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Abstract. The Persistent Identification of Instruments (PIDINST) schema, developed by

the Research Data Alliance (RDA), provides a standardized framework for globally unique,

persistent identifiers to scientific instruments. In this paper, we explore the applicability of

the PIDINST metadata schema to three experimental facilities from different research areas

of the German Aerospace Center (DLR). We aim to evaluate the degree of applicability of

the schema on different use cases to highlight its strengths and identifying possible areas

for improvement. The methodology consisted of conducting a survey. For each facility, the

instruments were described using the PIDINST schema. The value for each property was

assigned a category and subsequently counted and averaged. The results of our study

suggest that the PIDINST schema is around 70% applicable to our three use cases. The

remaining 30% requires a deeper analysis due to the limitations of our method.

1 Introduction1

High-quality metadata is essential for the sustainable use and reusability of data [1] generated by2

scientific instruments. For that reason, automated, machine-readable, and schema-compliant3

metadata descriptions are indispensable for the efficient and reproducible replication, repro-4

duction, and re-use. All of which are relevant to third parties, colleagues, or even the original5

researchers themselves after years have passed [2]. In data-intensive fields such as engineering6

and natural sciences, the precise and comprehensive description of scientific instrument data7

through metadata is crucial for ensuring the integrity and usability of research outputs. Therefore,8

our project inst.dlr [3] aims to develop and commission a central and persistent database with9

accompanying services. This database serves both as a source and repository for metadata of10

scientific instruments and facilities connecting their measured data. Lastly, it demonstrates11

extensive post-use possibilities of these measured data. The first step towards this goal is to12

identify a general metadata schema for scientific instruments, which serves as the foundation for13
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creating standardized and interoperable metadata across various scientific disciplines.14

The Persistent Identification of Instruments1 (PIDINST) metadata schema [4] developed by the15

Research Data Alliance (RDA) Working Group (WG) Persistent Identification of Instruments16

(RDAWG PIDINST)2 is an excellent choice to test if one can describe scientific instruments17

from various fields in an effective manner. Firstly, the schema aims to provide a globally18

unique and unambiguous identification of scientific instruments, ensuring precise referencing.19

Secondly, it allows linking of data to the instruments that generated them, facilitating data20

provenance and contextual understanding. Moreover, the schema enhances interoperability21

and open data sharing by standardizing metadata across different systems and disciplines. It22

also improves the discoverability and visibility of instruments and their data, making it easier23

for researchers to find and use relevant data. Additionally, the schema supports equipment24

logistics and mission planning by offering detailed information about the instruments. As a25

community-driven solution, it is widely accepted and recognized by the RDA [5], suggesting26

it as an ideal option for ensuring the precise, comprehensive, and standardized description of27

scientific instruments and their associated data. To summarize, the purpose of this schema is28

to provide globally unique, persistent, and resolvable identifiers for scientific instruments. In29

particular, measuring instruments, defined as devices used for making scientific measurements,30

alone or in conjunction with one or more supplementary devices [6]. By ensuring that each31

instrument can be unambiguously identified across various networks and infrastructures, the32

schema enhances the traceability, discoverability, and interoperability of instrument-related data.33

Therefore, the PIDINST schema is also a FAIR [1] implementable way to persistently identify34

measuring instruments and contextualize the data gathered by them.35

The PIDINST metadata schema is the results of an empirical and iterative approach, among RDA36

WG PIDINST members and interested stakeholders. It was developed by first collecting use37

cases and then identifying commonly defined metadata properties through a schema that was38

iterated to obtain community feedback. The PIDINST metadata schema [5] includes essential39

properties grouped in the following 13 categories: identification, schema version, landing page,40

name, owner, manufacturer, model, description, instrument type, measurable variable, date,41

related identifier, and alternative identifier. Nearly every category contains more properties,42

resulting in a total of 33 properties listed in the table 1. These properties facilitate the linking43

of related resources to compile extensive information about a given instrument. One particular44

characteristic of the PIDINST schema is that properties are built on commonly used characteristics45

across 15 collected use cases, however, the majority (approx. 60%) of them are related to Earth46

Sciences according to [5]. Also, just a few properties can be considered common because in only47

five use cases (50%) they were. Therefore, testing its applicability in more disciplines is still48

necessary to demonstrate its practical viability for general instrument description.49

In this paper, we present an applicability test of the PIDINST metadata schema on three distinct50

scientific experiments across three research infrastructures within the German Aerospace Cen-51

ter(DLR)3. We provide a detailed description of the scientific experiments in section 2 to expand52

the coverage of disciplines. In section 3 we describe the methodology that we use to evaluate53

1. https://www.pidinst.org/

2. https://www.rd-alliance.org/rationale/persistent-identification-instruments-wg/rev-002/

3. https://ror.org/04bwf3e34
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the applicability of the PIDINST metadata schema while the results are presented in section 4.54

Finally, in section 5 we give a summary of our results and highlight our main findings.55

ID Property Occ

1 1 Identifier 1
2 1.1 IdentifierType 1
3 2 Schema version 1
4 3 LandingPage 1
5 4 Name 1
6 5 Owner 1 − 𝑛
7 5.1 OwnerName 1
8 5.2 OwnerContact 0 − 1
9 5.3 OwnerID 0 − 1
10 5.3.1 OwnerIDType 1
11 6 Manufacturer 1 − 𝑛
12 6.1 ManufacturerName 1
13 6.2 ManufacturerID 0 − 1
14 6.2.1 ManufacturerIDType 1
15 7 Model 0 − 1
16 7.1 ModelName 1
17 7.2 ModelID 0 − 1
18 7.2.1 ModelIDType 1
19 8 Description 0 − 1
20 9 InstrumentType 0 − 𝑛
12 9.1 InstrumentTypeName 1
22 9.2 InstrumentTypeID 1 − 0
23 9.2.1 InstrumentTypeIDType 1
24 10 MeasuredVariable 0 − 𝑛
25 11 Date 0 − 𝑛
26 11.1 DateType 1
27 12 RelatedID 0 − 𝑛
28 12.1 RelatedIDType 1
29 12.2 RelationType 1
30 12.3 RelatedIDName 0 − 1
31 13 AlternateID 0 − 𝑛
32 13.1 AlternateIDType 1
33 13.2 AlternateIDName 0 − 1

Table 1: The PIDINST properties as in [5]. In the number of occurrences indicated in the column

labelled as “Occ”, 1 means a mandatory property that must appear once. An “Occ” value of 0–1 is

an optional property that may appear at most once. 1–𝑛 is a mandatory property with potentially

multiple values, i. e. the property may appear one or more times in a single record. Finally, 0–𝑛 is a

multivalued optional property that may appear zero or more times in a record.

2 Pilot scientific instruments of three research areas56

As mentioned previously, we applied the PIDINST metadata schema on three distinct scientific57

experiments to evaluate its applicability to instrument description. Although the majority of the58

PIDINST schema properties were earth sciences (60%) [5] use cases, the schema was designed to59

be field-agnostic. Therefore, the selection of different scientific environments is to also measure60

adoption in other disciplines. The examined experiments (see figure 1) are described as follows:61
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Figure 1: The three examined experiments from the German Aerospace Center. On the left the

MEGraMa experiment is shown, used by the Institute for Materials Physics in Space. The next

image depicts the Discus-2c research glider associated with the Flight Experiments facility. Lastly on

the right, the TESIS facility is shown which is associated with the Institute of Engineering

Thermodynamics. Image credits: DLR CC BY-NC-ND 3.0.

• MEGraMa: the orbital experimentMEGraMa (MagneticallyExcitedGranularMatter) [7]62

is used to research so-called granular gases in low gravity environments and was devel-63

oped for drop tower experiments and parabolic flights on planes or sounding rockets. The64

experiment has flown successfully several times on the aforementioned platforms. It was65

developed by the Institute for Materials Physics in Space at DLR. The MEGraMa device66

has five main components: Sample sphere, high speed cameras, magnets, illumination67

and batteries.68

• Discus-2c: the Discus-2c4 [8] is a research glider based on the Schempp-Hirth series model69

of the same name which was modified for use as a research and experimental aircraft.70

48 strain gauges and 22measuring points using fibre Bragg grating are built into wings71

and fuselage to determine aerodynamic loads in different flight states. The Discus-2c DLR72

features magnetometers and accelerometers in various locations, deflection sensors on73

all control surfaces, a combined Global Navigation Satellite System (GNSS) and inertial74

measurement unit inside the fuselage and a nose boom. The nose boom is equipped with a75

five-hole-probe to detect airflow angles and speeds. The experimental autopilot allows76

precise and accurate control of surface deflections with exact repeatability. This can77

be used, for example, to examine flight mechanical characteristics with high accuracy.78

The Discus-2c is equipped with its own data acquisition system, which continuously79

records sensor readings as well as the actuating variables of the experimental autopilot.80

This advanced sensor system is used in a wide range of areas, including aerodynamic81

studies, flight mechanics, aeroelasticity, measurement techniques, and human-machine82

interaction. It also plays a role in meeting certification requirements and supports research83

in digitization.84

• TESIS: the test facility for thermal energy storage in molten salts (TESIS) [9] consists of85

two sub-facilities: TESIS:store and TESIS:com. Both of which have been operated as large-86

4. http://s.dlr.de/XjCK8

ing.grid 2025 4

https://www.dlr.de/de/service/impressum
http://s.dlr.de/XjCK8


RESEARCH ARTICLE Applicability of the PIDINST Metadata Schema

scale process plants by the Institute of Engineering Thermodynamics without interruption87

(24 hours a day) since 1st January, 2019. The facilities are used for the development88

of new types of single-tank heat storage (TESIS:store) and the clarification of process89

engineering issues and qualification of salt components (TESIS:com). The instruments90

utilized within the TESIS facility are mainly several hundred temperature measurement91

devices (thermocouples and thermoresistors). Common measurements of the experiment92

include pressure measurement, flow measurement valve positions, filling levels and pump93

rotational speeds which require measurement devices.94

Our analysis is produced by the utilization of the PIDINST schema on individual instruments of95

each experiment. From the MEGraMa experiment, the Institute of Materials Physics in Space96

selected a high speed camera; the Mikrotron EoSens mini1. The Flight Experiments Facility97

considered the aircraft of the Discus-2c experiment as one single instrument. Lastly, the Institute98

of Engineering Thermodynamics used an individual thyristor power flow heater stage 1 from99

the TESIS facility. Expanding the use case variability for the PIDINST schema enhances its100

adaptability to diverse scenarios, ensuring broader applicability and interoperability5; see for101

example the SCHOlarly LInk eXchange (Scholix) Framework [10]. Therefore, by proving that102

its properties are applicable to our three individual instruments, we are able to test the flexibility103

of its proposed standard capability. The following sections detail the evaluation process of the104

PIDINST schema performance for each instrument.105

3 Methodology106

To evaluate the applicability of the PIDINST metadata schema, each institute applied the schema107

to the instruments described in section 2. Initially, we identified the 33 schema properties (see108

table 1) for each instrument, where applicable. Subsequently, we examined how each institute109

utilized the schema to describe their instruments. Finally, we counted the properties used and110

calculated an average percentage to determine the schema’s overall applicability.111

The full process of PIDINST applicability evaluation involved the following steps:112

• Data collection: each scientist and engineer participants filled out the properties of the113

PIDINST schema in a corresponding table like table 1 for the selected instrument of their114

experiment (see section 2).115

• Data ranking: by asking the participants involved to use the PIDINST schema to describe116

their instruments, we aim to count the applicability of the properties in their instrument.117

We evaluated the answers by compared the information provided by the participants with118

the definitions given by [5] and we ranked the answers as follow:119

𝐶 Correctly used: The information was correctly provided.120

≈ 𝐶 Almost correctly: When only part of the information was provided correctly.121

∉ 𝐶 Incorrectly used: The information was incorrectly provided.122

𝑁/𝐴 Unavailable: When there was not information provided.123

5. https://docs.pidinst.org/en/latest/adoption/index.html
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• Completeness calculation: we quantify, for each instrument, the total number of filled124

properties for each ranking as 𝑇𝐶 for the properties ranked as Correctly used, 𝑇≈𝐶 for125

properties ranked as Almost correctly used, 𝑇∉𝐶 for properties ranked as Incorrectly used,126

and finally, 𝑇𝑁/𝐴 as properties that are Unavailable.127

• Average and percentage calculation: we computed the average value of filled properties128

among the three instruments. For example, for the properties ranked as Correctly used we129

used 𝑝𝐶 = Σ𝑇𝐶
𝑛 to obtain the proportion of the responses, where 𝑛 is the total number of130

entries, which in our case is 99. To obtain the corresponding percentage value, the result131

is multiplied by 100. We proceed similarly for the other rankings.132

In order to estimate the accuracy of our results, we computed the statistical standard error133

(SE) [11] for each ranking using the formula:134

SE = √
𝑝𝑖(1 − 𝑝𝑖)

𝑛
,

where 𝑝𝑖 are the response proportion for each ranking. Results are also multiplied by 100135

to obtain the percentage value.136

This method allowed us to quantitatively determine whether the schema could be applied.137

Therefore, providing valuable insights into its practical utility and effectiveness. The method138

involves merely filling in the requested information and counting the properties used. However,139

it does not completely account for whether the participants fully understood the schema, except140

for counting almost correct and incorrect answers, there is no tracking of comprehension of the141

schema.142

4 Results143

In this section, we present the results of applying the PIDINST metadata schema to three144

experimental instruments to test whether all the proposed properties in table 1 can be applied145

to the instruments described in section 2. The filled properties of each experiment are found in146

table 2. The columnPIDINST property refers to the PIDINST schema properties [5], while the rest147

correspond to the answers of each institute. As mentioned in section 3, the relevant information148

is if the properties are applicable through the fact that they can be used either correctly, almost149

correctly, or even incorrectly. Therefore, to estimate the applicability performance we considered150

these three as one to indicate when a PIDINST property is applicable, and Unavailable to denote151

when it is not applicable. In table 3, the frequency of use of the properties in each instrument is152

listed.153

The TESIS experiment filled 27 properties correctly, the Discus-2c glider had 12 properties, and154

theMEGraMa instrument 14 properties. Therefore, an average of 53.54 ± 5.01%of the properties155

were filled out as Correctly used. The properties that all the three institutes applied correctly156

are Name, Owner, OwnerName, Manufacturer, InstrumentType, RelatedID, RelatedIDType, and157

AlternateIDType. A 8.08 ± 2.74% were filled out as Almost correctly, being only the Description158

property consistently in 2 of the 3 instruments. Only 7.07 ± 2.58% were filled out as Incorrectly159

and again just one property, IdentifierType, was the persistent cases in 2 of the 3 instruments.160
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PIDINST Property TESIS Discus-2c MeGraMa

Identifier 𝐶 ∉ 𝐶 𝑁/𝐴
IdentifierType 𝐶 ∉ 𝐶 ∉ 𝐶
Schema version 𝐶 𝐶 ∉ 𝐶
LandingPage 𝐶 𝐶 𝑁/𝐴
Name 𝐶 𝐶 𝐶
Owner 𝐶 𝐶 𝐶
OwnerName 𝐶 𝐶 𝐶
OwnerContact 𝑁/𝐴 ≈ 𝐶 𝐶
OwnerID 𝑁/𝐴 ≈ 𝐶 𝐶
OwnerIDType 𝑁/𝐴 ≈ 𝐶 𝐶
Manufacturer 𝐶 𝐶 𝐶
ManufacturerName 𝐶 𝑁/𝐴 𝐶
ManufacturerID 𝐶 𝑁/𝐴 ≈ 𝐶
ManufacturerIDType 𝐶 ∉ 𝐶 𝑁/𝐴
Model 𝐶 𝐶 𝑁/𝐴
ModelName 𝐶 𝑁/𝐴 𝑁/𝐴
ModelID 𝐶 𝑁/𝐴 𝑁/𝐴
ModelIDType 𝑁/𝐴 𝑁/𝐴 𝑁/𝐴
Description ≈ 𝐶 ≈ 𝐶 𝑁/𝐴
InstrumentType 𝐶 𝐶 𝐶
InstrumentTypeName 𝐶 𝑁/𝐴 𝐶
InstrumentTypeID 𝐶 𝑁/𝐴 𝑁/𝐴
InstrumentTypeIDType 𝐶 𝑁/𝐴 𝑁/𝐴
MeasuredVariable 𝐶 𝑁/𝐴 𝐶
Date ≈ 𝐶 ∉ 𝐶 𝑁/𝐴
DateType 𝐶 𝑁/𝐴 ≈ 𝐶
RelatedID 𝐶 𝐶 𝐶
RelatedIDType 𝐶 𝐶 𝐶
RelationType 𝐶 𝑁/𝐴 𝑁/𝐴
RelatedIDName 𝐶 𝑁/𝐴 𝑁/𝐴
AlternateID 𝐶 𝐶 ∉ 𝐶
AlternateIDType 𝐶 𝐶 𝐶
AlternateIDName 𝐶 𝑁/𝐴 𝑁/𝐴

Table 2: Rank of the PIDINST properties answers from the three institutes as defined in section 3.

For each filled property we ranked the answer as 𝐶 for correctly used, ≈ 𝐶 for almost correctly used

or caused confusion, ∉ 𝐶 for incorrectly used, and 𝑁/𝐴 when one cannot tell because it was

empty/unavailable.

Ranking TESIS Discus-2c MEGraMa Average [%]

𝐶 27 12 14 53.54 ± 5.01

≈ 𝐶 2 4 2 8.08 ± 2.74

∉ 𝐶 0 4 3 7.07 ± 2.58

𝑁/𝐴 4 13 14 31.31 ± 4.66

Table 3: Total counts of each category for every experiment as described in section 3. Additionally, a

percent average is added to qualitatively show the amount of “confusion” for all experiments.

Therefore, approximately 70% of the properties were applied. This level of utilization indicates161

significant applicability.162
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On the other hand, 31.31 ± 4.66% of the properties were not filled out and therefore Unavail-163

able, which indicate that they may not have been applicable. From this properties, only the164

ModelIDType is consistent in all 3 cases, whileModelName,ModelID, InstrumentTypeID, In-165

strumentTypeIDType, RelationType, RelationIDName, and AlternativeIDName appear consistent166

in 2 of the 3 cases. The approximately 30% of unused entries might suggest the elements are167

not relevant to the specific context of the instruments or that the property descriptions lack168

sufficient clarity. In particular, the clarity regarding the importance and type of information169

required, leading to their omission. As mentioned in section 3, our response counting method170

does not have tracking of comprehension of the schema. We can deduce some clues from the171

answers Almost correct and Incorrect, as they may show a deficiency in the understanding of their172

meaning. However, as the properties that were evaluated in these rankings appear to be random173

in all 3 cases, no further information can be favourable. Consequently, as we cannot provide a174

definitive answer about the not applied PIDINST properties, further studies are required. For175

example, repeating the experiment with many more instruments and different research groups176

would help generalize our data for such a conclusion on user confusion. Additionally, repeating177

this experiment after training researchers on the schema may result in more favourable outcomes178

and shine a light on understanding the schema from their perspective.179

Our results show that around 70% of the properties in the schema were utilized, highlighting180

its potential to describe scientific instruments. Furthermore, these results seem to show that181

the difference in the scientific areas do not play a role for the PIDINST schema not being used182

because the participants did not report inability to use them. Therefore, the development of a183

prototype central and persistent database will use the PIDINST schema as a first approach for184

metadata of instruments. Interestingly, the 31.31 ± 4.66 of the properties that were not used will185

play a crucial role in refining and testing the next steps in the inst.dlr project. By understanding186

and addressing these limitations, we can better evaluate the potential improvements. The next187

phase will focus on rigorous testing and evaluation to verify the most plausible explanation for188

not using the 31.31 ± 4.66 properties. It is important to acknowledge that while our findings189

provide support, they do not constitute conclusive evidence for the transferability of the PIDINST190

schema to other research fields.191

5 Discussion and Conclusion192

In this paper, we evaluate the applicability of the PIDINST schema by analysing the properties193

used to describe three distinct scientific instruments. Our findings reveal that 70% of the schema194

properties were utilized for these three instruments independent of the research field. This rate of195

utilization suggest usefulness of the schema to address general scientific instruments description.196

The fact that a significant majority of the properties were used suggests that the schema is aligned197

with the practical requirements and operational contexts of the diverse scientific instruments198

involved.199

However, the 31.31 ± 4.66 of unused entries highlight an area for further examination. This200

gap may indicate that certain elements within the schema are not relevant in different scientific201

context of the instruments, this suggests a refinement of the PIDINST schema. One should note,202

it is important to assess that is not clear whether these unused elements are inherently irrelevant203

ing.grid 2025 8
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or if their omission is due to complexity or vagueness in the property descriptions. Ambiguities204

in the description of properties could lead to misunderstandings about the type and importance205

of the information required; resulting in these entries being disregarded. With our results, we are206

not able to measure the level of comprehension by the users.207

Another important aspect of this work was to increase the scientific areas of testing for the208

PIDINST schema. Since, according to [5], it was developed with geoscience use cases in mind.209

Our results are independent of the scientific area, however our methodology demonstrates its210

limitations in obtaining further information on this possible dependency. This limitation should211

be considered in future studies.212

Due to the significance of the applicability of the PIDINST schema, we will work on creating213

a central and persistent prototype database software to manage metadata describing scientific214

instruments in DLR. The results of this paper will support a more efficient development of our215

software by providing a comprehensive and clear guidance on the use of each entry. We aim to216

enhance the schema adaptability and comprehensiveness by ensuring that all entries are clearly217

defined and highlighting the significance of each element. We also plan to improve the user218

input to identify more precisely the possible limitations of the PIDINST schema.219
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