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Grid generation QGIS 3.x
Issues with BASEmesh v1.4.5

» Mesh data stored via «_nodes» and «_elements» Shapefile

= Separate workflows depending on BASEMENT version
— Regular workflow for BASEMENT v2.8
— Large Mesh Dialog for BASEMENT v3.x

= Poor performance scaling for large meshes

= Grown codebase
— Tackling performance issues or adding features is non-trivial
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Grid generation QGIS 3.x
Issues with BASEmesh v1.4.5

= Major restructuring of the codebase required

- BASEmesh v2.0 released August 2020

BASEmesh

A
<5

VAVAN

\/

avisr
Wy
a,
sl

Wb

Laboratory of Hydraulics,
Hydrology and Glaciology

BASEMENT Users Meeting 2021 | 28-01-2021 | 4



BASEmesh 2
Overview

= Completely rewritten code base
— Focus on modularity and ease-of-maintenance
— Separation of core functionality and plugin frontend

= Support for new QGIS features
— New input formats (ShapeFile, AutoCAD DXF, GeoPackage, etc.) @
— 2DM mesh format used for QM and EM

= Optional C extensions for increased performance
— Platform-specific reimplementation of expensive operations
— Pure-Python alternative always available for portability
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BASEmesh 2
Mesh Generation

Triangulation constraints Output log Help

| Break lines \/"breaklines_qui Processing input geometries
v . qui

= Known workflow still valid S—— mmsdion poinea

Conforming input geometries...
nodes removed
nodes added

" Support for QGIS 3D geometries o |

Running Triangle

Constrained points regions_points

coo

Extra arguments

— 3D points/lines required for Elevation

) R : Constructing Delaunay triangulation by divide-and-conguer
Region marker layer . regions_peint ¥ method
. e .
Recovering segments in Delaunay triangulation.
eS II lg V| Hole marker field |hole v Removing unwanted triangles.

Spreading regional attributes and area constraints.

v MATID field MATID "2 Adding Steiner points to enforce quality.

v/ Maximum area field max_area - -

Writing C:

— Converter for 2D geometries with

Writing C:
\Users\leonh\AppData\Local\Temp\tmpygwa2hxu\triangle 2021-01-2
Keep convex hull 6_20-49-11.1.ele. -

elevation attribute available in o s soners

Statistics:
Use custom boundary

Input vertices: 181

processing toolbox

String definitions layer breaklines_qgu Mesh vertices: 5792
Mesh triangles: 11353
String definitions ID field type Mesh edges: 17145

=
Mesh exterior boundary edges: 231

. 0 I IVeX u O I O n O r l I I O e V| Include in 2DM node strings (BASEMENT 3) Mesh interior boundary edge 1435
Mesh subsegments (constrained edges): 1666

Write to sidecar file (BASEMENT 2.8)

boundary Settings o
Log level Basic statistics A
= Generated mesh output as 2DM s EC I}
Output
» Mesh Layer R i
100% Cancel
Done Run Close
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BASEmesh 2 % @ 5
Mesh Interpolation —

= Significantly improved performance " BASEmesh - Interpolation x
for large meshes

Mesh layer to interpolate @Tutorial_quality-mesh v

Basic Advanced Help

Elevation source

- M €5 h fo rmat se I € Ctl on fo r ®  Interpolation via elevation Mesh
BASEMENT v2.8, v3.0, or both Mesh aer B Tutoral clevtonmesh >

Interpolation via DEM (Raster)

Raster layer

= Support for multiple elevation
sources (e.g. TIN and raster DEM)
Output mesh format  BASEMENT 3 (element elevation only) v
C:/Users/leonh/Desktop/Tutorial_computational-mesh.2dm Browse...

v/ Add saved file to map

| Cancel

Run Close
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BASEmesh 2

Mesh Interpolation — multiple elevation sources
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gHeE A

71 BASEmesh - Interpolation

Input
Mesh layer to interpalate | @ P3_Mesh ﬂ
Selected elevation sources Available elevation sources
P3_ElevMesh P3_Mesh
owissALTIZD2019 -
Hint: Use drag and drop to reorder and move elevation sources between lists
Qutput
Output mesh format BASEMEMT 2 and 3 (node and element elevation) j

|| Browse...

I+ add saved file to map

Cancel

Run Close
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BASEmesh 2
Visualisation

= Native 3D Visualisation Support
in QGIS 3.10

Q Layer Properties — Tutorial_computational-mesh — 3D View X
v/ Enable 3D Renderer
(i Information ~ Triangles Settings
Smooth triangles Wireframe
‘)\:\\ Source 9
Wireframe Line Width And Color
-,
4 Symbology o
100 px Bl M
& ‘ Rendering v Vertical Settings
. a
ﬁ Temporal Vertical Scale |1.0(] ‘v
~ Dataset Group For Vertical Value |Bed Elevation v |
% Metadata
Dataset Value Relative To Vertices Z Value
v Rendering Color Settings
Rendering Style \ZD Contour Color Ramp Shader v
4 Arrows Settings
‘Style " ‘ oK | ‘ Cancel‘ ‘ Apply | ‘ Help ‘
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BASEmesh 2
Visualisation

= Support for MATID visualisation

layer in QGIS 3.16+

XS
%

/SR
N
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LK

W

Q Layer Properties — Tutorial_computational-mesh — Symbology

R | ] N i) R4
(i Information
Groups
‘)\:\\ Source Bed Elevation
- Material ID
%’ Symbology
W7 3D View
’},/ Rendering Dataset in selected group(s)

v Dataset group Metadata
ﬁ Temporal
Mesh typefaces

a Metadata Data type faces
Is vector No
name Material ID

v Layer Rendering

Blending mode Normal

Style ¥ | OK ‘ Cancel

v

Apply Help
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BASEmesh 2
Getting started with BASEmesh 2

= BASEmesh 2.0 is the default version
starting with QGIS v3.10 LTR

= Migration Guide available in
Repository Wiki

yer Settings [N Vector Raster Database Web Mesh Processing Help

LIS @ Manage and Install Plugins... @, BT=

z @_ Python Console Ctrl+Alt+P -
BA = - Elevation meshing
px Plugin Reloader » g Quality meshing

e .
i dn z Z1 Interpolation

& About BASEmesh
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€3 BASEmesh - About X

BASEmesh 2

BASEmesh is a pre-processing toolkit for the numerical software BASEMENT and allows the
creation and processing of 1D and 2D mesh geometries.

The core components of BASEmesh do not rely on the QGIS environment, which allows the
creation of custom scripts and workflows through Python scripts.
Additional information about the Python API can be found in the source code repository.

For more information, please visit https://git.ee.ethz.ch/basemesh/basemesh-v2/.

BASEMENT

BASEMENT is a numerical simulation software package developed at the Laboratory of
Hydraulics, Hydrology and Glaciology (VAW) of the Swiss Federal Institute of Technology (ETH)
in Zurich, Switzerland.

For more information, please visit https://basement.ethz.ch/.
Triangle

The triangulation process of BASEmesh is based on Triangle, an excellent two-dimensional
mesh generator developed by Jonathan Richard Shewchuk at the University of California at
Berkeley.

For more information, please visit https://www.cs.cmu.edu/~quake/triangle.html.

BASEmesh Repository BASEMENT Website | Close |

e 5
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BASEmesh 2 — Outlook
Python Module

» BASEmesh 2 separates plugin-specific code from core implementation

*

= BASEmesh back-end will be available as standalone Python package
— Python v3.6+
— Available via PyPI

= Provides command line versions of plugin utilities

* [ncludes additional features not available in QGIS
(e.g. 1D channel generator)
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BASEmesh 2 — Outlook
Module API

= Python API allows interfacing with BASEmesh components directly

*

= Enables development of custom workflows and utilities using BASEmesh
functionality

= API scope and documentation are still being finalised
— Completion expected for end of Q1 2021

- APl specification will be released on BASEmesh repository
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Postprocessing in QGIS a
QGIS 3.x (¥ BASEMENT 2.8 & BASEMENT 3.x

B Grovser (QGIS 3.x & Crayfish 3.x, C++ library replaced by MDAL*\

— Crayfish simple python plugin (no platform specific libraries)

. ¢ Vector — Make use of QGIS Unstructured Mesh Layer
¢ ot () QGIS 3.x & Crayfish 3.x
B s — 2dm (Bed elevation) — plot/animation
B Add Mesh layer | — els/nds results — export mesh elements,
- o *xdmf a vertices and edges
QGIS Enhancement: - *sol H (vector)
Unstructured Mesh Layer — mesh calculator — export contours
e 2dm files \ — 3D view — rasterize /

 sSimulation results
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Postprocessing in QGIS
QGIS 3.x (¥ BASEMENT 2.8 & BASEMENT 3.x

= 3D visualisation of simulation results

source: www.lutraconsulting.co.uk/blog/2020/06/17/crayfish-3-4-4/
VZ. V) 4
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Postprocessing in QGIS

QGIS 3.x () BASEMENT 2.8 & BASEMENT 3.x

= Some documentation available
from the OGIS 3.x User Guide

= Access Crayfish funktions via:

— Processing Toolbox
— Menu Toolbar — Mesh

) *M1_P3-QGIS

DEERE
LA AN

Layers
« @ ® T
— P3_Stringdefs
b | [ P3 Mesh
> | [l FlevMesh
V| ® MI_P3_kas Elevation_nodes
v D MIi_P3_kas_Elevation_elements
B8 M1_P3_kasXi_DEM
B8 M1_P3 kasXL
[l QualMesh
¥ P3_DEM raster
= M 50250
369.159
g swissimage_25_Aarau_latest_copyright
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Project Edit View Layer Settings Plugins Vector Raster Database Web JUEHW Processing Help

Mesh Calculator.. . | ;ﬂ

»

Crayfish > Plot
3D Plot

© Export Animation ...

@®

© Export Trace Animation .
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Processing Toolbox
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{Recently used

Crayfish

AAAAAAAAA

Cartography
Database

File tools
Interpolation
Layer tools
Mesh

Metwork analysis
Plots

Raster analysis
Raster creation
Raster terrain analysis
Raster tools
Vector analysis
Vector creation
Vector general
Vector geometry
Vector overlay
Vector selection
Vector table
Vector tiles
BASEmesh

Export 2D cross section plot data
Export 2D timeseries plot data
Export contours

Export gridded value on mesh
Export mesh edges

Export mesh faces

Export mesh vertices

Mesh calculator

Rasterize

Conversions

‘- € SAGA Flowto GRIB

[+ e GDAL
[ 4 GRASS
& SAGA
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https://docs.qgis.org/testing/en/docs/user_manual/working_with_mesh/mesh_properties.html

Summary

* Preprocessing
— BASEmesh version 2.0
— Significantly improved performance for large meshes
— Enhance interpolation feature
— Making use of native OGIS functionalities (Mesh layer)

= Postprocessing
— Result visualization for BASEMENT 2.8 and 3.x
— All functionalities known of v2.18 available
— Additional features and further development

source: www.lutraconsulting.co.uk/blog/2020/06/17/crayfish-3-4-4/
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Contact information

ETH Zirich

Stephan Kammerer ?
Leonhard Seidelmann ®
Versuchsanstalt fir Wasserbau, Hydrologie und

Glaziologie (VAW)

Abteilung Numerische Modellierung @ @
Honggerbergring 26
8093 Zdrich ﬁ

E-Mail: kammerer@vaw.baug.ethz.ch
seidelmann@vaw.baug.ethz.ch
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