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SSDM general structure
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Solid Spectroscopy Data Model

Relational database advantages

— Permits to store a wide range of parameters
variations in experiments.

— Experiment samples can handle complex
structures (multiple layers / materials /
constituents / precursors).

— Samples and experiments can have a
relation to a parent sample/experiment,
enabling full history for those.

— At term for an advanced use every
parameters could be searchable.

Molecule database identification
standards available in SSDM :

— InChlKey (International Chemical Identifier). =

— CAS Registry Number (Chemical Abstracts SSDM Overview
Service).

— |UPAC Name




* Spectrum « meta-data » in single table

Spectrum data model

» Spectrum data stored in database
« Additional spectrum informations

displayable

Absorption coetficient product

l:] absorption_coefficient

idINT

> parameter_set_id INT

> spectrd _range_type_id INT
is_optical_constant ENUM( false', 'true’)
file_tite VARCHAR(255)
caption_image VARCHAR(255)
source_filetype ENUM(...)
source_filename VARCHAR(255)
quality_flag TINYINT
date_created DATE
date_last_updated DATE
comm ents TEXT

E S
==V

/:| absorption_coefficient_spectrum v
P——1 absorption_coefficient_id INT
spectrum_id INT

Hi— — — 1

absorption_coefficient_id INT
sample_id INT

/:] absorption_coefficient_data v

id INT

& absorption_coefficient_id INT
wavenumber DOUBLE
vaue_1 DOUBLE
vadue_2 DOUBLE
quality_flag_1 TINYINT
quality_flag_2 TINYINT
error_1 DOUBLE
error_2 DOUBLE

idINT

@ absorption_coefficient_id INT
wavenumber_min DOUBLE
wavenumber_max DOUBLE

______ —<| < wavenumber_pesk DOUBLE

vaue_1DOUBLE

vaue_2 DOUBLE

label VARCHAR(255)

info TEXT

Absorption coefficient tables

/:I absorption_coefficient_sample v

4.:] absorption_coefficient_info v

Spectrum product

:] spectrum_data v
id INT
@ spectrum_id INT
wavenumber DOUBLE
vaue DOUBLE
quality_flag TINYINT
error DOUBLE

I
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] spectrum v

id INT

@ experiment_id INT

@ sample_id INT
parameter_set_id INT
is_absorbance ENUM (fdse', rue')
file_tile VARCHAR(255)
caption_image VARCHAR(255)
source_filetype ENUM(...)
source_filename VARCHAR(255)
baseline_correction_description VARCHAR(255)
quality_flag TINYINT
date_created DATE
date_|ast_ updated DATE
comm ents TEXT

'):I spectrum_info v A

id INT
@ spectrum_id INT

wavenumber_min DOUBLE
wavenumber_max DOUBLE
wavenumber_peak DOUBLE
vaue DOUBLE
|abel VARCHAR(255)
info TEXT

Spectrum tables



Sample scientific description

SAMPLE LAYERS MATERIALS
(grains: simple or complexe)
=» mixing

LAYER 2
LAYER 1
SPECIES

(molecular, mineral, atomic)
=» combinations

@umm

CONSTITUENTS
(phases)
=» arrangement

O @

purle SOI“d t - heterogeneous polycrystal,
mc|> ecular mixture, _ coated grains
- polymer, - crystal with adsorbed molecule

- clathrate, hydrate, ...

- adsorption, absorption, ... - complex mix of constituents, ...



Sample & Material model

Material

7] constituent_molecule v
constituent_id INT
molecule_id INT
mass_fraction DOUBLE
mole_fraction DOUBLE
state ENUM(...)
relevance ENUM(...)
>

/:] constituent_atom v
constituent_id INT
atom _id INT

>

Heavy relational tables

Handle all of the scientific description
specificities

‘7] material_constituent v
material_id INT
constituent_id INT
state ENUM(...)
mass_fraction DOUBLE
mole_fraction DOUBLE

".:I constituent v

idINT

name VARCHAR(255)
»is_precursor ENUM(false',true’)
»is_complex ENUM( false' true’)

type ENUM(...)
family ENUM(...)
4« > mass_fraction DOUBLE compound ENUM(...)
state ENUM(...) phase_type ENUM(...)
relevance ENUM(...) . phase VARCHAR(255)

. ’ texture ENUM(...)
species_comments TEXT

/:| constituent_mineral v ' comm ents TEXT
constituent_id INT | >
minerd_id INT ;

=D mass_fraction DOUBLE

state ENUM(...)
relevance ENUM(...)

"] material v

idINT

»name VARCHAR(255)
reference VARCHAR(45)
origin ENUM(...)
family ENUM(...)
substructure_mixing ENUM(...)
vdume DOUBLE
density DOUBLE
grain_shape VARGHAR(255)
grain_sze_min DOUBLE

grain_sze_max DOUBLE
grain_sze_distribution VARCHAR(255)
grain_texture VARCHAR(255)
annealing_tem perature DOUBLE
annealing_time DOUBLE
synthetic_production_temperature DOUBLE
synthetic_m ethod ENUM(...)

synthetic_m ethod_comments TEXT

url TEXT

comm ents TEXT

Samples |

>t —

] sample
idINT
> parameter_set_id INT

> top_parent_sample_id INT
> parent_sample_id INT
» referent_sample_id INT

—— — 1 ,is_simplified ENUM(false', true)

image VARCHAR(255)
origin ENUM(...)

number_of_layers INT

substrate_comments TEXT

sample_nam e VARCHAR(255)

substrate_material VARCHAR(255)

surface_roughness ENUM(...)

fiuid_type ENUM('gas’, liquid’)

irradiation_source VARCHAR(45)
irradiation_type VARCHAR(45)
irradiation_filter VARCHAR(45)

processing_comments TEXT

date DATE
comm ents TEXT

1.5}

":] layer v

idINT

@ sample_id INT
num ber_of_materials INT
thickness DOUBLE
thickness_error DOUBLE
mass DOUBLE
mass_error DOUBLE
texture ENUM( compact’, granular’)
density DOUBLE
deposition_temperature DOUBLE
deposition_rate DOUBLE
annealing_tem perature DOUBLE
form ation_pressure DOUBLE
order TINYINT
comm ents TEXT

"] layer_material v
layer_id INT
matenial_id INT
mass_fraction DOUBLE
mole_fraction DOUBLE
>




Parameters set model

Parameters set are a way to store the
same meta-datas for different objects

Static values are stored in the object
table

More versatile solution, but difficult to
handle simply with datamining tools

Necessity of an interoperability layer
with communication protocols

Param eters

"] parameter_set v

i o ———— — — — —
idINT e — — 4
T type ENUM(...) ———
- ——OH PRy
(? + ————g
|

|
I !
"] fluid_com position_parameter v
parameter_set id INT
molecule_id INT
order TINYINT
fraction DOUBLE

'
|
!
I ] absorption_coefficient_parameter v
idINT
& parameter_set_id INT
annealing_tem perature DOUBLE
annealing_time DOUBLE

& parameter_set id INT

"] spectrum_parameter v

idINT

& parameter_set id INT
annealing_tem perature DOUBLE
annealing_time DOUBLE

it

] sam ple_mmmelmr v

id INT

temperature DOUBLE
temperature_error DOUBLE
annealing_tem perature DOUBLE
annealing_time DOUBLE
pressure DOUBLE
pressure_error DOUBLE
pressure_history DOUBLE
fiuid_pressure DOUBLE
fiuid_pressure_error DOUBLE
fiuid_pressure_history DOUBLE
fiuid_tem perature DOUBLE
fiuid_tem perature_esror DOUBLE
irradiation_time DOUBLE
irradiation_energy DOUBLE
irradiation_fiux DOUBLE
irradiation_dose DOUBLE
irradiation_energy_dose DOUBLE
>

'] instrument_parameter v

idINT
% parameter_set_id INT

type ENUM(...)
type_order TINYINT
source_type VARCHAR (45)
detector_type VARGHAR(45)
beamsplitter_type VARCHAR(45)
angular_sampling_incidence DOUBLE
angular_sampling_em ergence DOUBLE
angular_sampling_azimut DOUBLE
angular_resolution_illumination DOUBLE
angular_resolution_observation DOUBLE
microscope_objective DOUBLE
microscope_spatial_extent_x DOUBLE
microscope_spatial_extent_y DOUBLE
microscope_spatid_sampling_x DOUBLE
microscope_spatid_sampling_y DOUBLE
microscope_spatia _resolution DOUBLE
raman_laser_source ENUM('UV',6320m’)
raman _laser_power DOUBLE
raman_irradiation_time DOUBLE
polarization_lumination DOUBLE

polarization_observation DOUBLE

| spectral_range_parameter v
id INT
@ parameter_set_id INT
order TINYINT
range_min DOUBLE
range_max DOUBLE
sampling DOUBLE
resolution DOUBLE




Import XML Schema

H " " _n _an
Ensures valid XML documents  Srlsi S ss s o mesoes ‘
<x;:cgrﬁ$§i¥§g; name="experiment"> 7

H u m a n = read a b I e e rro rS (XS:i}(:element name="parent_experiment_index" type="xs:unsignedLong"” minOccurs="0"/>

instrument_name" type="xs:string"/>
instrument_type"s>
<xs:simpleType=
<xs:restriction base="xs:string"=
<xs:enumeration FTIR spectrometer”/=>
<xs:enumeration spectrogoniometer”/>
<xs:enumeration Raman"/>
<xs:enumeration value="IR microscope"/>
</xs:restriction>
</xs:simpleType>
</xs:element>
<xs:element name="instrumental_technic">
<xs:simpleType>
<xs:restriction base="xs:string">
<xs:enumeration transmission"/>
<xs:enumeration reflection"/>
<xs:enumeration reflection spectroscopy"/=
<xs:enumeration BRDF"/>
<xs:enumeration spectrometry"/>
<xs:enumeration microscopy"/>
<xs:enumeration fluorescence"/>

<xs:enumeration ATR"/>
</xs:restriction>
</xs:simpleType>
</xs:element>
<xs:element name="date" ="xs:date"/>

<xs:element nam
<xs:element nam

experimentator_name" "xs:string"/>
spectral_range_type" type="xs:string"/>

<xs:element name="comments"” minOccurs="9"/>
<l-- parameters --> )
<xs:element name="parameters" minOccurs="0">

<xs:complexType>
<Xs:sequences
<xs:element name=
<xs:element name=
</xs:sequence>
<xs:attribute name="type" fixed="experiment" use="required"/>
</xs:complexType=
</xs:element>

/>
maxOccurs="unbounded" />

“instrument" type="instrument_parameter"” minOccurs=
spectral_range"  type="spectral_range_parameter" minOccurs=

</xs:all>
</xs:complexType>
<!-- SAMPLE -
<xs:complexType name="sample"=
<xs:all>
<xs:element “sample_name"/>
<xs:element parent_sample_index" type="xs:unsignedLong"
<xs:element parent_sample_ref" type="xs:integer"
<xs:element referent_sample_index" type="xs:unsignedLong"”
<xs:element referent_sample_ref” type="xs:integer"”
<xs:element is_simplified” type="xs:boolean"
<xs:element image” type="xs:string"
<xs:element origin”
<xs:simpleType=
<xs:restriction base="xs:string">
<xs:enumeration value="natural"/>

<xs:enumeration synthetic"/>
<xs:enumeration simulated"/>
<xs:enumeration value="generic"/>
</xs:restriction>
</xs:simpleType>
</xs:element>
<xs:element name="substrate material” type="xs:string"
<xs:element name="substrate_comments"”
<xs:element name="surface_roughness"”
<xs:simpleType=
<xs:restriction
<xs:enumeration

"xs:string">
no"/>




Import XML Tem

Can be produced by hand or
automated

Doesn’t reflect all the complexity
of the relational model

plates

=%xml version="1.0" encoding="UTF-8"?=

Data type :

Experiment and spectra

Specific notes :

- Spectrum datas can be given in this XML file, or in corresponding source_filename data file. Remove <spectrum_datas=> if not nee

General notes :

- Most of the tags are optional, remove unnecessary ones
- Enumeration type must contain one item of the 1list given in brackets
- Tags marked as multiple can be copied if needed

- If used, order must be unique by tag.

- Indexes are references from the SSDM, you have to look for the index beforehand.
<import>

<experiment>

<parent_experiment_index></parent_experiment_index>
<instrument_name></instrument_name>
<instrument_type></instrument_type><!-- {FTIR spectrometer,spectrogoniometer,Raman,IR microscope} -
<instrumental_technic></instrumental_technic><!-- {transmission,reflection, reflection spectroscopy,BRDF,spectrometry,microsco
<datex</date>
<experimentator_namex</experimentator_name>
<spectral_range_type></spectral_range_type>
<parameters type="experiment -- cf. parameters doc -->
<instrument></instrument

<spectral_range=</spectral_range=<!-- multiple --»
</parameters>
</experiment>
<sample=</sample=<!-- cf. sample template --=
<spectrum=<!-- multiple --=
<is_absorbance></is_absorbance><!-- {true,false} -->
<source_filename=</source_filename>
<source_filetype></source_filetype><!-- {nicolet,ascii-ni,ascii-simple} -->
<date></date>

<baseline_correction_description=</baseline_correction_description>
<quality_flag=</quality_flag=
<comments=</comments:
<sample_index=</sample_index=
<parameters type="spectrum">
<spectrum=</spectrum=
<sample></sample>
<instrument type="" order="1"=</instrument=><!-- multiple -->
<spectral_range order="1"></spectral_range><!-- multiple
<atmospheric_composition order="1"></atmospheric_composition=><!-- multiple -->
</parameters>
<spectrum_infos>
<spectrum_infox<
min></min
<max=</max=
<peak></peak>
<label=</label>
<infox</infox
</spectrum_info>
</spectrum_infos|
<spectrum_datas>
<spectrum_data wave="" value="" quality="" error=""/><!--
</spectrum_datas>
</spectrum>

I-- cf. parameters template --=

-- multiple --=>

multiple --=

</import>



