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e T. Wiemann, I. Mitschke, A. Mock, and J. Hertzberg. Surface reconstruction
from arbitrarily large point clouds. In 2018 Second IEEE International
Confer- ence on Robotic Computing (IRC), pages 278-281, Jan 2018.
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Mesh Applications and Advantages

* 3D Mapping of outdoor terrain

e Obtaining surface information

e Multilayer surface information

e Multilevel environments

e Visualization of terrain analysis

* Robot Mesh navigation planning
* Visualization of textures

e Data reduction

* |ntuitive annotation of objects

::: Mesh Tools
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Mesh Tools - Packages
e N
mesh_msgs Mesh \/ .
mesh_msgs
e mesh_msgs_transform N y mej;fg?fgﬂgorm
\_ /
* mesh_msgs_hdf5 /
e I
+ hafs_map.i Aoiton | —
N ) Y - N
. label_manager DS e
hdfé_maﬁlio y
e rviz_mesh_plugin
e )
RViz

* rviz_map_plugin

rviz_mesh_plugin
rviz_map_plugin
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Mesh Geometry

# MeshGeometry Message
geometry_msgs/Point[] vertices
geometry_msgs/Point[] vertex_normals
mesh_msgs/TrianglelIndices[] faces

# TriangleIndices Message
uint32[3] vertex_indices Vertex Buffer

VIV V|V |V

1 2 3 4 S}

1 2 3 4 5
Index Buffer

# MeshGeometryStamped Message

std_msgs/Header header
string uuid 112324 |3/ 2|5]|4
mesh_msgs/MeshGeometry mesh_geometry F F F

1 2 3
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'&) Interact = Move Camera |3 Select 2 Focus Camera == Measure ¥ 2D Pose Estimate * 20 Nav Goal 9 Publish Pount ¥ Mesh Goal €A = 9

Q Displays X . Views x
» @ Global Options Type: Orbit (rviz) - Zero
» v Global Status: Ok '
» ¥ Grid v Current View Orbit (rviz)
v < TexturedMesh ™ Near Clip ... 0,01
» v Status: Ok Invert Z Axis
Geometry Topic /mesh Target Fra... <Fixed Frame>
Mesh Buffer Size 1 Distance 10,7954
¥ Display Type Fixed Color Focal Shap... 0,05
Faces Color [ 55; 255; 182 Focal Shap...
Faces Alpha 0,5 Yaw 1,88357
» Show Wireframe Pitch 0,610206
» Show Normals » Focal Point -2.6202; -0.6904,...
» i, RobotModel ~
» »~ Path ~
» / Pose ~
-
TexturedMesh

Displays ‘'mesh_msgs’ messages with textures.

Add Duplicate Remove Rename Save Remove Rename
® Time -
ROS Time: 1538155832.45 ROS Elapsed: 866.79 wall Time: 1538155832.49 wall Elapsed: 866.70 Experimental

Reset Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel:: Zoom. Shift: More options. 31 fps
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Mesh Vertex Costs and Colors

# MeshVertexCosts
float32[] costs

# MeshVertexCosts Stamped

std_msgs/Header header

string uuid # reference to the mesh

string type # costs type

mesh_msgs/MeshVertexCosts
mesh_vertex_costs

MeshVertexColors and labeled objects on the Ford Campus Dataset
e . Pandey, J. R. McBride, and R. M. Eustice. Ford campus vision and

lidar data set. The International Journal of Robotics Research,
:2: Mesh Tools 30(13):1543- 1552, 2011.



Mesh Navigation

|

N\

/cloud

sensor_msgs/
PointCloud?2

J

 Reconstruct sensor data to a mesh

e Terrain analysis on the mesh to cost

layers

o Combine cost layers to a navigation

layer

e Perform path planning and motion
control on the mesh using
Move Base Flex
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lvr_ros
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RViz

rviz_mesh_plugin

-

N\

/mesh

mesh_msgs/
MeshGeometryStamped

/mesh_costs

\_ CostsStamped )

~

mesh_msgs/
MeshVertex

J

|

Move Base Flex
Mesh Navigation

mbf_mesh_nav

v

g /goal

geometry_msgs/
\k PoseStamped

* 3D Navigation Mesh Generation for Path Planning

In Uneven Terrain. S. Putz, T. Wiemann, J.

Sprickerhof, and J. Hertzberg. 9th IFAC Symposium
on Intelligent Autonomous Vehicles (IAV 2016).

/path

nav_msgs/Path

* Move Base Flex: A Highly Flexible Navigation Framework for

Mobile Robots. Sebastian Putz, Jorge Santos Simén,

Joachim Hertzberg, International Conference on Intelligent
Robots and Systems 2018 (IROS 2018)


https://kbs.informatik.uos.de/publication/iros18_puetz/
https://kbs.informatik.uos.de/publication/iros18_puetz/
https://kbs.informatik.uos.de/people/spuetz/

™ Interact | "5 Move Camera - Focus Camera == Measure  ~ 2DPose Etimate .~ 2DNavGoal @ PublishPoint . MeshGoal o

£ Displays -
# Global Options
v’ Global Status: Ok
< Grid
@ TexturedMesh ~
» v Status: Ok
Geometry Topic /mesh
Mesh Buffer Size 1
v Display Type Fixed Color
Faces Color B 0; 255;0
Faces Alpha
» Show Wireframe
» Show Normals
» w, RobotModel
» ~ Path
» 7 Pose

Add
%

(V) Time
ROS Time: 1537815926.34 ROS Elapsed: 69.79 Wall Time: 1537815926.37 Wall Elapsed: 69.76 Experimental
31 fp

Reset
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Mesh Face Cluster

# MeshFaceCluster
uint32[] face_1indices
# label (optional)
string label

# MeshFaceClusterStamped Message
std_msgs/Header header

string uuid

MeshFaceCluster cluster

# overwrite existing labeled faces
bool override
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Mesh Materials & Textures

# MeshTexture

string uuid

uint32 texture_index
sensor_msgs/Image image

# MeshMaterials
mesh_msgs/MeshFaceCluster|[] clusters
mesh_msgs/MeshMaterial[] materials
uint32[] cluster_materials
mesh_msgs/MeshVertexTexCoords| ]

# MeshMaterial vertex_tex_coords

uint3Z2 texture_index
std_msgs/ColorRGBA color

bool has texture # MeshMaterialsStamped

std_msgs/Header header
string uuid

4 MeshVertexTexCoords mesh_msgs/MeshMaterials mesh_materials

float32 u
float32 v
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Hierarchical Data Format |10

* Representation of complex data structures ¥ [Elmap-wachsbleiche_full.h5

v i@l attributes
metadata. i height_difference
#H normals
e Portable file format i rgb_colors
i roughness

» [C)texture_features

* No limits (number or size of data) C)clustersets

v @l geometry
o C, C++, Python, Fortran 90, and Java interfaces. i faces
i vertices
. v i@l labels
o Storing pre computed mesh layers, e.g. roughness, > £ fireex
height differences, and semantic information v @l floor
R 1
o Storing textures like, RGB images or even textures > (L poster
generated by a hyper spectral camera. 'iéi"t“rez
cooras
» [CJimages
Markerless Ad-hoc Calibration of a Hyperspectral Camera Ema:_fgcle_mdices
32| materiails

and a 3D Laser Scanner. Felix Igelbrink, Thomas Wiemann,
ceo Sebastian Putz, Joachim Hertzberg, 15th International
23t Mesh Tools Conference on Intelligent Autonomous Systems (IAS 2018)


https://kbs.informatik.uos.de/people/figelbrink/
https://kbs.informatik.uos.de/people/twiemann/
https://kbs.informatik.uos.de/people/spuetz/
https://kbs.informatik.uos.de/people/jhertzberg/

'™ Interact | "5 Move Camera

£ Displays
» ¥ Global Options
» v Global Status: Ok
» < Grid
» @ TexturedMesh
» i RobotModel
» ~ Path
» ~ Pose
v @ Map3D
» v Status: Ok
Map File path
# o ClusterLabel
v @ Mesh
» « Status: Ok
v Display Type
Faces Color
Faces Alpha
» Show Wireframe
» Show Normals

Display Type
Select Display Type for Mesh

Add

(Y Time

ROS Time: 1537/817582.40

Reset

<43~ Focus Camera

&

=3 Measure

/ 2D Pose Estimate . 2D Nav Goal

/ﬁome/spuew/data/datasets/hdfs/

Fixed Color

W 0; 255; 0
0,5

ROS Elapsed: |366.50

wall Time:

1537817582.43

¥ PublishPoint .~ Mesh Goal

Wall Elapsed: | 366.48

4 Cluster Label

L

x
Experimental

31 fps
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github.com/uos/mesh_tools

wiki.ros.org/mesh_tools
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http://github.com/uos/ros_tools
http://wiki.ros.org/ros_tools

