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Image Data 3D Data 3D & data analysis Scientific results / papersWhat data lead to what
conclusions?

New reconstruction
available, does it hold?

How does a new method
compare to other results

What is the accuracy? Where
does uncertainty come from?

Isn‘t there a principled
approach?

Idea: Track provenance information throughout
the whole data pipeline / scientific investigation



Provenance to the rescue

• Collaborative workflow management: “Provenance”
• Provenance = chronology of a scientific investigation

• Track provenance of all products of a complex, multidisciplinary 
scientific investigation

• Answers the following questions:
• Who was involved in the creation?

• Which methods were applied?

• Which uncertainties were added by these methods?  

• From which other products it was derived?

• PROVEX (Provenance Aware Planetary Science / Exploration Workflows)
• Document entire history of scientific investigation



Content

• Motivation, Scope & Data

• Provenance and 3D data

• Applications & Showcases

• Integration with science workflows (notebooks)



Scripts & notebooks

Scope & Data

• HERA as focused application case

• Brings together multiple tools

Image Data
3D Data 3D analysis Presentations, 

papers etc



PROVEX components for HERA

• PRoViP: Data & Data Product‘s Interace
• Batch 3D Vision Processing

• Data ingestion pipeline
• Looks at reconstruction meta-data and 

stores ist provenance graph into
graph database.

• Graph database which stores provenance
information and metadata

• PRo3D: Realtime Rendering / Analysis 
• Huge multiscale 3D data
• 3D GIS
• Supports scientific operations

• PRo3D notebook interface for complex
science use-cases.

Managed by a single web app



Application Overview

The editor panel

The graph view

The project panel

Object explorer Details & Attributes



The PROVEX Provenance Graph

• Each involved product needs to
• Know its sources of information

• Involved uncertainty

• Metadata such as author/investigator, date etc

• We store the data as a graph
• Nodes: Products and derived products

• Edges: Information flow & uncertainty



Types of data for provenance

• Raw data 
• Instrument intrinsic and measurement 

parameters

• Ancillary data
• SPICE orientations, instrument 

housekeeping – all “meta data”

• Processed data
• Applied functions and algorithms such as 

transformations, reconstructions etc.

• Imported data
• Conversion information

• Simulation result
• Parameters of simulation runs

• Collaborative analysis result
• Step-by-step documentation of analysis (for 

major steps) 

• Resulting presentations / papers / videos

• Input images
• Instrument

• Instrument calibration status

• Sensing mission phase & time

• Sensing geometry

• Surface illumination status (global 
statistics)

• (if available) capturing intent

• PRoViP & Imported 3D Vision 
processing (data provenance)

• History

• Source data

• Processing Parameters

• Version, owner, Processing workflow
used

• Result statistics

• PRo3D visualization & exploration, 
annotations [screenshots] (data
provenance)

• Who (interaction provenance)

• PRo3D analysis
• Bookmarks

• Annotations

• PRo3D interpretation
• (entities relevant for) Publications

• 3rd party presentation means
• Power point slide presentations

• YouTube video sequences

• WinWord / LaTeX publication manuscripts



Provenance for reconstruction data

• When ingesting data into PROVEX, meta-data gets translated 
into the PROVEX provenance graph

• PRo3D, tracks provenance internally (fine-grained) and feeds it 
back into the PROVEX graph.



[VIDEO]



Data loaded Camera adjusted Render mode
adjusted

Created
measurement

Polygonal annotation drawn on the surface. 
How was the annotation performed?

Example: Tracing back 3D operations



Provenance for reconstruction data (2)

• Two modes…

• Manual tracking
• important steps annotated by user

• underyling provenance informationen tracked transparently to the user

• Fully automatic tracking
• Heuristics for detecting „important“ steps in analysis

• Go back and forth in time at any time

• Information automatically stored in PROVEX database



Working with 3D reconstructions
Fine-grained provenance tracking



[VIDEO]



Next mission phase
Provenance tracking for multiple reconstructions



[VIDEO]



M0 annotations

M1 annotations

Copy annotation

Provenance for multiple mission phases



Custom scientific evaluations
Interacting with PROVEX



Notebooks and science use cases

• Cannot cover all science use cases

• Sciene workflow = multidisciplinary

• Heterogenous set of tools used

• Get all of them integrated into PROVEX
• PROVEX data API

• Can be used from e.g. Jupyter Notebooks



[VIDEO]



Advantages

• Easier to comprehend scientific workflows

• Reproducible and traceable results

• Hub for collaborative activity

• Tracking uncertainties increases  confidence in results

• Efficiently (re)create results for presentation and dissemination



Future work & activities

• Exploration of additional science use cases

• Integration of broad set of tools

Scripts & notebooksImage Data
3D Data 3D analysis Presentations, 

papers etc

What about my workflow?

What about my science
tools?



3D DataImage Data

🚀Q & A

🚀Let‘s try out our scientific workflow

🚀Request for contributions

🚀https://pro3d.space, https://github.com/pro3d-space/

https://pro3d.space/
https://github.com/pro3d-space/
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