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NASA Ames Research Center

We work here!
Hangar One

80x120ft Wind Tunnel

Imagery ©2024 Airbus, Landsat/Copernicus, Maxar Technologies, Map data ©2024 Google
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Intelligent Robotics Group

Overview

Å45 researchers 

Á 80% have advanced degrees

Å10+ student interns yearly

Å>90% NASA work 

ÅTRL 1 to 9

Research themes

ÅRobots for human explorers

Á Improving efficiency & productivity 

Á Free-flyers, lake lander, & rovers

ÅPerception and Navigation

Á Intelligent sensors and autonomy

Á Planetary and geospatial maps

ÅExploration user interfaces

Á Robot operations and science data

ÅSoftware Architecture

ÅSimulation

Á Virtual and physical testbeds 

Á Moon, Europa, ISS, UAVs irg.arc.nasa.gov

30+ Years of Space Robotics!
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IRG Collaborations

GovernmentAcademic Commercial

ProtoInnovations
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Robotics for Human Exploration

Purpose

ÅIncrease human productivity

ÅImprove mission planning & execution

ÅTransfer some tasks to robots

Áe.g. dangerous, tedious, repetitive, and 

long-duration

Before Crew

ÅRecon (scouting) & prospecting

ÅSite prep, deploy equipment, etc.

Supporting Crew

ÅInspection, mobile camera, etc.

ÅHeavy transport & mobility

After Crew

ÅFollow-up & close-out work

ÅSite survey, maintenance, etc.
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Robot Platforms

K10

Astrobee

SUPERball v2

MGRU

KREX-2
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Roverscape Test Facility
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Perception and Navigation

Dark Navigation

Localization and Visual Odometry

Land, Sea, Air, and Space

Aerial Monitoring

Intravehicular Robotics and Inspection
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User Interfaces

Visual Environment for Remote 

Virtual Exploration (VERVE)
Ground Data Systems and Geospatial Tools

Rovers, Cars, Humanoids, Satellites, and moreé
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Software Architecture

Space ROS

Astrobee Software

Å NASA Software of the 

Year Runner-Up (2020)

Å Dozens of research 

groups have tested their 

robot software on the 

ISS safely as Astrobee 

guest science

Å Robust robot-to-robot 

and space-to-ground 

communication using 

the DDS protocol

Å 46 Robot Operating 

System (ROS) nodelets 

in 14 processes 

distributed across 3 

processors

Å Robot Operating 

System (ROS) 

middleware for 

critical space 

missions

Å Started as 

agreement 

between Blue 

Origin and 

NASA, now 

managed by 

OpenRobotics

Å Open Source and 

on GitHub
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Open Source Software

Vision

Workbench

RoverSW

Neo Geography

Toolkit

(Ames Stereo Pipeline)        

Exploration Ground

Data Systems

(xGDS)

Visual Environment 

for Remote Virtual 

Exploration (VERVE)

RAPID

(NASA robot

middleware)

Apache 2

Apache 2 Apache 2

Apache 2

Apache 2

NOSA 1.3

NASA Tensegrity 

Robotics Toolkit

Apache 2

Astrobee Robot 

Software (ARS), 

Astrobee Simulator, 

Astrobee Control Station

Apache 2
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Public Datasets Temporary mirror: 

ti.arc.nasa.gov/dataset

POLAR
Stereo images, 

hazard detection,

Lunar poles, high 

dynamic range

FROST
Icy moons, rover 

scale, terrain 

surface geometry, 

3D scans, DEMs Astrobee ISS
Visual-inertial SLAM, 

free-flyer benchmark, 

cluttered ISS spaces

POLAR Traverse
Visual odometry, 

incremental SLAM, 

Lunar poles



Highlighted Projects
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Astrobee

https://www.nasa.gov/astrobee
Video: Astrobeeôs ñBumble Beeò robot performs first on-orbit activities with NASA astronauts on ISS.  

https://www.nasa.gov/astrobee
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Astrobee

Overview

ÅDeveloped and launched three free-flying robots to the ISS in 2019

ÅIRG led project with involvement in all aspects of flight 

development from software to hardware to operations

ÅThree robots with dock, robot and ground software

ÅUpgrade from prior SPHERES free-flyers, adding a suite of six 

cameras to perform inspection and survey tasks, the ability to 

operate without astronaut supervision throughout the ISS, 

recharge autonomously, swap in research payloads, and use a 

robot arm to grasp objects and perch on handrails

ÅRobots autonomously move through the ISS to support guest 

scientist research projects and student programming competitions

Achievements

ÅAs of 9/30/2024: four years with 179 on-orbit operations, 1350 on 

console hours, and over 30 guest science partners

ÅNASA Software of the Year Runner-Up (2020) 

http://github.com/nasa/astrobee

ÅOperation for over three hours straight with no crew intervention

ÅFour years supporting domestic and international student 

programming competitions with thousands of participants

Astrobee activities on the ISS

http://github.com/nasa/astrobee
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Integrated System for Autonomous and Adaptive Caretaking (ISAAC)

Overview

ÅResearch project to develop technology for autonomous caretaking 

of spacecraft primarily during uncrewed mission phases

ÅLed by Ames with help from JSC

ÅIntegrated autonomous intra-vehicular robots (IVR) with spacecraft 

infrastructure (power, life support, etc.) and ground control

Achievements

ÅBuilt a panoramic tour of the ISS interior with an autonomous multi-

robot team of Astrobee free-flyers

ÅIntegrated synthetic vehicle telemetry with real robot telemetry in 

an on-orbit demonstration of localizing an ECLSS fault

ÅFirst robotic navigation between ISS modules

ÅFirst robotic localization of a sound source in space

Performing a close-up inspection of a hatch seal

Sound source localization - Collaboration with 

Bosch USA SoundSee team

SoundSee Payload
First panorama captured by a free-flying robot in space ï mosaic of 56 Astrobee SciCam 

images
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Distributed Spacecraft Autonomy (DSA)

ÅFour CubeSats with crosslinks

ÅDemo autonomous, coordinated 

monitoring of transient space 

weather phenomenon

Firsts in Space

Å1st fully autonomous distributed 

space mission

Å1st fully distributed reactive 

operations on multiple spacecraft

Å1st deployment of general-purpose 

automated reasoning and distributed 

automated planning onboard multiple 

spacecraft

DSA-Starling Flight Demonstration

Video: DSA explores optimization of coordinated 

measurements from multiple vehicles and viewpoints

Video: Conceptual rendering of Starling CubeSat swarm with  

DSA conops to measure ionospheric phenomena
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Volatiles Investigating Polar Exploration Rover (VIPER) 

Video: VIPER mission to explore permanently shadowed regions in the Lunar South Pole 
Credit: NASA Scientific Visualization Studio

Music Provided by Universal Production Music: "The Butterfly Effect" ï David Thomas Connolly
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Volatiles Investigating Polar Exploration Rover (VIPER) 

Search for subsurface volatiles 

(e.g. water ice) in the polar 

regions of the Moon

Mission planned for 2024

ÅRover completed and tested

ÅIn holding pattern, looking for 

industry partner due to budget

IRG Role:

ÅOnboard software

ÅNavigation systems

ÅRobot driving tools

Å3D Lunar terrain maps from satellite 

images for mission planning

ÅSoftware to support high-tempo 

science operations

VIPER sits fully integrated in clean room
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VIPER Development

Video: Rover mobility and wheel testing in NASA SLOPE lab 

Video: VIPER driving interface showing waypoint driving

Video: Testing of antenna pointing stability while driving Video: LED headlights for driving in shadow
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Lunar Lab Regolith Testbed

Video: Flythrough of ñLunar Labò regolith testbed
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Lunar Lab Regolith Testbed

Rover hazard camera looking at regolith 

interface and wheel tracks in the lab.

Physical simulation of crater features and 

high dynamic range solar illumination

A high-fidelity physical test environment for 

development of rover optical navigation 

hardware

Developed during VIPER mission in collaboration 

with SSERVI institute

Two sandboxes filled with regolith (Lunar dust) 

simulant:

Å4.0m x 4.0m x 0.5m with 8 tons of JSC-1A mare 

simulant

Å4.0m x 20m x 0.1m with 12 tons of LHS-1 highlands 

simulant

Simulate navigation conditions relevant to Lunar 

poles

ÅLighting: shadows, opposition effect, lens flares, glare 

ÅTerrain: craters, rocks, slopes, berms, dust, 

terramechanics

ÅSensor: dynamic range, noise, lens sharpness 
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Lunar Rover Simulator (RSim)

Video: VIPER drives over simulated Lunar South Pole terrain in RSim
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Lunar Rover Simulator (RSim)

Key Features

ÅHigh dynamic range rendering

ÅReal-time shadows

ÅSupport for high resolution terrains

ÅSupport for custom terrain appearance

ÅRover wheel tracks and slip modeling

ÅRover lights with custom pattern

ÅSimulated lens flare and noise

ÅLunar regolith reflectance model

ÅAccurate Sun & Earth ephemeris

ÅBased on Gazebo Classic r11 (with many 

lunar customizations)

Model of VIPER at Lunar South Pole in RSim with a 

view of Earth

VIPER at Lunar South Pole in RSim with hazard 

lights turned on in a permanently shadowed region 


