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Motivation
In-house DLR systems Comparable projects to LRM
v Modular software framework ¥ Limited development potential
X Expensive & complicated hardware v Low-cost & manageable hardware
v Easily reproducible

X Low availability

ExoMy, ESA ?

Lightweight Rover Unit (LRU), DLR 1




DLR.de « Chart 3 The Lunar Rover Mini: Towards a Versatile, Open-Source Mobile Robotic Platform for Educational and Experimental Purposes

The Lunar Rover Mini
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The Lunar Rover Mini | Hardware Overview

Dimensions: 36 x26 x39cm  (LxW x H)

Low-cost assembly: ~€2000,-

On-Board-Computer: Intel NUC (i7)
OpenSuse Leap 15.4 OS

Perception: RealSense D435i
RGBD camera + IMU

Power: 14,9V LiPo battery

Communication: WiFi
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The Lunar Rover Mini | Software Overview

 Links-and-Nodes (LN)
« Gamepad Control
* Low level communication
« Simulink motion control

* ROS Melodic
« RTABmap SLAM
« RMC Auto-Navigation

* RAFCONS (future)
 High-level mission planning

processes [clienls l topics l servicml parameters. I log€@ ‘

connect all | save all |display type: per group

> 00 Init/

[~ 01_Controller/

gamepad_control on [rm2.suse

@ X rover_communication on Irmz.suse
~ TF
.x base_link_to_camera on [rm2.suse
@ %~ LRM simulink on Irm2.suse
.1- LRM _simulink_parameter_init on Irm2.suse
("] x LRM_telecperation on Irm2.suse
@ X ros_gst_bridge on Irm2.suse
@ X ros_gst_bridge2 on Irm2.suse
("] x LRM_gui_simulink on Irm2.suse
@ X LRM_imu on Irm2suse

> 02 Mission_Part1_Stateless/
> 03_Mission_Part2/
v 04_TOOLS/

@ X rvizon Irm2suse
[ ] x ros _shell on Irm2.suse
(] x Irm2_rostopic2ln on Irm2.suse
@ X In_publisher on Irm2.suse
~ 05_Logging/
@ X LRM_logger_VO_IMU_TF on Irm2.suse
@ X roshag play Irm on Irmz.suse
~ 09 justdTesting/

("] x Twist_dummy_rospub on Irm2.suse
- . arta A

> | |4 command:| gamepad_Irm

vel_x: 0.000600 vel_y: ©.008080 angle:
jvel_x: 0.000000 vel_y: 8.000080 angle:
vel_x: 0.000000 vel_y: ©.000000 angle:
jvel_x: 0.000000 vel_y: 0.000080 angle:
vel_x: 0.000000 vel_y: ©.000080 angle:

@

]

c]

000000
000000
0ee0ee
000008
000000
000000
000000
000000

vel_x: 0.000000 vel_y: ©.008080 angle:
vel_x: 0.000000 vel_y: ©.008080 angle:
vel_x: 0.000600 vel_y: ©.008080 angle:

drive_mode:
drive_mode:
drive_mode:
drive_mode:
drive_mode:
drive_mode:
drive_mode:
drive_mode:

e e e e e e

~ | & Edit | O reload 3;7

Process: gamepad_control

@ ready

current stat
requested state:

@ o
edit name: gamepad_control
I node: core-node -> Irm2.suse
process i 4745
uptime: 60s
set LN_DEBUG
start with strace /tmp/out -eopen
HUP INT STOP
signal:

dump startup commands.

Deployed: 2023-08-30 12:06:14
Cissy workspace process name: gamepad_control
Dependencies:
LRM_gamepad_controller/0.2.0@morofsnapshot
LRM_In_msgdef/0.0.0@moro/unstable
boost/1.66.0@3rdparty/stable
boost_python/1.66.0@3rdparty/stable
coin/4.0.0@3rdparty/stable
liblinks_and_nodes/2.2.0@common/stable
all processes status

it
(23

PL

CONT

send!

rover_mode: 90 pan: 139 tilt: 164 assume:
rover_mode: 98 pan: 139 tilt: 164 assume:
rover_mode: 90 pan: 139 tilt: 164 assume:
rover_mode: 98 pan: 139 tilt: 164 assume:
rover_mode: 96 pan: 139 tilt: 164 assume:
rover_mode: 90 pan: 139 tilt: 164 assume:
rover_mode: 90 pan: 139 tilt: 164 assume:
rover_mode: 90 pan: 139 tilt: 164 assume:

permission:
permission:
permission:
permission:
permission:
permission:
permission:
permission:

freeze (M| follow

cooocooae

LN-manager
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The Lunar Rover Mini | Electronics

» Intel NUC N
* Runs software framework PariTil
» Collects perception measurements .
________________ uss
o :
» Body PCB T R el NUC
« Manages communication to actuators
 Collects actuator measurements ~ |pean: | | | Juse™
» Bogie PCB's control wheel actuators

* Low-level PID control
« Steering angle measurement
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The Lunar Rover Mini | Component Availability

Category Name Available Notes
Intel NUC (i7) 4 On Board Computer
Intel RealSense D435i v RGBD camera + IMU
Hardware Body PCB X Communication manager
Bogie PCB X Steer and drive control
Faulhaber 2619 006 SR J Wheel actuators
Hitec HS-422 Deluxe J Pan-Tilt actuator
RealSense tools L/ Camera driver, depth sensing
Navigation RTABmap V4 SLAM framework
RM-Autonav X Internal tool for autonomous navigation
Links-and-Nodes 7/ Platform-agnostic process manager
Infrastructure ROS Melocid V4 Robot middleware
RAFCON v State Machine graphical Interface
Cissy x Internal CI/CD manager
X = not yet available, but foreseen in the near future to be released
x = not available, but can be substituted by other open-source components
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Operations and Control

camera_color._opt~al_frame

base_link
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Operations and Control | High-level control

1. Manual Control

Wheel commands
cteer + drive
2. Autonomaous High-level Control Model
Mavigation rSimulink)
FanTilt commands

3. Human Machine
Interface
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Operations and Control | Driving modes

Crabwalk mode Rotation mode Ackermann Steering mode
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Operations and Control | Localisation and Mapping

RTABmap

Realsense D435i Stereo Images > rgbd_odometry
Visual Odometry
Constraints
\ 4 Y
RTABmap GTSAM
—— > nonlinear factor
rtabmap graph

O Robot poses (Keyframes)

@ @ @ @ Constraint estimated

by loop-closure

= Optimization () ()
& - ENNVEV GG

<Constructed pose-graph=> <Optimized pose-graph=

Pose Graph optimisation with loop closures 3




DLR.de * Chart 12  The Lunar Rover Mini: Towards a Versatile, Open-Source Mobile Robotic Platform for Educational and Experimental Purposes

Developments




DLR.de * Chart 13  The Lunar Rover Mini: Towards a Versatile, Open-Source Mobile Robotic Platform for Educational and Experimental Purposes

Developments | Robotic Arm

 Designing a robotic arm for environment manipulation

spacebotcamp mission |

_explore

| o b
init mission

mission control ~

“pick mug

_pick battery

“\_Jassemble base -

‘go home

success HiD

RAFCON Mission planning !
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Developments | Human Machine Interface

» Development of a human machine interface on a smartphone

\L‘..'_ World Food
WT

\
¥
\S é\ijglamme
S

Driving Mode @ Ackermann O Rotation O Crab Walk

Drive Pan/Tilt Lrm1

SHERP, DLR 5

Change Camera Start

Top: smartphone with 6DoF SpaceMouse
Bottom: control app for manual operation
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Developments | Sensor Fusion for SLAM

* Increasing the accuracy of SLAM by incorporating IMU measurements

. RTABmap
Realsense D435i >stereo Images > rgbd_odometry

IMU Measurements

Visual Odometry
Constraints

Y

GTSAM
RTABmap | ] nonlinear factor
rtabmap graph

Loop closures and multiedges

IMU measurements as additional edge in pose graph 4
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Conclusion

Software testing and development platform:

1. High-end modular RMC software
framework

2. Low-cost and in the future accessible to
all
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