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ASTROBOTIC’S MOBILITY AS A SERVICE

Companies, Governments, Universities, Non-Profits, and Individuals can carry and 
operate payloads across the Moon’s surface at a price of $4.5M per kilogram of payload.

For every kilogram of payload, 
CubeRovers provide:

CubeRovers are designed to be scalable and flexible to meet the demands of payload customers. This 
enables payload customers to carry out their own unique surface operations. CubeRovers are available 
in the following sizes:

ROVER CLASS 2U 4U 6U

Rover Mass 3 – 4 kg 6 – 8 kg 10 – 12 kg

Payload Capacity Up to 2 kg Up to 4 kg Up to 6 kg

POWER: 0.5 Watt BANDWIDTH: 10 kbps

Additional power and bandwidth are available upon request.  
To learn more, please contact:

Mike Provenzano | mike.provenzano@astrobotic.com
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THE CUBEROVER AT A GLANCE

The CubeRover delivers payloads across the Moon after deploying to the lunar surface. This unique 
offering allows customers to design payloads using standardized CubeRover interfaces. After payloads 
are assembled and flight qualified they are delivered to Astrobotic for integration and testing onboard 
the CubeRover.

SPECIFICATIONS

2U CubeRover Height 48 cm

2U CubeRover Length 45 cm

2U CubeRover Width 28 cm

2U CubeRover Mass 3 – 4 kg

This is the configuration and specifications of the 2U CubeRover.
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CUBEROVER EXPERIENCE

SERVICES AGREEMENT

INTEGRATION

TECHNICAL SUPPORT

MISSION

1

2

3

4

Following contract signature,  
the CubeRover customer is connected 

with their CubeRover payload manager  
to begin development of a schedule  
and an Interface Control Document.

The payload is sent to the Astrobotic 
integration facility using DHL Logistics. 

Astrobotic accepts the payload and 
integrates it onto the CubeRover and 
subsequently the Peregrine Lander.

Astrobotic supports the CubeRover 
customer by participating in payload 
design cycle reviews and facilitating 
payload testing with simulated rover 

interfaces. An engineering unit is 
provided to support payload  

testing and integration.

The integrated CubeRover is launched 
onboard the Peregrine Lander and 

commences its mission. The Astrobotic 
Mission Control Center connects the 
customer to their payload during the 

flight to the Moon and on the lunar 
surface. The rover is commanded by  
the Payload Customer and operated  

by trained Astrobotic personnel.
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CUBEROVER SERVICES & SUPPORT

CubeRover engineering units perform similar to flight units and are the perfect tool  
to practice payload integration and prepare for lunar missions.

Astrobotic is committed to ensuring CubeRover payload customers complete their mission  
and acquire meaningful data. In support of this, one CubeRover engineering unit is provided  
to CubeRover payload customers prior to flight integration. An engineering unit facilitates 
payload functional testing and operations in a relevant environment without damaging flight 
hardware. Engineering units are equipped with flight analog hardware and software to simulate 
expected operational performance. 

Additional engineering units are available upon request.  
To learn more, please contact:

Mike Provenzano | mike.provenzano@astrobotic.com
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CUBEROVER DELIVERY LOCATIONS

The CubeRover can safely deliver payloads across the surface at numerous  
locations on the moon.

Polar

Polar

Equatorial

Craters

M1: 
Lacus Mortis

Skylights,  
Pits, or Caves

Far Side
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CUBEROVER BUS SYSTEMS

A core set of systems, known as the bus, define the CubeRover product line.

The spacecraft bus design enables safe payload traversability and operation on the lunar surface.  
The bus systems of the CubeRover, listed below, remain consistent throughout the product line 
providing confidence in flight-proven design for future missions. These subsystems are described  
in greater detail in subsequent pages.

STRUCTURE

POWER

COMMUNICATIONS

TELEOPERATION

AVIONICS
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STRUCTURES

The Structure of CubeRovers are stout, stiff, and simple for survivability during 
launch and landing. 

The CubeRover structure is strong and mass efficient, with the key components being the chassis 
shell and the radiator plate. The chassis is a multi-layer monocoque design that merges structural 
and thermal needs into a low-mass package. The radiator similarly integrates mounting and thermal 
grounding needs along with the deployment interface. The remaining structural components are 
mounts, thermal straps, and wire harnesses for the cameras, actuators, and batteries.

The chassis subassembly serves as the structural mounting interface and dust shield for the four 
drive actuators, cameras, and payload. Mounting configurations may vary depending on payload 
requirements, please contact Astrobotic for more information. 

The radiator subassembly serves as the structural mount and thermal heat sink for all components 
except the solar panels, as the key structural and sealing interface for the rover, and as the surface for 
lander fixturing. It contains the single board computer, battery module, lander electrical interface, 
and hold-down and release mechanisms, to stow the rover during launch, transit, and landing. 

The CubeRover driveline is four-wheel  
drive and skid steer, unsuspended and driven 
by four, flight qualified actuator modules. 
Each actuator includes a motor and planetary 
gearhead, encoder, wire harnessing, thermal 
strapping, and actuator wheel mount. These 
actuators bolt directly through the vertical 
sides of the chassis into flat load-distribution 
mounts and are thermally grounded to the 
radiator. Each output shaft passes through 
the chassis in a combination bearing/seal 
component and mates to a monocoque  
wheel with an integrated hub.

STRUCTURES

Main Structure Material Carbon Fiber

2U CubeRover Payload Mass Capacity Up to 2 kg

2U CubeRover Payload Dimensions 20 x 10 x 10 cm
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TELEOPERATION

The CubeRover Teleoperation System allows payload customers to monitor and drive the 
rover throughout a user defined mission. 

The CubeRover teleoperation system is designed to minimize the risk of mission critical failures and 
maximize mission functionality.

The system utilizes a combination of visual odometry and onboard sensors to determine its position 
relative to the Peregrine Lander. Absolute localization is conducted by measuring the size of known 
components on the lander in an image and then using that information to calculate the distance of the 
CubeRover from the lander. Rotation can be inferred similarly by comparing the relative positions of 
key features on the lander. During periods of operation when localization precision is not necessary 
or when the lander is not visible from the CubeRover, the system will use a combination of wheel and 
visual odometry to calculate position relative to the last known starting point. The current localization 
software provides a precision of 0.3 cm from 50 m away. The simulated image at right shows how this 
software operation is performed. 

Within the constraints of safety, the ground control subsystem is designed to achieve the highest 
possible speed made good, which is a measure of how much distance the CubeRover will travel over 
a given time. The top speed is 10 centimeters per second and the nominal speed is 4 centimeters per 
second. The speed made good is directly affected by a variety of factors such as move distance, move 
planning time, operational time, image size, effective bandwidth, and transmission delays.

The CubeRover is capable of capturing and 
transmitting a variety of images of varying 
sizes and compressions. Two monocular,  
16 megapixel cameras are used for navigation 
and localization. This means that for every 
move the CubeRover makes, it is capable of 
sending multiple driving resolution images 
to contextualize the final rover position 
and increase operator awareness of the 
environment. The CubeRover is also capable 
of cropping images to specific regions, which 
allows operators to observe far away features 
in high resolution without the need to transmit 
a full resolution image. The fields of view for 
each CubeRover camera are shown below.

The Peregrine Lander is used as a 
reference to determine relative position.
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TELEOPERATIONS

Localized Precision 0.06 millimeters per meter

Nominal Speed 4 cm/s

Camera Front and rear view, 16 megapixel resolution

Camera vertical and horizontal fields of view.
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POWER

The CubeRover is rechargeable, allowing it to generate continuous power during 
nominal mission operations. 

The CubeRover utilizes flight heritage pogo pins to receive power from the Peregrine Lander in 
transit to the Moon. Each CubeRover utilizes a solar array that is mounted to the top of the radiator 
and deployed following egress from the lander. Flight heritage solar cells allow the CubeRover 
to generate continuous power during roving. This implies that at any given time, regardless of 
orientation with respect to the sun, most of the solar panel surface area has a significant view  
factor to dark space.

The avionics includes a number of DC-to-DC 
converters along with circuits to supply the 
required power for the various integrated circuits 
and subsystems, as well as manage the batteries 
and solar panels. Batteries are monitored and 
balanced by a dedicated battery monitor circuit. 
The batteries are charged through the use of 
the solar panels and a solar charging circuit. In 
addition to battery management, a number of 
supply voltages are generated and regulated 
on the SBC utilizing a 28Vdc BUS. The selected 
DC-DC converters have a variety of over current 
and over voltage protections.  

POWER

Payload Power 0.5 W per kg continuous, 10 W peak

Payload Power Interface 28 Vdc

CubeRover Battery Composition LiFePo4
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AVIONICS

The CubeRover Avionics perform all command and data handling for the rover.

The avionics system of the CubeRover is primarily comprised of a single board computer (SBC) that 
integrates all power distribution and management, data processing, controls, and communications. 
The only electrical components that are not completely integrated onto the board are the cameras, 
batteries, solar panels, motors, and a small number of temperature sensors. This approach is taken to 
simplify the overall system and enable the success of a small, capable lunar rover. 

The integration of the bulk of the avionics system onto a single board has several advantages. First,  
it eliminates the need for much of the typical wiring harness. This reduces mass and volume as well 
as the number of potential failure points from failed connections. Thermal design is also simplified by 
removing the need for thermally strapping many boards to the radiator. The SBC is simply mounted 
directly to the radiator allowing for the best possible heat transfer away from the sensitive circuits. 
Finally, the high degree of integration reduces the mass and size of the solution by eliminating the bulk 
of multiple boards, board mounts, and ancillary components. The CubeRover SBC is shown below. 

The primary processor is responsible for parsing incoming commands from the ground, triggering  
the camera system to take an image, commanding the motor controllers, managing the storage and  
retrieval of system data. A separate, dedicated processor is allocated for payload computation 
requirements. This payload processor interfaces directly with the main processor to store and forward 
payload data and receive teleoperated commands from ground control. To ensure robust, safe 
operation of the SBC, a separate processor is used as a watchdog monitor. The watchdog monitor has 
the ability to reset or power cycle the radio, the primary microprocessor, and the payload processor  
if an error is detected. The watchdog monitor also controls the temperature sensors, heaters, and  
solar-battery charging circuit.
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AVIONICS

Payload I/O Space 16 Pins Available

Data Storage 32 GB Maximum

CubeRover Safety Features EDAC, Software Robustness

The primary flight software integrated on the microprocessor utilizes a lightweight real time 
operating system. This enables efficient interleaving of the various tasks being run at any given time 
while reducing the risk of one process blocking another. In addition, the CubeRover utilizes flight 
heritage software framework developed by the Jet Propulsion Laboratory (JPL).  The primary flight 
software receives and interprets all incoming commands from the ground through the radio. Based 
on these commands, the software transitions into one of several modes: roving, imaging, standby, 
general operations, or a safe mode.  In all situations, the primary flight software monitors the inertial 
sensors, various thermistors, and any error signals or interrupts from the other integrated circuits on 
the SBC. In the case of a fault based on these data, the software can enter into a safe mode and, as 
appropriate, take action to safeguard the payload.
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COMMUNICATIONS

Peregrine serves as the primary communications node for CubeRovers relaying data 
between the CubeRover payload on the moon and on earth.

The CubeRover leverages the Peregrine Lander communications network as a relay to receive 
commands for the rover and to send telemetry data to the customer’s mission control. CubeRover 
commands are sent to Astrobotic’s Mission Command using TCP/IP through a private network. Within 
Astrobotic’s ground systems, the commands for the rover will be sent to the command processor, 
where format and data size will be verified before the packet is sent to the Network Management 
Center (NMC) using the Payload UDP Packet (PUP) protocol as referenced in Astrobotic’s Payload 
ICD. During transit, the ground stations transmit the commands to the lander through a frequency 
in the X-band range for uplink and the lander forwards the commands to the CubeRover through a 
Serial RS-422 wired connection. Once deployed the CubeRover uses 2.4 GHz 802.11n WiFi radio 
using TCP/IP to communicate with the lander. Customer payloads communicate with the CubeRover 
using a wired RS-422 connection. This information is the relayed to the Ground Station Network. All 
CubeRover downlinked data and uplinked commands are stored in Astrobotic’s telemetry database 
for redundancy. All data will be sent through a private network to the customer’s mission control center.

COMMUNICATIONS

CubeRover Payload Wired Protocol Serial RS-422

CubeRover Payload Wireless Protocol 802.11n WiFi

CubeRover Payload Frequency 2.4 GHz

R/F Communication Capability to Earth 10 kbps per kg

Astrobotic  
Mission Command Ground Station 

Network
Peregrine Comms 

System
CubeRover

CubeRover 
Ground Control

Private Network  

TCP/IP

Private Network  

TCP/IP

2.4 GHz WiFi  

or Wired UDP

X-Band 

CCSDS

Communication Pipeline
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THE CUBEROVER MISSION

INTEGRATION
CubeRover integration with the Peregrine lander starts 8 months ahead of 
expected launch, therefore CubeRover payloads are requested 8-12 months 
in advance of launch to integrate the payload with the CubeRover. CubeRover 
payloads are to be delivered to the Astrobotic integration facility where 
the customer payload will be integrated with the CubeRover and then the 
Peregrine Lander. After integration, Astrobotic will perform functional tests 
to confirm successful integration. The integrated lander will then be sent to 
the Kennedy Space Center (KSC) in Cape Canaveral, FL. Integration with the 
Launch Vehicle starts 2 months ahead of expected launch, during which the 
CubeRover customer payload is to remain powered off.

Service
Is integrated and tested  

with the Peregrine Lander.

L-90 days

LAUNCH
CubeRover remains powered down in sleep mode to survive launch conditions.

Sleep
Remains powered down.

L-0 days

TRANSIT
CubeRover stays in sleep mode until Peregrine begins 
providing nominal power; this is to trigger a transition 
to transit mode. CubeRover monitors and maintains 
safe thermal levels and transmits a heartbeat through 
wired communications via Peregrine to the CubeRover 
ground systems.Transit Status Check

Powers on and performs 
status check.

Heartbeat
Remains in a low power  

state, transmits heartbeat  
and maintains temperature.

L+1 day

LANDING
During landing, CubeRover returns to sleep mode with minimal external power 
provided by Peregrine for thermal management. 

Sleep
Remains powered down.

L+18 to 49 days at most
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SURFACE OPERATIONS
Following deployment, the CubeRover enters the Surface Operations phase of the mission. During  
this phase, the primary objective is the completion of the customer’s payload objectives for the 
mission. Once on the ground, CubeRover performs a Mission Wireless Status Check, transitions to 
standby mode, and awaits commands from the ground to begin payload operation. The CubeRover 
remains in standby until commanded to take action: either by driving, imaging, collecting payload 
data, or performing system maintenance tasks. Customers direct Astrobotic operators to issue 
commands using the CubeRover provided user interface that streams live data and images from  
the lunar surface for real-time decision making.

DEPLOYMENT
After landing, the Peregrine lander provides power to 
the CubeRover. The CubeRover then performs a wired 
status check and reestablishes connection with ground 
systems. On command from the ground, the CubeRover 
transitions to mission mode where it performs a wired 
status check that includes a test of the radio and verifies 
the rover is ready for deployment. The CubeRover mission 
team then activates the release mechanism upon a signal 
from Peregrine via Astrobotic. Once released, the 
CubeRover gently lowers to the ground and comes  
to rest.

Mission Wired 
 Status Check

Powers on and performs  
status check including  
WiFi and charge state.

Deployment
Drops from lander on  

signal from Astrobotic.

L+18 to 49 days at most

L+18 to 49 days at most

Service
Perform system maintenance 

and debugging.

Standby
Awaits command  

from ground.

Operation
Perform normal surface 

operations.



18

ROVER MODES DESCRIPTION

Ground Only Modes

Service
Service allows access to all rover subsystems and allows for diagnostics and integration with  
Peregrine Lander.

Transit Modes

Transit Status 
Check

Peregrine initiates transit mode by providing power to the rover. The Transit Status Check evaluates the 
rover and payload state and determines if it is safe to transition to the heartbeat mode. If the check fails,  
it sends the rover to the Transit Safe mode.

Heartbeat
Heartbeat mode is the primary mode of operation during transit. The CubeRover maintains contact with 
the ground through a “heartbeat” while monitoring and maintaining a safe internal temperature.

Transit Safe
Transit Safe is one of two safety modes available to the rover. It provides low level debugging abilities  
to ground systems while keeping most of the rover powered down.

Mission Modes

Mission Wired  
Status Check

Following landing, the rover is commanded from Heartbeat to Mission mode for the first time. The 
Mission Wired Status Check performs a diagnostic report on all system functions except for those 
restricted by the deployment system. This includes a confirmation that wireless communications  
are functioning nominally; following deployment, this will be the only way to communicate with  
the rover. Thermistors will be monitored to confirm that all components are within operational  
temperature ranges. The onboard heater can be used to warm the rover if needed. Finally, this 
status check also ensures the rover is fully charged and charges the rover if needed.

Deployment
Deployment is initiated by Astrobotic Mission Control at the request of the CubeRover team. Peregrine 
provides a power (release) signal to CubeRover, which activates the deployment mechanism releasing 
the CubeRover.

Mission Wireless 
Status Check

The Mission Wireless Status Check is a general diagnostic check after the rover has deployed from  
the lander.

Standby
In Standby mode, the rover waits for a command while transmitting heartbeat and other telemetry  
to the ground systems.

Driving
When driving or turning, the CubeRover enters Driving mode. The rover remains in Driving mode until 
the command is completed. This can occur concurrently with the Imaging and System Maintenance 
modes.

Imaging
When taking a photo, the CubeRover enters Imaging mode which includes the taking, cropping,  
scaling, compression and transmission of images. This can occur concurrently with the Driving and  
System Maintenance modes.

Payload  
Operations

During payload operations the CubeRover diverts its primary power source to customer supplied  
payloads, facilitating uninterrupted data flow through the onboard microprocessor and the payload 
electronics.

System  
Maintenance

The System Maintenance mode allows for a variety of low impact commands to be executed such as 
resetting specific avionics components or removing images from the system memory. This can occur 
concurrently with the Driving and Imaging modes.

Mission Safe
Mission Safe mode shuts down all non-critical CubeRover components and provides low level  
debugging abilities to ground systems.

CUBEROVER MODES OF OPERATION
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The CubeRover user interface is designed to enable a diverse set of lunar missions by allowing  
teams of operators with different roles and responsibilities to collaborate with Astrobotic operators 
during the mission. The primary objective of the user interface is to allow simple command sending 
and receiving to and from the CubeRover, however, it is also modular to allow operator prioritization 
of interface elements that are particularly relevant to their role in ensuring mission success. This software 
platform is provided with the CubeRover and can be downloaded to customer computers for 
teleoperation at customer facilities via a direct connection to Astrobotic’s Mission Control Center. 
Listed below are the key features that have been developed.

Map 
The map is a tool for planning rover missions and 
maneuvers. It contextualizes the rover’s position and 
orientation relative to the lander and other features of 
the lunar surface, the understanding of which is critical 
to achieving the scientific objectives of the mission. It 
also provides tools for helping plan complicated but 
common maneuvers for the rover.

Telemetry Visualization 
The telemetry visualization tool enables users to 
interpret non-image data from the rover to monitor  
for safety and science objectives.

Image Viewer 
The image viewer is the primary tool operators use to understand the environment around CubeRover 
and is central to planning the rover’s maneuvers. In addition to displaying images, the image viewer 
also now provides basic editing features, a timeline of past images and a comprehensive feature for 
naming and tracking points of interest on the lunar surface. 

CUBEROVER USER INTERFACE

Image Viewer Interface.

The teleoperated map as seen by the CubeRover 
Payload Customer.
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Command Line 
The command line provides a suite of advanced auto-fill and checking features to ensure that 
commands are created quickly and safely by operators.

The command line interface.
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CUBEROVER PAYLOAD INTEGRATION

Following contract signature, a payload manager works with the customer to develop a 
CubeRover payload schedule and align it to the mission schedule.

The diagram below provides a high-level overview of the Peregrine lander and CubeRover schedules. 
Astrobotic recognizes that a full set of formal milestone reviews is not necessary for every payload 
and works with the customer to appropriately tailor the schedule to the payload type and complexity. 

PAR takes place at the Astrobotic integration facility and is led by the Astrobotic payload 
management team; it is mandatory for every payload. The relevant payload deliverables for the 
CubeRover PAR must be submitted to Astrobotic prior to SIR at   L-12 months. The physical testing 
aspect of the PAR can be completed separately prior to Integration such that the customer can plan  
to deliver their flight configuration CubeRover payload for acceptance and integration between  
12 and 8 months prior to launch. Leniency in the deadline is possible for less complex payloads 
utilizing fully standard interfaces.

Payload milestones prior to PAR are customer-led at facilities of the customer’s choosing. For major 
milestones, as agreed upon during schedule development, an Astrobotic representative must be 
included in the review panel. This flexibility in payload schedule is achieved by means of payload 
deliverables packages that ensure Astrobotic milestone reviews are informed by the latest payload 
specifications.
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