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Background

The infrastructure described by this document allows the automatic generation of color map images
showing the vertical resolved atmospheric aerosol contents. These images are called quicklooks and are
generated starting from the ACTRIS/EARLINET lidar measurements. In particular two different quicklook
types are supported:

e attenuated backscatter quicklooks

¢ volume linear depolarization ratio quicklooks

All the quicklooks are generated in Portable Network Graphics (PNG) format. The horizontal scale is
always the time (UT) and the vertical scale reports always the altitude above sea level in km. The
intensity of the attenuated backscatter or of the volume linear depolarization ratio at a given altitude and
time is given the color code (RGB) of the corresponding pixel image.

The generation of the quicklooks has been made within the framework of the EARLINET Single Calculus
Chain (SCC) which is an existing automatic tool for the analysis of EARLINET lidar data.

The automatic generation of the quicklooks is made through the following steps:
1. generation of high resolution pre-processed lidar products
2. generation of the images out of one or more high resolution pre-processed lidar products
3. implementation of a web interface allowing the external and internal users to access to the
generated quicklooks and to filter them by station, lidar, time, wavelength and type.

In what it follows each of the above steps are described in details.
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1. Generation of high resolution pre-processed lidar products

The high resolution pre-processed lidar products are generated by a new SCC module called HiRELPP
(High Resolution EARLINET Lidar Pre-Processor) that is developed as part of ACTRIS-2. This module takes
as input the SCC raw data file and produces in a fully automatic way pre-processed lidar data which are
ready to be used for the generation of quicklook images. In particular, HIRELPP module is the high
resolution version of the already existing SCC module ELPP (EARLINET Lidar Pre-Processor): all the
necessary instrumental corrections are applied on the raw lidar data keeping both the time and vertical
resolution as higher as possible.
The following corrections are made:

® dead-time correction

® raw error estimation

e atmospheric and electronic background subtraction

®  pre-trigger correction

e trigger-delay correction

¢ analog and photoncounting glueing

¢ calculation and calibration of attenuated backscatter

¢ calculation of volume linear depolarization ratio

The output file of the HIRELPP module is a NetCDF 4 file where the native compression capabilities of this
format are used to minimize the raw space required to store the generated products.

The calibration of attenuated backscatter allows to use always the same color scale for all the quicklooks
generated by different lidar systems. The calibration constant is calculated by first performing a low
resolution analysis by using ELPP and ELDA (EARLINET Lidar Data Analyzer). The calculation of the particle
backscatter coefficient requires a calibration which is usually done in the aerosol-free region where the
total backscatter coefficient should be equal to the molecular one. This constant is calculated by ELDA
each time a low resolution particle backscatter coefficient is calculated and can be used to calibrate also
the high resolution pre-processed data. The advantage of calibrating using low resolution data is that the
signal to noise ratio is higher and the calibration is more accurate.

The HIRELPP module requires the presence of a MySQL database in which each generated product is
logged together with all the parameters and metadata used to produce it. This allow the full traceability
of the HIRELPP products.

The following tables have been created:

Table name: _hirelpp_variable_quantities
Description: this table contains all the possible physical quantities supported by HIRELPP module.
Columns:

id int(11)
description varchar(200)
short_description varchar(20)
quicklookfilename_flag char(2)
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Table name: _hirelpp_variable_types

Description: this table contains all the possible variable types supported by HiRELPP module. Each
variable type is identified by the wavelength, the range ID, the scatterer ID and a physical quantity (see
table _hirelpp_variable_quantities)

Columns:

ID int(11)
nhominal_wave float
range_id int(11)
scatterer_id int(11)

hirelpp_variable_quantity_id  int(11) — _hirelpp_variable_quantities.id

Table name: hirelpp_variables
Description: this table contains all HIRELPP variables that have been included in a particular HiRELPP

product.

Columns:

ID int(11)

_product_ID int(11) — products.ID
_hirelpp_variable_type_id int(11) — _hirelpp_variable_types.id

Table name: hirelpp_variable_channels
Description: this table provides all the lidar channges involved in the computation of each HiRELPP
variable.

Columns:

ID int(11)

_hirelpp_variable_id  int(11) — hirelpp_variables.ID
_hoi_channel_id int(11) — hoi_channels.ID

Table name: hirelpp_products
Description: this table collects all the products generated by HIRELPP module.

Columns:

ID int(11)

_MeasurementID varchar(12) — measurements.ID
_product_ID int(11) — products.ID
creation_date datetime

filename varchar(100)

Table name: hirelpp_product_options

Description: this table collects options for the calculation of each HiRELPP product
Columns:

ID int(11)

_product_ID  int(11) — products.ID

min_height double

max_height double

Table name: hirelppexitcodes
Description: this table describes all the exceptions of the HIRELPP module

Columns:
exit_code int(11)
description longtext
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Table name: lidar_constants
Description: this table collects all the calibration constants that have been calculated by ELDA module
and are used by HiRELPP module to calibrate attenuated backscatter.

Columns:

ID int(11)

_MeasurementID varchar(12) — measurements.ID
_product_ID int(11) — products.ID
_channel_ID int(11) — hoi_channels.ID
filename varchar(100)

calibr_factor double

calibr_factor_sys_err  double
calibr_factor_stat_err double
lidar_const double
lidar_const_sys_err double
lidar_const_stat_err double
detection_wavelength double

profile_start_time datetime
profile_end_time datetime
calibr_window_bottom double
calibr_window_top double
InscribedAt datetime
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2. Generation of quicklooks

The quicklooks are generated by a further SCC module called ELQUICK (EARLINET Lidar QUICKlooks). This
module generates homogenous quicklook images out of one or more HiRELPP products.

The ELQUICK module can be configured to produce quicklook within a fixed time window. It is possible to
choose different length of the time window (for example 1, 2, 6, 12, 24h and so on). Once this length is
selected the different quicklooks are generated starting from the start of the hours. For example if a
length of 6h is selected for each day 4 different quicklooks are generated: one starting from the 00:00 up
to 06:00 the next from the 06:00 up to 12:00 the next from 12:00 up to 18:00 and finally from 18:00 to
24:00. All the HIiRELPP products falling within these time windows will be included in the corresponding
quicklook.

It is also possible to select different color palette (for example black and white, rainbow, and so on).

The ELQUICK module requires the presence of a MySQL database in which each generated product is
logged together with all the parameters and metadata used to produce it. This allow the full traceability
of the ELQUICK products.

The following tables have been created:

Table name: quicklook_timelength

Description: this table contains all the possible timelength that can be used to produce ELQUICK
products

Columns:

id int(11)

value varchar(200)

Table name: _color_palette

Description: this table contains all the possible color palette that can be used to produce ELQUICK
products

Columns:

id int(11)

description varchar(200)

Table name: elquick_products
Description: this table collects all the products generated by ELQUICK module.

Columns:

id int(11)

_hoi_lidar_version_id varchar(12) — hoi_lidar_versions.ID
_elquick_product_option_id int(11) - elquick_product_options.ID
start_time datetime

stop_time datetime

generation_time datetime

filename varchar(200)
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Table name: elquick_product_options
Description: this table collects options for the calculation of each ELQUICK product
Columns:

id int(11)

_hirelpp_variable_type_id int(11) — _hirelpp_variable_types.id
altitude_min double

altitude_max double

color_min double

color_max double

_color_palette_id int(11) — color_palette.id
timelength_threshold float

_time_length_id int(11) — _quicklook_timelength.id

Table name: hirelpp_elquick_products

Description: this table links the HIRELPP products with a single ELQUICK product
Columns:

id int(11)

_hirelpp_product_id int(11) - hirelpp_products.ID

_elquick_product_id int(11) — elquick_products.ID

quicklook_ok int(11)

Table name: elquick_excluded_types
Description: this table collects all the HIRELPP variable types that should be not considered for the
quicklook generation for a particular lidar configuration.

Columns:

ID int(11)

_hoi_system_id int(11) — hoi_system.ID
_hirelpp_variable_type_id int(11) — _hirelpp_variable_types.ID

Table name: elquickexitcodes
Description: this table describes all the exceptions of the ELQUICK module

Columns:
exit_code int(11)
description longtext
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The following picture shows the relationship between all the SCC Database tables (described above)
involved in high resolution pre-processed lidar products and quicklooks generation :
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Figure 1 - Relationship between the SCC Database tables involved in high resolution pre-processed lidar
products and quicklooks generation.
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3. Quicklook Web interface

The EARLINET Quicklook Interface is a user web-application interface which allows users to view the
Lidar Quicklooks from EARLINET stations. It is available at the following address :

https://150.145.73.224

L

\

EARLINET Quicklook Interface m

Browse lidar range corrected signal quicklooks o iladios et
Available Measurements
 Filtered Measurements - AND
o iy S D s P W Fillered Measurements - OR
- Right Click on Calendar cell to see measurements
July 2012

Sun Meon Tue Wed Thu Fii Sat Filter measurements by system :
Click on & Location in arder to expand the view and see all the systems
@ Select All
Andoya, NO - an
s B 16 m 12 18 14 # ALOMAR Troposphere Lidar
L] = L] L] Athens, GR - at
% EoLE
Barcelona, ES - ba
Belsk, PL - be
2 E 24 ] 26 27 28 Bucharest, RO - bu
# RALI
“
Clermont-Ferrand, FR - ¢l
# Raymetrics LRL12-U-D400
Evora, PT - ev
@ paoLI
Fast Selection [Jul_v|[2012 v [ER) = -

Show Quickiooks

There are no measurements malching your filter criteria.

Figure 2 - The EARLINET Quicklook Interface.

The solution stack used, in order to develop this interface, is entirely composed by free and open-source
software.
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Web-side management

The web-side management has been implemented in the well known LAMP (Linux Apache MySQL Php)
architecture :

e Linux Server : the server that hosts the website on which runs a Slackware linux distro.

e Apache Webserver : web server platform developed by the Apache Software Foundation. It is
the most popular modular web server platform that can run on different OS and is capable,
among other things, of advanced networking functionalities and security control functions.

e  MySQL database : it is the open-source most popular RDBMS (Relational Database Management
System) database. It is based on the query language SQL (Structured Query Language). In this
case the RDBMS is the one of the SCC (Single Calculus Chain) - the main analysis tool for Lidar
products within the EARLINET network.

e  PHP (Personal Home Page) : it is an interpreted programming language mainly used to develop
server-side web applications.

Web-graphic design
The Web-graphic design has been implemented by using the following technologies:

e HTML 5 (HyperText Markup Language 5) : it is a markup language used for structuring and
presenting content on the World Wide Web. It is the fifth and current version of the HTML
standard. It is recommended from the W3C (World Wide Web Consortium).

e (SS3 (Cascading Style Sheets 3) : used for HTML documents indentation. It tells the browser
how the content should be displayed in browsers and other user agents that need to display it.

e Javascript : it is a high-level, dynamic, untyped, and interpreted run-time language. it is used on
the client web side in order to create interactive and dynamic effects.

e JQuery : it is a cross-platform JavaScript library designed to simplify the client-side scripting of
HTML. It is used, above all, to manage web pages animations and events.

e Bootstrap : is the most popular HTML, CSS, and Javascript framework for developing responsive,
mobile first projects on the web.

HTML Layout

The website HTML layout is a classical three columns + header + footer layout. It has been managed to
create a responsive layout, using the Bootstrap API, so that the site content will adapt itself depending
on the device on which it is visualized. The organization of HTML contents has been implemented
according to W3C standards so that the website is highly accessible. Moreover the main SEO (Search
Engine Optimization) rules have been respected so that it is optimized for the search engines. Last but
not least the cross-browser compatibility has been preserved for the nowadays most used browsers.
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Web Interface interactivity

The Web Interface guides the user along all the steps of the operations to be carried out. In particular,
the messages that the interface provides the user are clear, transparent and reassuring. In order to
achieve a user-friendly interface it is described to the user the type of interaction, and what will get
through each step. The main features of the developed web interfaces can be summarized as follows:

e Each operation has a guidance system that, at any time, informs the user what he/she has
already done, what is being done and what must still be done. Every user action returns
feedbacks. The feedback has been developed to be clear and accurate.

¢ The data collection form are distributed, if necessary, on multiple pages. Each page asks the user
data of a specific logical area.

¢ In the case of complex forms, during each operation, the data is saved as the user enters them.
Avoiding that, if an error occurs, the user has to start from scratch.

e The buttons have consistent names along the action that the user performs. Therefore,
depending on the action performed, each button has a semantic meaning.

e |f the user makes a mistake in filling out a form, an error message will block the access to the
next step. The error messages are structured so as to be clear and precise, in order that the user
can correct and continue.

Quicklook Web interface

The Quicklook web interface allows viewing color maps of the range corrected signal relative to the
channels of the various systems of the EARLINET stations.

The web interface has been implemented with the PHP language interacting with the SCC database
through the SQL query language. It consists of a calendar in which, by default, is displayed the most
recent month with measurements, within which are shown the days when the systems have acquired
data.
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The following picture shows the relationship between all the SCC Database tables involved in the

Quicklook web interface:

o sconevelquick_products
Rid int(11)

#_Noi_lidar_version_id : int(11) fff————————{ime- 1D : int(11)
#_elquick_product_option_id : int(11) g

mstart_time : datetime
mstop_time : datetime
mgeneration_time : datetime
@filename : varchar(200)

'E {3 scone=w elquick_product_options

id : int{11) q

#_hirelpp_variable_type_id : int(11) g
galtitude_min : fioat
galtitude_max : float
gcolor_min : fioat
#color_max : fioat
#_color_palette_id : int(11)
#timelength_threshold : float

#_time_length_id - int(11)

IE 3 sconewchoi lidar versions

@name : varchar{20)
#_hoi_lidar_ID :int(11) i
@ description : text
gexclude_from_hoi : tinyint(1)
wenable_guicklook : tinyint(1)
mstart_date : datetime
mstop_date : datetime
mcreation_date : datetime

Fupdate_date : datetime

£ scenew_hirelpp_variable_types
1D : int{11)
nominal_wave : float
grange_id : int{11)
@scatterer_id : int{11)
_hirelpp_variable_quantity_id : int(11)

@& ccooewhoi_lidars
ID : int(11)
£ _hoi_station_ID : char(2) i
£ name : varchar(100)
2Pl : varchar(100)
g quicklook_name : varchar(10)

genable_guicklook : tinyint(1)

fle =ccicwnol stations

_-.@ 1D : char(2)

@name : varchar{100)
yLatitude : float

# Longitude : float
#_height_asl : float

@PI : varchar(100)
ginstitute_name : varchar{100)
£ description : text
mentry_update_date : datetime
yexclude_from_hoi : tinyint(1)
2PI_phone : varchar(100)
£PI_mail : varchar(200)
#_country_id : int(11)

yenable quicklook : tinyint(1)

O sccrnew _hirelpp_variable quantities

id : int(11)
g description : varchar(200)

@ short_description : varchar(20)
@quicklookfilename:_flag : char(2)

Figure 3 - Relationship between the SCC Database tables involved in the Quicklook web interface.

The user interacts by selecting one or more days and/or one or more systems he/she wants to be

displayed.
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Figure 4 — User measurements selection.
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After making the request, by pressing a submit button, the service dynamically displays a series of

vertical summary tabs. Each tab represents the user selected days.

e EARLINET Quicklook Interface

EARLINET

Select Day.
) 2012:07-11

) 20120712

Figure 5 — User selected days.

Within each tab are displayed the quicklook previews if available.
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Figure 6 — Quicklook preview for user selected days.
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By clicking on the quicklook preview the user will be redirected on a new page that will display the
selected quicklook and other info related to the quicklooks available for the other station in the same

time range and same quicklook type.

Madrid, Spain
Available Quicklook for the same time range, type and wavelength
355 - Tot_Att_Backscatter 532 - Tot_Att_Backscatter 1064 - Tot_Att_Backscatter for every station
Madrid, Spain (40.45N, 3.73E, 869.0m asl) Lidar—Ciemat Lidar-Clemat
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Figure 7 — User selected quicklook.
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