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1.1

1.2

1.3

A guide to this manual

Introduction

This User Manual concerns the Delta Shell framework.

This module is part of several Modelling suites, released by Deltares as Deltares Systems or
Dutch Delta Systems. These modelling suites are build with use of the Delta Shell framework.
The framework enables to develop a range of modeling suites, each distinguished by the
components and — most significantly — the (numerical) modules, which are plugged in. The
modules which are compliant with the Delta Shell framework are released as D-Name of the
module, for example: D-Flow Flexible Mesh, D-Waves, D-Water Quality, D-Real Time Control
and D-Rainfall Runoff.

Therefore, this User Manual is shipped with several modelling suites. On the Start Page
links are provided to all relevant User Manuals (and Technical Reference Manuals) for that
modelling suite. Other user manuals can be referenced. In that case, you need to open the
specific user manual from the Start Page in the central window. Some texts are shared in
different user manuals, in order to improve the readability.

Overview

To make this manual more accessible we will briefly describe the contents of each chapter.

Chapter 2: Background, introduces the Delta Shell framework as an integrated modelling
environment to provide users with a single application which acts as a platform to integrate
various models and tools.

Chapter 3: General overview of the GUI, gives a brief introduction to all GUI-components,
which are shared between applications based on the Delta Shell framework.

Chapter 4: Case management, introduces two ways to work with cases, (model) variants or
scenarios.

The map is always a very - if not, the most - usefull window in modelling in Delta Shell. Read
more about the map and coordinate systems in Chapter 5: Working with the map.

Chapter 6: Spatial editor, introduces the spatial editor, a generic feature of the Delta Shell
for editing spatial data, such as bathymetry, roughness, viscosity, initial conditions, sediment
availability.

Chapter 7: Model coupling, is on models, (timestep based) model coupling and so-called
integrated modelling within Delta Shell.

Chapter 8: Command-line and scripting, describes how to run a model without using the
GUI. For the advanced user, there is also an introduction to the very powerfull feature of
scripting, which enables the user to adjust and run a model without using the GUI, even to
setup complete models from scratch.

Manual version and revisions

This manual applies to SOBEK 3 suite (version 3.5 and higher) and Delft3D Flexible Mesh Suite
(version 2016 and higher).
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A guide to this manual

1.4 Typographical conventions

Throughout this manual, the following conventions help you to distinguish between different
elements of text.

Description
Example

Module Title of a window or a sub-window are in given in bold.
Project Sub-windows are displayed in the Module window and
cannot be moved.

Windows can be moved independently from the Mod-
ule window, such as the Visualisation Area window.

Save Item from a menu, title of a push button or the name of
a user interface input field.

Upon selecting this item (click or in some cases double
click with the left mouse button on it) a related action
will be executed; in most cases it will result in displaying
some other (sub-)window.

In case of an input field you are supposed to enter input
data of the required format and in the required domain.

<\tutorial\wave\swan-curvi> Directory names, filenames, and path names are ex-
<siu.mdw> pressed between angle brackets, <>. For Linux en-
vironments a forward slash (/) is used instead of the
backward slash (\) for Windows environments.

“27 08 1999~ Data to be typed by you into the input fields are dis-
played between double quotes.

Selections of menu items, option boxes etc. are de-
scribed as such: for instance ‘select Save and go to
the next window’.

delft3d-menu Commands to be typed by you are given in the font
Courier New, 10 points.

> In this User manual, user actions are indicated with this
arrow.

[ms™[-] Units are given between square brackets when used
next to the formulae. Leaving them out might result
in misinterpretation. Most units will be in S| notation.
[m AD] stands for 'meter Above Datum’, which denotes
a level relative to the vertical reference system in the
model.

1.5 Changes with respect to previous versions
In this edition changes have been made to:

¢ the chapter 6: Spatial editor
¢ the Appendix A: How to use OpenDA for Delta Shell models
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2 Background

2.1 About the Delta Shell framework

After its first release in 2012, the Delta Shell framework will gradualy be extended to become
a full-fledged framework for the integration of a variety of environmental models.

The Delta Shell framework is an integrated modelling environment to provide users with a
single application which acts as a platform to integrate various models and tools. This is
achieved by making use of a software framework specifically focused to provide a set of
components which can be reused by all kinds of environmental models. The overall picture of
what functionality Delta Shell needs to provide has been proposed by a variety of (potential)
users and has been captured in so-called user stories. These user stories have been gathered
in a so-called mind map which is presented in Figure 2.1. As can be seen from the mind map,
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Figure 2.1: Mindmap with key user stories within Delta Shell.

Delta Shell has to comply with a broad range of wishes defined by the various users and user
groups. Main topics (depicted in the main branches) are:

¢ The definition of the integrated modelling framework,

¢ Data management: structuring, importing/exporting, storage.

¢ Dealing with environmental domain libraries (hydro, geo).

¢ Application interfaces (APIs) such as a graphical user interface or a command line interfce
using scripts for batch operation.

¢ Documentation and support

Delta Shell provides a user-friendly and open framework for environmental applications. Fig-
ure 2.2 shows the principles of the Delta Shell framework. Delta Shell allows to combine
different modules (plug-ins), such as for example, D-Flow 1D, D-RTC, D-Water Quality, or
D-RR, which results in the SOBEK 3 suite. In this fashion, it is possible to compose various
dedicated software suites within a single framework and preserving the same look-and-feel at
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Background

the same time. Furthermore, Delta Shell contains common plug-ins with generic functionality
which may be used by all model plug-ins that have been integrated within the framework. Fi-
nally, Delta Shell contains tools for setting up or importing different types of models, perform
simulations of the different models or combinations of models and analyse model results.

/ Common Plugins Customizable software sulte\
( 24, NetCDF 2 storage h
AR o e
(11
.weICDI'
) User interfaces
( ™
¢1,__ Science 22, GensEahal i .
1 >help!
. Graphical User
Command-Line p
Interface
\ J
. 7
Model Plugins T
29 e 29 Y

[ M) ] eh) ez s Sl

Calibration Morphology Waves Realtime Control Rainfall runoff Flow 1D Water quality ~ Flexible Mesh 2D/3D  Flexible Mesh 1D/2D

N J

Figure 2.2: The structure of Delta Shell as integrated modelling suite.

—
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A model is by definition a simplified version of (a possible) reality. A generic model is a
mathematical description of physical processes provided as a computer program, for example
D-Flow 1D, which is a model of surface water flow that solves the Saint-Venant equations
in one dimension. D-Flow 1D is a numerical model, because the governing flow equations
are solved numerically. In combination with data for a specific part of the world the model
becomes a site-specific model, for example the D-Flow 1D-model for the river Rhine from
Maxau to Lobith. Within a site-specific model a set of boundary conditions forms a scenario.

Delta Shell follows a layered concept to get from ‘real world’ to ‘numerical model result’ (Fig-
ure 2.3). Real objects like rivers, lakes, buildings, hills, bridges, pumps, culverts, etc. usually
are available on maps or other (digital) format. Based on such data Delta Shell helps to create
a schematisation, i.e. a network with model objects that correspond to the real objects. The
schematisation makes the model site-specific. A computational grid is added, which is part of
the discretisation of real world processes like surface water flow into a numerical model. This
model can be run under different sets of boundary conditions (scenarios). Numerical solution
of the flow equations with a Delta Shell plugin finally produces model results.
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2.2

2.3

Background

Scenarios

Modelresults
Boundary conditions
Discretisation

Model schematization
Digital river, lake ...

The “real world”

Figure 2.3: From real world to model results with Delta Shell.

Delta Shell: Vision Statement

For users:

The framework should facilitate modellers in: schematization (with/without user interface), cal-
ibration of models, running of models in standardized modelling environments (ex. OpenMl),
batch execution (from command line) and parallel execution (on clusters). All modellers should
be able to use the Delta Shell Framework combined with the modelling tools of their prefer-
ence (ex. D-Flow 1D/2D, D-Flow FM, Simona, Mike11, etc.).

For developers:

The Delta Shell Framework should provide a generic, transparent and simple way of develop-
ing new or coupling existing modelling tools (plug-ins). The emphasis should be on reuse and
expansion of existing code and features.

Overall Architecture

This section gives an overview of the Delta Shell architecture and a description of its main
components. Delta Shell has been designed using a flexible architecture which can easily
facilitate the use of external applications. The concept of the overall architecture is similar to
existing commercial products like Eclipse or Microsoft Visual Studio Shell. The most important
subjects considering the architecture of Delta Shell are presented in Figure 2.4. These are
the subjects that need to come together within the architecture of Delta Shell.

The subjects within the main branches of the mindmap that grasp the overall architecture of
Delta Shell are:

< Interoperability and/or Model Coupling. Define an architecture that is able to couple a
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Figure 2.4: Mindmap with key architecture subjects of Delta Shell.

variety of models in a correct fashion, both numerical as physics-wise.

¢ Applications and plug-ins. Provide a flexible framework architecture such that it becomes
possible to build applications (such as a command-line runner) or integrate (model) plug-
ins within the framework in a generic fashion.

¢ Data. The Delta Shell framework needs to provide functionality to deal with the storage,
import/export, transformation of data, as well as to provide support for the scientific char-
acter of (most of) these data.

¢ Domains. Currently, Delta Shell needs to provide functionality for the Hydro and Geospa-
tial domains. Support for other domains is foreseen in the future.

<& Scripting. To be able to set-up a Delta Shell project from the command-line, or perform
batch simulations using Delta Shell, it needs to support scripting.

To grasp all of the above subjects within the Delta Shell framework, the architecture of Delta
Shell consists of multiple layers that will all be described in this document. The resulting
overall architecture of Delta Shell is depicted in Figure 2.5.

The highest level of the Delta Shell architecture is shown in Figure 2.5. The central component
of the system is the modeling framework. The framework consists of a set of class libraries
which can be used throughout the system by the common and application plug-ins and stand-
alone applications such as the Graphical User Interface (GUI) or command-line runner.

To integrate new plug-ins within Delta Shell the framework provides interfaces for the plug-in to
comply with via its Core and GUI APlIs (for example the IPlugin, IModel, IModelProvider, 1View
or IViewProvider interfaces). The same holds for adding stand alone top level applications
(using the lApplication interface). Currently Delta Shell offers 2 of these applications, e.g.
the Delta Shell GUI and the Delta Shell command line runner, both of which combine the
available plug-ins within a single environment. It should be noted that other extensions of the
Delta Shell environment, for example an ArcGIS Extension, or Web Service, can easily be
developed as an alternative to existing GUI and console applications. Only the top-level part

Deltares 6 of 95



Background

A )
Top-level architecture = f S,
L\ Bl o

>h1A

Common Plugins Graphical User
( *4) _NetCDF 22, _storage ) Command-Line Interface
g NetDF o _Ei

A

mm
.'mICDI‘
J
L #%,__ science o9 Geospatia Framework
T Q=q(H) e =] [}?
T 1/ y=yixt)
/ Core API Gui API

Application, Plugin, Project,

Folder, Model, Data Item (St Vi, iy

. J

Application Plugins

’_Hj D-Flow 1D T4 DRR2D of ”v"w XBeach ,2%,_OpenMi

e ) (&)

Figure 2.5: Top-level architecture of Delta Shell.

of the system needs to be replaced and the rest of the components will work as before without
making any changes.

The plug-ins have been implemented as extensions to Delta Shell and can be divided into two
groups. The first group consists of the so called common plug-ins which provide common
functionality such as data types (network data types, OGC-compliant GIS data types, multi-
dimensional data types etc.) or which provide generic functionality such as the import/export
of data, the editing of data using various custom controls, or the visualization of data. The
functionality implemented in these common plug-ins is made available to the second group of
application plug-ins implicitly via the framework, and explicitly by direct use of .NET assem-
blies such as the GeoAPI or NetCDF assemblies (dIl's). This second group consists of specific
plug-ins which integrate some computational model (currently D-Flow 1D, D-Water Quality, D-
RTC, and D-RR) into the system.
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3 General overview of the GUI

3.1

As shown in Figure 2.5, one of the interfaces within the User Interface makes it possible to
extend the available (model) plug-ins with Graphical User Interfaces (GUIs). In this fashion, all
user interfaces of model plug-ins integrated within Delta Shell have the same look-and-feel.

This chapter introduces all GUI-components, which are shared between applications based
on the Delta Shell framework.

Windows

As Delta Shell is an integrated modelling suite, the application is project-based. Within a
project several models may be run and combined.

The main user interface is organized in a set of tool and document windows. An example
is given in Figure 3.1. The tool windows show properties of the current project, whereas
document windows are used to visualize or edit a specific data type. Tool windows can be
docked where you prefer — even at a second display. Document windows are, when placed
within the framework, always in the central area but may also be docked stand-alone (on a
second display, for example). Examples of tool windows are:

Project

Map

Region
Properties
Chart

Data

Time navigator
Messages
Toolbox

CO OO0 OO0

Examples of document windows are:

< Map(s)
<& Editor(s)
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General overview of the GUI
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Figure 3.1: Overview of the graphical user interface, example for a SOBEK 3 model.

In this chapter all tool windows, menus, dockable views, context menus, and ribbons and
toolbars will be described. Map functionality and the spatial editor are treated in separate
chapters. The specific editors for the different models are described in the user manuals
belonging to those model plug-ins.

Project

The Project window is the main navigation window for the project data, showing the total
workspace in a tree view (Figure 3.2). In the Project all project components are shown. For
a project containing a one-dimensional flow model and a map these may look like:

¢ The model (in this case a 1-dimensional flow model)
O The model input

o The network(s)

The computational grid(s)
The initial conditions

The boundary conditions
Lateral data

Roughness

o Wind data

O o0 O0OO0OOo

O The model output/results

<& The map

All project items with sub-levels can be collapsed by a mouse-click on the ‘—’ sign in the tree
view. Project data can be sorted by adding new folders to the project tree view and moving
models or movable items to designated folders. By clicking on the top left icon in Figure 3.2
the active item in the central Map is located in the tree view.
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Project * 0 X
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= [ Cutput
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> e Water level

in Discharge

> i Water level (op)
i Discharge (op)

Figure 3.2: The project tree window.

Several possibilities exist to work with the tree view:

¢ Left mouse-click to select

¢ Right mouse-click gives a context menu with available actions

¢ Double-click to show a map or editor in the main (central) window, depending on the
parameter

Main (central) window

The main window (Figure 3.3) is by default always placed in the middle of the screen. It can
also be docked separately, for example on a second display. It is used to present a map for
all geo-referenced modeldata, the editors for other data, and results in charts. The editors for
other data are model-specific and therefore described in the manuals for the various model
plug-ins.

All items with a geo-reference will be presented on the central map, for example: network,

computational grid and output data as layers, comparable to a geographical information sys-
tem (GIS). Working with these layers is described in section 5.2.
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Figure 3.3: The central map view.

When working in the central map, for example on a network, it is possible to add, adjust or
delete network components, which is described thoroughly in the D-Flow 1D manual.

Results in charts windows (Figure 3.6) are presented by combining a table view and a "xvy/’-
plot. The user can visualize separate data points by selecting rows in the table view. The data
that is presented in the chart window may also be exported to a *.csv file by clicking the Csv
export button.

new function o x

[ Clipboard import [, Csv import [EL Csv export

, ;n;;grf;y{ﬂ;l;‘:?;;;:mm:ss] = Etiz e sl 2enE: ) [m;fézs = Discharge at (Zandmaas13, 276) [I‘I‘\E)’S]'
2000,01/0101:00:00 567.71
2000/01/01 02:00:00 513.14 550
2000,01/0103:00:00 415.23 i
2000/01/01 04:00:00 354.91
2000/01/01 05:00:00 312.8 450
2000,01,/01 06:00:00 278.53 400
2000,/01/0107:00:00 246.99 350
2000,01,/01 08:00:00 212,16
2000/01/01 09:00:00 184.89 300
2000,01/01 10:00:00 163.78 250
2000/01/01 11:00:00 137.06 200
2000,01/01 12:00:00 105.97
2000/01/01 13:00:00 74,292 150
2000,01/01 14:00:00 44.274 100
2000/01,/01 15:00:00 18.512 -
2000,/01/01 16:00:00 -0.087347
2000,01,/01 17:00:00 -5.1014 o
2000/01/01 18:00:00 2.1789 1/3/2000 1/5/2000 1/9/2000 1/12/2000
00001401 19:00:00 1.5041] T Time [yyyy/MM/dd HH:mm:ss]

M| 4| 4| Record1of289 » M| M|+ | — = x| + (Saturday, January 01, 2000 till Thursday, January 13, 2000)

Figure 3.4: The chart window view.
Map

The Map window (Figure 3.5) manages the active map. In this window layers within the active
map can be shown, hidden or adjusted. With the four icons in the top left of the window new
<shp>- or <wms>-layers can be added, removed or exported. With the icons in the top
right of the window, the window can be removed or hidden. The window can be retrieved by
clicking on Map in View ribbon.
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Figure 3.5: The map window.
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3.1.4 Chart

The Chart window (Figure 3.6) can be used to stack/unstack chart series of the same type or
to convert chart series to a certain type (area, line, point, or bar series), Furthermore, series
can be selected or deselected within this window.

Chart -ax

| Stack series|

|.r @ & Discharge at (Zandmaas13, 276) [m*/s] Lex ass ‘

Map | Chart [ Region | Gperations | Toolbox

Figure 3.6: Example of the chart window.

3.1.5 Region

In the Region window (Figure 3.7) all hydrological objects are shown, like river-networks,
-catchments or waterbodies. The Region window is related to the selected model. While
in the central map the model objects are arranged according to their spatial location, the
Region sorts the model objects by category and chainage. A component that is selected in
the Region window is also automatically selected in the central map and vice versa.

v];l)(

Lo OB Routes
@' Shared Crozs Section Definitions
+ E Sections [roughness)
- Channel
- % 7{CrossSectionT: 105964.20 |
= &‘ StructureF eature; 206743.67
el WWeir
= &7 basin
+ Catchment Types
+ Catchments
W astewater Treatment Plants
L & Runoff Boundaries

Figure 3.7: Example of the region window.

3.1.6 Toolbox

In the Toolbox window (Figure 3.8), users can quickly add a variety of items (models, stand-
alone items) to the project tree, by selecting 'Add new item’ or ’Add new model’ after a right-

mouse-click on the desired item. Furthermore, users may manage their Python scripts within
the Toolbox window.
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Figure 3.8: Example of the Toolbox window.

3.1.7 Properties

The Properties window shows properties for an active selection of the graphical user inter-
face. When a model object is selected in the Region window it shows the properties of this
object. Accordingly, the Properties window of an item selected in the Project shows data
related to the selected item, for example the simulation time of a <flow model> or a list with
output parameters when clicking on the <output> entry. Figure 3.9 shows an example for the

properties of a flow model.

In the Properties window data can also be edited. If the property grid is insufficient to display
the information, for example in case of time series, an additional editor can be opened.

Deltares
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Properties * 0 X
Water flow model {1D) -

)4l |
4 General
Name FlowlD
Status None
Current time 2016-11-10 00:00:00
» Initial conditions
> Medel settings
38 EOutput parameters |
Model output time ster 0d 01:00:00:000
4 Run parameters

> Model parameters ModelApiParameterProper|
Start time 2016-11-10 00:00:00
Time step 0d 01:00:00:000
Stop time 2016-11-11 00:00:00
Use restart True
Write restart True

Use save state time ran¢ False

Save state time range: s 0001-01-01 00:00:00
Save state time range: t 0d 00:00:00

Save state time range: s 0001-01-01 00:00:00

Output parameters

Figure 3.9: Example of a property grid in the properties window of a flow model.

Time navigator

The Time navigator is used to navigate through time(steps) of any time-dependent variable.
An example is given in Figure 3.10. Each map or side view that shows time-dependent vari-
ables has its own time navigator. Users may also play results of time-dependent variables

continuously.

Time Navigator

(2 | 44 bbb

07/19/2013 00000

Delay: 0.1 sec

Deltares

- 01 X

©60000000008000000080006000000000000200002000008002000000000000000000004

-7-2

113 0:00 19-7-2013 12:00 20-7-2013 0:00 20-7-2013 12:00 21-7-2013 0:00 21-7-2013 12:00 22-7-2013 0

(Frid|

v 19 juli 2013 till Monday 22 juli 2013)

Figure 3.10: Example of the Time navigator window.
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3.1.9 Messages

3.2

3.2.1

The Messages window (Figure 3.11) is a logging window. Messages sent from models or
different parts of the system are shown here. When a message is too large to fit within the
Messages window, the user can open a single message (??) separately by right-mouse-
clicking the message and selecting the 'Show details’ option.

Messages

**INFO : @(#)Deltares, SOBEKSIM Version 4.08.007.37207, Nov 27 2014, 14:08:03
**INFO : Simulation started

“* WARNING: Subro ; | adjusted to bed level in structure Weir, id = ST_Amerongen_zom##1
© 16:12:046086 |« INF :jopte 1 = 4

Deltashell.Plugins. DelftModels.WaterFlowModel WaterFlowModelfiS

FICEE]

INFO :iopt= 1 ki= 36 m= 365=-1
SAINI: extensi : 115 19

D 16:12:01 6086 | 22109

DeftaShell. P DelftModel:

‘Wall clock "Rijn-instance-24":
Start time: 16-Dec-2014 16:12:04.,

()16:12:04.5866 DelftTools.Shell.Core. Workflow. TimeDependentModelBase

n
©)/16:12:04.5866 | Model

Wall clock -mor

Start time: 16-Dec-2014 16:1.2:04.

DelftTools.Shell.Core Workflow. TimeDependentModelBase

©)|16:12:04.5866 | o i 6 Dec.2014 16:12:04, DelftTools.Shell.Core. Workflow. TimeDependentModelBase
Run Duration: 0.00:00:00.185

() 16:12:04.5856 | Model "rijn-flow-model” has finished in 5 steps.

DelftTools.Shell.Core Workflow. TimeDependentModelBase

Messages | Time Navigator

Figure 3.11: The messages window.

Within the Messages window the user may select the verbosity of the shown messages,
ranging from ’Info messages’ to "Warning messages’ to 'Error messages’. It is also possible

to clear all messages by clicking .

Furthermore, a run report is shown in the output in the Project for each model simulation.

This run report contains all the messages (from Delta Shell and the model plug-ins) that occur
during a simulation.

Finally, an application log is kept for each session of Delta Shell in the project database. In

this log-file, which can be accessed through the File/Help or Home menus, all messages are
stored.

Dockable views

The User Interface offers lots of freedom to customize dockable views, which are discussed
in this section.

Docking tabs separately

Within the User Interface the user can dock the separate windows according to personal
preferences. These preferences are then saved for future use of the framework. An example

of such preferences is presented in Figure 3.12, where windows have been docked on two
screens.
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Figure 3.12: Docking windows on two screens within the User Interface.

3.2.2 Multiple tabs

In case two windows are docked in one view, the underlying window (tab) can be brought to
the front by simply selecting the tab, as is shown here.

Messages X I ime Nawgamr I -

| € New channel command: <Back> remove last point, <S> toggle snapping, L decrease step, R increase step 11/1/2016 11:47:07 AM =
u 0 Adding welcome page ... 11/1/2016 11:32:28 AM E|
E ! Could not load the requested dock layout. The settings are invalid and will be reset to the default state. 11/1/2016 11:32:28 AM
. 0 Main window created. 11/1/2016 11:32:27 AM
X ) Hiding splash screen .. 11/1/2016 11:32:26 AM

) Started in 1943 car 1142016 11-32-26 AN I

Figure 3.13: Bringing the Time Navigator window to the front

By dragging dockable windows with the left mouse button and dropping the window left, right,
above or below another one the graphical user interface can be customized according to
personal preferences. Here an example of the Time Navigator window being docked to the
right of the Messages window.

essages w* 0 X |BTime Navigator v 0 X
!F
(i} 0 New channel command: <Back> remove last point, <S> toggle snap 11/1/2016 11:47:07 AM = K o b M
1l o Adding welcome page ... 11/1/2016 11:32:28 AM
01/01/0001 DO:00:00
! Could not load the requested dock layout. The settings are invalid ar 11/1/2016 11:32:28 AM
[X)
x 0 Main window created. 11/1/2016 11:32:27 AM Delay: 0.1 sec
) Hiding splash screen ... 11/1/2016 11:32:26 AM )
@ started in 19.43 sec 11/1/2016 11:32:26 AM  + U

Figure 3.14: Docking the Time Navigator window.

Additional features are the possibility to remove or (auto) hide the window (top right in Fig-
ure 3.14). In case of removal, the window can be retrieved by two left mouse-clicks on Time
Navigator in the View ribbon. Hiding the Properties window results in:
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Figure 3.15: Auto hide the Properties window

3.3 Context menus

3.3.1

3.3.1.1

Depending on the active window, different context menus are present when right-mouse-
clicking on items within this window. This section will treat these context menus per active

window.

Project

Within the Project window, a variety of levels and/or items with different context menus are
present. These will be described here.

Project level

The context menu of the project level within the project explorer is shown in Figure 3.16. It

contains the following choices:

(@ Add

3

& Import..
Export ...
Cut
Copy
Paste

Rename

iy Mk &

Properties

Run All Models

Stop All Models
Clear All Models Qutput
Expand All ...
Collapse All ...

o Mewltem ..
o MNew Model ...

o Mew Folder

Ctrl + X
Ctrl + C

Ctrl + V

Figure 3.16: The context menu on the project level within the project explorer.

<

ins)

C OO0

Deltares

Add = Option to add models and/or items to project (depending on installed model plug-

Import ... = Opens selection window for a variety of available importers (if present)
Export ... = Opens selection window for a variety of available exporters (if present)
Cut = Cuts current project for pasting elsewhere

Copy = Copies current project for pasting elsewhere
Paste = Pastes current project available on the clipboard
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CO OO0

3.3.1.2

Rename = Rename the current project

Run All Models = Runs all models available in the project

Stop All Models = Stops running of all models currently running within the project

Clear All Models Output = Clears all model output of models available within the project
Expand All ... = Expands all project items

Collapse All ... = Collapses all project items

Properties = Switches to Properties window of active project

Integrated model level

The context menu of the integrated model level within the project explorer is shown in Fig-
ure 3.17. It contains the following choices:

00

C OO OO0 OO0

Deltares

Open With..,
P Bun Model

Stop Model
</ Clear Model Output
Cut

Copy
Delete

X i @

Rename

Import..
Export...

Expand All
Collapse All

oy
El

Figure 3.17: The context menu on the integrated model level within the project explorer.

Properties
Validate...

Open With = Opens a dialog with choices to open the integrated model (for example with
"Hydro Model Settings’)

Run Model = Runs the integrated model (including all its sub models)

Stop Model = Stops running of the integrated model

Clear Model Output = Clears the model output of the integrated model (including all its
sub models)

Cut = Cuts the integrated model for pasting elsewhere

Copy = Copies the integrated model for pasting elsewhere

Delete = Deletes the integrated model from the project

Rename = Rename the integrated model

Import ... = Opens selection window for a variety of available importers (if present)
Export ... = Opens selection window for a variety of available exporters (if present)
Expand All ... = Expands all integrated model items

Collapse All ... = Collapses all integrated model items

Properties = Switches to Properties window of active integrated model
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3.3.1.3 Region level

The context menu of the region level within the project explorer is shown in Figure 3.18. It
contains the following choices:

Import...
Export...

Cut
=2 Copy

Paste

Delete

Rename

Unlink

Link
“f  Properties

%4 Add sub region

Figure 3.18: The context menu on the region level within the project explorer.

Import ... = Opens selection window for a variety of available importers (if present)
Export ... = Opens selection window for a variety of available exporters (if present)
Cut = Cuts the region for pasting elsewhere

Copy = Copies the region for pasting elsewhere

Paste = Pastes current region available on the clipboard

Delete = Deletes the region model from the project

Rename = Rename the region

Unlink = Unlink region from model

Link = Link the region to model

Properties = Switches to Properties window of active integrated model

Add sub region = Opens selection window to add sub regions to region

C OO OO0 OOOO0

3.3.1.4 Model level

The context menu of the model level within the project explorer is shown in Figure 3.19. It
always contains the following choices:
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3.3.1.5

3.3.2

General overview of the GUI

Open With...
F Run Model
Stop Model
%7 Clear Model Qutput
Cut
Copy
X Delete

Rename

Import...
Export...

Expand All
Collapse All

Properties
Validate...

[ g

Use Previcus Qutput as Initial Condition

Figure 3.19: The context menu on the model level within the project explorer.

<

Open With = Opens a dialog with choices to open the model (for example with "Validation
report’)

Run Model = Runs the model

Stop Model = Stops running of the model

Clear Model Output = Clears the model output

Cut = Cuts the model for pasting elsewhere

Copy = Copies the model for pasting elsewhere

Delete = Deletes the model from the project/integrated model

Rename = Rename the integrated model

Import ... = Opens selection window for a variety of available importers (if present)
Export ... = Opens selection window for a variety of available exporters (if present)
Expand All ... = Expands all model items

Collapse All ... = Collapses all model items

Properties = Switches to Properties window of active integrated model

Validate = Opens the validation report of the model

CO OO OOV OO0

As can be seen in Figure 3.19, context menus on the model level can also contain model
specific choices. These choices are described in the user manuals for the specific models.

Other items
For the other items in the project explorer the following holds:

¢ Folder items have the same context menu as the project level context menu depicted in
Figure 3.16.

¢ All other project items have context menus similar to the context menu on the region level
as shown in Figure 3.18

Main (Central Map window)

The Main or Central Map window may consist of multiple tabs, ranging from the region editor
to table or chart editors or views. A description of the various context menus is given in this
section.
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3.3.2.1 Region editor

Without any region objects the region editor context menu only consists of choices regarding
the underlying map layer, see Figure 3.20:

[H_:U, Query time series

 Export map as image

]
o Zoomtoexents

Figure 3.20: The context menu of the central map window without any region objects.

& Export map as image
& Zoom to extents

When the region objects are also projected on the Central Map window, the context menu is
expanded with the more choices, see for example Figure 3.21:

Select

Copy channel Ctrl+C
Select Delete selection
Query time series

Copy

Delete selection Insert Node

Query time series Reverse direction

) Export )
Export map as image port map as image
Zoom to extents Zoom to extents

Import cross section(s) from csv

Import cross section(s) from csv

Import selected features to branch layer

Figure 3.21: The context menu of the central map window including region objects.

Edit = Edit objects of region

Select = Select objects on region

Copy = Copy objects on region for pasting elsewhere
Delete selection

Query time series

Insert Node

Remove Node

Reverse direction

Import cross section(s) from csv

Import selected features to branch layer

C OO OO0 OCOO0
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3.3.2.2 Table editor

The context menu of the table editors within the Main window as shown in Figure 3.22 contains
the following choices:

Time [yyyy-MM-dd ... flow...

2010-11-01 00:00:00 500
k| 2010-11-02 23:59:00

2010-11-03 00:00:00

2010-11-04 00:00:00

2010-11-04 00:01:00

2010-11-06 00:00:00
#

Figure 3.22: The context menu of the table editor.

& Copy
O Paste
¢ Delete

3.3.2.3 Charts

The context menu of the charts within the Main window as shown in Figure 3.23 contains the
following choice:

4000
3800
3600
3400
3200
3000
2800
2600
2400
2200

Export as Image... l
2000 B 2

1800
1600
1400
1200
1000

200

600

1-11-2010 2-11-2010 3-11-2010 4-11-2010 5-11-2010 6-11-2010
Time [yyyy-MM-dd HH:mm:ss]

(Monday 1 november 2010 till Saturday 6 november 2010)

Figure 3.23: The context menu of the chart view.

& Export as Image . ..

3.3.3 Map

The context menus for the Map window are described in ??.
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3.3.4 Region
Within the Region window a variety of context menus is present on different levels within the
region tree.
3.3.4.1 Region level

The context menu of the region level within the Region window as shown in Figure 3.24
contains the following choice:

Region - oxX
E g\{] % #4] Add sub region
E}E‘Q Routes
. route 3
s Shared Cross Section Definitions
E} E Sections (roughness)
>E Main
. it FloodPlainl
‘... i FloodPlain2
= Mederrijn5_A
... @ odd_015: 0.00
... 7 CrossSectionl: 3000.00
[ Mederrijns_B_A
[=h- Mederrijn5_B_B
.. 7 CrossSection2: 1300.13
[ & basin

- Region | Toolbox

Figure 3.24: The context menu of the region level within the Region window.

& Add sub region
3.3.4.2 Hydro object level

The context menu of the hydro object level within the Region window as shown in Figure 3.25
contains the following choices:
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Region * O x
B--g{] Region
B

;58 ik Paste Ctrl+V

Rename

- Add Branch Hons

=
-} Properties
> FloodPlainl
‘- b FloodPlain2

B % MederrijnS_A
. @ odd_015: 0.00
- {7 CrossSectionl: 3000.00
G 2 Nederrijn5_B_A
B+ ¢ Mederrijn5_B_B

... 7 CrossSection2: 130013
[ & basin

- Region | Toolbox

Figure 3.25: The context menu of the hydro object level within the Region window.

& Paste = Paste items onto hydro object
¢ Rename

<& Add Branch

<& Properties

3.3.4.3 Routes, cross section definitions, roughness sections, branches, catchments

The context menu of the various sub levels of the hydro objects within the Region window as
shown in Figure 3.26 contains the following choices:
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Region

E}--%ﬁ] Region
I:l}‘ww network

38 Routes

L= AddRoute

E Shared Cross Section Definitions

E}E Sections (roughness)

,E Main

- i FloodPlainl

..... it FloodPlain2

{1}
B
.
W
sl

s Zoom to branch

""" v 53 Copy Ctrl+C
G- Med

B4

lua
e
W
2
m
[=
L

Delete

Rename

Add Cross Section YZ..,
Add Weir

Add Purmp

Add Culvert

Add Bridge

Add Extra Resistance
Add Lateral Source

SABTDMNSPC]

Add Observation Point

' Properties

Paste... Ctrl+V

13

m

Figure 3.26: The context menu of the sub levels of the hydro objects within the Region

Copy
Paste . ..

Delete
Rename

C OO0 O0

Properties

3.3.4.4 Editable items

window.

Zoom to branch

Add ... = Adds items onto hydro object

The context menu of the editable items of the hydro objects within the Region window as
shown in Figure 3.27 contains the following choices:

Deltares
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Region *ox
E}--%@] Region
B W, network
E—}EB Routes
> =+ Bovenrijn-Lek
> =+ Bovenrijn-Waal
b b Bovenrijn-Lssel
[ §5F Shared Cross Section Definitions
E}-E Sections (roughness)
G- " Bovenrijn
G- Waakd
- G LMW, TielWaal: 0.00
mmn
E 0l Open
- E 91 Open With...
-7 01 Zoom to feature

!,_"‘ o1

. (E» Q1] %0
-7 052 Copy Ctrl+C
-7 0 Paste into Ctrl+V
~ @ 0l X Delete

| Chartl Region |Tou Rename

Figure 3.27: The context menu of the editable items of the hydro objects within the Re-
gion window.

| »

m

Cut

Open

Open With . ..
Zoom to feature
Cut

Copy

Paste into
Delete

Rename
Properties

CO OO0 OO0

3.3.5 Toolbox

The context menus for the Toolbox window is described in ??.
3.3.6 Messages

The context menu for the Messages window as shown in Figure 3.28 contains the following
choices:
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Messages

- 0 X

@ |© Dimr [2017-10-05 15:48:09.518] Info >> 1036200.0: flow modelUpdate(  600.0)

! o 10/5/2017 2:48 PM

] Dirnr [2017-10-05 15:48:09.518] Info »> 1036200.0: flow model.Update( 600.0)

X © Dimr[2017-10-05 15:4809.518] Info »> 1036200.0: real-time contrel Update{  -1.0)
© Dimr [2017-10-05 15:48:09.456] Info >> 1035600.0: flow modelUpdate{  600.0}

o Dirnr [2017-10-05 15:48:09.456] Info »> 1035600.0: real-time contrelUpdate{  -1.0)
© Dirnr [2017-10-05 15:48:09.409] Info >> 1035000.0: flow modelUpdate(  G00.0)

© Dimr[2017-10-05 15:4809.409] Info »> 1035000.0: real-time contrel Update{  -1.0)
© Dirmnr [2017-10-05 15:48:09.246] Info >> 1034400.0: flow modelUpdate{  600.0}

10/5/2017 3:48:09 PM |~

10/5/2017 3:48:09 PM
10/5/2017 3:48:0% PM
10/5/2017 3:48:09 PM
10/3/2017 3:48:09 PM
10/5/2017 3:48:09 PM
10/5/2017 3:48:0% PM

-

Messages | Time Navigator

Figure 3.28: The context menu for the Messages window.

& Copy

& Show details = Open separate window with detailed message information

& Clear all

3.4 Ribbons and toolbars

3.41

The user can access the toolbars arranged in ribbons. Model plug-ins can have their own
model specific ribbon. The ribbon may be auto collapsed by activating the Collapse the Ribbon

button when right-mouse-clicking on the ribbon.

Ribbons (shortcut keys)

The User Interface makes use of ribbons, just like Microsoft Office. You can use these ribbons
for most of the operations. With the ribbons comes shortcut key functionality, providing short-
cuts to perform operations. If you press Alt, you will see the letters and numbers to access
the ribbons and the ribbon contents (i.e. operations). For example, A1t + H will lead you to

the Home-ribbon (Figure 3.29).

Note: Implementation of the shortcut key functionality is still work in progress.

Gls

‘*r'ﬂ

wC 0

Region... Decorations Tools

Figure 3.29: Perform operations using the shortcut keys

Deltares

Haome \ﬁu Tﬁzs Ec Spatial gerations
& Hor{h Arrow IE = ‘oom Previous E'ﬂ Map Coordinate System

Legend N @ 3> ZoomNext T Export As Image

& @ @ Query Features Query Time Series
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3.42 File

The left-most ribbon is the File ribbon. It has menu-items comparable to most Microsoft
applications. Furthermore, it offers users save and open functionality, as well as the Info and
Options dialogs, as shown in Figure 3.30 and Figure 3.31.

Project! - Delft3D FM Suite 202001 HMWQ (1.6045780) - 8 X

e Delf3D FM Suite 202001 HMWQ

16045780

© Deltares 2018
J delft3d support@dehiaresnl Processor count &
Telephone <31 (028 3356100 Process type: e4bit

Application plugin:

Delta Shell Common Tools Plugin Version 16045760
L i forcomen v vides nfigure DIMR settings File version 1000

14045777
100

EE Delta Shell Project Fle Plugin

i run integrated models.

-l lesbe s Pluin
-H PSp—

EE D-Flow Flexible Mesh Plugin (U1)

0-Waves Pogin Vesion 16045780 - Wave luin U) Vesion: 15045760

] e etnoss o160, || ] #2073 Vot Fievarian 1100
NetcOF Pgin Verson: 1404577

] ot ettt everion 1200

1745780
3520

o

EB proies
Detashe s

g Prowis

[ Y24 SharpMap GIS Pluc

PV s men o

. Delta Shell Toolbox Plugin
=

n: 14045777 14045777
1100 100

ion: 14045777 SharpMap GIS Plugin (U1) 14045777
1210 || B provies common Gi sty jon

A4
ion: 14045777 Delta Shell Toolbox Pugin (UI) 14045777

Ve
: modets. File version 1.1.00 | Dta Shell Toolbox Plugin (U) File version 1,100
-+ =

]

Figure 3.30: The File ribbon.

Options *

General User Settings
[=- Scripting

i Syntax highlighting [] Show start screen at startup

Show documentstion page after start
[] Auto save project on model run
Color Theme: | Generic ~

\working directory |C:\Users'raj_pn\AppData‘\Local\Temp'\DettaShell_Working_Directory

Real Mumber Format
Sample

) Fixed
0.0012346
(®) Compact 12346
. 123.46
() Scientific 15945

Significant digits: 5ls 1.2346E+07

Figure 3.31: The User Interface options dialog.
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3.43 Home

The second ribbon is the Home ribbon (Figure 3.32). It harbours some general features for
clipboard actions, addition of items, running models, finding items within projects or views,

and help functionality.

“ Home Wiew Tools Map Spatial Operations

Cut + CTJ New tem~ 2 Run Al :;D E=‘.ﬂ 89| [T Show Log

oo
- Copy *5 New Folder Run Current . [ License
Paste o Mew Import o Find Qpen Start
SEEE T Modelr - nun acnpt Manual Scresn © About
Clipboard Add Run Editing Help

Figure 3.32: The Home ribbon.

3.4.4 \View
The third ribbon is the View ribbon (Figure 3.33). Here, the user can show or hide windows.

- “ Home View Tools Map Spatial Operations

'QI: J Properties [ Chart Contents \f\ Region Contents
|.T_| Messages G WMap Contents || 2= Project Explorer
Reset Layout -
After Rectart  |22= Time Mavigator @ Operations = Toolbox

- o
avout Show/Hide
| ayo SMOW de
!

Figure 3.33: The View ribbon.

3.4.5 Tools

The fourth ribbon is the Tools ribbon (Figure 3.34). By default, it contains only the Open
Case Analysis View tool. Some model plug-ins offer the installation of extra tools that may be
installed. These are documented within the user documentation of those model plug-ins.

“ Home Wiew Tools

Figure 3.34: The Tools ribbon contains just the Data item.

3.4.6 Map
The last ribbon is the Map ribbon (Figure 3.35).

Spatial Operations

Home View Tools Map Spatial Operations
& 0 G ANorhamow [[] 52 € Zoom Previous [ Map Coordinste System 4, % [ sncw profic oy @ L 71 Link Add Load Set Labe
v [E] Legend K @ 9 ZoomNext I Export As Image e, s ® A D A an Point Overwrite Labe
I’

{"’j = 0 Query Features = Query Time Series N\‘ D By

Decorations Tools Edit Grid Profile Area Region

Figure 3.35: The Map ribbon.
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This will be used heavily, while it harbours all Geospatial functions, like:
& Decorations for the map

O North arrow
O Scale bar

0 Legend
a

¢ Tools to customize the map view

Select a single item

Select multiple items by drawing a curve
Pan

Zoom to Extents

Zoom by drawing a rectangle

Zoom to Measure distance

0O 0O0OO0OO0O0aOo0ao

¢ Edit polygons, for example within a network, basin, or waterbody

O Move geometry point(s)
O Add geometry point(s)
O Remove geometry point(s)

¢ Addition of Area elements, such as

O Add 2D Cross-section
0O Add 2D Structure

8 Add 2D Pump
D 'R

Still, all functions of the category can be activated as they will appear in the drop-down panel.

Scripting

When you open the scripting editor in the User Interface, a Scripting ribbon category will
appear. This ribbon has the following additional options (see also Figure 8.11), which are
described in Table 8.1:

El o~ v b s
5‘ & Show spaces [T Python private variables [l Text color~ Insert spaces == Convert to space indenting = Create region /] Save before run
| < L] -
Show tabs T Highlight current line | [ Background color~ ®) Keep tabs »= Convert to tab indenting 5 Use current settings as default
Run  Clear cached Local

Python

Font size | 14 variables Tabsize 4 = Comment selection

Seript varisbles Show end of ine %3 Word wrap

Figure 3.36: The scripting ribbon within the User Interface.

Table 3.1: Functions and their descriptions within the scripting ribbon of the User Inter-

face.
Function Description
Run script Executes the selected text. If no text is selected then it will
execute the entire script
Clear cached variables Clears all variables and loaded libraries from memory
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Table 3.1: Functions and their descriptions within the scripting ribbon of the User Inter-

face.

Function

Description

Debugging

Python variables

Insert spaces/tabs

Tab size

Save before run

Create region

Comment selection
Convert to space indenting

Convert to tab indenting

Python (documentation)

Enables/Disables the debug option. When enabled you can
add breakpoint to the code (using F 9 or clicking in the mar-
gin) and the code will stop at this point before executing the
statement (use F10 (step over) or F11 (step into) for a more
step by step approach)

Show or hide python variables (like _var_) in code comple-
tion

Determines if spaces or tab characters are added when
pressing tab

Sets the number of spaces that are considered equal to a
tab character

Saves the changes to the file before running
Creates a new region surrounding the selected text
Comments out the selected text

Converts all tab characters in the script to spaces. The num-
ber of spaces is determined by Tab size

Converts all x number of space characters (determined by
Tab size) in the script to tabs

Opens a link to the python website, showing you the python
syntax and standard libraries

3.4.8 Shortcuts

The shortcut keys of the scripting editor within the User Interface are documented in Table 8.2.

Table 3.2: Shortcut keys within the scripting editor of the User Interface.

Shortcut

Function

Ctrl + Enter

Ctrl + Shift +
Enter

Ctrl
Ctrl
Ctrl
Ctrl
Ctrl
Ctrl
Ctrl
Ctrl
Ctrl
F9

n < O X

+ 4+ 4+ 4+ o+ 4+ + o+ o+
|

Run selection (or entire script with no selection)

Run current region (region where the cursor is in)

Cut selection

Copy selection

Paste selection

Save script

Collapse all regions

Expand all regions

Comment or Uncomment current selection

Add selection as watch variable

Highlight current selection in script (press esc to cancel)
Add/remove breakpoint (In debug mode only)

Deltares
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Table 3.2: Shortcut keys within the scripting editor of the User Interface.

Shortcut Function

F5 Continue running (In debug mode only — when on break-
point)

Shift + F5 Stop running (In debug mode only — when on breakpoint)

F10 Step over current line and break on next line (In debug mode
only - when on breakpoint)

Fl1 Step into current line if possible, otherwise go to next line
(In debug mode only — when on breakpoint). This is used
to debug functions declared in the same script (that have
already runned)

3.4.9 AQuick access toolbar

Note: The user can make frequently used functions available by a single mouse-click in the

Quick Access Toolbar, the top-most part of the application-window. Do this by right-mouse-
clicking a ribbon item and selecting Add to Quick Access Toolbar.

Gls
Customize Quick Access Toolbar Map Spatia
¥ | New - % Run Al
| Open ' Run Curre
| = | Save o

Deltares

Show Below the Ribban Fun

Figure 3.37: The quick access toolbar.
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Case management

Delta Shell currently offers two ways of case management: through the Project window or by
using the Python scripting functionality (which is described in more detail in chapter 8).

Case management within the Project window

Within a Delta Shell project multiple models can be run and combined. For example multiple
runs from a single model, or a model run for a flow model combined with a RTC model or a
water quality model. A project may contain different Delta Shell models (see also Figure 4.1),
for example one or multiple flow models and a rainfall-runoff model. Model features of one
model can be copied or linked to a second model in the project. Complete networks can
also be copied or linked. In this way it is easy to create several models with the same basic
characteristics, but small differences. In this way the impact of different possible measures on
the water system can be analyzed.

Results from different models can be viewed next to each other by docking maps and graphs.
Results of different models can also be combined in one single map or graph.

To enhance transparency the Project can be sorted by adding folders and moving networks,
models and data. It is advised to group several models using one network in a folder to
separate them from other models. Figure 4.1 gives an example of a case management in
Delta Shell. In this project an original model was used for a sensitivity study and a study
for different measures (in this case weirs with or without RTC). The original network was
used in the models for the sensitivity study and only the roughness was adjusted. Then, for
the measures a new network (“measure1:weirs”) was created which was used to model the
situation with and without RTC.
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Case management

Project Explorer 1 X
&

5--% projectl
=[] Sensitive study

E| I Roughness-10%

E|t:>_ input

gy, network (Original network)
----- &5 computational grid

----- | Boundary Data

----- | Lateral Data

| Roughness

..... o initial water depth

..... o initial water flow

----- Q& wind

..... o wind shielding

..... [ = output
- Roughness+10%

- Original data
measures

. measure 1: weirs
=000 flow model 1d (1)
E|E>_ input
gy, network (measure 1: weirs)
----- &5 computational grid
..... | Boundary Data
..... | Lateral Data
-/ | Roughness

..... o initial water depth
..... o initial water flow
----- wind

..... o wind shielding

----- [y output

=<2 Real-Time Control Madel (1)
B0 flow model 1d (2)

EI::)._ input

@it Network (measure 1: weirs)

..... 3 computational grid

..... | Boundary Data

..... | Lateral Data

- Roughness

..... o initial water depth
..... o initial water flow
----- wind

..... o wind shielding

----- | = output

- output
m Control Greups

Figure 4.1: Example of case management

Case management using Python scripting

The Python scripting toolbox as provided within the Delta Shell framework can be used for
a variety of purposes. One of these is case management. It may be used for sensitivity
analyses, batch runs, urban development studies etc.

An example of using Python scripting for case management is presented below. This example
script takes a base case existing in the Delta Shell project, then varies the boundary condition
on a specific location, runs the model using the new boundary condition, and finally saves the
results in a new Delta Shell project.

flow = CurrentProject.RootFolder["Base case"]

# Case 1: Batch run

# Changing constant boundaries and save them to completely new projects
constantBoundaries = [1.5, 1.75, 2.0]
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for x in constantBoundaries:

EditConstantBoundaryCondition (flow, "benedenrand_ ZwarteWater", x)
Application.RunActivity (flow)

timeseries = GetWaterLevelResultsAtLateralSource (flow, "Zwolle")
Gui.CommandHandler.OpenView (timeseries)
projectName = ComposeProjectName ("SW_max", x)

Application.SaveProjectAs (projectName)

SOMETHING ABOUT CASE MANAGEMENT AND PYTHON SCRIPTING
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5 Working with the map

5.1

5.2

Introduction

By default all geo-referenced data will be presented in one and the same (tab in the) main
window: the Central Map.

It is also possible to use an extra map. The user can add a map to the Project by a right-
mouse-click on <project1/Add/New item> or a double-click in the Toolbox window on /tems/-
General/Map. This map can be customized by the user by dragging individual model features
(such as the computational grid, initial conditions, output results etc.) onto the map.

A Morth Arrow
EE Legend
|E Scale Bar |
With the left-most part of the Map ribbon ~ “=cerations  "the user can show or hide the Scale
bar, Legend and North Arrow.

Ao -
|R L‘, » & Zoom Previous
® (EL =p Zoom Next
o

Zin © Query Features

The user can zoom and pan by activating one of the buttons

E
By selecting i distances between two points on the map are shown.

Map layers

Each layer can be made (in)visible by (un)checking it in the Map window. This can be done for
the network as a whole for example, but also for the layers within the network, such as Nodes
or Weirs.

The order in which layers are presented in the map is always top-down. The user can adjust
this by a right-mouse-click on a layer in Map window and selecting for example Bring to front.

With the four icons in the top left of the window BHE D new <.shp>- or <.wms>-layers
can be added, removed or exported.

By right-mouse-click on a layer in the Map window, the following functions are available within
the context menu:

& Open Attribute Table (of GIS-shape)
<& Cut, Copy, Delete, Rename

& Remove Theme

¢ Import legend

o Export legend

<& Order

8 Bring to front
0 Send to back
8 Bring forward
O Send backward

& Zoom to Extend
& Synchronize zoom level with map
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& Show labels

& Show in Legend

O Hide all Layers but this one
<& Properties . ..

By selecting Properties ... a window pops up in which symbols, sizes, colors etc. can be
adjusted to preference, see also Figure 5.1.

Layer Properties Editor
Style |Layer|nformat|on | Labels|

+  Single Symbol Generate theme
3 Attribute: lwater depth - l
a Category
Colors: [ I - Classes: |12 -
= Gradient _ _
ﬁ CQuantity
[] Custom range: 0.00 o |0.00
Theme items
M |
Symbol Value Label
» SN 0 0
© Do 0
4 Style
Color [ 255.0.0
Outline color - 0.0.0
Outline dash style H solid
Outline width 1
Point shape Ellipse
Shape size 12
Show outline True
* Symbol System_Drawing.Bitmap
[] Shaw Preview ’ OK l ’ Cancel

Figure 5.1: The layer Properties editor.

By selecting Open Attribute Table, a table-view will emerge below the Central Map. With the
help of filters the user can search for model objects and edit attribute data. Below the table
are buttons to add or delete objects. The table supports the following context menu actions:

& Copy
& Paste
<& Delete
O Add attribute
& Zoom to item
& Open View ...

Selecting Open View ... will present the editor in a different tab in the main window. Double-
clicking on an item in the Project window which is not geo-referenced, will also open the
editor.

Deltares 38 of 95



5.3

5.4

Working with the map

Background layer

For modelling and presentation a map in the background is very useful, for example a <.shp>-
file or <.wms>-layer.

As an example, to set OpenStreetMap as background, the user must:

< right-mouse-click on <project1> in the Project window, and select “Add” and “New Iltem

¢ select General and Map(world)

< and finally right-mouse-click on the map in the Project window, and select Use as default
background layer

Note: Mark that automatically the coordination system for the map is set on <WGS 84 /
Pseudo-Mercator>. More on coordinate systems in the next paragraph (section 5.4).

Coordinate systems and transformations

The map and all spatial objects in your model, like a network, basin or waterbody, may have
a coordinate system associated with it. When presenting the objects in the map, Delta Shell
performs the appropriate coordinate transformation (from the coordinate system of the layer
to the coordinate system of the map).

The user can specify or adjust the coordinate system for the map by selecting
in the Map ribbon or by a right-mouse-click on map in the Map window and selecting Change
Map Coordinate System .. ..

The user can also specify or adjust the coordinate system for model objects by selecting the

object in the Project window and select CoordinateSystem in the Properties window, as in
Figure 5.2.
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Properties * 0 X
Metwork A

=

4 General
Mame network
BranchCount 61
ModeCount 56

4 Misc

CoordinateSystem Amersfoort / RD New [

CoordinateSystem

Figure 5.2: Specify the coordinate system for a network.

For both ways, the following window will pop up:

Choose coordinate system @
amersfoort PRO.J.4: +proj +lat_0=52.156160
r+lon_0=5.38763888888889 +k=0.9999079 -x_0=155000
=) Geographic Coordinate Systems +y_0=463000 +ellps=bessel +towgs84=565.417 50.3319,465 552.-
@ Amersfoort [EPSG4289] |0.398957.0.343988 -1.8774.4.0725 +units=m +no_defs
-1 Projected Coordinate Systems
- Amersfoort/ RD Old [EPSG:28991] WKT.

PRO.JCS["Amersfoort/ RD New",
GEOGCS["Amersfoort”,
DATUM["Amersfoort”,
SPHEROID['Bessel 1841".6377397.155.299.1528128.
AUTHORITY["EPSG" "7004"]],
TOWGS84[565.417.50.3319,465.5652.-0.398957.0.343988 -
1.8774.4.0725].
AUTHORITY['"EPSG"."6289')
PRIMEM["Greenwich",0,
AUTHORITY["EPSG"."8901"]].
UNIT["degree".0.0174532925199433.
AUTHORITY['"EPSG","9122'T],
AUTHORITY['EPSG"."4289"]].
PROJECTION["Oblique_Stereographic"],
PARAMETER["latitude_of_origin".52.15616055555555]
PARAMETER["central_meridian",5.38763588858889],
PARAMETER["scale_factor",0.9999079],
PARAMETER["false_easting".155000].
PARAMETER["false_northing" 463000]
UNIT["metre" 1,
AUTHORITY["EPSG"."9001"]].
AXIS['X".EAST],
AXIS[™Y".NORTH]
AUTHORITY['EPSG","28992"]]

- Amersfoort/ RD New [EPSG:28992]

Figure 5.3: Choose coordinate system.
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Here, the user can select from a very extensive list of coordinate systems. Delta Shell works
with open source software provided by the Open Source Geospatial Foundation (http://www.

gdal.org/).

By typing in the selection-box the list will be filtered and selection made easier. In the box on
the right hand side of the window characteristics of the coordinate system are presented.
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6 Spatial editor

6.1

6.2

6.2.1

Introduction

The spatial editor is a generic feature of the User Interface for editing spatial data (e.g. bed
level, roughness, viscosity, initial conditions, sediment availability). The spatial editor supports
both point clouds and coverages (e.g. data on a grid or network). Therefore, you can use the
spatial editor both to edit spatial data in general and to prepare model input. This Chapter
describes the general features of the spatial editor (section 6.2), (spatial) quantity selection
(section 6.3), geometry operations (section 6.4), spatial operations (section 6.5) and the op-
eration stack (section 6.6). The examples given below are typically focusing on use of the
spatial editor in the D-Flow FM User Manual.

Quantity selection Geometry selection Spatial operation selection

L™ -
Loyer [Bedlevel v || @ Polygon = ™ Import et Valus
Ll Crop Contour
Legend ; |n.e Merge -
um Points Operations LRI Gradient

... Copy to samples i Copy to spatial data

Figure 6.1: Overview of spatial editor functionality in Map ribbon

General

Overview of spatial editor

The spatial editor functionality can be accessed from the “Spatial Operations” ribbon (Fig-
ure 6.1). Typically, you first select which data set or quantity (either a point cloud or a cover-
age) to work on (e.g. bed level, roughness, viscosity, initial conditions, sediment availability),
then a geometry (e.g. point, line, polygon) and finally which spatial operation to perform (e.g.
crop, delete, set value, contour, interpolate, smoothing). Typical workflows are as follows:

Working on a point cloud dataset:

Import the dataset as point cloud (section 6.2.2)

Activate/select the dataset (quantity) in the spatial editor (section 6.3)
Select a geometry to perform an operation on (section 6.4)

Select the spatial operation for this geometry (section 6.5)

Repeat steps 3 and 4 until you are satisfied with the data

Export the dataset (section 6.6.7)

OO, WOWN =

Working on a coverage (e.g. model input):

Activate/select the spatial quantity to work on in the spatial editor (section 6.3)
Optional: import a dataset as point cloud (section 6.5.1)

Select a geometry to perform an operation on (section 6.4)

Select the spatial operation for this geometry (section 6.5)

Repeat steps 3 and 4 until you are satisfied with the data

Interpolate the point cloud to the grid or network (section 6.5.10)

Optional: export the dataset (section 6.6.7)

NOoO oh~h wWwND =

Upon performing a spatial operation, the ‘Operations’ panel will open (see Figure 6.53) with
the operations stack. This stack keeps track of the workflow of spatial operations that you
performed. This helps you to make transparent how you arrived at your ‘final’ dataset without

Deltares 42 of 95




6.2.2

Spatial editor

having to save all the intermediate datasets (steps) separately. Moreover, the stack is repro-
ducible and easily editable without having to start all over again. When working on a coverage
(e.g. the second workflow), point clouds can be used to construct the coverage. In this case
the coverage (for example ‘Bed level’) is the ‘trunk’ of the workflow and the point clouds (ap-
pearing as sets in the stack) are ‘branches’ or subsets of this trunk (see Figure 6.53). By
selecting the set or coverage in the ‘Operations’ panel you determine on which dataset you
are working. The interpolate operation (section 6.5.10) allows you to bring data from the point
cloud (branch) to the coverage (trunk). For more information on the stack you are referred to
section section 6.6.

Import/export dataset

To import a (point cloud) dataset use the context menu on “project” in the “Project Tree”, select
“import” from the context menu and select the option "Points from XYZ-file" (Figure 6.2). There
is yet another method to import the point cloud. Click on "Import" icon under the Home ribbon
to obtain a drop-down menu with the list of importers. Select the option "Points from XYZ-file"
under Spatial data section (Figure 6.3) to launch the import wizard.

After the import, the point cloud will be added to the project tree. To activate the point cloud
in the spatial editor, either double click the dataset in the project tree (Figure 6.4) or select it
from the drop down box in the spatial editor ribbon (Figure 6.5).

Note: Exporter still to be implemented

Select Type of Data ... *

Type:
Data

g Time Series (".csv)
Water Quality
Hydrodynamics (" hyd)

D-Flow FM 2D/3D

@ Flexible Mesh His File B Flaxible Mesh Map File E Flow Fexible Mesh Model 2 Unstructured Grid (UGRID)
L Wave Output (WAVM) L. Waves Model
Spatial data
IDF NetCDF Regular 2D Grid o Points from XYZile Raster File

Time-Dependent Grid

Data Import

%] Model features from GIS

Corcel

Figure 6.2: Importing a point cloud into the project using the context menu on ‘“project” in
the project tree
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Data
oq Time Series (*.csv)

Water Quality

e Hydrodynamics
(hyd)

D-Flow FM 2D/3D

e Flow Flexible Mesh e Flexible Mesh Map %

Unstructured Grid
Madel File *

(UGRID) * Waves Model

Flexible Mesh His File

Wave Output
* (WAVNM)

Spatial data
- , ime- o
m NetCDF Regular 2D m Raster File m/ Time-Dependent .og Paints from XYZ-file m IDF
Grid v~ Grid Y
Data Import

* Model features from
GIS

Figure 6.3: Importing a point cloud into the project using the "Import" drop-down menu in
the Spatial Operations ribbon

.....................

Figure 6.4: Activate the imported point cloud in the spatial editor by double clicking it in
the project tree

Layer I testuyz M

Legend

At

Figure 6.5: Activate the imported point cloud in the spatial editor by selecting it from the
dropdown box in the Map ribbon

6.2.3 Activate (spatial) model quantity

Similar to activating an imported dataset in the spatial editor, you can also activate a (spatial)
model quantity (e.g. bed level, initial conditions, roughness, viscosity) in the spatial editor by
double clicking the quantity in the project tree or selecting it from the dropdown box in the
“Spatial Operations” ribbon.
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6.2.4 Colorscale

In the spatial editor the colorscale for a spatial quantity can be made visible in the map window
by clicking on the "Legend" button in the “Spatial Operations” ribbon (Figure 6.6). Then, in the
Map window a colorscale is activated (Figure 6.7). You can (de-)activate the color scale by
clicking on the “Legend” button again. By default the colorscale is ranging from the minimum
to the maximum value of the active dataset.

View Tools Map Spatial Operations DIMR
w O Polygon {E ('D Import & Set Value ... Copy to samples & Copy to spatial data
]
L, Line Crop Cor Smo g vierge spatial data
- . Merge B R . .
mm Points Operstions Delete Gradient @ Overwrite Value

Add Spatial Operatio

Figure 6.6: Legend button in Map ribbon

Legend
P har
» Area
— Thin Dams
= Fixed Weirs
@ Observation Points
= Observation Cross-Sections
Pumps
Structures
— Land Boundaries
A Dry Points
Dry Areas
Embankments
Enclosure
== Bridge Pillars
= Boundaries
¥ Sources and Sinks
Bed Level
4.166
2732

1298
-0.1356
-1.569

3.003
4437
5.87
. -7.304
6738
017
1161

Figure 6.7: Activate the colorscale by using the Legend in the map ribbon and the col-
orscale will become visible in the map window.

You can adjust the colormap and classes of the colorscale using the context menu on the
spatial quantity in the “Map tree” and selecting “Legend Properties” (Figure 6.8 left panel). A
layer properties editor will open in which you can set the colormap to your own preferences
(Figure 6.8 right panel).
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Map -3 x s Properties - O et
Theme | Labels | Information
4 dhMap
Theme type Gradient theme s
2 7 har yee | H
I ¥ Area
Feature attribute value e
I Boundary Conditions
Boundaries Calor scale [ S e
Sources and Sinks
i Number of classes 12@
I [[] Estimated Grid-snapped features

Unstructured Grid ® Auto scale

1 Initial Water Level O Custom range  min: |0 max: [0

] Roughness
[ No data value

I
I
I [ Viscosity
O sty
[ Initial Sal
nital salnity Value Min Max Symbol Label
4 || Bed Lev|
@46 B Show atiribute table 4166 ® 4166
I 2732 ® 272
@ 273 &1 Zoom to extends 1208 O 1208
© 129([F Legena Properties 01356 O -013%
O -01 S| Import Legend -1.569 @ -1569
@ -15¢ o -3.003 @® 003
@ 20 [ ExportLegend 1437 @ 1237
587 @ 587
@ 24 Show 3
@ 58 Order » -7.304 2 7.304
8738 -8.738
O -7z €0 Export layer 2107 @® -7
:’8" (X Delete layer -11.61 ® -l
-10.
® 1151

[ o [ cancet |[ mpply |

Figure 6.8: Edit the colorscale properties using the context menu on the active layer in
the Map Tree

Render mode

By default point clouds are rendered as (colored) points and coverages as shades (e.g.
‘FillSmooth’). The render mode can be edited using the properties of the active layer Fig-
ure 6.9. The User Interface offers the following render modes:

¢ Points

¢ Lines (only for coverages)

¢ Shades or ‘FillSmooth’ (only for coverages)
¢ Colored numbers

< Mono colored numbers

An example of a coverage rendered as colored numbers is given in Figure 6.10.
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Properties * 0 X
Grid layer -

=2l |3

* Coordinates
Map coordinate syste <empty=
Layer contentz coordi Amersfoort / RD) New

¥ General

Cpacity 0.8
¥ Misc

RenderMode FillSmooth E
* Rendering Point

Render asynchronous Line

Render technology  [EllElleeay

Cptimize Rendering ColoredMumbers
MonoMumbers

RenderMode

Figure 6.9: Select the rendermode for the active layer in the property grid.

Legend

1» har

Bad Level
4.168
2732
1298
-0.1336
-1.569
-3.003

£ 4437

-5:87

7304 f,

— e
'm' 1000 200 300 400
i

~-10.20

Figure 6.10: Example of a coverage rendered as colored numbers.
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6.2.6 Context menu

In addition to the selection of spatial operation from the ‘Spatial Operations’ ribbon (see sec-
tion 6.5), you can also select spatial operations using the context menu (e.g. context menu).
After drawing a geometry and clicking the context menu all spatial operation available for
the geometry will pop-up (see Figure 6.11). The spatial operation will become active upon
selecting it from the context menu.

Legend
} har
Bed Level

4.166
2732 hit
1.298
-0.1356
-1.589
-3.003
-4.437
-5.87
-7.304
-8.738
-10.17
-11.61

Query time series

Contour

Crop
Delete

Gradient
Set value
Smogthing

R mMGEY B

Export map a5 image

wa
53 Zoomto extents

m 1 1500 2000

Figure 6.11: Selecting a smoothing operation for a polygon geometry from the context
menu (using context menu)

6.3 Quantity selection

A spatial quantity can be activated/selected either by double clicking it in the project tree
(Figure 6.12) or by selecting it from the dropdown box in the “Spatial Operations” ribbon (Fig-
ure 6.13). Upon selecting the spatial quantity it will be shown as a point cloud (for a dataset)
or coverage (for model input) on the central map. Typically, you start from a point cloud (either
obtained from import or by generating samples yourself) which will eventually be interpolated
to a grid or network (e.g. coverage). The spatial editor will keep track of both the changes
made to the point cloud(s) and coverage of the selected spatial quantity. The information will
be saved in the User Interface project and available the next time you open the project. Note:
The operations are not yet saved in a human-readable/editable file

Deltares 48 of 95



Spatial editor

E}--% projectl

= har
- ] General
ot [% Area 2D
- H& Domain

- (@l Bathymetry
- &4 Time Frame

E,’ Processes
k- [y Initial Conditions
i [J Restart: Empty

.. ., Initial Salinity

F+ [ Boundary Conditions
B =5 Physical Parameters
- |y Sources and sinks

- 2] Murmerical Parameters
- |i2h, Output Parameters

= [ Cutput

States

Figure 6.12: Activating a spatial quantity by double clicking it in the project tree (in this
example ‘Initial Water Level’)

Initial Water Level A

Initial Water Level h:
Roughness

Viscosity

Initial Salinity

Bathymetry

Figure 6.13: Activating a spatial quantity by selecting it from the dropdown box in the
‘Spatial Operations’ ribbon

6.4 Geometry operations

The spatial editor supports three types of geometry operations: (1) polygons, (2) lines and (3)
points (see also Figure 6.14). The following sub-sections subsequently describe how these
geometries can be selected and edited. If you do not select any of these three geometry
operations, the spatial operation automatically applies to all the data.

Note: Please note that the drawn geometries are not yet persistent, implying that the
geometries once drawn cannot be edited yet. Upon pressing the “Esc” button while in
editing mode all drawn geometries will disappear.

G Polygon
:\_ Line
... Points

Figure 6.14: Overview of the available geometry operations in the ‘Spatial Operations’
ribbon
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Polygons

Upon selecting “Polygon” from the “Map” ribbon you can draw one or multiple polygons (Fig-
ure 6.15). Each polygon point is defined by a single click with the LMB. The polygon is closed
by double clicking the LMB. After drawing the (first) polygon, the available spatial operations
for polygons are enabled in the “Spatial Operations” ribbon. The following spatial operations
are available for polygons:

Crop (section 6.5.2)

Delete (section 6.5.3)

Set Value (section 6.5.4)

Contour (section 6.5.5)

Gradient (section 6.5.9)

Smoothing (section 6.5.11)

Interpolate - only in case samples and a grid/network are available (section 6.5.10)
Copy to samples (section 6.5.6)

Copy to spatial data (section 6.5.7) - only for grid coverages

C OO OO0 OO0

The selected spatial operation applies to all the drawn polygons.

m Home Wiew Tocls Map Spatial Operations DIMR

G [ .
Layer | Initial Water Level O Polygon {g 1 Import § set value nterpolate - mm Copy to samples & Copy to spatial data
’\ Line -I't' Crop / Contour # Smoothing vlerge spatial data
Legend - Merge
mm Points Operations < Delete M Gradient :

Praject o x @ harX

-5 Area
. B3 Grid
- @@ Bed Level

-4 Time Frame
i{ Processes
b [ig Initial Conditions

i Boundary Cenditions
k=4 Physical Parameters
| 4y Sources and Sinks
- ] Mumerical Parameters
- igh Output Parameters
- [ Qutput

Figure 6.15: Activating the polygon operation and drawing polygons in the central map.

Lines

Upon selecting “Line” from the “Map” ribbon you can draw one or multiple lines (Figure 6.16).
Each line point is defined by a single click with the LMB. The line is completed by double
clicking the LMB. After drawing the (first) line, the available spatial operations for lines are
enabled in the “Map” ribbon. The following spatial operations are available for lines:

¢ Contour (section 6.5.5)
¢ Copy to samples (section 6.5.6)
¢ Copy to spatial data (section 6.5.7) - only for grid coverages

The selected spatial operation applies to all the drawn lines.
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Home View Tools Map Spatial Operations DIMR
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Layer | Initial Water Level ~ Q Polygon {g ‘Tj Import i Set Value A Interpolate - .-. Copy to samples @ Copy to spatial data
Legend Merge I Crap 2 Contour  # Smaoth ng 1 Merge spatial data
am Points Operations & Delete M Gradient §&" Overwrite Value
Decara... Edit Add Spatial Operations
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&
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- 2] Gener
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Figure 6.16: Activating the line operation and drawing lines in the central map.

Points

Upon selecting “Add points” from the “Map” ribbon you can draw one or multiple points and
assign a uniform value to them (Figure 6.17). Each point is defined by a single click with the
LMB. The group of points is completed by double clicking the LMB. Upon double clicking a
popup appears in which you can assign a value to the points.

Home View Tools Map Spatial Operations DIMR
Layer | Initial Water Level ¥ () Polygon {E T import § SetValue [P Interpolate - g Copy to samples | @ Copy to spatial data
Legend i, Line M I Crop ¢ Contour  # Smoothing 1 Merge spatial data
erge
s Points Operations & Delete M Gradient  &° Owverwrite Value
Decora... Edit Add Spatial Operations
Project -0 x @ harX|
&
E}--% Harlingen
e
|2 General
J[\'_, Area
- B Grid
- @@ Bed Level
45 Time Frame
@ Processes

H- [1g Initial Conditions

i~ | Boundary Conditions
J--iﬁ"' Physical Parameters
-4 Seurces and Sinks

- 2] Murmerical Parameters
Eé Qutput Parameters

i [ Output
Add samples operation x
Please specify the operation parameters
Ve
| Concel |
Properties * o x |

e A i e o

Figure 6.17: Activating the ‘Add points’ operation, drawing them in the central map and
assigning a value to them.

Spatial operations
The spatial editor supports the following spatial operations (see also Figure 6.18):

< Import (section 6.5.1) - only for point clouds
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<& Crop (section 6.5.2)

¢ Delete (section 6.5.3)

¢ Set Value (section 6.5.4)

¢ Contour (section 6.5.5) - only for point clouds

¢ Gradient (section 6.5.9)

<& Interpolate (section 6.5.10) - only for point clouds

¢ Smoothing (section 6.5.11)

¢ Change single value (section 6.5.12) - only for grid coverages

¢ Merge spatial data (section 6.5.8) - only for grid coverages

¢ Copy to samples (section 6.5.6) - only for grid coverages

¢ Copy to spatial data (section 6.5.7) - only for grid coverages
{|=| qu Import | § Set Value nterpolate - Copy to samples Copy to spatial data

= v Crop  £* Contour  # Smoothing Jerge spatial data
Merge
Operations & Delete M Gradient Cherwrite Value

Figure 6.18: Overview of the available spatial operations in the ‘Spatial Operations’ ribbon

The sections below provide a description of each operation.

Import point cloud

With the import operation you can import a point cloud for the selected spatial quantity. For
this operation no geometry is required. The import operation is activated from the ‘Spatial
Operations’ ribbon (Figure 6.19). Upon importing a point cloud you are asked whether a
coordinate transformation should be applied to the imported dataset (Figure 6.20). By default
it will be assumed that the imported data is in the same coordinate system as the model. If not,
you can indicate from which to which coordinate system the data should be transformed. After
import the point cloud is added to the operations stack (Figure 6.21). The difference between
this importer and importing a point cloud on the project level in the project tree (section 6.2.2)
is that for this importer the point cloud is directly assigned to the selected spatial quantity (e.g.
model input) instead of being treated as a separate dataset.

T Impart

- . . | g T) E S, crma catizl Asts

e |t S s L = AL 4 vl

€

Figure 6.19: Importing a point cloud using the ‘Import’ operation from the ‘Spatial Opera-
tions’ ribbon
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Apply coordinate transformation on da..  — O x

(®) Import without transformation (as-is)
() Transform from: | Amersfoort / RD New

to: | Amersfoort £ BD MNew

Corcs

Figure 6.20: Option to perform a coordinate transformation on the imported point cloud

Operations * 0 X
Fi Refresh | £ L X B3
[=f- - Bed Level

[ ] Bed Level
=l set 1

G- Fudl Import samples 1

Figure 6.21: Appearance of import point cloud operation in the operations stack

6.5.2 Crop

The crop operation crops a point cloud or coverage (depending on which one is active). The
crop operation is activated from the ‘Spatial Operations’ ribbon and only available for polygon
geometries. You can control which part of the data should be deleted by using polygons. If
you provide a polygon outside the point cloud or coverage, all data will be deleted. For an
example see Figure 6.22. After cropping (part of) the point cloud of coverage the operation is
added to the operations stack (Figure 6.23).

Before cropping After cropping

Figure 6.22: Performing a crop operation on a point cloud with a polygon using ‘Crop’
from the ‘Spatial Operations’ ribbon
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Operations * 01 X
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Figure 6.23: Appearance of crop operation in the operations stack

Delete

The delete operation deletes (part of) a point cloud or coverage (depending on which one is
active). The delete operation is activated from the ‘Spatial Operations’ ribbon. You can control
which part of the data should be deleted by using polygons. If no polygons are provided, the
total dataset will be deleted. For an example see Figure 6.24. After erasing (part of) the point
cloud or coverage the operation is added to the operations stack (Figure 6.25).

Before deleting After deleting

(= Drimpon dsevvsbe S onepoies dy Copytosampies | P Cony o spensl de
g g Costour o Smoathing T Merge spatisl data

: s
Rl - [

Figure 6.24: Performing an delete operation on a point cloud with a polygon using ‘Delete’
from the ‘Spatial Operations’ ribbon
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Figure 6.25: Appearance of delete operation in the operations stack

Set value

The set value operation assigns a value to a point cloud or coverage (depending on which
one is active). The set value operation is activated from the ‘Spatial Operations’ ribbon and
only available for polygon geometries or for the total data set if no polygon is provided. By
assigning a value, the user can choose from the following operations:

o

o

Overwrite : overwrites all existing points within the polygon (excluding no data values)
with the uniform value

Overwrite where missing (only for coverages) : overwrites all missing values within the
polygon with the uniform value

Add : Adds the uniform value to all existing points within the polygon (excluding no data
values)

Subtract : Subtracts the uniform value from all existing points within the polygon (exclud-
ing no data values)

Multiply : Multiplies all existing points within the polygon (excluding no data values) with
the uniform value

Divide : Divides all existing points within the polygon (excluding no data values) by the
uniform value

Maximum : Sets all existing points within the polygon (excluding no data values) to the
maximum of its current value and the uniform value

Minimum : Sets all existing points within the polygon (excluding no data values) to the
minimum of its current value and the uniform value

For an example see Figure 6.26. After performing a set value operation to (part of) the point
cloud or coverage the operation is added to the operations stack (Figure 6.27).
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Before setting value After setting value

Figure 6.26: Performing a set value operation (e.g. overwrite) on a point cloud with a
polygon using ‘Set Value’ from the ‘Spatial Operations’ ribbon

Operations * 0 X
FaRefresh | £ 0 | X B
E- gl Bed Level
. [] Bed Level
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-~ I input
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M & output

Figure 6.27: Appearance of set value operation in the operations stack

Contour

The contour operation creates a point cloud with a uniform value along a line or polygon
(depending on which one is active). The contour operation is activated from the ‘Spatial Op-
erations’ ribbon. After drawing the lines or polygons you have to assign the uniform value
(argument) and the sampling interval in m. This spatial operation can be useful to digitalize
information from nautical charts for example. In this case you first have to import the nautical
chart as a geotiff (Figure 6.28), set the right map coordinate system (Figure 6.29) and then
use the contour operation Figure 6.30. Sometimes the samples are created behind the geo-
tiff. Then you can use the context menu on the samples layer in the Map tree to bring the
samples to the front (Figure 6.31). After applying the contour operation it is added to the stack
(Figure 6.32).
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Figure 6.28: Import a nautical chart as a georeferenced tiff file
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Figure 6.30: Performing a contour operation on a nautical chart using lines to define the
contours and ‘Contour’ from the ‘Spatial Operations’ ribbon

Deltares

57 of 95



Spatial editor

| m Open Attribute Table L - iy Ei

Map Cut
=W E S0y Copy

E}ﬁ rnagp )( Delete
15689 Rename .
L ] [ PILFIELD
Remove Theme
Import legend IEA'T AREA b
Export legend I jil.l::-.-il.'
i I 4
|/ Order * WDL Ering to front
&2 Zoom to Extent “J Sendto back L\‘F
Synchronize zoom level with map Bring forward
' m Show labels Send backward

Map Show in Legend
Messages | | Time Hide all Layers but this one

' Properties...

Figure 6.31: Bring the sample set to the front if it appears behind the nautical chart

&' output

Figure 6.32: Appearance of contour operation in the operations stack

6.5.6 Copy to samples

This operation converts the currently selected grid coverage to a sample set, which becomes
that starting point of a new subset. If polygons have been drawn, the operation will confine
the copy to the interiors. The operation will not convert missing values to samples. Note that
the operation does keep a reference to the original copied grid coverage; if it is changes by a
re-evaluation of the stack, the changes will affect the output point cloud.

m Home View Tools Map Spatial Operations DIMR
Layer | Bed Level ~| 4@ Polygon {E Dimport § Set Value mm Copy to samples ¢ Copy to spatial data
ca
L, Line Ir Crop  &¥ Contou # Smo T Merge spatial data
Legend Merge N _ . .
... Points Operations & Delete Tt & Overwrite Value Copies values and locations within polygons to samples
Decora... Edit Add Spatial Operations

Figure 6.33: Applying the copy to samples operation
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» Bed Level
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» Copy to samples 1
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Copy to samples 1
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Figure 6.34: Copy to samples operation result

6.5.7 Copy to spatial data

This operation simply clones the grid coverage, starting a new subset with a snapshot of the
currently selected operation output. Similarly to 6.5.6, it keeps a reference to the input data
and will perform the clone again upon re-evaluation.

“ Home Wiew Tools Map Spatial Operations DIMR.
Layer @ Polygen {g DY import § Setvalue /D Interpolate | gy Copy to samples | & Copy to spatial data
Legend I, Line Merge I Crop  &* Contour  # Smoothing con - “"'"' - ;'I" '("" " | . |
& Boints Operagons | # Delete 1 Gradient £ Ouenwrite Value opies values and locations within polygons to samples

Decora... Edit Add Spatial Operations

Figure 6.35: Applying the copy spatial data operation

Spatil Operai
Copy tozamplez | & Co aats
1 Merge spatl cata
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» Copy to spatial data 1
output

—
o2 4

Figure 6.36: Copy spatial data operation result
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6.5.8 Merge spatial data

Whenever a subset contains a grid coverage as its editing data (after applying e.g. 6.5.7)
on the same grid as the main operation set, its result can be combined with the main set
by applying this operation, similarly to the interpolation operation for sample sets, discussed
below. Combining the grid coverages can be achieved with the usual point-wise methods.

opy to spatil cats
R Merge spotis dota

Merge spatisldata to parent zet

Figure 6.37: Activating the merge spatial data tool from the ribbon
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P har
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b osetd
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output
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11.04
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538
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0.2816
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5.943
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1161

HE

Interpolation operation

Please specify the operation parameters

Pointwise operation | Ovenwiite where mist

Ovenwite
[_|Overwrts whers missing
Add

Figure 6.38: The merge operation requests a pointwise combination method
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6.5.9 Gradient

Figure 6.39: Resulting grid coverage

— s
m 500 1000 1500 2000

The gradient operation applies a gradient to a point cloud or grid coverage (depending on
which one is active). The gradient operation is activated from the ‘Spatial Operations’ ribbon
and only available for polygon geometries or for the total data set if no polygon is provided. You
have to assign the initial (start) value, the final (end) value and the going to angle (according
to the Cartesian convention with 0 degrees is East, 90 degrees is North, etc Note: This is
not working properly yet). For an example see Figure 6.40. After applying a gradient to (part
of) the point cloud or coverage the operation is added to the operations stack (Figure 6.41).
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Final value
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Angle

Initial value
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Figure 6.40: Performing a gradient operation on a point cloud with a polygon using ‘Gra-
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Figure 6.41: Appearance of gradient operation in the operations stack

6.5.10 Interpolate

The interpolate operation is the way to get sample set(s) to a grid or network (e.g. coverage).
In the operation stack this means that we are actively switching from working on a point cloud
(helping to construct the coverage) to working on the selected coverage (or spatial quantity).
The interpolation is performed on the data within a polygon or polygons (if provided) or all the
data (if no polygons are provided). The interpolate operation can be performed on a single
(selected) sample set or on multiple sample sets. Both methods are discussed below. The
methods for interpolation are either

¢ Triangulation: performs a Delauney triangulation on the sample point set before projecting
onto the grid.

¢ Averaging: combines sample points within a possible enlarged cell according to an algo-
rithm of choice. The user can set the search cell expansion factor (rel. search cell size)
and a threshold for the number of sample points within a cell (minimum sample points),
see Figure 6.42.

Interpelation operation >
Please specify the operation parameters

Pointeise operation Owverwrite where miss
Interpolation method Averaging e

Cell averaging algorithm | SimpleAveraging e

Minimum sample points |'I |

Rel. search cell size |1 |

Concs

Figure 6.42: Interpolation Operation options

Seven Cell averaging algorithms can be chosen by the user; see Figure 6.43. These algo-
rithms are explained below:

¢ SimpleAveraging: the arithmetic mean' of the samples inside the search area is taken.
¢ ClosestPoint: the value of the closest sample inside the search area is taken.
¢ MaximumValue: the maximum value of the samples inside the search area is taken.

'The arithmetic mean is given by:
N
u(x) = % Zk:1 Ui
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< MinimumValue: the minimum value of the samples inside the search area is taken.

¢ InverseWeightedDistance: the inverse-distance-weighted mean? of the samples inside
the search area is taken. Contrary to the arithmetic mean, in which all samples contribute
equally to the mean, when using the inverse-distance-weighted average, the samples
close to the query point have a larger contribution to the mean.

< MinAbs: the minimum of the absolute values of the samples inside the search area is
taken.

¢ KdTree: This is an obsolete option, which will be removed in a future release.

Interpolation operation *

Please specify the operation parameters

Pointwise operation Chverwrite where miss

Interpolation method Aweraging e

Cell averaging algorithm | SimpleAveraging

Minimum sample points

ClosestPoint
MaximumValue
Minimumalue

InverseWeightedDistang
MinAbs

Rel. search cell size

Figure 6.43: Averaging options

By default, the interpolation will only overwrite missing values in the gridded data set. How-
ever, if the grid coverage already contains values, the user may choose to overwrite or com-
bine the data by a pointwise arithmetic operation.

Interpolate single (selected) set

To perform interpolation on a single sample set, select the sample set (i.e. ‘set1’) in the op-
eration stack and press ‘Interpolate’ in the ‘Map’ ribbon (Figure 6.44). Since no polygon is
provided in this example, all the samples will be interpolated to the grid. Use polygons if you
would like to have more control over the interpolation. After the interpolation the operation is
added to the operations stack (Figure 6.45). Please note that after performing the interpola-
tion the workflow in the stack is shifting from the sample set (i.e. ‘set1’ - which was a side step
to construct the coverage) to the coverage (i.e. ‘bed level’).

2The inverse-distance-weighted mean is given by:

N . .
Z?w if d(x, x;) # 0 for all 4,
u(x) = 21:1 wi(x)
Ui, if d(x,x;) = 0 for some 1,
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Figure 6.44: Performing an interpolation operation on a single sample set (without using
a polygon) using ‘Interpolate’ from the ‘Spatial Operations’ ribbon
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Figure 6.45: Appearance of interpolation of ‘set1’ to the coverage 'bed level’ in the oper-
ations stack

Interpolate multiple sets

To perform interpolation on multiple sample sets, select the active coverage (i.e. ‘bed level’) in
the operation stack and press ‘Interpolate’ in the ‘Map’ ribbon (Figure 6.46). In the popup you
can select which sample sets to include in the interpolation (in this example both). Since no
polygon is provided, all the samples (from the two sets) will be interpolated to the grid. Use
polygons if you would like to have more control over the interpolation. After the interpolation
the operation is added to the operations stack (Figure 6.47). Again note that after performing
the interpolation the workflow in the stack is shifting from the sample set (which was a side
path to construct the coverage) to the coverage (i.e. bed level).

Note: Please note that interpolation of multiple sample sets can also be achieved by im-

porting/combining different sample sets into the same set in the stack instead of using two
separate sets. In this case you can just interpolate the single (selected) set.
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Figure 6.46: Performing an interpolation operation on multiple sample sets (without using

a polygon) using ‘Interpolate’ from the ‘Spatial Operations’ ribbon
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Figure 6.47: Appearance of interpolation of ‘set1’ and ‘set2’ to the coverage 'bed level’ in
the operations stack

Smoothing

The smoothing operation smooths out (steep) gradients in a point cloud or coverage (depend-
ing on which one is active). The smoothing operation is activated from the ‘Spatial Operations’
ribbon and only available for polygon geometries or for the total data set if no polygon is pro-
vided. You have to assign the smoothing exponent and number of smoothing steps. The
higher the exponent and the number of smoothing steps, the heavier the smoothing. For an
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example see Figure 6.48. After applying smoothing to (part of) the point cloud or coverage
the operation is added to the operations stack (Figure 6.49).
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Figure 6.48: Performing a smoothing operation on a point cloud with a polygon using
‘Smoothing’ from the ‘Spatial Operations’ ribbon
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Figure 6.49: Appearance of smoothing operation in the operations stack
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Figure 6.50: The cursor for the overwrite operation showing the value of the closest cov-
erage point

6.5.12 Overwrite (single) value

The ‘overwrite (single) value’ operation allows you to edit single values on the active coverage
after the interpolation. The ‘overwrite (single) value’ operation is activated from the ‘Spatial
Operations’ ribbon. There is no geometry required for this operation. Upon selecting the
operation from the ribbon a cursor will become active showing the coverage value closest
to the cursor in a tooltipstring (Figure 6.50). Upon clicking LMB a popup appears in which
you can overwrite the value of this coverage point Figure 6.51. After applying the overwrite
operation it is added to the operations stack (Figure 6.52).
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o 2

Figure 6.51: Performing an overwrite operation on a coverage point using ‘Single Value’
from the ‘Spatial Operations’ ribbon
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Figure 6.52: Appearance of overwrite operation in the operations stack

6.6 Operation stack

The operation stack keeps track of the workflow of spatial operations that you performed. This
helps you to make transparent how you arrived at your ‘final’ dataset without having to save
all the intermediate datasets (steps) separately. Moreover, the stack is reproducible and eas-
ily editable without having to start all over again. This section describes the stack workflow
(section 6.6.1), how to edit operation properties (section 6.6.2), how to enable/disable (sec-
tion 6.6.3), delete (section 6.6.4), refresh(section 6.6.5) operations, quick links (section 6.6.6)
and import/export functionality (section 6.6.7).

Note: Currently, the stack is saved in the User Interface project upon saving the project. The

next time you open the project, the stack will reappear. The stack is not (yet) saved in a human
readable/editable file.
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Stack workflow

Upon performing a spatial operation, the ‘Operations’ panel will open (see Figure 6.53) with
the operations stack (tree). The stack first shows on which point cloud or coverage you are
working (in this example ‘bed level’). Subesquently, all the operations on this dataset are
listed. For each operation you can inspect what the input, mask (e.g. the geometry used for
the operation) and output are for the operation (Figure 6.54). By default the stack continues
from the last operation that you performed. If you wish to work on a different dataset or
operation within a dataset, you have to select that dataset or operation in the ‘Operations’
panel with the LMB.

When working on a coverage, point clouds (or sets) can be used to construct the coverage.
In that case the stack jumps from the ‘trunk’ to a ‘branch’ and the subsequent operations
are performed on the point cloud (see Figure 6.53). By selecting the set or coverage in the
‘Operations’ panel you determine on which dataset you are working. The interpolate operation
(section 6.5.10) allows you to bring data from the point cloud (branch) to the coverage (trunk).
See also Figure 6.53.

Operations * 0 X
€l Refresh | & A

=+ @l Bed Level

- [7] Bed Level
=% -l oset ]
+-:i Import samples 1
o
l_ Gradient 1
| set2

- | Import samples 2

B

¥

Interpolate 1

Figure 6.53: The ‘Operations’ panel with the operations stack. In this example ‘bed level’
is the coverage (e.g. trunk) that is edited. The point clouds ‘set 1’ and ‘set 2’
(e.g. branches) are used to construct the ‘bed level’ coverage.

Edit operation properties

For each operation that you performed the properties (such as the value or ‘Pointwise oper-
ation’ of a ‘Set Value’ operation) can be edited using the ‘Properties’ window (Figure 6.55).
Note: Please note that the mask of an operation cannot (yet) be edited. By editing the op-
eration properties the operation stack becomes ‘out of sync’ and has to be refreshed for the
changes to become active (see section 6.6.5).

Enable/disable operations

You can (temporarily) enable/disable operations by selecting the operation and pressing boxed
cross icon in the stack menu (Figure 6.56). Upon disabling an operation the operation will be
made grey in the stack and the operation is not taken into account anymore upon evaluation of
the overall result. The result of disabling an operation is not directly activated. This is indicated
in the stack with the ’out of sync’ exlamation mark (Figure 6.56). You need to refresh the stack
(see section 6.6.5) for the changes to become active.
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Figure 6.54: Input for the operation (top panel), mask for the operation (middle panel) and
output of the operation (bottom panel)
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Figure 6.56: Disabling an operation using the boxed cross icon in the stack menu. The
operation will become grey. Note the exlamation marks marking the stack

‘out of sync’.
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Figure 6.55: Editing the value or ‘Pointwise operation’ of a ‘Set Value’ operation using the
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6.6.4 Delete operations

To delete an operation permanently you have to select the operation and either press the cross
icon (Figure 6.57) or use the context menu and select delete (Figure 6.58). The operation will
be removed from the stack. The result of deleting an operation is not directly activated. This
is indicated in the stack with the ’out of sync’ exlamation mark. You need to refresh the stack
(see section 6.6.5) for the changes to become active.

Operations * 01 X

g Refresh | £ ) ﬁ

=+ @l Bed Level
- [ ] Bed Level
Bl set 1

| Delete cperation

= em |l st 2
G- g| Import samples 2

Figure 6.57: Removing an operation from the stack using the cross icon in the stack menu
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Figure 6.58: Removing an operation from the stack using the context menu on the se-
lected operation
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6.6.5 Refresh stack

When the stack is marked ‘out of sync’ by exclamation marks, you can refresh the stack by
pressing the ‘Refresh’ button for the changes to become active (Figure 6.59). Upon refreshing

the stack all the (enabled) operations in the stack will be (re-)evaluated. Note: Please note
that refreshing the stack can take some time when large datasets are (re-)evaluated!

Cperations * 0 X

] £ 21X

=yl Bed Level

-

{ | Evaluate all cperations i
EI- i FECT
E} ..1 Import samples 1

|:| 4*. output

EI- |l set 2
£ g#| Import samples 2
“e ] output

Figure 6.59: Refresh the stack using the ‘Refresh’ button so that all operation are (re-)
evaluated

6.6.6 Quick links

The stack menu contains two quick links to quickly show the original dataset (e.g. where you
started from, Figure 6.60) and the end result of the spatial operations (Figure 6.61).

Cperations - 0 X

ity Refresh e
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. Shl:w criginal input
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. ' Gradient 1
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L | Import samples 2
. H Interpolate 1

Figure 6.60: Quick link to the original dataset before performing any spatial operations

Deltares 73 of 95



Spatial editor

Cperations - 0 X

Ty Refresh | )

= gl Bed Level
' WSW:W output only
[+ gl set 1
G | Import samples 1
--', Gradient 1

]

- el cet 2
. B ) Import samples 2
G- B Interpolate 1

Figure 6.61: Quick link to the output after performing all (enabled) operations

6.6.7 Import/export

Note: Importing and exporting data into or from the stack is still under construction
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Model coupling using integrated models within the User Interface

Besides adding stand-alone models to a project, it is also possible to create integrated models
or upgrade stand-alone models to integrated models. A flow model and a rainfall-runoff model
can be independent, but they may also be combined in an integrated model. An integrated
model consists of a set of models which may run sequentially or in parallel. The first means
that the output of the first sub-model is generated and used as input for the second model
within the integrated model without any feedback from the second model to the first. The
second means that the output of one sub-model is used as input of the second sub-model
within the integrated model and vice versa. In this way the models are coupled externally
(Morita and Yen, 2002) on a time step basis.

An example of an integrated model is a D-RTC model (a Real Time Control model) combined
with a D-Flow FM model (Figure 7.1). When the integrated model is run, each timestep both
the D-Flow FM model and the D-RTC model are run sequential or parallel. The output of the
D-Flow FM model is input for the D-RTC model. In case the models are run parallel the in-
and output are exchanged every time step: the output of the D-RTC model in the previous
timestep is used as input for the D-Flow FM model, and vice-versa. The models are coupled
on the structures which are controlled.

E}--% Projectl
B- .. Integrated Model
E} %4 Region
-- oy Area
B- Models
E} Real-Time Centrol

[ [ Initial Conditions
Control Groups

§ [ [ Output

E- [ FledbleMeshModel

- [5] General

E}-E area (Area)

- B3 Grid

- @@ Bathymetry

-4 Time Frame

Ej Processes

[ (i Initial Conditions

- [+ Boundary Conditions
[ = Physical Parameters
- |y Sources and sinks

- ] Mumerical Parameters
- |2 Output Parameters

B3 Outpu

b [ Output

Figure 7.1: Example of an integrated model

7.2 Model coupling using the BMI standard

Most computational cores available within the User Interface can not only be coupled using
the integrated model functionality within the D-Flow FM GUI, but can also be coupled outside
the Delta Shell GUI for running on clusters. For such model runs, which usually require a high
performance, the models are coupled using the Basic Model Interface (BMI). For a description
of the BMI the user is referred to http://csdms.colorado.edu/wiki/BMI_Description.
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7.3

Model coupling

Model coupling using the OpenMI standard

Applications that are based on the Delta Shell framework, like SOBEK 3 and Delft 3D Flexible
Mesh (FM), are so-called OpenMI-compliant with version 1.4 and 2.0 of the OpenMlI-standard.
The OpenMlI-standard, the documentation and the supporting tools can be found at http:

//www.openmi.org.

SOBEK 3- and Delft 3D FM-models can be used in an OpenMI-configuration by providing a
so-called <*.omi>-file in which the project (<*.dsproj>) is specified. An example follows

here.

<?xml version="1.0"7?>

<LinkableComponent xmlns="http://www.openmi.org"
Type="DeltaShell.OpenMIWrapper.DeltaShellOpenMILinkableComponent"

Assembly=".

<Arguments>
<Argument
<Argument
<Argument
<Argument
<Argument
<Argument

</Arguments>

</LinkableComponent>

Deltares

./../bin_sobek3_openmi/DeltaShell.OpenMIWrapper.dll">

Key="DsProjFilePath" ReadOnly="true" Value="../../test_models/boezem.dsy
Key="DsProjModelName" ReadOnly="true" Value="integrated model" />
Key="ModelId" ReadOnly="true" Value="boezem" />
Key="ResultingDsProjFilePath" ReadOnly="true" Value="./boezem_out.dspro:
Key="SplitSpecificElementSets" ReadOnly="true" Value="grid_point;reach_:
Key="SeparateProcess" ReadOnly="true" Value="true" />
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8.2

8.2.1

Command-line and scripting

Introduction

Setting up and running models using (ASCII) scripts can be a very useful work flow for mod-
ellers that would like to perform batch studies where a single model parameter needs to be
changed, to perform batches of calculations on large computational clusters, or for simply
reproducing the model setup procedure (before extending the model to a more complex ver-
sion for example) over and over again. To support the here-fore mentioned work flows, the
Delta Shell framework supports the IronPython scripting language encapsulated within the
Delta Shell scripting toolbox. It may be used from within the Delta Shell GUI (only on Win-
dows machines), as well as from a console/terminal on any platform. In the following sections,
the use of the Delta Shell command-line and scripting functionality will be explained based on
the use of existing D-Flow 1D projects.

Scripting editor overview
The scripting editor within Delta Shell contains the following features:

¢ Syntax highlighting section 8.2.1
¢ Code completion section 8.2.2

¢ Show extra characters section 8.2.3
¢ Regions section 8.2.4

¢ Local variables section 8.2.5

< Ribbon section 8.2.7

¢ Shortcuts section 8.2.8

Syntax highlighting

With syntax highlighting all the words and types that are known in Python will be shown as col-
ored text. To configure the color schema go to the Delta Shell installation folder and navigate
to the plugins/Delta Shell.Plugins.Scripting.Gui folder. Here the XML-file <Python.xshd> con-
tains all the information used for syntax highlighting. An example is presented in Figure 8.1.

L MWy script = X

CurrentProject.Name = "abc

(W % I S

print "Changed name"

Figure 8.1: Example of syntax highlighting within the Delta Shell scripting editor.

Deltares 77 of 95




Command-line and scripting

8.2.2 Code completion

Code completion is used to give the you quick access to all properties, events and methods
of the variable that you are working on. When activated a list will be shown showing all the
options for this variable and the documentation for the selected element. To filter the list
continue typing, and the list will filter out all non matching elements. To select an element
press the up and down keys and enter to confirm. If an empty list is shown, then the type of
the variable can not be determined or the variable has no elements to show. Code completion
is activated when a .’ is typed or when Ctrl + Space is pressed. An example is shown in

Figure 8.2.
I My script *
1 Curren:Project.Dﬂ = "abc"
. - .| W DefaultMame 4 | Property : String Name
print "Changed

8 Description
I EditWasCancelled
# EndEdit

Description : Gets or sets a readable name of the project.

| NameSpace :5ystem

W FileFormatVersion
¥ GetDirectChildren
¥ GetbntityType

& IsChanged

W IsEditing

¥ IsMestedEditingDone
!

Figure 8.2: Example of code completion within the Delta Shell scripting editor.

8.2.3 Show extra characters

These options are added to show you the space, tab and line end characters. This can be
important because pythons logic uses indenting for its statements. Figure 8.3 to Figure 8.5
show examples of these extra characters.

L& My script * ¢

ChangeProjectName (newName) :
CurrentProject.Name = newlName
print "Changed nams to " + newName

LN L B

ChangeProjectName ("akc™) |

Figure 8.3: Showing spaces within the Delta Shell scripting editor.

L& My script * 3

ChangeProjectName (newlName) :
CurrentProject.Name = newlName
print "Changed nams to " + newName

[ [ S R T o Ty S

ChangeProjectName ("akc™) |

Figure 8.4: Showing tabs within the Delta Shell scripting editor.
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JENWSCHDT' x

ChangeProjectName (newName) :
CurrentProject.Name = newName
print "Changed name toc " + newName

[ I S S B 5 I )

ChangeProjectName ("akc™)

Figure 8.5: Showing EOL characters within the Delta Shell scripting editor.

8.2.4 Regions

Regions are used to mark code blocks, and gives you the ability to collapse these blocks to a
single line with a title. Figure 8.6 and Figure 8.7 shows an examples of such a region.

L My script = X

El #region Functions

W L B

"""Changes name of project to newName'
5 CurrentProject.Name = newlName
[ print "Changed name to " + newName
—#endregion

10 ChangeProjectMame ("aka"™)

Figure 8.6: Open region within the Delta Shell scripting editor.

L My script = X

10 ChangeP:DjectName[”abc,"}|

Figure 8.7: Closed region within the Delta Shell scripting editor.

8.2.5 Local variables

The local variable option gives you an overview of the declared variables in your script. The
variables are declared when you run the part of your script that declares the variables. It
will show the name of the variable followed by a string representation of the variable value
and the type. An example is presented in Figure 8.8. To get more detail about the variable,
select it and the property window will show you all the details about the variable as shown in
Figure 8.9.
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4l

L My script {read-only) €

1 newName = "abc"

2

3 project = CurrentProject

4

5 project.Name = newlMame

&

T print "Changed name to " + newName

‘ Local variables ﬁ Watch variables

Mame Value Type

newMame abc System.String

Figure 8.8: Local variables within the Delta Shell scripting editor.

Properties * 0 X
1 Project =
=
4 Misc -
Mame abc F
CreateTime
ChangeTime -
FileFormatversion 1.1.0.0 3
RootFolder =root=
Description
Size (1] |
IsChanged True
IsTemporary True

Mame

Figure 8.9: Properties of variables within the Delta Shell scripting editor.

There is also an option called watch variables that allows you to add your own variables that
you want to observe. This works exactly the same as the local variables, with one exception.
The variables are not automatically reloaded after running a part of the script. Reloading can
be done by pressing the refresh values button below the watch variables. An example of a
watch variable is shown in Figure 8.10.
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8.2.6 Ribbon

& Local variables | &% Watch variables |

Statement Value Type

Figure 8.10: Watch variables within the Delta Shell scripting editor.

8.2.7 Scripting

When you open the scripting editor in the User Interface, a Scripting ribbon category will
appear. This ribbon has the following additional options (see also Figure 8.11), which are

described in Table 8.1:
EN o View Tools

E- " Show spaces LT Python private vari
Run  Clear cached

Show tabs
Script  variables

Scripting

Show end of line sy Word

rap

ine | [ Background color+
Font size | 14

ert ta space indenting p=: Create region P ] Save before run

ert to tab indenting

3% Use current settings as default
- Python
= Comment selection

Editing

Figure 8.11: The scripting ribbon within the User Interface.

Table 8.1: Functions and their descriptions within the scripting ribbon of the User Inter-

face.

Function

Description

Run script

Clear cached variables
Debugging

Python variables

Insert spaces/tabs

Tab size

Save before run
Create region
Comment selection

Convert to space indenting

Convert to tab indenting

Executes the selected text. If no text is selected then it will
execute the entire script

Clears all variables and loaded libraries from memory

Enables/Disables the debug option. When enabled you can
add breakpoint to the code (using ¥ 9 or clicking in the mar-
gin) and the code will stop at this point before executing the
statement (use F10 (step over) or F11 (step into) for a more
step by step approach)

Show or hide python variables (like _var_) in code comple-
tion

Determines if spaces or tab characters are added when
pressing tab

Sets the number of spaces that are considered equal to a
tab character

Saves the changes to the file before running
Creates a new region surrounding the selected text
Comments out the selected text

Converts all tab characters in the script to spaces. The num-
ber of spaces is determined by Tab size

Converts all x number of space characters (determined by
Tab size) in the script to tabs
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Table 8.1: Functions and their descriptions within the scripting ribbon of the User Inter-

face.

Function

Description

Python (documentation)

Opens a link to the python website, showing you the python
syntax and standard libraries

8.2.8 Shortcuts

The shortcut keys of the scripting editor within the User Interface are documented in Table 8.2.

Table 8.2: Shortcut keys within the scripting editor of the User Interface.

Shortcut

Function

Ctrl + Enter

Ctrl + Shift +
Enter

Ctrl
Ctrl
Ctrl
Ctrl
Ctrl
Ctrl
Ctrl
Ctrl
Ctrl
F9

EF5

n < O X

+ 4+ 4+ 4+ + 4+ A+ o+ o+
|

Shift + F5
F10

F11

Run selection (or entire script with no selection)

Run current region (region where the cursor is in)

Cut selection

Copy selection

Paste selection

Save script

Collapse all regions

Expand all regions

Comment or Uncomment current selection

Add selection as watch variable

Highlight current selection in script (press esc to cancel)
Add/remove breakpoint (In debug mode only)

Continue running (In debug mode only — when on break-
point)

Stop running (In debug mode only — when on breakpoint)

Step over current line and break on next line (In debug mode
only - when on breakpoint)

Step into current line if possible, otherwise go to next line
(In debug mode only — when on breakpoint). This is used
to debug functions declared in the same script (that have
already runned)
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Toolbox overview

The toolbox in Delta Shell consists of three folders, see Figure 8.12. The first two folders
"Models" and "ltems" contain lists of models and items that can be added to your project. The
third folder "Scripts" shows all the sub-folders and (python) script files that are in the scripting
folder.

Toolbox = 0O X

v | Settings

4 [ Toolbox
Madels

Items

Seripts

Chart | Toolbox

Figure 8.12: The Toolbox window within Delta Shell.

The scripting folder is a folder on your file system that is used for storing scripts that you
would want to share between projects. This folder is synchronized with the file system so that
you can manage the scripts in the toolbox and with your file browser (windows explorer). To
change the location of the scripting folder right click on the toolbox node and select Change
scripting folder.

Exploring the scripting folder

The toolbox gives you an easy way to work and manage the scripts in the scripting folder.
Figure 8.13 shows an expanded view of the scripting folder. By using the + sign next to the
file you can see all the declared functions and classes that are in that script. By selecting
the script or one of the functions you can also see the documentation of the selection in the
property grid. By double clicking one of the functions you will open the scripting editor at the
start of the declaration of the function.
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Deltares

Toolbox - I

@ Settings

4 ERToolbox
I 22 Madels
I Ttems
d | | Scripts
I | Examples
4 | | Libraries
4 | | ChartFunctions

¢ AddValuesToSeries [ list, series )
{lime 1)
.. CreatefreaSenes { list )

(Jine 34}
@ CreateBarSeries ( list)
{line 26)

CreatelChart ( series )
(Jime 38)

CreatelineSeries ( list )
{lime 22)

CreateFointSeries ( list )
{lime 300

I || Conversions

I || FlowFlexibleMeshFunctions
ol | MapFunctions

|| MetCdfFunctions

ol MetworkFunctions

I || RainfallRuncffMadelFunctions
I || BtcModelFunctions

bl | SobekdFunctions

|| SobekFunctions

bl | SobekWaterFlowFunctions
b | | SpatialOperations

l Toolbox | Chart |

Properties * 1 X

Toolbox

3| =

4 General
Mame CreateAreaSeries ( list )

Description Creates an area series for th

Mame

Figure 8.13: Expanded view of the Scripts folder.
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8.3.2 Working with scripts

After selecting a script in the toolbox and right clicking it, you get a context menu with the
options as shown in Figure 8.14. The options are described in Table 8.3.

|+ Edit script
|4 Runfile
Insert code

Add as import

Add as import (using alias)
= Open location with windows explorer
=] Rename
#H  Delete

Figure 8.14: Context menu of a script item within the toolbox.

Function Description

Edit script Opens the scripting editor for this script

Run file Runs the whole script without opening the editor

Insert code Inserts the code of the selected script into the current script

(the script open in the scripting editor)

Add as import Adds the selected script as import to the current script (the
script open in the scripting editor)

Open location with windows | Opens an instance of windows explorer for the location of

explorer the selected script
Rename Rename the script (also on file system)
Delete Deletes the selected script (also on file system)

Table 8.3: Context menu function descriptions of a script item within the toolbox.

8.3.3 Working with folders under the scripting folder

After selecting a folder under the scripting folder "Scripts” in the toolbox and right clicking it,
you get a context menu with the options as shown in Figure 8.15. The options are described
in Table 8.4.
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Open location with windows explorer
Add new folder

b o €

Add new script
Import script from existing
Add as import
Add as import (using alias)

+~ Find in folder

= Rename
& Delete
Figure 8.15: Context menu of the "Scripts" folder (or one of its sub-folders) within the
toolbox.
Function Description
Open location with windows | Opens an instance of windows explorer for the location of
explorer the selected folder
Add new folder Adds a new folder under the current selected folder and
adds a __init__.py file to that folder (to make it work as im-
port)
Add new script Adds a new (python) script to the folder

Import script from existing Adds a new (python) script to the folder with the content of
an existing script (like a file copy)

Add as import Adds the folder as import to the current script
Rename Rename the folder (also on file system)
Delete Deletes the selected folder (also on file system)

Table 8.4: Context menu function descriptions of the "Scripts"” folder (or one of its sub-
folders) within the toolbox.

8.4 Running scripts from within the Delta Shell GUI (Windows only)

After starting Delta Shell, add a script item to a new project or an existing project by right-
mouse clicking on your project, and selecting Add — New ltem ... shown in Figure 8.16, or
add a script to your scripting folder by selecting Add new script from the context menu of the
scripting folder within the Toolbox window as shown in Figure 8.15.

When adding a script to your Project window, a selection dialog for adding items to your
project will appear. Now select the Scriptitem from the various types as shown in Figure 8.17.
A script item is now shown within the project. Double-click on the script item to open the script
editor within the Delta Shell GUI.

Start editing the script (either in your project or in your scripting folder) using Python syntax,
as shown in Figure 8.18. As shown in the figure, it is possible to start a script by importing
functions from pre-defined routines developed within provided Python scripts with the Toolbox
plug-in or creating your own Python libraries and adding them to your Scripts folder. These
functions can than be used within in the main script. For example, in Figure 8.18, the functions
SetDefaultRoughness, and AddRoughnessAtLocation, have been imported from
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N — —— — . e —

Project Explorer T x Scriptl " gaFunction view

date time [yyyy/MM... |Discharge...

B 2007/01/1501:00:00 =

MNew Itemn ... 0.2347
d  MNew Model ... | 0.4635
0.7042

MNew Folder |
Elle ) Wi : 0.9390
Paste  Ctrl+V 2007/01/15 06:00:00 1.173
Rename 2007/01/15 07:00:00 1.408
2007/01/15 08:00:00 1.643
B Run All Models 2007/01/15 09:00:00 1878
Stop All Models 2007/01/15 10:00:00 2,230
- 2007/01/15 11:00:00 2,582
=f  Properties 2007/01/15 12:00:00 2,934
2007/01/15 13:00:00 3.286
2007/01/15 14:00:00 3.633
2007/01/15 15:00:00 3.990

Map Contents % 0y

20070115 16:00:00 4,34

Figure 8.16: Add an item to your Delta Shell project.

Select Type of Data ... @
Type:
General
& Map & Map (World) <« Script [| Texdt Document
@ Web Link
Hydro
& Basin I, Metwork 2] Region

Figure 8.17: Select script to add to your Delta Shell project.

the pre-defined toolbox libraries as shown in the first six lines of the script.

An example of an auxiliary function as available in the pre-defined Toolbox plug-in libraries is
given in Figure 8.19. The function shown needs an existing flow model and boundary name
as input arguments to be able to return the desired boundary condition data to the user.

To test the script regularly during editing, or after finishing the script, the user can press the
Run script button (within the Scripting ribbon in the Delta Shell GUI) shown in Figure 8.20 to
see if the script is working properly. If there is something wrong within the script the messages
tab within the Delta Shell GUI shows the error messages encountered during the running of
the script. The messages tab will also show the messages that the user has defined himself
by using rint \normalfont Python commands within the scrit.
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WaterFlowld
1 from datetims import datetime

raries.StandardFuncticns import ¥

from

from raries.MapFuncticns import CreatelLineCecmetry, CreatePeintGeometry
from sorkFunctions import *

from Libraries.SobekWaterFlowFunctions import ¥

# create flowmodel
f1 Model = WaterFlowModellD()

H #region Set roughness

# set general (default) roughness wvalue
SetDefaultRoughness (flowMcdel, "Main", RoughnessType.Chezy ,45)

", channell, » RoughnessType.Chezy, )
, channell, 5, RoughnessType.Chezy, 40)
+ channell, , RoughnessType.Chezy, )]

RddRoughnessAtLocation(flowModel,
2ddRoughnessAtLocatiol
2ddRoughnessAtLocation

channel?, 4, RoughnessType.C
channelZ, » RoughnessTyp
, channelZ, 17, RoughnessType.

AddRoughnessAtLocatio
AddRoughnesshAtLocatio
AddRoughnessAtLocation (flowModel,

Figure 8.18: Scripting editor within the Delta Shell GUI.

GetBoundaryDataByName (flowModel, boundaryName)
MW= e the numeric wvalue assioned o0 a Bon

for condition in flowModel.BeundaryCenditions
if (conditicn.Feature.Name == boundaryName) :

boundaryData = conditicn
return koundaryData

Figure 8.19: Create your own auxiliary functions or use the pre-defined library functions
using Python.

— ow fabs

Run [[Clear cached

Script | variables Show end
Run

Run Script

Run the selected text
of the python script. If
g no text is selected then
~ the whole python
script will be run

Figure 8.20: Run script within Delta Shell GUI.

The Delta Shell Console

Besides setting up scripts and running them from the Delta Shell GUI, users can set up scripts
and run them using the Delta Shell console application. The Delta Shell console application
options can be obtained from a console/terminal by typing DeltaShell. Console.exe -?. This

will result in the options as presented in Figure 8.21.

BN Administrator: CAWindows\System32\cmd.exe |£|E|éj

d:sputten_hs DownloadsDeltaShellsbin“Release>DeltaShell.Console.exe -7
llzage: Deltafhell.Console [OPTION]
Jalid options include:
~h, -7, —help Show usage and exits.
-p. project—file=UALUE Load project from the file. Combhine with
additional options helow.

wm—activity=UALUE Bun activity or model available in the project.
in—file=UALUE Bun script from file
in—command=UALUE RBun specified command (Python>.
teractive Start interactive console
skip—default—1lihs Do not load standard python libraries (faster
start—up?

Figure 8.21: Delta Shell console application options overview.

Deltares 88 of 95



8.5.1

8.5.2

Command-line and scripting

Testing and running your scripts using the Delta Shell interactive console
(Windows/Linux/MacOSX)

The Delta Shell interactive console application can be started from a console/terminal by typ-
ing DeltaShell.Console.exe -i within the console (make sure the Delta Shell bin directory has
been added to your path or start the application within the Delta Shell bin directory of the
installation) or by clicking the Deltares — <Name of Software Suite> — Interactive Console
within the Windows start menu. Within the console application, the user can test the script
command by command without losing information that has been gathered thus far, and thus
can easily test these commands on a step by step basis without having to worry about mak-
ing errors. The commands of the script shown in Figure 8.18 can be tested line by line in
this fashion as well. After finishing the script (and saving all commands to a *.py file), run
the complete script within the Delta Shell console application using the following command:
Application.ScriptRunner.RunScript((open(’scriptname.py’, r’).read())).

B | Administrator: C:\Windows\System32\WindowsPowerShell\v1.0\powershell.exe |£|E|éj

{S D:\de}ta—shell\src\DeltaShell\DeltaShell.Loader\hin\Dehug) .~DeltaShell.Consol
e.exe —1
Starting Delta Shell ...

i i CommonToolsPlugin ...
MHibernateDaoPlugin ...
HmlDatafAccessPlugin .
RainfallRBunoffPlugin
RealTimeControlPlugin -
JaterFlowModeliDPlugin ...
JaterQualit yMode11DPlugin ...
DeveloperToolsPlugin ...
FewsPlugin .

HabitatPlug .
HabitatImporterPlugin ...
DemisImportPlugin ...
SobekImportPlugin ...
MorphAnPlugin ...
MorphAnDemosPlugin ...
MetCdf Plugin ...
OpenMIPlugin ...
ProjectExplorerPlugin ...
ScriptingPlugin ...
SeriesPlugin ...
MetworkEditorPlugin ...
SharpMapGisPlugin ...
ToolboxPlugin ...
UFDExplorerPlugin ...
JFDExplorerDemosPlugin ...
JHFDExplorerPrototypel D3DPlugin ...

WBeachPlugin ...
re loaded

ready.
6.2 €2.6.18228.8> on .NET 2.8.58727.5456
"help". "copyright". “credits" or "license" for more information.

Figure 8.22: Test script in interactive mode.

Running your script directly from the commandline (Windows/Linux/MacOSX)

A finished or already existing Python script can easily be run using the Delta Shell console
application as well, by passing the script to the application directly as an input argument. The
command to do this from a console/terminal is: DeltaShell. Console.exe —run-file=script.py as
is also shown in Figure 8.23.

Finally, note that when running scripts using the Delta Shell GUI, the user may also use
Delta Shell GUI components within the scripts. When running scripts from the Delta Shell
console application or from the command-line, these components are not available, and the
user needs to fall back on GUI components (for example for plotting) available within Python
or develop them himself.
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B Administrator: C\Windows\System32\WindowsPowerShell\w1.0\powershell.exe |iﬂlﬁ

S D:ndelta—shellssrcsDeltaShell~DeltaShell.Loader~bin~Debug> .~DeltaShell.Conso
le.exe ——run—file='script.py’

Figure 8.23: Run script from command line within console application.
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A How to use OpenDA for Delta Shell models

OpenDA is an open-source software tool distributed by the OpenDA Association (see www.
openda.org). It enables the user to calibrate and Ensemble Kalman Filter (EnKF) simulation
models, such as Delft3D Flexible Mesh Suite and SOBEK 3. In this document we will speak
of Delta Shell (models).

Both the calibration of Delta Shell models and running them in EnKF-mode is done by using
OpenDA. To run an OpenDA calibration or EnKF-simulation, a so called OpenDA application
(.oda) file is needed, in which the application to be performed is specified. This oda file is the
top of a hierarchy of configuration files that is organized in a directory structure that is usually
setup as indicated below.

¢ topDir, containing e.g. for EnKF of a SOBEK 3 model textitSimpleModel:

0 <SimpleModelEnKF.oda>)

0 algorithm contains the configuration file(s) for the calibration or EnKF algorithm

o0 stochObserver contains the configuration file(s) and measurement data for the so
called ‘stochastic observer’, the set of measurements and the specification of their
uncertainty

o stochModel contains the configuration file(s) for the so called ‘stochastic model fac-
tory’, that specify how model instances can be created. For Delta Shell models, this is
described in

o template contains the base model (<SimpleModel.md1d> and the associated
model files)

o bbWrapperConfig.xml describes the way the model can be addressed. For Delta Shell
models the so-called black-box wrapper is used.

o bbModelConfig.xml specifies the <*.md1d> model file and some other optional
settings for repeatedly running the model.

o bbStochModelConfig.xml describes which items can be calibrated, and specifies
the relation between the measurement series and the related observation point in
the model

For the all over structure and the content of the various files, the user is referred to the docu-
mentation of OpenDA on www.openda.org. Up-to-date examples can be found there.
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