sensor selection. The sensor selection is done for the own data by selecting one orchard
or one sensor. After clicking one of these radio buttons, the name of the orchard or sensor
can be selected from the drop-down list. The data the user wants to compare his own data
to, can be selected either based on a range around the selected own data, or by giving a
number of nearest sensors that must be taken into consideration. After clicking the “Load
Data” button, the map and graph are updated. Both the map and the graph can be saved
locally as a .png image.
The map shows the total number of captured olive flies on the last full day, the number of
days since the last olive flies were captured or a combination of both metrics. When
“Combination” is selected, the number of olive flies captured on the last day that olive flies
were captured, is given using different colours, the number of days since the last olive flies
were captured is represented by a range of different opacity levels.

Figure 9: Graphical represent at ion of sensor readings on a t imeline. The users’ own
dat a are shown using bot h boxplot s as averages. The average of t he comparison dat a
is also given
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The graph shows a time-series of boxplots that represent the distribution of sensor reading
values that were registered for the day given on the X-axis or the period around it. The
amount of days for which data is aggregated in one box depends on the length of the
timeframe that was selected to keep the graph easy to interpret.
If one would prefer to have graph types other than this boxplot to visualize own data, data
on sensor level can be saved in a .csv file format from the orchard administration page. The
data can then be opened in e.g. Microsoft Excel.

NETWORK PERFORMANCE
In the network performance page users can monitor the status of their sensors in terms of
e.g. battery level. When the battery voltage drops below a certain level, the user receives a
warning so he/she knows that batteries need to be replaced.

Figure 10: The Net work Performance page showing alarms and t he sensors t hat have
t he select ed alarm

Administrators, supervisors and super user can see alarms from all sensors of farmers that
are member of the organization they are administrator, supervisor or super user of.
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The “Deactivated type” is a special case of alarm and shows that data was received for a
measurement type that is deactivated. The value column specifies the measurement type
the alarm is referring to.
As an administrator, supervisor and super user, you can also see an Error log -section (Figure
11) that shows all alarms from sensors that are not assigned to a user. Using this error log, it
is possible to troubleshoot erroneous sensors. Sensors that were powered on at the time
given in the error log, were able to contact the server but for some other reason, could not
be registered in the database in order to assign it to a user.

Figure 11: Error log of sensors t hat are not assigned t o users

CONFIGURATION
The main configuration page shows three list sections: (i) Alarm Type, (ii) Control Action
Type and (iii) Measurement Type, and a section to alter parameters (Figure 12).

Figure 12: The main configurat ion page
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In the Parameters-section, a parameter can be selected from the drop-down list and a value
or multiple values can be given to that parameter (Figure 12). When a parameter requires
multiple values, they are separated by a comma. Changing these parameters will alter the
behaviour of the web platform such as showing different classes of legend items in the map.
For the different list-sections, new items can be generated quickly by clicking the “Create”
button. Existing lists items can also be viewed by clicking on “View List”. After doing so, the
list’s configuration page is opened and one can activate and deactivate certain list items
(Figure 13). Measurement types will not be visible to the users when deactivated but
administrators, supervisors and super users will notice through the error-log on the
Network Performance page when values are received for a deactivated measurement type.

Figure 13: The Measurement Ty pe list ’s configurat ion page
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