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Abstract: The management of scientific data plays a key role in all research areas and has increased in im-
portance. Providing researchers with customizable data management tools is crucial for effectively managing
data according to the FAIR principles. These principles have been defined by Wilkinson et al. in 2016, which de-
scribe how scientific data should be managed.!" To support the specific needs of researchers at Empa, openBISH
was chosen as a FAIR compliant data management platform. OpenBIS is an Electronic Laboratory Notebook
(ELN) and Laboratory Information Management System (LIMS) developed at ETH. The commissioning of this
platform for the case of an analytical chemistry lab presented multiple challenges. In this paper, solutions to adapt
openBIS as a digital platform to integrate the laboratory data workflow in chemical analysis and for spectroscopy
instruments are presented. Two laboratory projects as case studies are described, consisting of a data pipeline
and a complex dashboard for data collection, visualization and interaction. These examples show a successful
integration of the data management platform in accordance with the FAIR data guidelines along with maximizing
efficiency for laboratory personnel.
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1. Introduction

Many research fields, from materials science to environmental
sciences or metrology,i3-6l are resorting to the implementation of
robust methods for reliable acquisition and analysis of qualita-
tive and quantitative data. Besides for archiving purposes, in bio/
chemical, physical, material sciences and related disciplines, the
accurate handling of instrumentation data is key for insights.[7-8]
Within the field of material sciences, data is pulled from multiple
experiments, and thus often involves heterogeneous datasets with
a variety of important key parameters (metadata).[®l The informa-
tion contained in the form of metadata is crucial for post-process-
ing analysis and the organization of the data in the laboratory.!l'"!

Traditionally, one would acquire the relevant data with an in-
strument and store it on the lab computer, analyze it and record the
supporting metadata and the findings in a paper notebook. This
has been the way to do things in an academic laboratory since the
beginning.['!l An epochal shift has been seen towards digitaliza-
tion techniques and paperless notebooks to make the process more
agile by the use of Electronic Lab Notebooks (ELNs) and Labora-
tory Information Management Systems (LIMSs).

Digitalization techniques facilitate the monitoring of the in-
strument performance and calibration, efficient and automated
recording of data over longer periods of time, storage of data on
different platforms, post processing analysis and most importantly
efficient visualization of data. The findings can be digitally re-
corded along with the relevant metadata and the standard operat-
ing procedures (SOPs).

An ELN addresses the challenge of information and data man-
agement where large amounts of data are generated and stored.[12]
It aids in data retrieval, reproducibility, data sharing and data
tracking for intellectual property and patents. It also helps in de-
fining methodologies to collect data and preserving metadata for
measurements. Overall, this optimizes a laboratory’s workflow
and minimizes the time spent. An ELN becomes even more practi-
cal if combined with a LIMS.[13]

A LIMS is a digital platform for handling data, methods, and
inventory for routine analysis in academic laboratories and in-
dustries.'4 Its power lies in the effortless integration of aspects
such as sample management, stock management, data archiving
and reporting from multiple users. For several years LIMSs have
been used to streamline operations, increase time and process ef-
ficiency for data management and acquisition, and to improve ac-
cess by stakeholders with regards to compliance regulations.[13]

The selection of an ELN/LIMS system depends on several
factors. A primary aspect is the cost-to-benefit ratio.l10] Addition-
ally, a good ELN/LIMS is easily customizable and adaptable to
the laboratory needs with reliable data and inventory management
capabilities.[!7] Depending on the application, it should be able to
integrate instruments and measurement processes where the direct
acquisition, storage and visualization of data can take place and is
easily accessible by web and hand held devices. This is useful for
complete monitoring of the instrument and laboratory facilities,
method validation as well as data measurements by several users
with regards to defining the SOPs.['81 The end goal is production
of high-quality useful data and its access and shareability towards
the respective stakeholders.

Several examples of both ELNs!9 and LIMSs[20! exist, ei-
ther commercially licensed or open source. Some examples are
Leaf LIMS for synthetic biology,2!1 appMAGI for clinical diag-
nostics,221 HalS[231 and SIGLal?4 for both small and large scale
laboratory applications. Many institutions such as [USMI?3I and
EPFLI26I have initiated efforts for institute-wide implementation
of ELN/LIMS system.

In 2011, openBIS (open Bio-Informatic System) was released
as an open-source information system (IS). It was originally
developed for biological and life science laboratories by ETH
Zurich.27] openBIS was created to provide ELN/LIMS software

with exceptional features and customizable abilities, which also
facilitates adhering to the FAIR data management guidelines. The
FAIR principles describe the requirements of scientific data for a
sustainable and ethical approach.[?81 The FAIR acronym refers to
Findable, Accessible, Interoperable and Reusable. Management
and stewardship of scientific data according to these guiding prin-
ciples is impossible without a dedicated digital tool for labora-
tory information management.[2%l Due to the highly configurable
structure of openBIS, it can be adapted to most scientific fields.
Since 2021, the researchers at Empa have been provided with
continuous support to utilize the ELN/LIMS system openBIS for
digitalization of their respective laboratories which also facilitates
adherence to the FAIR principles.

The openBIS platform provides laboratory experiment and
project management, protocol management, inventory manage-
ment, data storage and analytics, and application programming
interfaces.3% Examples of the adoption of openBIS by different
institutes for several unique projects can be found in the scientific
literature.[31-34]

The initial challenge is to adapt the platform to a specific
context. Secondly, it is crucial to train users on the platform and
encourage users to regularly record their data. Two case studies
are chosen to be digitalized using openBIS for the Laboratory of
Advanced Analytical Technologies at Empa. The case studies are
inspired by an ongoing development in academial3] to achieve
the so-called ‘Smart lab’ for various analytical chemistry activi-
ties in the department. A ‘Smart Lab’ is defined as a laboratory
environment, which leverages advanced tools such as automation
techniques and data management techniques for increasing the
accuracy, efficiency, productivity, and safety in scientific research
by the implementation of an intelligent laboratory workflow.

The first case study is about the adaptation of openBIS for
the automatic data management of Mass Spectrometry data. The
second case study is about implementing a live monitoring and
diagnostic dashboard for the high-energy Laser facility. Similar
implementations and case studies existing in scientific literature
demonstrate how large amounts of unstructured data generated
from various experiments can benefit from an automated struc-
ture, storage and access. This is achieved by using an open source
ELN such as LabTrove;l¢! which facilitates efficient recording
and analysis, project coordination and collaboration, and aids in
the publication process. In addition, monitoring and control of
large-scale laser facilities is crucial for maintenance and continu-
ous user experiments. Efforts are being made to create a long-
lasting digital infrastructure for laser facilities where users can be
provided with reliable and organized metadata and online analysis
facilities. Automated measurement of experimental parameters at
regular intervals and continuous data collected from a suite of im-
plemented diagnostics also enable the development of feedback
and control loops for the instrument, eliminating the repeated so-
called ‘human interaction’.[37]

The aim of this paper is to highlight the capabilities of open-
BIS for analytical chemistry and instrumentation, especially when
combined with advanced frameworks using the Python program-
ming language. A guideline to successful digitalization projects
for laser facility management using openBIS in combination with
other diagnostic elements to achieve modern solutions of quality
control and visualization is provided.

The paper is organized as follows: In section 2, the tool
openBIS is introduced and its digital hierarchical structure is de-
scribed. The platform’s features and a definition of guidelines to
the laboratory data structure and workflow is given in sections 3
and 4. Two examples demonstrating the automation capabilities
with openBIS are shown and discussed in-depth in section 5. Fi-
nally, the main insights are summarized in section 6.
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2. openBIS Structure

The tool openBIS was developed with the intent of providing
an open-source platform for data management in academic labora-
tories. Due to its configurable nature, this system can be modified
to suit almost any field to provide a data structure which ensures
FAIR compliance. However, this configurability also presents a
hurdle that must first be overcome, as system administrators need
to carefully choose how to set up the structure in openBIS.

By default, an openBIS instance uses a hierarchical structure
as illustrated in Fig. 1. Starting from the topmost container called
space, it contains one or more projects. A space is mostly used for
access control in the case of multi-group openBIS settings, where
certain users should only access some of the data and metadata.

A project in turn contains one or more experiments. An ex-
periment can contain structured metadata in the forms of fields
that are displayed in the ELN. These metadata help in searching
and organizing experiments. Besides standard experiment types,
openBIS is extensible and allows defining custom experiment
types with user-defined metadata fields.

Attached to an experiment are samples. These are also con-
figurable through custom sample types. Samples (or objects) are
used to represent various experimental units, such as chemicals,
physical samples or inventory items such as experimental instru-
ments.

Besides being embedded in an experiment, samples can also
be connected to each other through parent—child relationships in
order to represent more complex graphs of relationships. The par-
ent—child hierarchy is used to organize data in a structured way
such that complex experimental workflows can be represented
seamlessly.

Finally, both samples and experiments can be associated with
one or more datasets, which contain measurement data or any
other type of file-based data. The metadata stored in datasets are
also configurable and here too openBIS already offers some pre-
defined types.

This basic hierarchical structure cannot be changed in open-
BIS. In the specific case of our research laboratory, three research
groups share one openBIS instance. Some materials and methods
of well-known and often used objects are shared across groups,
but each group also has specific compartmentalized spaces, such
that the platform remains clean and tidy and data access stays
within groups. Additionally, there is a common space which can
be accessed by members of all groups where joint projects are
held. Finally, openBIS allows fine-grained user access manage-
ment down to a project basis with read or read/write permissions.

Space

Project

Experiment/
Collection

eDataset

Levels (top to bottom)

Object/
Sample

*Dataset

Fig. 1. Hierarchy structure of openBIS Instance.

The digital structure and hierarchy facilitate efficient data retrieval
and its effective use.

3. openBIS Functionalities

The openBIS system comes with three important functional-
ities for digitalizing workflows; the extract-transform-load (ETL)
function, the application programming interface (API) feature e.g.
pybis package, and the electronic lab notebook (ELN) and labo-
ratory information management system (LIMS), all of which are
explained in this paper.

An extract-transform-load function or ETL is a crucial con-
cept in data warehousing.[381 The first step of an ETL function in
the context of electronic lab notebooks is to extract raw data from
an external source such as an analytical instrument. In the second
step the raw data undergoes transformation; fitting the needs de-
fined by the researcher. The third step is data storage and archiving
such that it is accessible and ready for analysis. For the implemen-
tation of the second step, administrators as well as users should
be trained specifically on data management principles to provide
clean and well-described data input. The openBIS ETL function
serves as a pipeline for automatized data upload and metadata
extraction. An openBIS ETL pipeline (‘dropbox’ in the openBIS
jargon) is a Java or Jython script deployed on an openBIS server.
The script has access to the internal openBIS API and can cre-
ate arbitrary data and metadata on the ELN LIMS system. Once
deployed, it monitors a folder for incoming data and if the data
matches pre-defined criteria, it extracts metadata and derived data
from the uploads and stores them in openBIS. In this way, meta-
data for experimental data can be extracted automatically from
the provided measurements without any need of user interaction.

The openBIS framework allows any number of data objects
to be created in openBIS via either the web based interface or by
using various APIs (Python, JS, Matlab, REST). The objects in
openBIS are used to represent various research items such as proj-
ects, experiments, samples, datasets, efc. One can define a struc-
ture or systematic workflow of a specific project or experimental
setup via different kinds of folders containing metadata that are
called ‘projects’, ‘experiments’ and ‘experimental step’. One can
also create a dedicated database of materials or methods via the
so called ‘Collection folder’. The so called ‘Materials folder’ can
contain the information of samples commonly used for experi-
ments and the so called ‘Methods folder’ can contain a list of
instruments for performing experiments. The characteristics for
all samples logged can be defined in openBIS via the so called
‘Object type’. The object type is basically a blueprint for creating
specific objects. They determine the template of the object proper-
ties either pre-defined or custom and ensures consistency in defin-
ing similar objects. For describing how to operate an instrument,
a set of standard operating procedures/protocols (SOPs) can also

~™ Lab Notebook
® =X

2 Export vetacata 8 Data || & Expornt Metacata only

Fig. 2. The screenshot of the openBIS platform shows its Ul and respective
folders. More screenshots are available in the official documentation. 39
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be defined. A screenshot of the openBIS platform displaying the
important folders is shown in Fig. 2.

The data generated by instruments and their respective meta-
data can also be uploaded to openBIS via the user interface (UI) or
the implementation of a feature that is called ‘dropbox function’,
as developed by ETH. The data saved can have the properties/
parameters including units properly described with a standard file
format. This can then be used for data analysis on openBIS via
the implementation of a dashboard architecture and programming
scripts using Python or MATLAB programming languages.

Although the general operating structure of openBIS comes
with default admin settings and features, such as folder structures
and standard objects and object types; the structure can and most-
ly needs to be modified before the instance is set up for a specific
laboratory, depending on the localized needs.

Especially when working in cross-functional teams or mul-
tiple laboratories with varying analytical settings, but with a com-
mon base between all parties, one should collaborate on a shared
openBIS instance to facilitate interoperability. This characteristic
is further explained in-depth in this paper as it is tightly connected
to the data structure.

The openBIS servers (Application server and Data Store
Server) provide access to the ELN for users as well as an addition-
al admin user interface, which is a separate front-end application
for instance administrators. The ELN is the front end where most
users will interact with the system. Administrators have another
interface called ‘Admin interface’ to configure openBIS. Addition-
ally, users and administrators can use a REST (JSON-RPC) API,
which allows access to all openBIS functionalities by leveraging
the use of various programming languages, e.g. Python commands.

Furthermore, by using the so-called ‘dropbox function’ ad-
ministrators can configure ETL scripts to directly upload files
from the file explorer to a specific openBIS object. The ETL
scripts allow for more complex logical transactions including all
openBIS functions. The official openBIS documentation(*! is a
good resource to find more details about the functionality and
features provided by the platform such as the ELN, the dropbox
function, the admin API and additional tools. Also, to improve
content sharing between different laboratory instances and im-
proving interoperability, continuous efforts are being made in the
ETH domain with round the clock technical support available to
both the users and admins.

3.1 Setting up a Lab Instance

To mirror process steps or sample properties of a research
project and laboratory experiments in openBIS, their information
needs to be added in the form of an object (or data set). To better
represent the metadata specific to various entities, like samples,
chemicals, inventory items efc, it is often advisable to define cus-
tom objects, datasets and experiment types. These types are simi-
lar to classes or datatypes in programming languages and their
metadata fields can or must be filled by the user for a certain
object type. Each metadata field is assigned an internal name, a
user-readable label and a data type, which can be selected from
several basic types such as numbers, strings, dates or entries from
a controlled vocabulary.

The latter presents a powerful way to structure laboratory
metadata, as it unifies different notation standards by only allow-
ing values from a predefined set.

Additionally, administrators can assign property validation
and dynamic property scripts to object properties. Property vali-
dation scripts can be used to check if the data entered by the user
conforms to a specific set of constraints defined by a Python script
or a Java method. Dynamic properties can be used to compute
property values from other object properties using a Python script.

Although openBIS comes with several pre-defined ob-
jects, most administrators will need to create additional object

Table 1. Example object types of the chemical laboratory.

Measurements Chemicals Instruments Samples Information
LC MS CP External Instrument  Sample Publication
chemicals external
GC/MS Internal Instrument ~ Sample Staff
chemicals component internal
Instrument ~ Sample Supplier
service preparation
Sample type Target
Protocol
SOop
Table 2. Dataset objects of the spectroscopy laboratory.
Information Quality Diagnostics Measurements
Publication data Standard Spectroscopic Mass
operating  diagnostics spectrometry data
principle
Safety Oscilloscope Laser
data sheet  diagnostics spectroscopy
data
Certificate  Laser Diagnostics Oscilloscope data

image

Processed data

types according to their object needs (e.g. projects, processing
protocols, chemicals, instruments). For the purpose of an ana-
lytical chemistry laboratory with custom-made instruments, ad-
ditional object types are created which are represented in Tables
1 and 2.

Although this list is not exhaustive since new processes can be
introduced, they do include the most useful laboratory objects to
streamline a workflow. Furthermore, some objects were specifi-
cally introduced for a specific type of analysis, which turned out
to be helpful to facilitate the object search process.

3.2 openBIS Implementation

In openBIS, the process of importing information that is used
to define the workflow structure and data organization in the in-
stance is called ‘Master Data Import’. This includes setting up
schemas for metadata, controlled vocabularies, experiment types,
sample types, etc. To create these objects and object types in open-
BIS via master data import based on a defined schema, the user
can utilize either the Application Programming Interface (API)
or the web-based openBIS admin interface. The web interface is
the most convenient due to its graphical representation. Before
defining the structure of the objects, one needs to conceptualize
the desired structure, workflow, and properties. Thus, it is recom-
mended to create a draft of the workflow, the desired (or neces-
sary) metadata and processing. A workflow draft is illustrated as
an example in Fig. 3. The scheme shows a customizable workflow
in an analytical laboratory. The laboratory user modifies the sam-
ple using two processes. Each process uses a chemical to modify
the sample. Afterwards, the processed sample is transferred to a
laboratory instrument which is connected to a computer. The user
then measures a specific property of the sample and transfers the
data to the openBIS system.

For each of the shaded objects shown in Fig. 3, a set of meta-
data can be recorded and reported. When considering the sample
as an example object, one must consider all properties such as
weight, volume, concentration, efc. for workflow reporting. An
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Fig. 3. Scheme of an example laboratory workflow of analytical chemistry.

Table 3. Example resources for a pesticide determination workflow.

Resource Example Metadata

(see Fig. 1)

Process 1 Sample weighing Units (e.g. gm)
Chemical 1 Diatomite Symbol
Process 2 Soxhlet extraction Temperature
Chemical 2 Ethanol Concentration
Sample Tobacco Type
Laboratory Liquid column mass Model Number
Instrument spectrometer

example set of explicit resources for an analytical workflow is
shown in Table 3.

Processes can be defined with a selected granularity, e.g. a
task such as filtration might be considered as not relevant to be
reported on. Thus, it is recommended to rank sub-processes by
relevance with their defined parameters for efficient data report-
ing and organization in openBIS.

4. Implementation of Data Workflow

The implementation of a typical data workflow for a labora-
tory experiment and its integration with openBIS is done in sev-
eral steps as discussed in this section. Two specific application
examples as case studies utilizing openBIS are described in the
next section.

4.1 Data Preprocessing

As labs generally should and do keep track of their instru-
ments, chemicals, reference materials efc. in structured formats
(e.g. Excel, Access, Databases), it is helpful to write a parser and
import script in a programming language supported by the open-
BIS API, which converts the user entries to openBIS —objects
and stores them in the server. Another option is to use the XLS-
batch register function of openBIS (view openBIS documenta-
tion for detailed information).39 It allows users to download an
empty template of the specific objects which can then be filled
with properties and re-uploaded for creation of objects. Using a
parser in combination with the API pybis package uploads the
data efficiently in a single step. In contrast, the downside of us-
ing the XLS batch register is that data upload for creation of
objects needs additional steps. Prior to parsing, most data needs
cleaning. What is meant by data cleaning is the process of en-
forcing rigid notation standards on manually created (‘messy’)
data.[01 This is the most sensitive and time-intensive step of data
preprocessing, as it can very quickly lead to introducing incor-
rect data.

4.2 Handling Missing Values

When working with data originating from laboratory staff, it
is common to expect human errors where incomplete, unidentifi-
able, or wrong data is entered or provided. It is crucial to think
about how to handle these missing or flawed data values, as some
missing properties will have more impact on the data integrity
than others and can be problematic for data analysis. Ideally, the
less critical information should be marked as optional from the
beginning to ensure the recording of data is not hindered. Also,
this can avoid creation of objects with insufficient data. For the
properties which are considered necessary for the utility of data,
they can and should be set as mandatory to record. This ensures
all the key information is recorded. Additionally, where a key
property is missing, assigning a sensible default value is crucial
to maintaining the dataset’s usability. For example, a placeholder
value such as ‘none’, or ‘0’ for text fields and numerical fields re-
spectively, can be used. These data categorizing measures help in
standardizing the dataset recording and reduces the risk of errors
in dataset processing.

4.3 Mapping Properties to Objects

If objects are uploaded with the API (in this case using its
python implementation, pybis), the mapping of a source property
to the corresponding openBIS-object needs to be defined. This is
mainly done using the pandas Python packagel*!l and the map
function of data frame objects. Before mapping analytical proper-
ties with their respective openBIS property, they must be con-
verted to the notation defined on openBIS. An example to demon-
strate this concept is shown in Fig. 4.

Source Database OpenBIS System

OpenBIS Object Property

*CHEMICALS.TYPE
* CHEMICALS.CAS_NUMBER
*CHEMICALS.AGGREGATE_STATE
* CHEMICALS.CONC_UNIT

* Chemical Type
¢ CAS-Number

* Aggregate State
* Concentration

Fig. 4. Mapping of source data to openBIS data.

After conversion of the objects’ original units to the previously
created openBIS object property, we iterate through all data frame
entries and create the objects in openBIS. For transparency, the
openBIS properties are written with capital letters. It should be
noted that ideally, the source data adheres to a standard such that
it allows for data enrichment from an external database, such as
PubChem.

4.4 Datasets Upload with Respective Properties

When migrating data to openBIS, it can be efficient to upload
datasets in batches, especially when the datasets are easily identi-
fiable (e.g. all *.csv-Files) and held in complex folder-structures.
Using Python in combination with the API, we can iterate through
all subfolders. If the name or content of the file holds metadata of
the experiments in a structured readable format, it can be used as
an additional input when creating the openBIS-object.

4.5 Management and Retrieval of Information

The web interface of openBIS allows users to easily manage
their projects, experiments, samples, protocols, and objects. Espe-
cially when small changes need to be done to individual objects,
it is usually faster via the web interface.
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5. Application Workflows

In this section, two case studies of openBIS-implementations
consisting of easy to complex workflows are highlighted. The first
example will discuss the development of the Extract-Transform-
Load (ETL) function for its use in efficient upload and storage of
datasets to openBIS as generated from Mass Spectrometry experi-
ments and the second example consists of a detailed guide through
the architecture process of a user dashboard for live diagnostics
and analytics of a high-power laser facility.

The following subsections give an overview of useful work-
flow blocks, such as creation of new objects, connection of ob-
jects and metadata extraction for specific formats. It should be
noted that we consider spectroscopic data in a readable text-based
format, but it can be applied to text-based files of any nature with
a known structure.

5.1 Case Study I: ETL for Analytical Data

To address the local needs of our analytical chemistry lab, an
ETL function (mentioned in section 2) for the automatic creation
of openBIS objects based on Mass Spectrometry (MS) data was
developed. The aim was to automate the upload of datasets from
the MS instrument directly to openBIS instance, while extracting
human-readable metadata for the openBIS user interface.

The files came in the default raw format, which is the file
format used by a certain instrument manufacturer. The developed
script was then tested using a local openBIS instance, which was
deployed using the Docker image provided by the Scientific IT
Services in ETH Zurich. A docker image is a full openBIS server
in a single file, which can run as a portable executable file on any
machine.

The standard workflow in openBIS involves creating objects
with properties that identify and describe the experiments. Thus,

1 experiment

2 batch no.

3 sample type
4 injection no.
5 sample name

filename parts >57

split flename

Drop file

the metadata should be available upon creation of this object. As
many spectroscopic data formats are not readable with text edi-
tors but need special proprietary software or additional packages
installed, it can be useful to structure filenames with information
about the experiment itself. If this is not practical, a readable
and structured text file can be additionally created which con-
tains all metadata in a structured format, such as JSON, CSV
or YAML. Sometimes, proprietary software allows the export
of a machine-readable file, which holds experimental metadata.
As the openBIS ETL plugins must use the Jython release of
Python,*!l which is based on Python 2, it is unlikely that one
can use publicly available packages to read specific metadata
special formats.

Therefore, most of the information, rather than being extracted
from the raw data, was encoded in the filename and then uploaded
to openBIS.

For the case of the mass spectrometry data, the structured file-
name approach was used. The implementation was done accord-
ing to the structure shown below, where PROJECT corresponds
to the openBIS-internal immutable CODE-field of the ordinate
project. Batch, sample type, injection and sample name were de-
sired identification fields that in combination are unambiguously
assignable to one measurement.

PROJECT_BATCH-SAMPLETYPE-INJECTION-SAMPLE-
NAME.RAW

The developed Jython script splits the filename at underscores
and parses the attributes sequentially, after checking for the va-
lidity of their values. The validity checks and transactions with
openBIS API are shown in Fig. 5.

In openBIS, both metadata and data are managed effectively.
When utilizing custom ETL processes, any upload results in an
entry that is more readable and includes linked raw data. By hav-

A: Analyte

B: Blank

IS: Standard

S: Solvent

SM: Standard material
None

I:sample type _ sample name

—
create
openbis-
samplename

assign sample
type

—

)

sample on

End

Adhere to
existing object
as data

Create new
sample object,
adhere data

Fig. 5. Process scheme of openBIS-dropbox for MS-data

openBIS
already?

create sample

— ID

OpenBIS
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ing metadata and raw data interconnected, clarity and organiza-
tion are significantly enhanced.

5.2 Case Study II: Dashboard for Instrumentation

The diagnostic elements installed in a laser facility such as
cameras, spectrometers, oscilloscopes and energy meters, all push
raw data, which gives information such as beam characteristics,
etc. For the ongoing development of the terawatt laser facil-
ity,[43-451 a custom dashboard was required for live monitoring,
smart diagnostics, data analysis, as well as data post-processing.
For this purpose, the following steps were taken: Creating a list
of requirements with clearly defined functionalities. Outlining a
design and user experience functionality (must have & nice to
have). A schematic view of the live dashboard functionality is
given in Fig. 6

The project requirements outline a comprehensive set of
needs from both an operative and academic perspective. From an
operative standpoint, there is a clear need for a dashboard system
capable of visualizing spectroscopic data directly from the open-
BIS data storage and management. This includes the ability to
monitor and diagnose issues with the laser instrument based on
the data stored in the LIMS. Additionally, there is a requirement
to execute data processing codes with special functionalities,
such as compressive sensing.[4l Moreover, the dashboard should
facilitate diagnostics of tabletop laser systems, enabling the eval-
uation of specific parameters and displaying the system status.
On the user side, efficiency and functionality are key. Users need
rapid uploading of spectroscopic measurements from the laser
system to openBIS, with a target time of less than 10 seconds per
upload. They also require tools for visualizing and interacting
with the spectroscopic data, such as zooming and shifting func-
tionalities.

[WNWWVU ib{wil

Fig. 6. Scheme of the functionality of the Laser Facility dashboard.

Furthermore, the dashboard should stream diagnostic videos
from up to six cameras, allowing users to take snapshots of each
camera’s feed. Users should also be able to adjust camera set-
tings like pixel clock, framerate, and exposure directly within the
dashboard and ensure that snapshots are saved directly to open-
BIS with proper references. Moreover, users require quick access
to diagnostic data from various sources. This includes diagnostic
data from oscilloscopes and energy meters, which should be up-
loaded to openBIS within seconds. Users should also have the
capability to analyze specific parameters, such as the maximum
peak intensity from the digital oscilloscope. Additionally, energy
meter readings should be uploaded to openBIS every 45 seconds,
while the dashboard updates every 2 seconds.

Data storage and archiving also plays an important role here,
as the live data is uploaded from the laser diagnostics elements
at predefined intervals. Such kinds of laser facility need approxi-
mately 1 Terabyte of storage space per month.

Following the detailed delineation of these requirements, a
preliminary version of the dashboard was developed and subjected
to user testing. This iterative process involved gathering feedback
from users to refine the dashboard’s features and functionalities,
ensuring it effectively meets the diverse needs outlined by both
business stakeholders and end-users. After definition of the con-
text and user requirements, a first pilot version of the dashboard
was created and tested by the user. A wrapper for the API pybis
package is advantageous, which is a customized set of functions
which reduces the complexity for developers. Because the laser
facility is equipped with multiple diagnostics and spectrometers,
multiple oscilloscopes, energy meters and multiple cameras, these
sensors need to be connected and configured with automatic data
storage. This was configured using a Jython-dropbox similar to
the one shown in the previous section. Functions to download
the data to the dashboard server and display it to the user in a
web-interface were developed in a generalized way to ensure reus-
ability for developers.

It is apparent that reusable code is designed in a way that en-
ables usage to future developers, as there are no hard-coded vari-
ables. Rather, all variables are used as inputs to the function. For
visualization of the synchronized data from openBIS, the open-
source library Plotly was used.[*”1Tt provides functionalities to use
templates as well as highly customized, interactive plots. Using
the data downloaded according to the live data retrieval, visualiza-
tions with specific functionalities in mind were designed. Like the
data retrieval, the visualizations were created in a design-pattern,
which enables code to be re-used.

To fulfill the requirements on diagnostic functionality of the
dashboard, the data needs to be evaluated for specific properties
(e.g. extracting statistics, applying algorithms). Because of the
highly customized nature of these processing steps in every project,
we focus on some widely used functions and their implementation.

Table 4. Functions implemented for the dashboard and their descrip-
tion.

Function name
fetch_diagnostic_picture_objects

Description of function
Gets all datasets with type
‘Diagnostics_Image’ from
openBISs and creates an
object for each before storing
it in a dictionary.

Checks if the maximum
value of an array is in a given
range.

Calculates the full width at half
maximum of an array

Gets the index of the maximal
y and the full width at half
maximum of an array
Extracts indices of the list
that corresponds to the
reconstructed dataset.

This function reconstructs a
signal from a sparse dataset
using compressed sensing

by optimizing the solution to
the underdetermined linear
system with 11- normalization
and a conical solver.

check_ramp_max_in_range

calculate_fwhm

X_at_y_max_count

extract_sample_indices

compressive_reconstruction
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It is important that these functions are not written in a so-called
‘in-place pattern’, where the original data structure is modified. In
the field of computer science, the data structures are classified as
mutable and immutable. The latter approach is often needed to be
adapted by functional programming languages whereas compared
to the former, the data structure is not modified in memory but new
copies are created to retain the original in memory. A list of func-
tions implemented for the dashboard and their respective affects
are listed in the Table 4.

Lastly, it should be possible to re-upload processed data and
link it to the raw data — and ideally also link it to the code with
which it was processed. The newly created data will be flagged
such that its source is known. This is especially important for the
function which reconstructs spectra, such that the computed result
can be re-used. In Fig. 7, the screenshot of the live dashboard is
presented as an example.

EMPULS Live Dashboard

Diagnostics

Preparationwith Chianti Analysis of OpenBIS Data

Camera-Beamprofile

NEARFIELD NEARFIELD NEARFIELD
STRETCHER

FARFIELD FARFIELD FARFIELD
AMPLIFIER ~ REGEN STRETCHER ~ AMPLIFIER ~ REGEN

HEEBOE

Video Stream in Dash App

Oscilloscope-Evaluation

osc1 xv | Testt

Picoscope-Evaluation

Spectrometer Diagnostics

A

a0 0 3 1000

y_maxisatx-position 1054.56, FWHM: 3.08

Fig. 7. A screenshot of the live dashboard for the EMPULS laser facility
shows spectra, beam profiles, oscillator pulse train, amplifier ramp-up
signal.

6. Conclusions
In this project, we have developed a comprehensive set of best

practices for the use of openBIS. OpenBIS is an open-source ELN
and LIMS, which is enhanced in combination with Python pro-
gramming for digitalization projects within the scope of labora-
tory data management. The aim of this paper was to summarize
the processes and techniques developed over a two-year period,
highlighting the capabilities and ease-of-use of openBIS in mod-
ern laboratory settings. The key findings and takeaways are sum-
marized as 10 golden rules, as follows:

1. openBIS Complies with FAIR Data Management: openBIS
offers a flexible framework that facilitates adherence to the
FAIR data management principles (Findable, Accessible, In-
teroperable, and Reusable). By using openBIS, researchers
can efficiently manage large datasets with a focus on data
quality and metadata.

2. Understand Data Structure and Workflow Before Digitaling:
The importance of planning the data structure and work-

flow in advance was emphasized. It is essential to define

the desired metadata, properties, and processing steps before

implementing the system. This thoughtful approach ensures
that data management aligns with the specific needs of the
laboratory.

3. Map Physical and Digital Structure: We discussed the physi-
cal and digital structures of the laboratory and how openBIS
can accommodate both general hierarchical structures and
customized configurations to suit the needs of cross-function-
al teams and individual groups. The fine-grained user access
management in openBIS ensures data privacy and security
within a collaborative environment.

4. Do Data Cleaning and Parsing: Data cleaning and parsing
are crucial steps in the data management process. Methods for
converting structured data from external sources into openBIS
objects were explored, highlighting the importance of main-
taining data integrity during these processes.

5. Have a Policy for Handling Missing Values: Managing miss-
ing data is a common challenge when working with experi-
mental data. It is suggested that administrators and users as-
sess default values for objects if feasible.

6. Shape and Mapping Properties to Objects: The process of
mapping source properties to openBIS objects is discussed,
emphasizing the use of data conversion to match openBIS
property notations. This step is critical for creating well-struc-
tured and organized data objects with rich metadata content
on openBIS.

7. Batch Push Datasets: For efficient data migration, we intro-
duced the concept of batch uploading datasets, particularly
for files held in complex folder structures. The use of Python
programming language simplifies the process of data transfer
to openBIS.

8. Dashboard to Pull Data/Metadata: We presented a case study
where we developed a custom dashboard for live diagnostics
and analytics in a laboratory setting. We outlined the require-
ments, design considerations, and technical aspects of creating
a dashboard tailored to specific user needs.

9. Data Visualization is Key to Fast Insights: In the dashboard
development process, the use of open-source libraries like
Plotly and Dash for data visualization and the importance of
standardized design patterns to ensure code reusability was
discussed.

10. Data Traceability Requires Iteration: We stressed the signifi-
cance of re-uploading processed data into the ELN after analy-
sis and linking it to the respective raw data to ensure trace-
ability. By linking the processed data to its original raw data,
the openBIS system maintains a clear connection between the
two. Flagging newly created data helps maintain transparency
and source attribution.

In conclusion, the integration of openBIS with Python and the
development of custom tools and dashboards have the potential to
greatly improve data management in research laboratories.

openBIS provides a robust platform for all research laborato-
ries and is especially relevant for analytical labs as it streamlines
the management of large volumes of scientific data and organi-
zation of complex datasets. Its ability to integrate with different
instruments and existing workflows makes it adaptable to spe-
cific lab needs, improving efficiency and productivity. It enhances
data integrity and traceability, ensuring that all experimental data
and metadata are securely stored and easily accessible. It also
enhances collaboration by allowing researchers to share data and
track experiments in real-time while also supporting compliance
with regulatory standards. These features make openBIS a valu-
able tool for any laboratory environment, ultimately accelerating
scientific discovery and innovation.

By following the principles and techniques outlined in this
paper, researchers can enhance their data management practices,
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making their work more efficient and in line with contemporary
standards. Ultimately, the successful digitalization of laboratory
data is crucial for advancing research in various scientific disci-
plines.

Appendix I: List of Abbreviations

FAIR Findable, Accessible, Identifiable, Reachable

ETL Extract, Transform, Load

JSON JavaScript object notation

ELN Electronic Lab Notebook

LIMS Laboratory Information Management System

SOP Standard Operating Procedure

CSV Comma separated values

IS Information systems

MS Mass Spectrometry

FWHM Full Width Half Max

API Application Programming Interface

LC Liquid Chromatography

JS JavaScript

RPC Remote Procedure Call

REST Representational State Transfer

APIs Application programming Interface

GC Gas Chromatography
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