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Claim: Assembly of high fidelity videos for dynamic / spatial / immersive 

documentation of scientific interpretations: PRo3D Viewer

Spatial relationships: Zoom in from km-scale to mm-scale

Quantitative information / scales

Let important items appear / disappear / highlight

Fusion of HiRISE DTM/Ortho with Mastcam-Z textured meshes („OPC“: Ordered Point Cloud)

Geologic et al annotations & interpretations 

Dynamic spatial & textural association between sites of interest – select proper timing

Solution: „Sequenced Bookmarks“

2

Workflow of 3D Dynamic Visualization & Annotation of Planetary Surfaces

https://www.youtube.com/watch?v=-z1KySwtnuU
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Embedding into Mars 2020 Mission: 3D Processing 
& Visualization of Mastcam-Z Stereo sequences

3

Paar 
et al., 
2023
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A Simple Sequenced 

Boomarks Example
• Fusion of HiRISE DTM 

& Mastcam-Z OPCs

• Bookmarks Position 
for 3D virtual navigation

• Viewing position & orientation

• Scale Bars appearing & 
disappearing

• 110mm higher resolution
sequence reconstruction
appearing midway

• Annotation shown & disappearing

• Timing as designed QZCAM-Sol0543-ZCAM7114-Z110-034-PRo3D-1

https://www.youtube.com/watch?v=Izef3FGXJGw
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PRo3D Sequenced Bookmarks

Scene

Seq. Bookmarks

CooSystem

Bookmarks

Lines, …

DnS

Thickness

OPC OPC

Scalebars

Surfaces

AnnotationsColor, 
Transform, 

Priority, 
Visibility ….

Traverse et al

.json
.obj

• Available in PRo3D as a new category

• All stored in .pro3d and .ann pair of files

Display 
Parameters,
Visibility ….

Position
& Angle
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Sequenced Boomarks: 
Video assembly within minutes

Credits: NASA/JPL/CalTech/ASU

• Bookmarks‘ view defined incl. Naming

• Should be compatible with your Video assembly SW

• Sequence of bookmarks defined

• Parameters per bookmark

• Transition Duration

• Static Duration

• Scene features (visibility,…)

• Real-Time Playback for testing

• Saving capturing .json & launching off-line capture

• Typical duration: 1sec per HD frame
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Credits: NASA/JPL/CalTech/ASUVisibility et al

• Scalebars
• Measurements
• Dip-and-Strike
• Thickness
• Coordinate frame
• Lines / Polygons
• Rover Traverse
• Loaded Surfaces
• Imported Surfaces
• Zoom Factor
• ….
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After Export: Clips in Video Editor 
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Credits: NASA/JPL/CalTech/ASU

Geologic Interpretation Example, <1h effort excl. annotations
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Regolith Sample Documentation: Sample Hole Depths

10
Credits: Elisabeth Hausrath
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Regolith Analysis: Angle of Repose
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Lefroy_Bay Core Characterization

12
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Three Forks Sample Depot. Credits: Cornell Univ / Christian Tate
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Hera as further use case

14

Credits: DART Team, Hera Team, ESA
60/40 simulated / real data

mailto:Gerhard.paar@joanneum.at
mailto:Gerhard.paar@joanneum.at


G
er

h
ar

d
.p

aa
r@

jo
an

n
eu

m
.a

t
G

er
h

ar
d

.p
aa

r@
jo

an
n

eu
m

.a
t

ExoMars GTM Data

15

Assessment of calibration glitches

Structure-from-
Motion 3D 

Model
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https://github.com/pro3d-space/PRo3D

https://www.youtube.com/watch?v=67KnMVZoxxU
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