Importing MNnTOPO LIDAR Contours as Shape Files into CAD
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Introduction

The intent of this document is to provide an overview of how to utilize MNTOPO contour data as published in an open source shape (SHP) file
format as a source for a digital terrain model (also known as a Triangulated Irregular Network or TIN) within a CAD environment and in a
unit of measure consistent with most surveying projects. In this particular example, the discussion will be focused around Carlson Survey
(version 2015) featuring the IntelliCAD engine with the goal of converting the data to U.S. Survey Feet and in a Minnesota County
Coordinate System.

Per the Overview section found at http://files.dnr.state.mn.us/aboutdnr/gis/mntopo/mntopo_help_document.pdf (MNnTOPO Help Document):

"MnTOPO is a web application for viewing, printing and downloading high-resolution elevation data for Minnesota that was collected using
LiDAR technology. It runs on a variety of devices, including desktops, tablets, and mobile phones."

As with most data, it is important to know the positional "metadata" associated with the information we will be fetching. Knowing this
information makes it possible to correctly georeference the data into a coordinate system of our choosing. From the Data Download section
of the aforementioned MNnTOPO Help Document, the data is published in the following coordinate system:

"UTM Zone 15, NAD83"
As with most data of this type, the units of the data are in Meters.

NOTE: Although the western portion of Minnesota falls with UTM Zone 14 and the extreme north-eastern portion of Minnesota falls within
UTM Zone 16, the MNnTOPO service generates all of its data in UTM Zone 15.

NOTE: Per the Qualifications section of the MNnTOPO Help Document:

"Disclaimer: Data shown and provided is subject to the disclaimers provided in the data documentation. The data was collected in several
different phases so accuracy and available products vary; please review metadata for individual LiDAR collection blocks.

MnTOPO is not meant to provide high accuracy profiles required by some applications."

Using MNTOPO

Although the proper use of the MNnTOPO site is described verbosely in the MNnTOPO Help Document, the following sections will provide a brief
overview of how to use the MnTOPO site.

Locating the Desired Site

1. Access the MnTOPO site by visiting http://arcgis.dnr.state.mn.us/maps/mntopo/
2. Locate the desired region by using one or more of the following navigation tools:
o Quick search (e.g. Shakespear Blvd, Lakeville, Dakota County):

Q

o Zoom In, Zoom Out, Zoom Extents:

=
-

o GPS Position of a GPS- and web-enabled smart-phone or tablet:


http://arcgis.dnr.state.mn.us/maps/mntopo/
http://en.wikipedia.org/wiki/Shapefile
http://www.carlsonsw.com/solutions/land-survey/survey/
http://www.carlsonsw.com/support/intellicad/
http://en.wikipedia.org/wiki/Foot_%28unit%29#Survey_foot
http://www.dot.state.mn.us/surveying/toolstech/mapproj.html#83MnCCS
http://www.dot.state.mn.us/surveying/toolstech/mapproj.html#83MnCCS
http://files.dnr.state.mn.us/aboutdnr/gis/mntopo/mntopo_help_document.pdf
http://en.wikipedia.org/wiki/Metadata
http://en.wikipedia.org/wiki/Georeference
http://arcgis.dnr.state.mn.us/maps/mntopo/

NOTE: Once you have located your desired region, make a mental note of the contour elevations for later validation purposes.

Get the Desired Data

1. Initial the Download Data process via the following web control:

2. Upon launch of the Download Data process, an additional four steps are required:
1. Select (draw) an area of interest.
2. Select (specify) the desired product(s). For the purposes of this discussion, our focus will be on the Contours data type.
NOTE: Based on availability, various Carlson Software products can also make direct use of other MNnTOPO data products:
= DEM (digital elevation model) files can be imported in the Grid File Utilities command found in Carlson Civil.
= LAS (Laser, also LAZ) and Bare Earth files can be imported via the Cloud — Import command found in Carlson Point Cloud.
3. Select a product type. For the purposes of this discussion, our focus will be on the Open Source data type.
4. Enter your Email address for where the data download URL can be sent.

Receiving the Data

Upon submittal and acceptance of the MNnTOPO Terms of Service, the MNnTOPO server will process the data products and send an Email with a
web-link (or URL) to a zipped file of where the data can be downloaded. Using conventional means, download the ZIP and then extract its
content to a designated folder on your computer. For the benefit of this overview, we will assume the data has been saved to a folder

location given as C:\Carlson Projects\MnTOPO (but any folder will suffice). Within the ZIP file will likely be a shapefile comprised of the
following files:

contours.dbf (required)
contours.shp (required)
contours.shx (required)
contours.prj (optional)

Make sure these files have been extracted from the ZIP file before continuing.

Using the Data in CAD

As described above, Carlson Survey will be used to describe the process that follows but other CAD-based products should also be capable of
generating similar results (their procedures, however, will probably vary from those described below).

Start into an Empty Drawing

1. Launch into Carlson Survey via the Carlson icon installed to your Desktop. If you do not have Carlson Survey installed to your
computer, a free 30-day evaluation version can be obtained at the Carlson Software Downl page.
2. If the Start-up Wizard dialog box appears, click Exit to close it.

NOTE: At this point, you should have a GIS menu on the screen. If you do not, click Settings — Carlson Menus — Survey Menu. This will load
the Carlson Survey menu group which contains the desired GIS menu.

Prepare for the Incoming Data

Before we bring in our MNTOPO data, we'll want to prepare our drawing to match the coordinate system zone information that is delivered
with MNnTOPO data and get it ready to accept the incoming data.

1. From the Settings menu, click Drawing Setup and set the values as shown below and click OK when complete:


http://www.carlsonsw.com/solutions/civil-engineering/civil/
http://www.carlsonsw.com/solutions/land-survey/point-cloud/
http://www.carlsonsw.com/support/software-downloads/

Drawing Setup 1[

~ Scale and Size Settings
¢ English 1in=ft : :
& Metre e Enlish Units lm
Horizontal Scale
Symbol Plot Size Drawing Uiits
Text Plot Size Drawing Units
Line Type Scaler [1.0000 | LTSCALE [0.4000 |
 Angle Mode
% Bearing " Azimuth i~ Gon = Other
Coordinate System
System Define Localization |
’7(* e & Local [Iefine Projecton |

Project Scale Factor

Report Settings

matone [ Junme [
Report Distance Scale Ipmd j Er |1DDDDDDDDD|}DDD|]| Set |
OK |  Cancel |  SetTetSyles | SetPaper | Heb |

2. From the GIS menu, click GIS Database Settings to display the GIS Settings dialog box:
2" GIS Settings x|

~ GIS Features:
Gl5 Features File:

I Select I

i~ D'ata Format:
% Single File Type Databaze £~ ESRI MSC Data

Output [ atabase File:

I Select |

Exit Help

3. Click the Select button within the GIS Features group to display the Select GIS Features File dialog box. Set the values as shown below
and click Open when complete:



Select GIS Features File - (gis)

New |Existing |

Falder IC:\Carlson projects\Mntopo ﬂ r'\| ;3| )?l “]...fl
Browse

File Mame [MnTOFD | Files in cument folder
Recent Files
File name | Folder | Size | Date
Subfolders
Open Cancel | hep |

4. Click the Select button within the Data Format group (see GIS Settings dialog box example above) to display the New or Existing File

dialog box below:
2 New or Existing File x|

File typex * DB, * MDB

Ewisting

MHew SOLite Farmat

Mew Access "37 Format

Mew Access 2000 Format

Help

5. Click on the New Access 2000 Format button to display the Database File to Write dialog box. Set the values as shown below and click
Save when complete:

% Database File To Write - {(mdb)
New |
Folder IC:\CarIson projects'\Mntopo j "”"l ’£| )?l -]_'_rl
File Mame |MnTOPO T | Files in cumrent folder
Recent Files
File: name | Folder | Size | Date |

Subfolders

Save I Cancel Help

6. Confirm the completed GIS Settings as shown below and click Exit when complete:




X

 GIS Features:
GIS Features File:

IC: “Carlzon ProjectsinTopoiMnTOPO. gis Select |

r— Data Format:
* Single File Type Database = ESRI MSC Data

Output D atabase File:

IC: “Carlzon Projects\MnT opo'MnTOPO. mdb Select |

| Exit | Help

We should now be ready to import our data.

NOTE: For additional GIS considerations, check out the Carlson GIS Primer.

Importing the Esri SHP File

1. From the GIS menu, click Import ESRI SHP File to display the Import SHP File dialog box. Set the values as illustrated below and click
the Import Polylines from SHP button when complete:

x|

|T0 Databasze File: IE:\EarIson ProjectshMnTopoitnT OPO.mdb Select |
|Fram SHF File: IE:\EarIson ProjectziMnT opolcontaurs. shp — Select |
[Ta CRD File: | Select |
Select Feature for D atabase [nput: Layers in Cument DWIG: [ Use attibute to assign E ity D
CONTOLRS 1] i -

DISTsT IEIevanun J

EXISTIMNG

FIMAL -

:H?EE;:MEDIATE ¥ Use athibute to assign elevation

PNTDESC [Elevation =1

PNTELEY ¥ Use athibute to assign layer

PHTHMARE

PHTHO IEonlour_Ty j

PMTS .

Import Options
" Geomety with GIS Data
* Geomety Only
. |
- |Type SHP File: ARC

Create/Select Feature for Databaze Layer Used ta Create Entities: .
IEDNTDUHS IEDNTDUHS | Impaort Polylinez from SHP I
[T Use Inclusions  |'indow =l Exit Help |

2. From the View menu, click Extents (aka Zoom Extents) to see the data that has been brought into the drawing.
3. It is often helpful to make periodic "saves" to the drawing. From the File menu, click Save As and save the drawing as C:\Carlson

Projects\MnTOPO\MNTOPO.dwg.

Limiting the Imported Data

The MnTOPO site typically sends more data than we originally specified. Let's remove the content we don't want in an effort to keep our
processing obligations to a minimum.

1. From the Draw menu, click Rectangle. Pick two identifying corners of a rectangle that bounds the area you'd like to study.
2. From the Edit menu, click Erase — Erase by Closed Polyline. When prompted:

Select perimeter polyline: select the rectangular polyline you just drew.
3. The Select Entity Types to Clip dialog box appears. Set the values as shown below and click the OK button when complete:

% Select Entity Types To C |
i~ Polylines ¥ Arcs

¥ 3D Faces [V Text

v Solids [ Points

Iv Lines Iv Inserts

¥ Leaders ¥ Dimensions

¥ Auto Select Ertities to Clip
r Prompt for Exclusion Permeter
" Erase Inside &+ Erase Outside

[ ok | cance |



http://www.carlsonsw.com/solutions/gis-products/gis-primer/

The end result should be the desired subset of the data that was provided to us.

NOTE: If desired, the rectangular polyline drawn previously can be discarded (use the Edit — Erase — Single command to erase the polyline
boundary).

Transforming the Data

As mentioned earlier, our goal will be to utilize the data in a local Minnesota County Coordinate System. Now that we've limited our data,
let's set it to our desired coordinate system and in U.S. Survey Feet.

1. Let's make sure all of our layers are On and Thawed. From the View menu, click Thaw/On All Layers.
2. From the Points menu, click Adjust Coordinates — Coordinate Transformation.

NOTE: You may be prompted to select a Coordinate File to Process. This is a benign requirement at this stage so accept the default
coordinate file name and click Open to create or open a coordinate file.

The preliminary Coordinate Transformation dialog box appears. Set the values as shown below and click OK to continue:
x|

r Transformation Type — [ Input from...
" Local Coordinates ¥ Screen Entities *
¢ Lat/Lon to Grid R

¢ Enter Coordinates
" Grdto Lat/Lon

~Outputto, —————————————
% Gridto Grid -l | = [enrite Existing Coordinates
" Lat/lonte Lat/Lon | | € Mew Paint Humbers

oK | Cancel | Help

3. The next Coordinate Transformation dialog box allows us to select the different coordinate systems that shall be used to complete the
transformation. After selecting the More Pre-Defined/User-Defined option, we'll use the pair of Set buttons to define our Source and
Destination systems:

Coordinate Transformation

ransfomation

Mare Pre-Defined/User-Defined

r Source Coordinates

Source Zone

AL East =l

Source Coordinate Units...
L‘:‘ Metic sl " US Feet " Intl Feet

i~ Destination Coordinates

Destination Zate

JAL East =l

Destination Coordinate Units...
’7(' Metric % USFect =M™ O Intl Feet

Cancel | Help |

4. Click on the Set button in the Source Coordinates group. The Select Projection dialog box appears:

0K | Cancel |[ AddPreDefined | Add From Fie Add UserDefired | Edt | Remove |

a. Click on the Add Pre-Defined button to display the Select Projection dialog box. Set the values as shown below and click on the
OK button when complete:



select Projection x|

Region =i [LTH =l
Zone
WGS 84/UTM zone OTN 174-180W =

WGS 84/UTM zone 02N 168-174W
WGS 84/UTM zone 03N 162-168W
WGS 84/UTM zone 04N 156-162W
WG5S 84/UTM zone 05N 150-156W
WGS 84/UTM zone 06N 144-150W
WGS 84/UTM zone 07N 138-144W
WGS 84/UTM zone 08BN 132-138W
WGS 84/UTM zone 03N 126-132W
WGS 84/UTM zone 10N 120-126W
WGS 84/UTM zone 11N 114-120W
WGS 84/UTM zone 12N 108-114W
WGS 284/UTM zone 13N 102-108W
WiGS 84/UTM zone 14N 36-102W
WGS 84/UTM zone 15N S0-96W
WGS 84/UTM zone 16N 84-50W
WGS 84/UTM zone 17N 78-84W
WG5S 84/UTM zone 18N 72-78W
WG5S 84/UTM zone 15N 66-72W ;I

OK I Cancel

b. The Source coordinate system is added as one of our "favorites":
4 Select Projection

OK | Cancel | AddPreDefined | AddFromFie | AddUserDefned | Edt | Remove |

NOTE: At this point, you can use the Edit option to inspect and/or adjust the specific values associated with the selected
coordinate system. Click on the OK button.

5. As we can see, we've successfully added the information for our Source coordinate system to the Coordinate Transformation dialog
box:

Coordinate Transformation x|

Transfomation IMore Pre-Defined/User-Defined j

Source Coordinates
Sauice £one I_i\._|_ East j

UTM/WGS 84/UTM zone 15N 30-95W
"Source Coordinate Units...

&+ Metric " US Feet " Intl Feet

N P T e I U e L O F L e LI R

6. Click on the Set button in the Destination Coordinates group. The Select Projection dialog box re-appears:

OK | Cancel | AddPreDefined | Add From Fie Add UserDefired | Edt | Remove |

a. Click on the Add Pre-Defined button to display the Select Projection dialog box. Set the values as shown below and click on the
OK button when complete:



x
Region sl | LISACOUNTY MN =l

Zone

Cartton Courty -
Carver County _I
Cass/Morth

Cass/South

Chippewa County

Chisago County

Clay County

Clearwater County

Coole/North

Coolk/South

Cook/North Shore

Cottonwood County

Crow Wini Couﬁ

Dodge County

Douglas Courty

Faribaut Courty

Fillmore County

Freebom Courty ;I

oK I Cancel

b. The Destination coordinate system is added as one of our "favorites"”. Click on the OK button:
4 Select Projection

OK | Cancel | AddPreDefined | AddFromFie | AddUserDefned | Edt | Remove |

7. As we can see, we've successfully added the information for our Destination coordinate system to the Coordinate Transformation dialog
box:

Coordinate Transformation x|

Transfomation IMore Pre-Defined/User-Defined j

r~ Source Coordinates
Source Zone I,‘.‘..L East j

UTMANGS B4/UTM zone 15N S0-96W Set |
"Source Coordinate Units...

& Metric " US Feet " Intl Feet

r~ Destination Coordinates
[estination Zate AL East j

USA COUNTY MN/Dakota Courty Set |

Destination Coordinate Units...
P‘“ Metric + US Feet " Intl Feet

Cancel | Help

8. Click the OK button to dismiss the Coordinate Transformation dialog box and to initiate the computational algorithm. When prompted:
Select entities for coordinate transformation.

FlLter/<Select entities>: type all and press the Enter key twice
NOTE: Depending on the computing power of your computer and the number of entities selected for the transformation, the process

might take several minutes to complete. At the completion of the transformation, an alert message box will appear indicating the
processing has completed.

9. From the View menu, click Extents (aka Zoom Extents) to see the data in its new position.

Revise the Drawing Setup and Validate

Now that we've successfully completed the transformation, let's utilize the new coordinate system as data check.

1. From the Settings menu, click Drawing Setup and set the values as shown below and click OK when complete:



5
 Scale and Size Settings
o ish lin=
English Tin=ft “ English Units Ims Foct ™
™ Metric Tm=7m
Harizontal Scale
Symbol Plot Size Drawing Units
Text Plot Size Drawing Units
Line Type Scaler LTSCALE
 Angle Mode
*' Bearing ™ Azimuth " Gon " Other
Coordinate System
System Define Localization |
" Grd &+ |ocal
" ca Define Projection |
USA COUNTY MN/Dakota Courty
Projection IMore Pre-Defined/User-Defined
ZOne I j Lat/Lon Datum IWGSE‘i vl
Project Scale Factor Base Z
 Report Settings
Project Name [ ] b tumber [ ]
Report Distance Scale [Fxed  *| Factor [1.00000000000000] Set |
oK |  Cancel |  SetTetSyies |  SetPaper | Hep |

2. For the work to follow, let's reduce the number of polyline vertices. From the Edit menu, click Polyline Utilities — Reduce Polyline
Vertices. When prompted:
Offset cutoff <0.10000>: specify a value of 0.1 and press the Enter key

3. When prompted:
Select polylines to reduce.
FlLter/<Select entities>: type all and press the Enter key twice

4. To validate the current position of our data, we'll utilize Google Earth. From the File menu, click Export — Google Earth File to display
the Export to KML/KMZ dialog box. Set the values as shown below and click OK when complete:

Export to KML/KMZ x|

— Blevation Option ~Opacity Options
@' Drape on Google Temain (20)

™ Use Blevation from the Drawing (3D)
~ Bxport Options
Line Width (pixels): r
v Include Selected Paints

¥ Include Selected Texdt

¥ Include Layer Information

[ Shade Closed Regions [ R
¥ Include Solids and Images Linework Opacity = 80%

¥ Export to KME Format

¥ Display Results in Google Earth
[ Share Results through Cropbox

Solids and Images Opacity = 60%

Cancel Help

5. When prompted, provide a filename of Contours as shown below:


http://www.google.com/earth/

Google Earth File to Write - (kmz)

New |
Folder

IC:"-..Carlson projects\Mntopo j _"\I ’_3| il Ll

File Mame [Cortours Browse | Files in cument folder

Recent Files
File name | Folder |

Size | Date

Subfolders

Save I Cancel Help

6. When prompted:
Select points, polylines, text, solids, images, lines and arcs to write.
FlLter/<Select entities>: type all and press the Enter key twice
Google Earth (if installed) should automatically launch and display the new and correct positions of the contours based on how they

were transformed and the current projection information as established in Drawing Setup.
7. Dismiss the Google Earth application.

It is often helpful to make periodic "saves" to the drawing. From the File menu, click Save As and save the drawing as C:\Carlson
Projects\MnTOPO\MNTOPO.dwg.

Now that we've validated our data, let's make a digital terrain model.

Creating a TIN

Now that we've successfully migrated our data to the desired coordinate system, our final task will be to utilize this data as the source for a
triangulated, irregular network (TIN).

1. From the Surface menu, click Triangulate & Contour. Make sure the Triangulation tab is active and establish the various settings cited
below (narrative explanation follows the screen capture below):



Triangulate and Contour

Triangulate |Corrtour| Labels | Selectionl

[™ Draw Triangulation Lines
[~ Draw Triangulation Faces

[™ Draw Slope Amows

[¥ Write Triangulation File

rink-Wrap Permeter Reduction

Erase Previous Contour Entities

¥ lgnore Zero Elevations
[ Specify Input Elevation Range
[~ Specify Output Elevation Range

Mawimum Triangle Length

Interior

Cument Surface

Laper ITF{I_LINES Selectl
LLaper ITF-!I_FACE Selest |

Setup |

Browse... |

TIN File:  C\Carson projects’\Mntopo®\Exsting-mntopo tin
[~ Use Inclusion/Exclusion Areas

[~ Pick Reference Plane
[~ Highlight Breaklines

5000.0 Exderior IEDI}D. 0

Adjustments for source data of exsting contours

V¥ Interpolate Ridges and Valleys
[V Mirimize Flat Triangles

I

Interpolate Summits and Pits

Adjustments for dense existing ground source data
[~ Simplify Surface [~ Elevation fethod Talerance 1.000

[~ Freserve Ereaklines

Ereatline A

RLLY

uu

nale |35.: W Eight |‘| 0.0

Current Settings: Custom

oot | o |

Load | Save |

o Write Triangulation File: Enable this toggle to physically generate a TIN file. Use the Browse button to create a TIN file name

as shown below:

Select Triangulation File to Write - (tin;fit)

New |

Folder IC:"-.CarIson projects\Mrtopo j ’\l Jﬂ’l /?‘l j_'_!‘l

File Name IExisﬁng—MnTOPO Tones | Files in cument folder
Recert Files
File name | Folder | Size | Date |
Subfolders

Save I Cancel

Help

o Shrink-Wrap Perimeter Reduction: Indicate a desired "heat" level for a software-generated boundary that will surround the

data.

o Interpolate Ridges and Valleys: The intent of this routine is similar to, and is the pre-cursor of the Minimize Flat Triangles
option. When enabled, this option inserts "best-guess" breaklines into the drawing which are subsequently used in the

triangulation process in an attempt to minimize flat, horizontal triangles.

o Interpolate Summits and Pits: When enabled, this option creates additional triangulation in a summit or pit situation to more
accurately represent existing ground conditions from a surface model created from contour entities. Since the tops of hills and

the bottom of pits are often not shown on existing ground contour maps, this option often helps improve the accuracy of existing

terrain conditions.

o Minimize Flat Triangles: When enabled, this toggle instructs the triangulation "engine" to iterate through the triangulation
permutations to minimize the occurrence of "flat" (or more precisely, horizontal) triangles. Flat triangles often occur when

creating surface models from contour data.

2. Click on the Contour tab and set the value cited below (since our source data is contours, there is no need to draw them again):



% Triangulate and Contour ll

-Triangulate Contour | Labels | Selection |
[ Draw Contours =i Corifoun Laper [V-TOPG-MINF Se"ac.t..l. L
P SRy L S P i TP e P v

NOTE: If the Contours functionality is disabled, the Labels functionality is also disabled.
3. Click on the Selection tab and set the values cited below:

% Triangulate and Contour x|

.Triangulatel Corrtourl lsbels Selection |

[ Fitter Selection By Inclusion/Exclusion Areas
[ Specify Selection Options
¥ | CAD Paints ¥ | Lines
I | 2D Falylines ¥ | 2D Palylines
[¥ | Carlson FPaints I~ 30 Faces
¥ [mserts ™| Spot/Eattom Eleyation [nserts
| Eleyatiorn Test Select Al Glear Al
R T S P = o Tl e L S O P e

4. Click on the OK button of the Triangulate and Contour dialog box. When prompted:
Select points and breaklines to Triangulate.
FlLter/<Select entities>: type all and press the Enter key twice
A Carlson TIN is formed.

Viewing the TIN in 3D

Now that we've built the TIN, let's examine it in 3D.

1. From the View menu, click Surface 3D Viewer.
2. Select the TIN created earlier and click Open.
3. Use the various tools highlighted below to inspect your model:

4. Exit from the Surface 3D Viewer command when you have completed examining the model.

Conclusion

Through a careful but concise logic of generating, importing and converting MnTOPO data, it is possible to leverage this data within a CAD
environment to produce a digital surface model in local Minnesota County-based coordinate systems and in U.S. Survey Feet.
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