The Research Data Director
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L The System: Six Agents, One Goal J
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Al Agent Name

L The Six Core Agents J
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Provenance
Recorder

' Shared Memory: The Working Brief J

Metadata
Librarian

Documentation

("
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"case_id": "CASE_2024_001",

“status": "IN_PROGRESS",

"research_context": {
“title": "Climate Impact Study 2020-2023",
"domain": "Environmental Science",
"pi": "Dr. A. Sharma"

} / spatial_extent
"spatial_extent": {

“region": "North Atlantic Ocean", target_
"coordinates": [-45.0, 20.0, -70.0, 50.0] /schema_family

research_context

b
“target_schema_family": "DataCite, ISO 19115",

"sensitivity_flags": [“POTENTIAL_PII", "EMBARGOED_UNTIL_2025"],

"pending_human_decisions": [
{ \ pending_human_decisions
“type": "LICENSE_CONFIRMATION", = =

"description”: "Confirm CC-BY-SA 4.0 applicability."
}
1,

"agent_contributions": {
"Metadata_Librarian": "Completed initial metadata extraction."”,
"Licensing_Specialist": "Proposed CC-BY-SA 4.0, awaiting confir

m
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LThe Intake: A Structured Sensemaking ConversationJ
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The Librarian reads manuscript drafts alongside the dataset to
infer instrument types and variables before the interview even
begins. She actively flags sensitivity signals (e.g., endangered

species locations) to halt the process and wait for human instruction.




The Inner Loop: Generation and Parallel Critique |

1 If fails: Return/Refine <€
(Bounded to max 2 iterations)

1 [ [
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{ FAIR is the Quality Standard for Metadata

N

5
. - 3 r i
Findable: || Accessible: || Interoperable: || Reusable:
|| Persistent || Standard || Standardized || Rich domain-
L || identifiers L retrieval L vocabularies, [ specific context,
| (DOls), rich i | protocols, ! parsed and L | clear usage
: descriptive clear access \ machine- \ licenses,
N metadata, N | conditions. \ readable N detailed
| searchable i J ( J formats. s SR | provenance.
\ 1 indexing. \ e = \ e

- 1 |
- A 2025 survey in Nature Scientific Data assessed 71 public
- drone datasets and found systematic failures in provenance and
~ licensing. The global standards infrastructure is mature, but

' the human capacity to apply it is completely bottlenecked.
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~ Sensitivity and Sovereign Data

Privacy Regime:
Free-text field notes
containing landowner
names

CARE Principles:
GPS coordinates for an

nesting site (or
Indigenous land)

endangered species »

Routes to &
University Data
Protection

Officer /
Researcher

Routesto &/
Research
Ethics Office /

Community E
Representative 4/

........

When the working brief detects signals of Indigenous provenance or sensmve Iocatlons
the system fires a CARE flag. The system has no authority to determine how CARE
applles |t stops the case completely and routes it to the relevant human authonty

- —— e
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 Eliminating Hallucination via Authoritative APIs

Author Name -> \/ \ 4 Institution
ORCID public APl Ao \/ > ROR API

Cited Works | |
-> DataCite / N »@ -> Funder
Crossref APIs | _\ w Registries

e Grant Numbers

The defining failure mode of current Al is confident fabrication. The Fact Checker
treats every claim as potentially hallucinated until an external tool call confirms it.

\

Unverified claims are never silently deleted; they are flagged with proposed corrections. J
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Recent research
(Andronikidis et al.,
2025) shows LLMs
achieve 73.5%
accuracy on zero-
shot ontology
alignment. This is
high enough to be
incredibly useful,
but low enough to
mandate strict
mandate strict
human oversight.

DataCite 4.6 -
subjects (LCSH) <

EML (Ecology) -
taxonomicClassification

A metadata crosswalk is a field-by-field translation table between two
- distinct schemas. Routine crosswalks are pre-established by

- _communities. The true frontier is the crosswalk that has never been

- built—connecting two disciplines that have never needed to talk before. J




The Substrate for Unexpected Discovery

Surface
(Spectral & Thermal Signature)

- Correlated
Data Edges
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Deep Subsurface
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Structure
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Cross-disciplina

Vegetation Node

When data from different
Instruments and disciplines
can be combined, Al systems
can detect correlations that

' U no individual researcher would

have thought to investigate.

" across massive, '
FAIR-compliant datasets. -

| )linary metadata is not administrative overhead.
It is the precondition from which unexpected questions can emerge.

A geospatial Al found buried
ancient volcanic dikes in
the Sierra Nevada simply
because the spectral and
thermal signatures of the

surface vegetation mapped
together gather perfectly
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| Where Humans Decide |

R Rasbamnrasss R amndk Duanansla
Al Autonomy: Agent Proposals an Authc
- - -

Minting DOIs

[ Drafting Records ]
L Mapping Schemas ]

ASSIAaNING

| _ Publishing to Repositories |

| API Verifiation |
L Scoring FAIR metrics ]

The Irreversible Checkpoint

Al acts within predefined bounds.

f

\

Human oversight is a property each agent carries individually. The boundary principle:
agents read freely and propose anything. The irreversible act belongs solely to a human.

\

V.
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~ | Transparent Deliberation: The Thinking Window |

N\ /

Structured Metadata Record

Y Record Title: Freshwater Ecology Data
Status: Compiling - 65%

Data Type: EML
Geographic Bounds: [Pending...]

A\ . _/ ONE =

The Thinking Window

07235151 7ARMT;
Director:\Working brieficonfirmed.
Freshwateriecology:larget: EMLE

07:23:26:074RMT;

EthicsiManager: Nestingicoordinates
found forilisted'species: Recommending

I kmiobfuscation: Hold 'STAG: geometry:field. \

07:23:33:13IPMT:

Director:INoted: Metadata'Llibrarian;
use:lkmiboundingibox:placeholder
pending human:authorization:

i

|

——- -

R )y

The Thinking Window surfaces the agents’ internal deliberations as they
navigate uncertainty. It is opt-in, fully archivable, and allows the
researcher to intervene directly into the agents’ workflow.
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- | TheFinal Output Package |

Metadata Record Crosswalk Table
Complete record in

1 Field-by-field mapping ||

- target schema. Satisfies i fo adjacent schemas. !

| ! Findable] Interoperable] s
= . |l o |

README File

Human-readable

Data Dictionary
Tabular variable

[Satisfies documentation.
Interoperable]
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FAIR Report =N\ Provenance Sidecar :
Score per F-UJI metric o (PROV-0) |

R cciation g1 [Satusfues | R Tamper-evident audit log. fJ
~ Reusable] o Reusable] &= - ')
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A complete, submission-ready bundle. The repository receives
everything it needs; the researcher submits exactly once.




40GB dataset Ethics office AT )
uploaded. authorizes 1km Librarian reviews |4 =
Ecology preprint coordinate package and |
analyzed. | obfuscation. | mints DO.
Aadaicl | 0:05 0:15 " 0:20 i
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G 35 e S S
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i S . | 1 —
~ | Total active researcher time: approximately two hours. Every other task—schema selection, ?ﬁ{
| crosswalk construction, verification, and formatting—was completed by the system.
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Comments & Questions

Online Blueprint Draft and
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Technical Details, Presentation Draft

Building the o
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[ When Data Cannot Find Data J
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[ :Malaria Incidence - Ghana _' l
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Environmental
Monitoring Facility
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Both datasets exist in public repositories, but cannot be combined to correlate standing water with
disease outbreaks because their coordinates, timestamps, and schemas are fundamentally incompatible.
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[ Discovery Requires Synthesis J

e
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1. Multispectral Drone
(Near-Infrared): Detects
plant stress before it is
visible.

{

\

~

3. loT Soil Sensor: Reads 14%
moisture (expected 22%) at

25 cm below the root zone.

UNIFIED
DATA NODE

2. Thermal Camera:
Pinpoints the canopy
running exactly 2.3°C
warmer than its neighbors
(stomata closing).

4 B
4. GPS Ground Coordinates:
Pinpoints the exact tree and

row.
\_ ¢




Reasoning the Bridge Between Disciplines

Drone MIF/STAC

gsd

proj.epsg

gimbal_pitch

calibration_target

( [Direct Map: High Confidence - Auto]

[Carry as Note - Route to Human Review]

_|_[Low Confidence - Human Confirm] L

INSPIRE Public Health

MD_Resolution/distance

MD_CRS

[No Equivalent]

DQ_DataQuality/lineage
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H- The Technical Substrate: Open Standards

L

N
MCP (Model Context Protocol)
Decouples agents from services;
open Linux Foundation standard. ’

V.
oo T B i

]

A2A Protocol
, 2 \ A
Cap%%?ltiw ﬁ‘_g Lo bl
Card $=

s= Capability
=) Card

Agent Capablllty Card

Machine-readable declarations of capability; open
standard supported by AWS, Google, Microsoft.

! N —

The Research Data Dlrector relies on open standards, not hand wrred mtegratlons
Tools are dlscoverable at run time, portable across deployments and strictly auditable.
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