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Abstract. Laboratory research often depends on heterogeneous, frequently legacy
instruments that export results by “dropping files” onto Windows workstations, cre-
ating provenance and metadata gaps before data reaches electronic lab notebooks
and research data management (RDM) platforms. As a remedy, we present data-
post (d-post), a workstation-side ingestion layer that monitors these file drops, vali-
dates lightweight human-readable naming at the moment of emission, assembles sta-
ble record folders with captured provenance, and synchronises records to an RDM
platform (e.g., Kadi4Mat) through a narrow sync connector boundary.

d-post minimises coupling by relying on filesystem events and modular device plu-
gins that handle device-specific export patterns, stability windows, and lightweight pro-
cessing. Deployed at the Battery LabFactory Braunschweig on a particle size analyser,
a universal testing machine, and a scanning electron microscope, it supports workflows
such as grouping related artefacts, threading series via sample stems, and managing
large or composite exports with appropriate stability policies and idempotent staging.
These mechanisms aim to reduce operator burden and support sample-centric trace-
ability across research, production, and characterisation chains.

Ongoing work targets broader platform support, richer metadata and ontology
alignment, and tighter ELN/RDM integration, with the longer-term aim of a central raw-
data repository and lab-scale knowledge graph to support discovery, reuse, and incre-
mental automation. The d-post source code and configuration examples are available
at https://github.com/altshiftj/d-post.
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1. Introduction

University laboratories are critical infrastructures for energy-systems research and ed-
ucation. Yet experimental data and metadata are produced across a heterogeneous
mix of instruments and practices, making reliable end-to-end provenance capture diffi-
cult. Over time, this yields results that are hard to find or reproduce and can contribute
to the erosion of institutional knowledge as personnel change [1], [2], [3]. In order to
prevent this knowledge loss, community guidance such as the FAIR principles empha-
sises machine-actionable metadata, persistent identifiers, and interoperable formats
as prerequisites for findable, accessible, interoperable, and reusable research data [4],
[5].

Downstream systems such as Electronic Lab Notebooks (ELNs), Laboratory Infor-
mation Management Systems (LIMS), and other research data management (RDM)
platforms support curation and publication workflows [6], [7]. In practice, however, plat-
forms such as Kadi4Mat and Zenodo often receive data well after it is generated, relying
on ad hoc manual steps or user-specific scripts [8]. This temporal and procedural gap
between file creation and structured ingestion creates opportunities for metadata loss,
naming inconsistencies, and broken traceability, particularly when staff turnover erodes
local conventions.

Closing the ingestion gap requires standardising data ingress across modern and
legacy instruments that expose proprietary or bespoke interfaces [9]. Standards such
as OPC UA and SiLA2 offer typed, discoverable device interfaces [10], [11], [12], yet
many instruments still behave as “drop-file” emitters. Workstation-side ingestion must
therefore tolerate brittle exports while enforcing operator-facing rules for naming, raw
formats, and contextual metadata within and across institutions.

These challenges are pronounced in interdisciplinary energy- and manufacturing-
oriented research [13], [14], where long, heterogeneous process chains combine man-
ual and automated data acquisition [15], [16]. Systems must also link process param-
eters with intermediate and final product properties, adding spatial and temporal com-
plexity [17], [18]. Battery-cell manufacturing exemplifies these needs, and the Battery
LabFactory Braunschweig (BLB) is such a representative setting where instrument-
specific file drops and operator-dependent naming persist alongside emerging digital
infrastructure efforts [15], [19], [20].

With these challenges in mind, we derive design requirements for a lightweight
ingestion layer that operates adjacent to raw file emission while remaining compatible
with research data environments.

R1 Non-invasive ingestion Use filesystem events for low coupling.

R2 Pluggable device adapters Provide modular processors to normalise heteroge-
neous outputs.

R3 Metadata enhancement & provenance Capture contextual naming, device infor-
mation, and transformation lineage.

R4 Interoperability hooks Enable timely synchronisation/export into ELN/LIMS/RDM
platforms.

R5 Operational resilience Keep deployment simple, exposing clear logs/metrics to
mitigate knowledge-loss risks.

R6 Extensibility & evolution Leave headroom for new devices, richer traceability,
quality gates, and metadata extraction.
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To meet these requirements, we present d-post, which bridges raw file emission
and downstream RDM platforms by capturing at emission, enforcing standardised nam-
ing, preserving native artefacts, and synchronising provenance-linked records [4], [11].
Our contributions include a plugin-based architecture that encapsulates device and
workstation heterogeneity while keeping deployment lightweight, a practical scheme
for naming validation and record construction at emission time, and interoperable syn-
chronisation hooks. Finally, we present an initial deployment at the BLB that illustrates
end-to-end operation and how naming enforcement and stability policies can improve
operational reliability and user experience.
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Figure 1. Conceptual overview: d-post transforms raw instrument files into structured,
provenance-bearing records on the workstation and synchronises them to an RDM platform (e.g.,
Kadi4Mat). The generic architecture supports heterogeneous devices while maintaining consistent

capture and processing, followed by synchronisation to downstream platforms.

2. Related Work

Efforts to automate data ingestion span from lightweight stream watchers to fully au-
tonomous lab orchestrators. Complex research in chemistry, biology, and materials
science, as well as mission-critical data capture and interpretation in healthcare, have
encouraged such automation.

In modern healthcare settings, pipelines continuously mirror operational records to
analytics backends and replace manual extraction with configurable flows, improving
clinical monitoring, alert systems, and patient processing [21]. Materials science com-
munities adopt similar concepts: CRADLE offers a distributed, data-centric environ-
ment that integrates heterogeneous instruments, storage, and analytics so workflows
can be ingested, curated, and analysed at scale [22]. Automation-heavy pipelines
described by Bai et al. demonstrate knowledge graph-based laboratory platforms that
couple instruments, ontologies, and agents to steer experiments while integrating prove-
nance capture directly within closed-loop optimisation routines [23], [24].

While this established science has informed this work, these environments often
treat data pipelines as abstracted flows and automated analytics. The ultimate goal of
laboratory automation is shared; however, the current focus of d-post is to provide a
scientist-centric approach that encourages FAIR awareness and data sharing practices
organically from the bottom up. Data originates at the device, the device is driven by
the scientist, and the scientist is the ultimate consumer and steward of their data. This
software aims to aid and inform scientists as they create data, facilitating research data
management practices within the laboratory.
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3. Methodology

d-post is written in Python and designed to run as a persistent background service on
device workstations. The codebase is packaged into standalone executables, eliminat-
ing the need for operator-managed environments or dependencies. Each workstation-
specific build embeds configuration via PC plugins that declare active device plugins
and override default paths or naming rules as needed. Architecturally, d-post is de-
signed to generalise beyond a single instrument class or a single RDM platform by
separating workstation-side ingestion from platform synchronisation.

Atingestion time, it captures lightweight provenance at emission and mirrors record
folders and metadata to downstream RDM platforms via connector-based synchronisa-
tion [4], [11]. Although our initial deployment targets Kadi4Mat, platform integration is
concentrated in a narrow connector boundary: create or resolve a platform record, at-
tach the local record folder, and write metadata/provenance fields. This keeps device-
specific capture logic independent from platform-specific APIs and allows the same
workstation behaviour to be reused across multiple platforms.

3.1 Runtime Architecture

d-post runs as a workstation-side service that monitors a configured upload folder and
processes file-creation events in a single-threaded loop to keep user interactions re-
sponsive [25], [26]. Workstation configuration specifies watch/destination paths, nam-
ing rules, and the enabled device plugins. Background services expose structured logs
and Prometheus metrics, complemented by a lightweight observability web Ul.
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Figure 2. Processing pipeline: d-post processes filesystem events into stable record folders by waiting
for file stability, resolving the responsible device plugin, enforcing naming, constructing records,
applying device-specific transformations, and synchronising records and provenance to a downstream
RDM platform via a configurable sync connector while emitting logs and metrics.

Instrument-specific behaviour is encapsulated in device plugins that implement a
common processor interface, keeping the core pipeline generic while allowing inde-
pendent evolution of device handling. Each plugin defines selection rules and any
preprocessing or content probing needed to normalise outputs before appending them
to the record folder. Workstation configuration binds enabled plugins to file selectors,
batching rules, and metadata (e.g., identifiers, tags), ensuring only relevant devices are
monitored.

Platform synchronisation is delegated to a sync connector that encapsulates the
target RDM platform API for record attribution and organisation (e.g., ownership, col-
lections, tags). This keeps connectors interchangeable: additional ELN/LIMS/RDM
platform connectors can be implemented without changes to device plugins.
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3.2 User Experience

d-post is designed to run unobtrusively as a background service, with user interac-
tions relegated to exceptional cases, such as naming convention violations, where
modal dialogs guide users to correct issues. To keep capture low-friction while main-
taining consistency, d-post validates a lightweight filename schema (e.g., user—inst—

sample_name, where inst denotes the user’s institute abbreviation) and prompts op-
erators to remediate violations when needed (Figure 3).

@ Rename File — O X f Rename File — O X
Example: MuS-inst-Sample_A Example: MuS-inst-Sample_A
Invalid Filename Invalid Filename

SEM Test MuS-inst-SEM&Test

- Filename must have exactly 3 parts separated by -, - Sample may only contain letters, digits, underscores/spaces.

MName (Initials): Name (Initials): I

Institute (Initials): Institute (Initials):
Sample Name:

oK | Cancel \

Sample Name:

oK | Cancel |

Figure 3. Naming convention enforcement during data ingestion: prompts shown for improper
formatting (left) and invalid characters (right). Comprehensive logging captures all actions and errors in
structured JSON format, facilitating troubleshooting and audit trails.

Upon proper naming and successful processing, the data is mapped to the user
based on the provided filename, and the record is synchronised to the connected RDM
platform. Permissions within the platform are assigned to the identified user, the gen-
erating device, and a collection of records aggregating all raw data generated by that

user from all devices within the lab (Figure 4). Data backups are maintained on the
respective device workstations as well.
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Figure 4. Integration with KadidMat: device links (left) and complete raw data collection (right) as
managed by d-post, preserving provenance and metadata while providing an aggregate data overview
for users. Here, each node is a set of files (i.e., a record) uploaded from the respective device.

Device-specific example applications are provided in Appendix A.

4. Discussion

Building on the modular runtime architecture described in Section 3, we discuss practi-
cal scaling and near-term evolution of d-post along two threads: (i) widening instrument
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coverage through community-maintained device plugins and (ii) progressively enrich-
ing captured provenance so records can later align with shared semantics and support
literature-facing traceability. Figure 5 summarises these two threads.

4 N 4 N
Develop Provenance
Implement/adapt plugin Capture traceable records
= J = %
v ¥
4 N 4 R
Validate Literature
Test on representative workflows Link claims to records
\ )
v v
@ ) ' N
Share Ontologies
Publish with docs/examples Map to shared terms
. / _ /
(a) Community device/plugin adoption. (b) Provenance—literature—ontology alignment
linkage.

Figure 5. Two complementary evolution loops for d-post: a community contribution cycle that scales
instrument coverage while maintaining robust, deterministic capture (left), and a progressive
enrichment pathway in which captured provenance supports literature-facing traceability and later
ontology alignment (right).

4.1 Scalability Through Community Device Plugins

Long-term scale depends on widening instrument coverage beyond what a single labo-
ratory team can maintain. d-post therefore follows a plugin model in which each device
adapter encapsulates only the minimal device-specific logic (selection rules, prepro-
cessing, and final placement), while the core application provides shared concerns
such as naming validation, staging, record construction, logging, and sync orchestra-
tion.

A practical scaling path is community-driven: a public plugin template, contribution
guidelines, fixture-based tests with representative raw files, and review criteria that
check deterministic behaviour and provenance completeness. This governance model
distributes maintenance effort while keeping quality controls central.

4.2 Future Work

The next phase focuses on scale and depth, pairing broader instrument coverage with
richer context capture to strengthen traceability and interoperability. We aim to expand
the catalogue of device plugins so d-post spans more lab topologies, and to embed
richer in-stream metadata capture so contextual fields travel with every record and
ELN upload. In parallel, we plan to retrofit legacy data with the same naming and
record-construction rules to standardise historical drops.

To ensure that increased instrument coverage and richer context capture translate
into reusable records, we view semantic interoperability as a valuable next step: making
workstation-captured records reusable across platforms and future-proof for later inte-
gration. Rather than requiring fully specified ontologies at acquisition time, we aim for
a lightweight provenance contract captured at emission that can be progressively en-
riched and mapped to shared terms downstream [4], [5], aligning with ontology-based
traceability proposals for battery manufacturing data acquisition [16], [19].
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In d-post, this contract acts as a provenance spine captured at ingestion: sample
identifier, device/plugin identity, event time, record folder, and an agent/context signal
inferred from naming and workstation placement. Optional links (e.g., method/protocol
references, process-chain relations, derived artefacts) can be added later without in-
creasing the operator burden at acquisition time.

With stable record identifiers (e.g., repository-backed dataset bundles) and con-
sistent provenance, manuscripts could reference the records underlying a figure/table
or key numerical claim, enabling auditable linkage from scientific claims directly to evi-
dence. Beyond auditability, we see potential in using provenance-to-literature linkages
to strengthen ontology alignment: publication context can provide an additional sig-
nal to guide mapping to existing terms and to prioritise enrichment where it matters
for interpretation. Once consistent provenance exists, it can be aligned later to richer
domain ontologies and broader knowledge-graph architectures without revisiting the
original raw files [23], [24], [27], [28].

5. Conclusion

d-post shows that a modest ingestion layer can sit beside legacy instrumentation and
assist in the production of data records that are immediately useful to downstream RDM
platforms. By combining naming validation, provenance-preserving record folders, and
platform synchronisation, d-post narrows the long-standing gap between “drop-file”
practices and FAIR-minded curation without demanding protocol-level adoption from
instrument vendors.

Device plugins isolate the difficult aspects of device-specific raw data normalisa-
tion into manageable modular units while higher-level services handle cross-cutting
concerns. This separation of concerns keeps the core application stable while allowing
incremental growth of device coverage.

Case-driven integrations at BLB further illustrate the payoff; detailed device walk-
throughs are provided in Appendix A. The adoption of a particle size analyser, universal
testing machine, and scanning electron microscope within the BLB suggests that up-
front effort to standardise device analytical tests and enforce naming conventions can
facilitate more reliable data capture and simplify research workflows for scientists. As d-
post continues to expand, it aims to enhance both the efficiency of scientific processes
and the quality of research data management.
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A. Device-Specific Example Applications

To ground the architecture in practice, this appendix (i) recalls the end-to-end pro-
cessing pipeline that turns filesystem events into stable record folders (Figure 2), (ii)
summarises common workstation/device topologies observed in drop-file laboratories
(Figure 6), and (iii) presents three concrete instrument integrations and their capture
policies.

User

(from Institute A) O
O O O O
ﬁm

Sample

( Sample ’ Sample N /Sample A\/Sample B\

Device

Device - Device A Device B Device A Device B
Device

Device T Device i Device Device | Device
Software, SWA | SWB SWA | SWB
i 1
PC PC PC
d-post A d-post B d-post C d-post D
Databus

Figure 6. Observed workstation/device configuration patterns in drop-file laboratories:
multi-instrument, multi-sample data flows converge via device software and workstation plugins into a
unified databus. The diagram highlights where lightweight integration work is needed to make
heterogeneous device software emit predictable drops, enabling consistent capture and scalable
deployment across devices, samples, and institutions.

These patterns motivate the case studies below, which show where integration
effort lives (instrument export configuration vs device plugin policy) and how heteroge-
neous drops can be made repeatable.

We illustrate this approach on three instruments at the BLB: a laser diffraction par-
ticle size analyser (PSA), a universal testing machine (UTM), and a scanning electron
microscope (SEM). Each case starts from a concrete data-management problem and
shows how d-post turns loose file streams into stable, sample-centric research data
records.

A.1 Laser Diffraction Particle Sizing (Horiba Partica LA-960)

Laser diffraction particle sizing provides important insights into the size distribution of
powders and slurries used in battery manufacture at the BLB [17], [29], [30]. The
Horiba Partica LA-960 in use at the lab writes a native .ngb and an exported .csv per
measurement, with data managed by bespoke software that leaves users repeatedly
navigating within the device Ul and file dialogs. Adopting the Partica LA-960 requires
standardising file naming and configuring the manufacturer’s software to automatically
emit all files in a single folder for d-post ingestion. A flowchart depicting device-specific
processing is shown in Figure 7.

Implementing d-post at the Horiba PSA can reduce manual handling and make
capture more consistent for operators. By exposing file naming within the device
software and configuring automatic saving and export to a single monitored folder,
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Figure 7. Horiba PSA batch processing: d-post buffers each native .ngb until a matching . csv
appears, pairing both as a single measurement. A . csv arriving first acts as a sentinel, triggering
sample name extraction and series flush upon the final .ngb arrival. Measurement pairs are staged
and, once complete, organised into record folders and synchronised to the RDM platform.

measurement-time file handling is reduced. Researchers can focus on sample prepa-
ration and measurement rather than file-management while d-post validates naming,
groups artefacts into record folders, and synchronises records to the RDM platform
with captured provenance.

A.2 Universal Mechanical Testing (Zwick/Roell UTM)

Universal mechanical tests at the BLB help scientists explore the adhesive strength of
materials to electrodes, as well as conductive behaviour of electrodes and materials
under pressure [31], [32], [33]. When measuring, the Zwick/Roell Z020 UTM writes
a native .zs2 file per run and exports a single Excel workbook (.x1sx) at the end of
testing, containing the per-run data and the statistical summary. As with the particle
sizer, the device is constrained via its software to centralise naming and file sequencing
so that d-post receives orderly, predictable drops. Figure 8 depicts the device-specific
processing flow.

Emit Sync
.zs2/.x1lsx to RDM

Exported
——>
.x1lsx?

no

Group by Accumulate
stem snapshots
1

Flush

) Record
series

Figure 8. Zwick UTM series processing: d-post groups native . zs2 outputs by stem, accumulates run
snapshots, and flushes the series when the exported Excel workbook (.zlsz) appears. Complete
records are synchronised to the RDM platform.

At the UTM, d-post can improve data consistency and reduce operator overhead.
Automated saving and exporting to a single location, together with incorporating nam-
ing conventions within the device software, reduces manual file handling. This can
save time and reduce the risk of data loss due to misnaming or misplacement.

A.3 Electron Microscopy (Phenom XL2 SEM)

In battery manufacture and research, scanning electron microscopy enables detailed
visual analysis of electrodes and material deposition as well as elemental composition
[34]. The Phenom XL2 SEM at the BLB emits .tif images and element identification
(ELID) export directories that mix descriptors, images, and spectroscopy results. d-post
adoption of the device requires little beyond enforcement on a sample naming field,

10
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except that ELID exports are written incrementally with temporary files appearing and
vanishing unpredictably, requiring a robust stability policy before ingestion (Figure 9).

Emit Sync
.tif /ELID to RDM

Normalise yes | Wait for
stems H stabilty [ 2P ELID Record

Figure 9. Phenom SEM processing: d-post normalises image stems, applies stability windows, and
archives ELID exports. . tif files bypass archiving and are added directly to records.

At the Phenom SEM, the same pattern applies: naming enforcement and auto-
mated file handling reduce manual data-management steps, allowing researchers to
focus on microscopy tasks.

A.4 Cross-Cutting Observations

Across these three integrations, the device-specific portion of the capture policy is small
but essential: batch-completion triggers, stability windows for incremental or compos-
ite exports, and repeat-safe staging and finalisation so that repeated filesystem events
converge to a deterministic record update. Within this envelope, d-post applies a con-
sistent workstation-side pattern—deferred finalisation based on reliable triggers, idem-
potent staging of coherent bundles, preservation of native binaries, and sample-centric
scoping—to support consistent, audit-ready records with low operator overhead and a
reusable template for future device integrations.

11
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