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OpenRoads Survey: Terrain Models

The OpenRoads tools provide functions to generate terrain models from multiple sources. Traditional topo
survey, ground and aerial based LiDAR data are frequently used to generate the existing ground terrain
model, and can be combined to create a single terrain model as necessary.

This document will discuss the process to create a combined complex terrain model from three sources:
ground survey, ground based LiDAR data, and Aerial LiDAR data.

Design File Types for Existing Ground Terrain Models

The existing ground terrain model is usually created directly from the topo survey data in the Field Book
(FB) design file. If the exiting terrain model will be combined using disparate data sources, it is best to
create the combined terrain in a separate design file. The OHDOT CADD Standards include a new file type
for a Field Digital Terrain Model (FD) that is used when the terrain model will be created by combining
different sources.

The OHDOT Create Design Files application provides three design file types used for Survey processing as
shown below.

£ Create Design Files - m} x
Help  Settings
Parent Folden
r Filters Defaults
Engineering Fol  Structure Folder: FID:
¥ @ Survey, ¥ 400-Enginee ¥ | Roadway\ ¥ | 123456 001

Survey Folder:  Wall Folder:
300-Survey\ ¥ | Roadway\

Create Category Type Description Code #ofFiles Base Folder Folder File Name  File Suffic Comments Scale Seed

[0 |Survey Basemap | Survey Field Book FB 0 300-Survey, \Basemaps' 123456_FB 1:20 |123456_DesignSeed3d.dgn) %
1 |Survey Basemap | Point Cloud B 0 300-Survey \Basemnaps\ 123456_PC 1:20 |123456_DesignSeed3d.dgn)
[ |survey Basemap | Field Digital Terrain Model FD 0 300-Survey\, \Basemaps\ 123456_FD 1:20 |123456_DesignSeed3d.dgn|

Create Files

If the terrain model will be generated from only the topo survey information, the best practice is to create
the terrain model from the Field Book directly in the FB design file.

The Point Cloud (PC) file type is used to generate a terrain model from LiDAR information. This file type
may be used for ground based or aerial based LiDAR pint cloud information.

The FD file type may be used for multiple purposes.
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e Most commonly, the FD file type is used to create a combined terrain model from other sources. In
this case, the other files are referenced to the FD file. The Create Complex Terrain Model
command is used to generate the combined terrain model

e The FD file type may also be used to create a terrain model from the Survey Data using the Create

Terrain Model from Graphical Filter command. It is possible the WorkSet will contain multiple
FD design files.

Care must be taken to ensure that the design personnel understand which design file, FB or FD, contains
the terrain model used for the design process.
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Exercise 1: Creating a Terrain Model from the Survey Field Book

This exercise will cover the process to create a terrain model from the topo survey information that was
processed in section 300 of this training guide.

Terrain models are typically generated in the Field Book (FB) design file. In some cases, it may be desirable
to create the terrain model in a separate DGN file (FD) depending on the size of the project and the needs of
the design personnel.

If the terrain is created in the Field Book (FB) design file, editing the terrain by deactivating the survey
processing rules is no longer recommended. An alternate method will be demonstrated in this manual.

If the terrain is to be created in a separate FD design file, the process is summarized below:

1. Create a 3D Terrain Model (FD) design file

2. Attach the Field Book (FB) design file as a reference

3. Use the Create Terrain from Graphical Filters command to generate a terrain model from the
survey data in the Terrain Model (FD) design file.

Note: At this time, we are not documenting this process since it is not typically used by ODOT’s
survey personnel to generate the terrain model. There are graphical filters in the OHDOT
WorkSpace intended to be used for his process, however with the current release of the software
graphical filters based on Survey linear features and point features are not working. A defect has
been logged with Bentley.

Take the following steps to create a terrain model from the survey information that was processed in the
previous chapter:

e Open ProjectWise Explorer
=
’
gl

e Open the file shown below using your home District and your user name.
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ProjectWise Explorer - m] >
Datasource  Folder Document View Tools Window Help
PN A Z Bt - EE[E] @ #A - searanlD |
‘“ = '::> = u EAddress pw:\\OhioDOT-pw.bentley. com: OhioDOT-pw-01'\Documents\01 Active Projects\District 06'_DO06\ethomashSur V| }Go
B[M' Ohio DOT Training/Testing (ericthomas@dot.o A List @ Spatial
B I:_J;CFL:W:”: . Name Description File Name Version
[+, Flight Projects .
1.0 00 Closed, Inactive and Cancelled Project ./95213_FB’DO1.dgn Survey Field Book Base..  96213_FBO01.dgn
- 01 Active Projects
-4 District 01
[-{ District 02
-4 District 03
[+, District 04
[-{ District 03
[=-{_ District 06
£y _Do6 < 2
(-0 bwillia3 Document Properti Project Properti Folder Properti Personal Portal  Photo Preview  Dependency Viewer Ac|* | *
- dbeiter
-2 dogden View: | <Default> ~
L ethomas Property name Property value Property name Property value G
1 Design_Training L X
&7 Survey_Training Mame 96213_FBOD1.dgn Description Survey Field Book ...
E|L.’.‘ 962_13 Folder Name Basemaps Folder Description Survey
P [ 000-Admin Environment Ohio DOT CADD Storage Storage
= 100-Planning File Name 96213_FBOO1.dgn File Size 504.50 KB (516,608 ...
[ 200-Environmental Workflow Ohio DOT Survey B...  State Preliminary
[ 300-Survey Created By eric.thomas Created 4/17/2019 5:22:37 ...
s Basemaps Updated By eric.thomas Updated 4/17/2019 5:22:38 ...
; @[ SurveyData ] File Updated By eric.thomas File Updated 41772019 5:26:46 ...
< > Status Checked In Node v
For Help, press F1 1:27 PM

e Open the Survey tab in Project Explorer

e Right-click on the Field Book and choose the Create Terrain Model... option as shown below
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- Survey -~ . . .
. The terrain model is created in the
©eF. active file as shown below.

|5‘eam‘:| p| 2 %

4 & [ Survey Data
4~ [&] Design
4 v [l Field Books

P
Create Terrain Mmﬁ

i v Diati
= o Export To ’
b v
Delete
B T ALL Import E
p v LAl @i Properties
v % ALL T
v TroaLlL

Isolate

L ]
v =
« ALl Clear Isolate

¥ Ty Filters

+ ) Multimedia Files

Notes:

The terrain model is named
according to the name of the Field
Book. The name can be edited in the
terrain model properties dialog

If there are multiple datasets
contained in one field book, all of the
datasets are combined to make one
terrain model

Terrain Model: Field Book 1
Level: XS_X_Ground_Line

Point and linear features are used to
create the terrain model according to
the Terrain Model Attribute for the
field code.
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Terrain Model Properties

Use the MicroStation Element Selection tool to select a terrain model in the design file. Allow the cursor to

January 2021

rest on the terrain model element for a few seconds to reveal the pop-up menu shown below.

A& O X

The following commands are available:

e Properties

e Set As Active Terrain Model
e Export Terrain Model

e Update From Source

e Templates

e Delete

See the online help for more information on items not
covered in this document.

The Properties options are shown at right.

Edge Method

In the OHDOT workspace, the default Edge Method has
been set to Max Triangle Length with a Length value of
100. The following Edge Method options are available:

e None
e Slivers
e Max Triangle Length

The option to key in a Length value is only available when
the Edge Method is set to Max Triangle Length.

Feature Name
The Feature Name is the name of the terrain model. This
field may be edited as necessary.
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Name

Terrain Model: Feld Book

Number of Points

633

MNumber of Point Featu 404

Number of Izlands 0

Number of Voids 0

Number of Features 424

MNumber of Contours 0

Number of Breaklines 19

MNumber of Triangles 1,223

Edge Method Max Edge Length
Length 100.000°
Major Contours OFf

Minor Contours OFf

Triangles OFf

Spots Off

Flow Arrows OFf

Low Points OFf

High Paints OFf
Ereaklines OFf

Boundary OFf

Imported Contours OFf I}
Izlands OFf

Holes OFf

Voids OFf

Feature Spots OFf

Feature Name Field Book 1

Feature Definition
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Feature Definition

The Feature Definition item is used to select the surface feature that will be used to control the terrain
model display. Surface feature definitions are defined in OHDOT_Feature_Definitons.dgnlib. When using
the OHDOT workspace, the surface feature X_Boundary is the default. This feature has been configured to
display the terrain model boundary.

Various feature definitions have been configured for ODOT projects. The Feature Definition is selected from
the drop-down list as show below.

Feature Name Field Book 1
[Feoture Defintion LTS [
@& Mo Feature Definition A
Bl Temain
=~ Existing
----- e
----- & ¥_Bridge Deck
----- & ¥_Contours 01" Major
----- & ¥_Contours 02" Major
----- & ¥_Contours 05" Major
----- & ¥_Contours 10" Major
----- & ¥_Contours 20" Major
----- & X_Contours 50° Major
----- & X_Trangles
----- & X_Trangles?
----- & X_Trangles3
----- & X_Tranglesd
..... @ ¥ Thdannle=h i

e Change the Length parameter for the Edge Method to a value of 25.
o Note the changes to the terrain boundary. Are there triangles missing that you would like to
see included in the terrain model?
o Try changing to a value of 50.

e Change the feature definition to use one of the options that draws contour lines. Which contour
interval works best for this dataset?

e Change back to the X_Boundary feature definition when complete.
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Terrain Model Editing

The terrain model is dynamically linked to the survey points and lines. Edits made to the points and linear
features that comprise the terrain model are immediately and dynamically reflected in the terrain model.

On the left and right side of the terrain model there are survey points included in the terrain that are
located far enough away from the main portion of the survey that probably should not be included in the
terrain. These points can be removed from the terrain by changing the Terrain Model Attribute value.

e From the Survey Workflow Home tab, select the MicroStation Element Selection tool. Floating the
cursor over a point or a linear feature will reveal the survey attributes as shown below

\ | Point Feature

"-.| 4| Name: 5562

Field Code: X

y| Link Code: Mone

Zone: 1

Terrain Model Attribute: Spot

Easting: 1923260.3171°

Merthing: 351730.016"

Elevation: 1246.547'

Data File Name: MRW-314-2057-TOPQ-5caled.csv
Field Book Name: Field Book 1

Feature Definition: Survey\DTM Features\Points X
Feature Description: Randem Ground Elevation

Cell: X Line
Lewvel: SV_X¥_Random_Point

-

o Select the point and allow the cursor to rest until the pop-up menu appears. Select the Properties
icon

MName 5562
Display True
Field Code X

Link Code None

Zone
Description

Terrain Model Attribut
Attributes PainNot Set
T W= Determine By Feature Definition
Easting Do Not Include

Marthing Spot

Elevation 1286 547
Data File Name MRW-314-2057-TOPO-
WVBA Macro

Field Book Name Feld Book 1

Feature Definition Survey\DTM Features\Po
Feature Description  Random Ground Hevation
Mediz File
Time Stamp

N/A

e Change the Terrain Model Attribute value to Do Not Include. The point is immediately removed
from the terrain model
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Multiple elements can be removed from the terrain model by selecting the elements, and then
changing the Terrain Model Attribute in the Properties dialog

o Use the Element Selection tool to select all the points to the left of the terrain model

o Inthe Properties dialog, change the Terrain Model Attribute value for the selected elements to
Do Not Include. All the selected elements are immediately removed from the terrain model

Properties * 01X .
m View 1 - Top, Design

"”ﬂiﬁ“e"“'“?‘ m-élw- i LLPRO@AD HoRmE
B 5551

4 5552
4 5553
4 5554
4 5555
4 5558
4 5557 -

General

g
g
g
g
g
>

Geametry
Feature

Extended

> (¢ ¢ [¢| ¢

Point Feature

Name “*Varies** |
Display True I".
Field Code ““Varies** [
Link Code  None |

Zone 1 I".
Description I". 4
Terrain Mode! [ia'zN g v
Att{Not Set \

Co| Determine By Feature Definition
Eal Do Mot Include %

Mof Spat

Elevation vanes

Data File Nam MRW-314-2057-TOPO-
VBA Macro

Field Bock Nai FReld Book 1
Feature Definil **Varies™*
Feature Descr “*Varies™*
Mediz File

Time Stamp  NAA
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e Repeat this process for the points on the right side of the terrain model. The edited terrain

model should look like the example below

-
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| il L
1 1 | |
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N "
I NG I TP S
I", : | |I ,-'l
\ ...I.. = F an -t
P il
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Removing Edge Triangles
After survey processing and editing is complete, it may be necessary to delete some of the terrain model
edge triangles that are formed in areas along the boundary of the terrain.

The example below shows several triangles that are formed across an area where no survey data was
collected

A1SRE —— Setting the terrain model’s Edge Method to Max Triangle
- Length with a shorter value can eliminate some of these
‘__ triangles, however it may still be desirable to manually
| \ remove some of these triangles.
[ Unnecessary
Edge
Triangles

Terrain models are “ruled” by the survey points and chains. Changes made to the survey points and chains
are dynamically reflected in the terrain model.

Previously, we had recommended deactivating the Survey Processing Rules to allow editing the terrain
model directly. That workflow is no longer recommended.

Deactivating the processing rules means that you cannot add any additional survey information to the
design file without reactivating the processing rules. For example, if you are returning to an area previously
surveyed to collect additional data, and that data will be processed as a new dataset in the same design file
that has had the survey processing rules deactivated, the linework for any linear features will not be drawn
since this function required that the survey processing rules are activated to generate the linework.

The recommended procedure to remove edge triangles is as follows:

¢ Add a Ruled Boundary to the terrain. This is a physical element that can be edited with the
element manipulation tools.

o Use the element manipulation tools, such as Inset Vertex, or Remove Vertex, to redefine the
boundary and eliminate unnecessary edge triangles.

The Add Boundary command is selected from Terrain > Edit > Boundary Options as shown below.

ﬂ Survey = H "_t;g B:;: - v f |.EJ X = pw\\OhioDOT-pw.bentley.com:OhioDOT-pw-0
Home Field Book Analyze Edit Terrain Geometry Drawing Production Drawing
& * & | FromFile %ﬂﬂ ;% % O Edit ComplexModel [ 1»

v 2| From Graphical Filter A T &y Feature Management A

Element ..., dditional | Active gt Transform
@q Selection L. ™ Q From Elements Methods » * Model & Boundary Options ~

Primary Selection Create Ih Add Boundary [\I

7L Remove Boundar_',.rmJ
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The tool has three methods:

o Extract Graphic - extracts the current boundary for the triangulation to an editable 3D
linestring.

e Add Boundary - extracts the current boundary for the triangulation as an explicit boundary in
the terrain element - ie locked boundary.

e Add Ruled Boundary - extracts the current boundary for the current triangulation to an
editable ruled draped boundary element. Deleting this element will remove the boundary from
the terrain.

Use the Add Ruled Boundary method to add a fixed boundary to the selected terrain model. This
boundary element is ruled to the terrain. Edits to the boundary are automatically applied to the terrain
model.

Take the following steps to create a ruled terrain boundary

e Choose the Add Boundary command
e Setthe Method to Add Ruled Boundary

e Choose the Linear > Survey Office Use > Terrain Editing > X_Terrain_Boundary feature
definition as shown at right

o Enter a Name for the boundary element

Method |Ac|d Ruled Boundary |~ |

Feature -~

Feature Definition |)(_Terr.ain_Bt:uund.an.I w |

Name |TOPO_Bouru:Ian‘I |

e Select the terrain model to add the boundary
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After adding the ruled boundary, unnecessary edge triangles can be eliminated by editing the boundary
element.

o Change the triangle model feature definition to X_Triangles

e From the Drawing tab, select the Modify > Insert Vertex command

o E\ :H: A Tx oo
: x TF

i
i Insert Vert

Modify Break  Trim _ P Insert Ve eu[\

Element Element Multiple T 7 3F Delete Vertew ot

Maodify +" Extend Line ¥

e Inseta vertex in the terrain boundary to eliminate unnecessary triangles in the lower right corner
of the triangle model, as shown below.

| :
! \

| Insert Vertex
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Swap Line
Another common triangle model edit is swapping triangle lines. This can be accomplished by graphically

drawing a line in the file representing the new triangle leg, and then adding the line to the terrain as a
break line.

Take the following steps to add a break line to flip the triangulation lines:

o Select the Survey > Office Use > Terrain Editing >

= = a— |
X_Terrain_Break_Line element template as shown at K4 Survey o HE R « -
right. The element template defines the active Home  FieldBook  Analyze  Edit
symbology settings. @ None 7 [Default
L_i|n~'a Show ¥
. P
e Draw a SmartLine as shown below
Templates
. . > Lighting -
e Be sure to snap to the triangle vertices, or the Survey . i officey
. . . . . rope Ice lise
points so the elevation is defined for the SmartLine o N
element b | Lighting
B Pavernent Markings
4 Terrain Editing
& X_Terrain_Spot_Elevation
& X_Terrain_Break_Line %
3 Pavernent
— b Pavement Markings
b Railroad
|'d Right-of-Way i
& Manage..
:
[ < ' T
Place this SmartLine by o k ﬂ |
shapping to the triangles \ N N Y
¢ pie Ol o .
®) N e i
ﬁP\aceSmarthe — x o PSS TS N e <“‘ i
Seoert DT 4 | i 5

Vertex: | Sharp i ! %/‘ |
Radius: |0.833 # >/ W |
Join Elements | s
Rotate AccuDraw
Start in line mode
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e Select the Add Features command from the Terrain > Edit group.

&l survey OoHERE e > 2 X - C:\Bentley\CONNECT\V
Home Field Book Analyze Edit Terrain Geometry Drawing Production D

=1 k % @ FromFile r&g l% &y Edit Complex Model
h

|—£| . =3 From Graphical Filter i) Feature Management *

Element ... Additional = Active g oo
@q Selection || ™ Q From Elements Methods = T Mode ﬁq Add Features
Primary Selection Create By Remove Features L
Change Feature Type

e Add the SmartLine as a Break Line to the terrain. The triangles are swapped as shown below.

& -~ X
AN Lo i
Terrain Model |Field Book 1 ~ / [ AT O e

Feature Type

Note: The triangles can be reverted by deleting the SmartLine element.
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Exercise 2: Terrain Models from Point Cloud Data

LiDAR data in LAS format from terrestrial scans or aerial sources is often incorporated with traditional
ground survey information to create a combined terrain model for the project. This information can be
imported directly from the LAS file to create the terrain model, or optionally imported as a Point Cloud in
POD format in order to visualize the data in the design file. The POD file can be used to generate a terrain
model for the point cloud. The terrain model can then be merged with the ground survey terrain
information.

When creating complex terrain models, the best practice is to use a separate design file for each data source
rather than importing the data into the FB design file. This eliminates confusion over which terrain model
should be used that can occur when there are multiple terrain models contained in one design file.

In this exercise, we will generate two terrain models. The first is from a ground based terrestrial scan of the
pavement surface in LAS format. The second is from aerial mapping in XYZ format. Each terrain model will
be created in its own design file

Part 1: Creating a Terrain Model from LAS Data

The process to import LAS data into the Point Cloud (PC) design file is summarized below:

1. Create a 3D Point cloud (PC) design file
2. Optional: Use the Point Cloud tools to attach the LAS file and save a POD file
3. Use the Create Terrain From Point Cloud tool to create the terrain model

Take the following steps to import the point cloud information:

e Open ProjectWise Explorer
7~
’
gl

e Open the Field Book design file (FB) as shown below using your home District and your user name.
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ProjectWise Explorer - m] >
Datasource  Folder Document View Tools Window Help
PN A Z Bt - EE[E] @ #A - searanlD |
‘“ = '::> = u EAddress pw:\\OhioDOT-pw.bentley. com: OhioDOT-pw-01'\Documents\01 Active Projects\District 06'_DO06\ethomashSur V| }Go
B[M' Ohio DOT Training/Testing (ericthomas@dot.o A List @ Spatial
B I:_J;CFL:W:”: . Name Description File Name Version
[+, Flight Projects .
1.0 00 Closed, Inactive and Cancelled Project ./95213_FB’DO1.dgn Survey Field Book Base..  96213_FBO01.dgn
- 01 Active Projects
-4 District 01
[-{ District 02
-4 District 03
[+, District 04
[-{ District 03
[=-{_ District 06
£y _Do6 < 2
(-0 bwillia3 Document Properti Project Properti Folder Properti Personal Portal  Photo Preview  Dependency Viewer Ac|* | *
- dbeiter
-2 dogden View: | <Default> ~
L ethomas Property name Property value Property name Property value G
1 Design_Training L X
&7 Survey_Training Mame 96213_FBOD1.dgn Description Survey Field Book ...
E|L.’.‘ 962_13 Folder Name Basemaps Folder Description Survey
i [ 000-Admin Environment Ohio DOT CADD Storage Storage
= 100-Planning File Name 96213_FBOO1.dgn File Size 504.50 KB (516,608 ...
[ 200-Environmental Workflow Ohio DOT Survey B...  State Preliminary
[ 300-Survey Created By eric.thomas Created 4/17/2019 5:22:37 ...
el Basemaps Updated By eric.thomas Updated 4/17/2019 5:22:38 ...
Lo [ SurveyData v File Updated By ericthomas File Updated 4/17/2019 5:26:46 ...
< > Status Checked In Node v
For Help, press F1 1:27 PM

e C(reate a Point Cloud design file for the LiDAR data using the Ohio DOT > Apps > OHDOT Create
Design Files application

£ Create Design Files - m} X
Help Settings
Parent Folder:
r Filters Defaults
Engineering Folt Structure Folder: PID:
i @ Survey, - 400-Enginee v | Roadway\ ¥ | 96213 (102 I
Survey Folder:  Wall Folder:
300-Survey', v | Roadway', w
Create Category Type Description Code #ofFiles Base Folder Folder File Name File Suffix Comments Scale Seed
[ |survey Basemap | Survey Field Book FB 0 300-Survey\, \Basemaps\ 06213_FB 1:20 [96213_DesignSeed3d.dgn
Survey Basemap | Point Cloud PC 1 300-Survey, \Easemaps) 96213_PC | oo LiDAR Data |1:20 196213_DesignSeed3d.dgn
1 |Survey Basemap | Field Digital Terrain Model ~ [FD! 0 300-5unvey \Basemaps, 96213_FD 1:20 196213_DesignSeed3d.dgn

e Open the newly created PC design file
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Optional: Create a POD File

Bentley products use the POD file format for point cloud data. A POD file is not required to create the
terrain model from the point cloud data, but can be useful if you want to visualize the point cloud data in
ORD.

Take the following steps create the POD file:

e From the Survey workflow Home tab, select Attach Tools > Point Clouds as show below

E Survey v t l;l l'_C; L ‘ [gl I}Q x = C:\Bentle
Home Field Book Analyze Edit Terrain Geometry Drawing Pro

Mone ™ || Default «|| W@ 5 E-=-
6 - @ex
E = v - 0 Attach -
[go =0 =0 @0 0 Explorer Tooie~ | = - o .

Attributes |—L| References

Raster Manager

Explorer R 31X Pmper| {3 Point Clouds
I8 File v eality Mes

e From the Point Clouds dialog, select File > Attach.
o Change the Filter to LAS (*.1as) to attach the following file:
300-Survey\SurveyData\FieldData\MRW-314-2057-SCAN-Scaled.las

o The Convert LAS dialog is opened. Change the

h Convert Lp.s-c:\Bent|ey\c0NNEcwnrkspaces\OHDO‘nwmks... n
Source Geometry Unit to Survey Feet. Select

OK to initiate the process e =
Attach Yes |
o The Specify new pod file dialog is opened. Save Options ~
the new POD file to the 300- Import RGB Yes
Survey\SurveyData\FieldData)\ folder. Import Intensities Yes
Import Classification Yes
Normalize Intensities Yes
The point cloud is created in the file and Compression Aerial LIDAR data 0.050 (50mm)
i Spatial Filtering Disabled
displayed as show below. Spatial Spacing 0.00100
Geographic Information ~
Survey Feet v
Cancel
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&B Point Clouds (1 of 1 listed — >

File Edit View Settings Utilities
- EHacsa0 e
File Mame Description e,

MRW-314-2057-5CAN-5caled.pod

=l
<
“ >
“ e

|2]salslelzs| N & I

o Use the Element Selection tool to select the point cloud in the design file. The properties for the
point cloud are displayed in the Properties dialog as shown below.
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Change the Level for the point cloud to

PC_PointCloud1 as shown at right LRI S

4 % Elements (1)

e Ifdesired, change the Weight to 1. This will display the 4 {3 Point Cloud [CABentley\CONNECT
individual points a little bolder in the design file > @ ltems
4 .4
General ~
Element Descr Point Cloud [C:\Bentley
Level PC_PointCloud1
Color Jo
Line Style o
Wleight =1
Class Primary

Template (None)
Transparency 0

Geametry
Extended

Metadata

L IR SIE SIR 4

Raw Data

Create the Terrain Model
The terrain model can be generated from the POD file, or directly from the LAS file.

To create a terrain model directly from the LAS file, from the Survey workflow Terrain tab, select the
From File option as shown below. Choose the LAS file type from the Select Files to Import dialog.

E‘ OpenRoads Modeling « M- 5 H b_::; B::: - - * Igj A

Home Terrain Geometry Site Corridors Mode

a p @ A
|—_-| - =3 From Graphical Filter

Additional  Tope

El B =
@n SEFETESH i1~ A% From Elements Methods +  Import =
Primary Selection Create

In this exercise, we will create the terrain model from the POD file. Take the following steps to generate a
terrain model from the point cloud POD file:

e From the Survey workflow Terrain tab, select the Additional Methods > Create From Point
Cloud command
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€l Survey roHBE -2 2k X s
Home Field Book Analyze Edit Terrain Geometry
k & ™ From File %-0 ﬂ% &8y Edit Com
. . 22| From Graphical Filter Additional P:-tive i ﬁﬁ Feature M
SEFETEQH 1= Q From Elements Methods + v Mgé.ﬂ ] Boundary
Selection Create @ Create By Text Interpolation
H = Create Terrain Model From Ascii File
Explorer ﬂ Create From Point Cloud
Create Clipped Terrain Mod[e%

January 2021

e C(reate the terrain using the settings shown below. The Feature Definition is set to Terrain >

Existing > X_Triangles2 in this example
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Take the following steps to rename the terrain model:

e Select the terrain model with the MicroStation Element Properties S

Selection tool 4“7 Elements (1)

M LinearEntity3d

e Inthe Properties dialog, change the Feature Name
parameter to MRW-314 Ground Scan as shown at
right

General v

Geometry w

Feature -~

Festure Definitic X_Termain_Boundary
Feature Name MRW-314 Ground Scan

Extended v

Raw Data b

In some cases, it may be desirable to define a boundary for the terrain to eliminate triangles that span
across areas where no data was collected. In the example above, the triangles formed at each end of the
terrain model are crossing across the pavement surface and do not accurately represent the cross slope of
the pavement. The best way to eliminate these triangles is to define a boundary for the terrain model.

Take the following steps to generate a boundary for the terrain:

e Review the terrain model Properties to refine the Edge Method parameter. Use the Element
Selection tool to select the terrain model. Let the cursor rest in place for a second until the pop-up
menu appears. Select the Properties option

——— T aaCbar X

A portion of the terrain model properties dialog is shown

i Name Termrain Model: Point Clcucl
atright.
Number of Points 830
i Number of Point Featu 1
o Setthe Edge Method to Max Edge Length. Experiment Number of lslands 0
with different values for the Length. Be sure to review the Number of 0
: . . . Number of Features 1
entire terrain model to see how the value is applied to the Number of Contours 0
surface. Values that are too short will result in eliminating Number of Ereaklines 0
. . Number of Triangles  1.622
some triangles that you may wish to keep.
Edge Method Max Edge Length
15.0000 7
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o With the Edge Method set, the northern end of the terrain should look like the example below

Note that there are some triangles formed that still cross over the pavement crown. A boundary
element can be defined to further constrain the formation of triangles as described below

e From the Survey workflow’s Terrain tab, select the Add Boundary command

" Terrain | Geometry Drawing Production Drz
' &, Edit Complex Model -
g t,.‘\"

Transform

Active  Edit

£ Add Boundary

£]  Remove Boundary

e Add aboundary to the terrain using the following settings:

J& CreateBou.. — P Set the Method parameter to use the Add Ruled
T —— -~ Boundary option.
Method |Pu:|d Ruled Boundary | | . . el
Use the following Feature Definition:
Feature ~
Feature Definition |X_Terrain_Boundary | | Linear > Survey Office Use > Terrain Editing >
Name |Boundar}l1 | X_Terrain_Boundary

o The boundary element is drawn around the external limits of the terrain model. This element can
be modified as necessary to constrain the triangles.

OpenRoads Survey: Terrain Models Page 24



Ohio Department of Transportation

January 2021

Office of CADD and Mapping Services

The triangles at both the north and south ends
of the point cloud cross over the crown of the
pavement. These triangles do not accurately
represent the pavement slope and can be
removed by establishing a new boundary. The
northern end of the point cloud is shown at
right.

e Use the Survey > Drawing > Manipulate > Insert Vertex command to add vertices to the
boundary element. Before starting to insert vertices, it is useful to set the Point Cloud weight to a
value of 5 to see the points while editing (Use the Element Selection tool to select the Point cloud
element and change the Weight parameter to a value of 5).

Add vertices corresponding to the point locations. This will dynamically clip the terrain model to
the boundary as edits are made. When complete, the terrain model boundary at the north end of the
project should appear like the example as shown below
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o The Point Cloud Weight parameter was changed to a value of 0 after editing.

Be sure to review the triangles along the edges of the terrain model. Are there areas on the sides
o The example below has been rotated 90 degrees for display on this page.

Repeat this process to define a new boundary for the southern end of the terrain
that you would like to constrain to a new boundary?

The Delete Vertex command also useful to edit the terrain boundary element.
When complete, the terrain model should appear similar to the example delow.
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Part 2: Creating a Terrain Model from Aerial Point Cloud Data
The process to create a terrain model from Aerial point clouds is like the above example to create a point
cloud from a terrestrial scan with one notable exception:

e The aerial point cloud data is not in ground coordinates, nor does it have a sister file to define the
coordinate system. It is necessary to set the design file to use the appropriate State Plane
coordinate system for the point cloud data.

The process to import LAS data into the Point Cloud (PC) design file is summarized below:

1. Create a 3D Point cloud (PC) design file
2. Optional: Use the Point Cloud tools to attach the LAS file and save a POD file
3. Use the Create Terrain From Point Cloud tool to create the terrain model

Take the following steps to create a terrain model for the aerial point cloud data:
e Open ProjectWise Explorer

a
[

[gslbencay

e Open the file shown below using your home District and your user name.

a ProjectWise Explorer - m] >
Datasource  Folder Document View Tools Window Help
Y B Z 0t - EE[E] ©  h - searn[f | B>
QJ - E.'> = L’J Address pw:\\OhioDOT-pw.bentley, com: OhioDOT-pw-01\Documents\01 Active Projects\District 06'_D06\ethomas\Sur V| DGO
E‘[m‘ Ohio DOT Training,/Testing (eric.thomas@dot.o A List @ Spatial
B D;c;m:n;s ) Name Description File Name Version
[+, Flight Projects .
&L= 00 Closed, Inactive and Cancelled Project /96213_FBOO1.dgn Survey Field Book Base...  96213_FBO01.dgn
- 01 Active Projects
- District 01
-4 District 02
- District 03
[~ District 04
[#-,_ District 03
=l District 06
2.7 D06 < v
[ bwillia3 Document Properti Project Properti Folder Properti Personal Portal  Photo Preview Dependency Viewer Ac/* | *
-~ dbeiter
&0 dogden View: | <Default> ~
E'L' ethomas Property name Property value Property name Property value 2
-4 Design_Training L X
P - MName 96213_FBOO1.dgn Description Survey Field Book ...
=i Survey_Training .
.02 96213 Folc?erl'\lame Bas.emaps Folder Description Survey
[~ 000-Admin Erwlronment Chio DOT CADD SFora.ge Storage
= 100-Planning File Name 962.13_FBOD1.dgn File Size 504'.50.'(8 (516,608 ...
[ 200-Environmental Workflow Ohio DOT Survey B...  State Preliminary
~ 300-Survey Created By eric.thomas Created 4/17/2019 5:22:37 ...
Wiwll Basemaps Updated By eric.thomas Updated 4/17/2019 5:22:38 ...
@47 SurveyData v File Updated By eric.thomas File Updated 4/17/2019 5:26:46 ...
< > Status Checked In Mode v
For Help, press F1 1:27 PM

e Create a Point Cloud design file for the LiDAR data using the Ohio DOT > Apps > OHDOT Create

Design Files application
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£ Create Design Files - m} *
Help Settings
Parent Folder:
r Filters Defaults
Engineering Fole Structure Folder: PID:
¥ @ Survey, A 400-Enginee * | Roadway\ ¥ | 96213 001 v
Survey Folder:  Wall Folder:
300-Survey\, v | Roadway\ -
Create Category Type Description Code # ofFiles Base Folder Folder File Name File Suffix Comments Scale Seed
1 |Survey Basemap | Survey Field Baok FB 0 300-5unvey \Basemaps, 96213_FB 1:20 [96213_DesignSeed3d.d
Survey Basemap | Point Cloud PC 1 300-Surveyh \Basemapsh 96213_PC | ooz Aerial Point Cloud [ 1:2p ~i]96213_DesignSeed3d.d
[ |survey Basemap | Field Digital Terrain Model FD 0 300-Survey, \Basemaps\ 06213_FD 1:20 [96213_DesignSeed3d.d

»

e Open the new design file

e From the Drawing workflow, choose Utilities > Geographic > Coordinate System

e Change the point cloud to the appropriate coordinate system. Marrow County is in the
OH83/2011-NF coordinate system

k] Select Geagraphic Coordinate System — O >

Library  Search

El-[ 1 Favorites Coordinate System P

| Ohio North Zone
{..42% OHE3-NF - NADE3 Ohio State Plane, North Zone, U, Name OHB3/2011-NF )
OH83-N - NAD23 Ohio State Plane, North Zone, Me Description NSRS11{NADE3/2011) Ohio. N
OH&3/2011-NF - NSRS11{NAD83/2011) Chio, Nort Projection Lambert Conformal Conic
423 OH33/2011-N - NSRS11(NADB3/2011) Chio, North :5“"_“”5 EPSG-6543
Ohio South Zans J.rlts U5 Survey Foot
96213_Custom First Standard Parallel 41°42°00.0000"N
483 MRW-111111-GROUND - NAD83/2011 Ohio State Plar Second Standard Parsllel | 40726700.00007N
B Library Dr!g!r L:-r.;m.:s 82°30°00_.0000"W

Origin Latitude 39°40°00.0000"N
False Easting 1968500.0000
False Northing 0.0000
Quadrant Positive X and Y
Minimum Longitude 85°30°00.0000"W
Maximum Longitude 80°00°00.0000"W
Minimum Latitude 39°30°00.0000"N
Maximum Latitude 42°30'00.0000"N
Datum -~

£ > I ]| ¥

MAMS2 N1

o Select the OK button to apply the coordinate system definition to the file
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Optional: Create a POD File

Bentley products use the POD file format for point cloud data. A POD file is not required to create the
terrain model from the point cloud data, but can be useful if you want to visualize the point cloud data in
ORD.

Take the following steps create the POD file:

e Select the Attach Point Cloud command

gl survey v ‘1'_' HE « - =2f X - C:\Bentle
I Home | Field Book Analyze Edit Terrain Geometry Drawing Pro;

= I 2] = -
=& None * | Default M Q h -
D | ~ @
= = . . - Attach
&o B0 =0 @0 - Explorer Tools » Fozj ~ -
Attributes E| References

Explorer &b 1x Pmper‘I
b File

o Attach the following file: \300-Survey\SurveyData\FieldData\n190350.xyz

The Convert ASCII Files dialog is opened as shown below.

Convert ASCII Files n

File Content
Point L Paint ¥ k] Poirt Z Ed
354598 8600 1287 5200
1922551 6200 354997 6200 1280 5000
1522560 0600 354997 2200 12797400
19225681500 354556 8600 12755900
1922575.9100 3549937200 12794400
1922567 5500 354954 0200 127592400
19225597600 354994 3500 1275.8500
Action -~
Attach Yes
Options -~
RGE Unit Oto 255 (byte)
Intensity Unit 0to 255 (byte)
Normalize Intensities Yes
Compression Aerial LIDAR data 0.050 (50mm)
Spahial Filtering Disabled
Spatial Spacing 0.00100
Geographic Information ~
Source Geometry Unit Survey Feet
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o Setthe Source Geometry Unit appropriately for the source data. In this example, set the parameter
to Survey Feet

o Select OK to convert the ASCII data to a point cloud. Save the point cloud file in the \300-
Survey\SurveyData\FieldData\ folder

The point cloud data is displayed in the file like the example below.

L]

File Edit View Settings Utilities

= ot - W st W & ~
GRPR O @

File Mame Description
n1920350.pod

1|2|3|4|5|6|?|S L3

o After saving the POD file, use the MicroStation Element Selection tool to select the point cloud in
the design file and change the level to PC_PointCloud1
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Create the Terrain Model
The terrain model can be generated from the POD file, or directly from the LAS file.

To create a terrain model directly from the LAS file, from the Survey workflow Terrain tab, select the
From File option as shown below. Choose the LAS file type from the Select Files to Import dialog.

E’J OpenRoads Modeling r M S H l'._::; B::: - - * é A

Home Terrain Geometry Site Corridors Maode

A N ® = 7§ A
El - =3 From Graphical Filter

Element Additional Topo

@n Selection i = 4% From Elements Methods +  Import =

Primary Selection Create

In this exercise, we will create the terrain model from the POD file.
Take the following steps to create the terrain model from the POD file:

e Use the Survey > Terrain > Additional Methods > Create From Point Cloud command to create
a the terrain model for the point cloud using the X_Triangles3 Feature Definition.

The Filter parameter may be used to thin the point cloud data. The Test Filter option will report
the percentage of reduction as shown in the example below.

File Options
Filter ~ N Filter Results >
Filter i ]
Mumber of Points Before : 386951
£ Tolerance [0.1000 | o Number of Points After : 235514
Granularity |Coarse - | Percentage Reduction : 39
Reinsert Points ]
TestFilter

e Select the Import button to create the terrain model.
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Take the following steps to rename the terrain model:

o Select the terrain model with the MicroStation Properties X

Element Selection tool 4 b Elements (1) -
e .Q Terrain Model: MRW-314 Aerial Terr:

e Inthe Properties dialog, change the Feature Name > g Calculated Features
parameter to MRW-314 Aerial Terrain as shown at b 3y Source Features v
right : .

General

Information
Edge Method
Calculated Features Display

Source Features Display

> (€| ¢ ¢ (¢ ¢

Feature

Feature Definitic X_Triangles3
Feature Name MRW-314 Aerial Terrain

Extended A4

This completes Part 2 of the exercises.
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Exercise 3: Create Complex Terrain Model

In this exercise we will create a terrain model by combining the ground survey terrain model with the
terrestrial scan terrain model and an aerial terrain model.

Take the following steps to create a terrain model for the aerial point cloud data:
e Open ProjectWise Explorer

e Open the file shown below using your home District and your user name.

ProjectWise Explorer — m] *
Datasource  Folder Document View Tools Window Help
Y & B Z8p tp - EE[E] © 4 - searn[ D -1
‘i - I::> - u EAddress pw:\\OhioDOT-pw.bentley. com: OhioDOT-pw-01\Documents 01 Active Projects’\District 06'_DO06\ethomas\Sur V| }Go
E‘Hﬂ‘ Ohio DOT Training/Testing (eric.thomas@dot.o A List @ Spatial
B [_J;CFL:_'””:”: ) Name Description File Name Version
[+, Flight Projects .
&L= 00 Closed, Inactive and Cancelled Project ./96213_FBOO1.dgn Survey Field Book Base...  96213_FBO01.dgn
- 01 Active Projects
L District 01
i District 02
L District 03
[~ District 04
[-{ District 03
[=-{_ District 06
&7 _Do6 < v
[ bwillia3 Document Properti Project Properti Folder Properti Personal Portal  Photo Preview Dependency Viewer Ac/* | *
- dbeiter
&0 dogden View: | <Default> ~
E'L; ethomas Property name Property value Property name Property value 2
-4 Design_Training L X
E| [ Survey_Training MName 96213_FBOO1.dgn Description Survey Field Book ...
E|L.’.¢ 962_13 Folder Name Basemaps Folder Description Survey
[~ 000-Admin Environment Chio DOT CADD Storage Storage
[~ 100-Planning File Name 96213_FBOO1.dgn File Size 504.50 KB (516,608 ...
[ 200-Environmental Workflow Ohio DOT Survey B...  State Preliminary
[ 300-Survey Created By eric.thomas Created 4/17/2019 5:22:37 ...
Basemaps Updated By eric.thomas Updated 4/17/2019 5:22:38 ...
@47 SurveyData W File Updated By eric.thomas File Updated 41772019 5:26:46 ...
< > Status Checked In Mode v
For Help, press F1 1:27 PM

o Use the OHDOT Create Design Files application to create a Digital Terrain Model (FD) design file.
This file is created in the 300-Survey\Basemaps folder
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£ Create Design Files - m] s

Help Settings
Parent Folder:

r Filters Defaults
Engineering Fole  Structure Folder: PID:
v (%) surve v 400-Enginee v | Roadway\ v o213 o1
Survey Folder  Wall Folder:
300-Survey\ ¥ | Roadway\ v
Create Category Type Description Code #of Files Base Folder Folder File Name File Suffix Comments Scale Seed
[] |Survey |Basemap|Survey Field Book FB 0 300-Survey, '\Basemaps\ 96213_FB 1:20 96213 _DesignSeed3d.dgn
[] |Survey |Basemap|Point Cloud PC 0 300-Survey '\Basemaps\ 96213_PC 1:20 96213 _DesignSeed3d.dgn
Survey | Basemap|Field Digital Terrain Model  [FD | 1 300-Survey\  |\Basemaps\ 96213_FD | oot MRW-314 Combined Terrain Model [[1:3g ~ |96213_DesignSeed3d.dgn

L3

e Open the newly created design file

o Use the Attach References command to attach the design files that will be used to create the
combined terrain model, listed below
o 300-Survey\Basemaps\96213_FB001.dgn
o 300-Survey\Basemaps\96213_PC001.dgn
o 300-Survey\Basemaps\96213_PC002.dgn

When attaching the PC002 design file containing the Aerial information, be sure to set the
Orientation to use the Geographic - Reprojected option.

E'J Reference Attachment Properties for 36213_PC002.dgn *

File Name: 96213_PC002.dgn
Full Path:  ..\WorkS5ets\962134300-5urvey'\Basernaps\96213_PC002.dgn
Maodel:  Design -
Legical Mame: | Aerial Terrain Data

Description: | Reproject reference data to Master GCS

Orientation:
View Description
Coincident Aligned with Master File
Coincident - World Global Origin aligned with Master File

Geographic - AEC Transform Calculated Transform, max error 1.083e-05"

Standard Views I}
Saved Views (none)
MNamed Boundaries (none)
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o Select the Create Complex Terrain Model command

5, o= L] -
Kl Survey iA=] - | TRl 2 X -
Home Field Book Analyze Edit Terrain Geometry Drawing Producti

% * & From File %—0 i, l% % £y Edit C
€ - | From Graphical Filter i

Feat
Element ... Additional  Topo Active  Edit ﬁq Eat
@ Selection L. T Q From Elements Methods = Import = * Model £ Boun

Primary Selection Crea By Create By Text Interpalation

FE' Create Terrain Model From Ascii File
Properties v 0 X Explc ﬂ Create From Point Cloud 4

Create Clipped Terrain Model
Create Complex Terrain Maocdel I,\\S
Create Delta

Create Corridor Alternate Surfaces

Create Terrain Model from Design Meshes

The Create Complex Terrain Model dialog is opened like the example below.

k] Create Complex Terrain Madel — O >
Select Temain Models
Select Terrain Models to Merge or Append
MRBW-314 Aerial Terain Sdd > Process Order Mame Merge/Append
MRW-314 Ground Scan
MRBW-314 Topo Survey « Remave
Current Action
() Merge T
(®) Append
Temrain Model Properties \L
Terrain Feature Definition ~
Feature Definition |No Feature Definition ~ |
MName | |
From Selection Set = Cancel S

The available terrain models from the active design file and references are listed at left.

e Select the base terrain model from the left and choose the Add button to add it to the list on the
right.

o Select additional terrain models in the left one at a time. Select either the Merge or Append option
(described below) and then click Add.
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Append

When appending, the software triangulates the combined data from the two terrain models using
all data from both models and ignoring none. The two models may overlap or be adjacent to one
another. If there is data in both models in a common area, it is all utilized for triangulation.

Merge

When merging, the software triangulates the combined data from the two terrain models in areas
where they do not overlap. The two models must overlap at least one point. If there is data in both
models in a common area (overlap), the data from the primary model is discarded, and only the
data from the merging model is used. Therefore, order is critical.

e The Process Order and the Merge/ Append options are critical. Add the data to the dialog as
shown in the example below.

& Create Complex Terrain Model - O *
Select Teamain Models
Select Terrain Models to Merge or Append
Process Order Mame Merge/ Append
1 MRBW-314 Aeral Temain | Pimary ~
< Remove MRW-314 Topo Survey (e v
Current Action 3 MRW-314 Ground Scan | Append w
() Merge T
(® Append
Temrain Model Properties \L
Terrain Feature Definition ~
Feature Definition |Terrain\E::isting\>(_Triangle5 v |
MName |MF~!‘.".|'-3'|4 Combined Temain |

From Selection Set > Cancel

o Setthe Feature Definition for combined terrain model using one of the Terrain\Existing\ feature
definitions.

e Keyin the Name for combined terrain model. MRW-314 Combined Terrain is used in the example
above.

o Select Finish to initiate the command. The combined terrain model is created in the active design
file.

This concludes this exercise. Save Settings and exit OpenRoads Designer when complete.
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OpenRoads Software Version

This document was prepared using the following software version:

OpenRoads Designer CONNECT Edition - 2020 Release 3 - Update 9 - Version 10.09.00.91

Contacts

For any questions, suggestions, or problems with this document please contact the ODOT Office of CADD
and Mapping Services by use of the following form on the ODOT website:

https://odot.formstack.com /forms/cadd servicerequest
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