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Introduction:  We are pleased to announce the 

Open Source release of VISOR (VICAR In-Situ 
Operations for Robotics, formerly known as the “Mars 
suite”), the software used for operational and PDS 
archive image processing for all recent Mars surface 
missions at JPL. 

Background:  VISOR is a set of VICAR [1] 
programs that implement a world-class in-situ image 
processing capability for rovers and landers.  This 
software was developed by the Multimission Image 
Processing Lab (MIPL) at JPL for use with the NASA 
Mars surface program (starting from Mars Pathfinder), 
but is usable for any in-situ spacecraft. 

The suite has been used successfully by the 
operations team for MER (Mars Exploration Rover) 
[2], Phoenix, MSL (Mars Science Laboratory), InSight 
(Interior Exploration using Seismic Investigations, 
Geodesy and Heat Transport) [3], Mars 2020 (both the 
rover and helicopter), and several testbeds, where it 
generated all the terrain models (meshes) used to 
command the rovers and landers during their lifetimes. 

This software is also what produces most of the 
imaging data in PDS for these missions (excepting 
what the science teams themselves produce), enabling 
for the first time the possibility of reproducible results 
for the higher-order image data products in PDS. 

Availability:  The software is available as part of 
the VICAR Open Source release, which can be 
obtained here: 

 
https://github.com/NASA-AMMOS/VICAR/ 
 
Since VISOR is built on VICAR and requires many 

VICAR services, it is being packaged along with 
VICAR for user convenience. 

The supplied user guide contains a set of use cases 
that illustrate use of the software.  Data needed for 
these use cases is also supplied with the delivery. 

Audience:  The primary audience for this software 
includes scientists, researchers, and enthusiasts who 
wish to apply the Mars Suite to data taken by already-
supported missions.  This generally means using data 
that is available to the public via PDS, although 
science team members can also use VISOR on 
operations data.  The intent is to be able to re-create 
the derived products that are in PDS (for scientific 
reproducibility reasons), as well as to create new 
products that are not archived in PDS (e.g., custom 
mosaics).  

The secondary audience includes people who wish 
to apply VISOR to new in-situ missions or add 
capabilities to it for existing missions.  The 
documentation provides an overview of capability, 
while discussing in broad terms how to design and 
implement a new mission or add functionality.  People 
wishing to plan new missions or other contributions 
are encouraged to contact MIPL to discuss it in more 
detail. 

Capabilities:  In a nutshell, VISOR does 
radiometric, color, and (limited) photometric 
correction, stereo correlation to produce XYZ data and 
3D surface models, and makes mosaics in several 
projections, and creates products ready for PDS 
(Planetary Data System) archive. 

Specifically, the software supports: 
 
• Bayer processing and color 
• Radiometric correction 
• Photometric correction (limited) 
• Stereo correlation 
• XYZ/Range 
• Surface reconstruction (terrain meshes) 
• Surface normals 
• Slope maps 
• Roughness 
• Goodness 
• Instrument/Helicopter placement 
• Mosaics (6 projections) 
• Bundle adjustment 
• Seam/brightness correction 
 
A few capabilities of VISOR are not available in 

the Open Source release, because they use bits of the 
flight software, which is not releasable due to export 
regulations.  Arm reachability products are in this 
category, as are rover masks.  Additionally, the 
telemetry processors are not included, as the raw 
telemetry is not generally delivered to PDS. 

Supported Missions:  The following missions are 
fully supported “out of the box”, including necessary 
calibration data: 

 
• MER 
• Phoenix 
• MSL 
• InSIGHT 
• Mars 2020 (including Ingenuity) 
• Generic “mission” 
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The following missions have code support but no 
calibration data is available at this time: 

 
• Coldarm 
• FIDO (testbed rover) 
• Mars ’01 (testbed) 
• Mars Pathfinder (see documentation) 
• Psyche (very limited)  

 
Extensibility:  VISOR is designed to be 

multimission, easily adaptable to new missions.  It is 
built around a set of C++ class libraries (collectively 
called PIG - Planetary Image Geometry) that hide 
almost all mission-specific code behind generic 
interfaces.  The bulk of the code is thus agnostic to 
mission and reusable across all missions. 

We at MIPL are eager to help implement new 
missions, so please feel free to contact us.  We can 
either implement your mission for you, or help you do 
it.  We also conduct operations for many missions and 
would be happy to talk about applying our expertise to 
your mission. 

In addition, we welcome the contribution of 
additional capabilities to VISOR.  At this point we are 
not enabling direct pushes to git by the public (this 
may change in the future).  But talk to us (via the 
primary author) and we will be happy to discuss your 
contribution and vet/deliver the changes. 

VISOR is in active use at JPL and continues to 
evolve.  Updated releases will happen periodically.  
Check with the web site or the primary author with any 
questions. 
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