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A SAFE AND ACCESSIBILE 
SPACE ENVIRONMENT

Rising automation levels in space missions will 
enable the future-proof maintenance and integration 
capability that is needed to boost the larger scale 
applications.
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S P A C E   R O B O T I C S
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HUMAN VS ROBOTICS CAPABILITIES IN EVA OPERATIONS
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Source:  J.B Garvin 2005
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ROBOT HUMANCO-OP

V I S I O N
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MISSION

ROBOTIC 
AUGMENTED 

EVA OPS
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M M E V R M U L T I - M I S S I O N 
E X T R A - V E H I C U L A R 
R O B O T
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ROBOT

NAV

M M E V R  |  A U T O N O M O U S
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M M E V R  |  C O O P E R AT I V E

ROBOT

NAV

HARNESS
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M M U
M A N N E D
M A N E U V E R I N G
U N I T 

SMM Retrieval, 1984

M M U
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SYSTEM 
ARCHITECTURE
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SYSTEM 
COMPONENTS
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10 DoF ARMS

HOTDOCK

LI-ION BATTERIES

REACTION WHEELS

DRY MASS
80 KG

M M E V R  |  R O B O T
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M M E V R  |  N A V D E P L O Y E D

DRY MASS
25 KG

S T O W E D 

18 Kg N2 TANK

RCS

DOCKING SENSOR

HARNESS CONNECTOR

DOCKING PORT
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M M E V R  |  H A R N E S S

DOCKING PORT

DATA PORT

RCS CONTROLLER
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TOOLBOX

ADAPTIVE GRIPPER

LMS PRINTER

HIGH DENSITY LASER

ADHESIVE CLAMP

M M E V R  |  T O O L S
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S E R V I C E 
M O D U L E

SPACEX DRAGON XL
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S E R V I C E 
M O D U L E

DRY MASS:
4700 Kg
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S E R V I C E 
M O D U L E
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Multipurpose
Payload Airlock

S E R V I C E 
M O D U L E
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S E R V I C E 
M O D U L E
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A U T O N O M O U S
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A U G M E N T E D
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CONTROL STATION

HAPTIC EXOSKELETON

HAPTIC FEEDBACK FOR INTERACTION  <

MIXED REALITY HEADSET  <

UPPER BODY CONTROL  <

SAFETY TRIGGER  <

5 DoF  LIMBS  <

5 DoF ARMS

MAIN RETENTION
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P R O T O T Y P E   |   P R O C E S S

1  |  MODELLING
INVENTOR  |  PRUSA SLICER

2  |  PRODUCTION
3D PRINTING  |  LASER CUT

3  |  TESTING
ASSEMBLY  |  INTERACTION
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P R O T O T Y P E  |  D E S I G N

>  1:1 SCALE

>  ACQUISITION SYSTEM

>  10 DoF

>  FIT 99th PERCENTILE

>  BUDGET 5000$  

3D Printed

Aluminum Extrusion
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P R O T O T Y P E  |  P R O D U C T I O N

LIMBS

BODY

STAND

VISION
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S I M U L A T I O N   |   P R O C E S S

1  |  MODELLING
BLENDER

2  |  PRODUCTION
UNREAL ENGINE

3  |  TESTING
HTC COSMOS
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S I M U L A T I O N 
E N V I R O N M E N T 

 

LUNAR GATEWAY

MMEVR

MOON

SERVICE MODULE
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STARTING POINT

ACTION 2

ACTION 1

S I M U L A T I O N   |   D E S I G N

SIMULATION OVERVIEW

2 AVAILABLE MISSIONS  <

TELEOPERATED  |  AUGMENTED MODE  <

6 DIFFERENT TASKS FOR MISSION  <

COMPATIBLE WITH DIFFERENT HEADSET  <

VECTORIAL MOVEMENT (RCS)  <
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MODULAR UTILITY VEHICLE
SOUTH POLAR ROVER

Vittorio Netti



MUV Requirements  |  Design Criteria

Materials
Temperature range 
of -233 °C to 123 °C

 

Navigation
Rover will experience 
obstacles such as rocks, 
craters, water-ice, and 
lunar regolith

Modularity
The rover needs to be 
designed to support 
future missions

Dust Protection
Lunar dust will cause 
abrasion of exterior 
surfaces
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Design Concept  |  Modular Utility Vehicle
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8 Interfaceable 
Modules

Design Concept  |  Modularity
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Design Concept  |  Field Stripping

MUV Software recognize  a 
malfunctioning module

MUV is lowered to allow
astronauts to dismount

MUV is lifted on its deployable 
stands and the malfunctioning 
section is abandoned.

MUV is reconfigured manually 
by the astronauts
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Design Concept  |  Attitude Control

50%

45° Max Gradient
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Operations Concept  |  Initial Deployment

VIPER Lander

Blue Moon Lander

MUV Rover in 
stowed configuration
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Operations Concept  |  Autonomous Operations

Autonomous Science 
Computer

Navigation sensors
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Operations Concept  |  Autonomous Navigation

Navigation Path

Shackelton Crater

LRO Illuminance map of 
the Lunar South Pole
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Operations Concept  |  Autonomous Science
Permanent Shadowed
      Area of the Shackleton
          crater

Water-Ice mapping of the 
Lunar South Pole

               Soil Core Samples
            Collected with 
      the ROPEC drill

ROPEC drill
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Operations Concept  |  Mode Switch

As soon as they land, 
astronauts will reconfigure 
MUV as manned transport

Teleoperated

Manned
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Extended Operations  |  Designed for Flexibility
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Vehicle Specifications  |  Power Management

Li-ion Battery Pack
(TRL 9)

Triple-Junction Solar Cell
(TRL 9)
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Vehicle Subsystems  |  Mobility Unit

ODG Lunar Wheel
(TRL 6)

Cloth cover

Brushless Motor

Linear Actuator

Mobility Unit
5 DoF robotic limb 

attitude control 

Hotdock
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Vehicle Subsystems  |  Payload Box

Sample collector + AnalyzerVolatile Extractor + AnalyzerManned Control Unit (MCU)Payload Box (Frame)
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Vehicle Subsystems  |  Manned Control Unit

4. Astronaut connects to the handle 
     and take control of MUV, platform
     rotate again

3. Platform rotate to allow                      
     astronaut to step on the MCU 
     from the front of MUV

2. MCU is deployed and powered on1. MCU is connected to MUV 
    in stowed configuration

> > >
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Planetary construction with ISRU on Moon and Mars: form 
factor and automation of the construction processes.



R O B O T I C   C O N S T R U C T I O N

Additive 
Manufacturing

Discrete elements 
(forming)

Earth Construction 
Trade-off

Planetary 
Construction
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M E T H O D O L O G Y
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1.  Experiment ConOps

D E V E L O P M E N T

51

2.  Form Finding 3.  Structural Analysis 4.  Experiment execution

> > >
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E X P E R I M E N T
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MMO-500

Mobile Manipulator

Testing collaborative mobile regolith 
printer in a closed-loop environment
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