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LiDAR Data 

LiDAR (Light Detection And Ranging) data collection systems have been available for commercial use 
for over 10 years.  In a similar fashion to the way RADAR uses sound waves, LiDAR takes advantage of 
laser light pulses to collect topographic data.  Thousands of laser pulses are sent from a platform 
mounted to a helicopter or airplane and reflection time is recorded for each shot.  Global Positioning 
Systems (GPS) provide the position of the sensor, an Internal Measurement Unit (IMU) provides the 
orientation of the sensor in three axes, and the laser scanner measures the angles and distances.  
Precise timing allows the laser points to be assigned an accurate position. 

Typical flight patterns for data collection consist of a number of sweeping passes required to cover the 
designated area.  The number of passes varies, depending on the amount of overlap in each pass, as 
well as the elevation of the platform and a 60-degree field of view from the scanner. 

 

 

Figure 1 – Aerial Scanning 

 

Technological Improvements 

Improvements to technology and platform construction have introduced new methods of LiDAR data 
collection in recent years.  Data collection has become safer, more efficient, and with increased 
accuracy. 

Flexible mounting platforms and the introduction of multiple LiDAR sensors now allow us to collect data 
from a variety of land-based sources. 

Ground-based LiDAR collection platforms are now available and can be used in high-density areas and 
areas of high traffic where limited disruption is desired.  Ground-based LiDAR collection systems can be 
set up in one corner of a busy intersection and collect topographic data from a stationary location.  

Vehicular mounted LiDAR systems are also available for mapping of transportation projects.  The 
development of a flexible mounting assembly now provides a way to collect data from various urban 
transportation vehicles.  Platforms can be mounted on ships and truck beds for coastal mapping and 
dynamic data collection of roadway corridors at up to 100 km/hr.  



Tips & Tricks for Creating Civil 3D Surfaces from LiDAR Data 

 

4 
 

Applications 

Although LiDAR data has been around for over a decade, engineers, planners, and surveyors have not 
always had the necessary tools to use it as a design resource.  With potentially millions of points, 
memory and processing capabilities of our CAD systems have not been able to translate LiDAR data 
into an efficient source of information. 

With the latest 3D modeling applications and new filtering and data processing methods, we are now 
able to reduce the amount of initial data to a manageable size.  Those data sets can then be applied to 
the preliminary stages of our planning, surveying and engineering projects. 

Using AutoCAD® Civil 3D®, anyone involved in the preliminary design process can create a 3-
dimensional, Triangulated Irregular Network (TIN) surface model using LiDAR data files.   

With multiple methods of data collection, LiDAR offers a way for designers to have accurate datasets for 
areas that were previously inaccessible.  Large and remote areas can be surveyed by air and busy 
roadway corridors can be scanned with little to no disruptions to traffic flow through the use of mobile 
scanners.  Ground mounted scanners also provide a higher level of safety for field crews by no longer 
requiring crew members to stand in paved areas of busy intersections. 

Surveyors can supplement manually collected field data with LiDAR data points, and planners and 
engineers can use these models and the surface analysis tools available in Civil 3D® to obtain surface 
slope information, earthwork volume estimates to aid in preliminary site layouts and designs. 

LiDAR Point Files 

Lidar data files contain point northing, easting and elevation information for the scanned area in textual 
format.  There are generally two main files associated with a LiDAR data set.  The “All Returns” file 
contains all point information collected.  Since laser pulses can return up to four points per shot, the All 
Returns point file will contain point information for various above ground objects (trees, light poles, 
hydrants, etc) as well as ground shots.  The second file is most commonly referred to as the “Bare Earth” 
file.  The Bare Earth file is a filtered data set that has been analyzed and reduced to contain only the 
final return from each laser pulse, which is the lowest recorded elevation for the return.  Because the 
above ground points have been removed from the Bare Earth files, those files can be used to generate 
existing ground surface models in Civil 3D®. 

Accuracy of Collected Data 

Although the accuracy of LiDAR data can vary depending on provider and collection methods, studies 
have indicated that air-borne data collection can provide datasets with a vertical accuracy of 5 cm to 15 
cm (2-6 inches) and horizontal accuracy of 15 cm to 25 cm (6-10 inches).  Ground based and vehicular 
based sensors produce datasets at a much higher accuracy, typically in the range of 2 cm to 3 cm 
(about 1 inch) vertically and 4 cm to 6 cm (about 2 inches) horizontally. 

Several factors that contribute to the larger error in air-borne data collection can be attributed to weather 
and positioning systems.  Exact altitude and flight patterns can be difficult to maintain and record due to 
cloud cover, satellite reception for GPS systems, and wind conditions.   

The elevation of the sensors for ground based LiDAR and vehicular mounted LiDAR scanners are set by 
their mounting brackets, making them more stable.  The path of travel is easier to maintain and define, 
and the speed of travel during scanning is slower for vehicular data collection (Max Speed ≈ 100 km/hr).   
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Creating AutoCAD® Civil 3D® Surfaces with LiDAR Data 

AutoCAD® Civil 3D® can use a variety of different data sources to define a surface object.  Among the 
items listed in a Surface’s Definition collection are Point Files.  The ability of Civil 3D® to define a surface 
from a point file is what allows us to take advantage of LiDAR data.  For our purposes, we will be working 
with ASCII Text (.txt) files.   

Point Files 

ASCII Text (.txt) files contain textual data information organized in rows with each value delimited by a 
space (“ “) or comma (“,”).  Each line in the point file defines a single point, with each value representing a 
different aspect of a point’s definition.  A point can be defined by as little as three and as many as five 
components.  When importing a Point File, users must specify the Format that the data is in, along with its 
delimiting character.  In order for Civil 3D® to create an accurate ground model, it is crucial that the 
format is specified correctly.  An error in specification, such as PENZD instead of PNEZD can result in 
huge errors that are both costly and time consuming if not caught early in the design process. 

 

 

Figure 2 – Point File Formats 

P = Point Number 

E = Easting (X) 

N = Northing (Y) 

Z = Elevation (Z) 

D = Description 
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Point files with extension .txt can be opened, edited and saved using basic text editing applications.  As 
long as the format and delineating character is maintained, existing points can be modified and new 
points can be added when necessary. 

 

 

Figure 3 – Sample PNEZD (comma delimited) ASCII Text (.txt) File 

 

Point Objects vs. Point Files 

Typical point files containing Point Number, Northing, Easting, Elevation, and Description information can 
be imported through the Import Point process, creating Civil 3D® Point Objects in the drawing file.  
Creating Point Objects allow users to sort points into Point Groups, based on specified criteria.  The 
creation of Point Objects also provides users with additional annotation and labeling capabilities. 

In the case of LiDAR data, we are not interested in individual point information, but rather the collective 
information of the dataset as a whole.  Because LiDAR sensors electronically collect data from remote 
locations, point numbers and descriptions are not included in LiDAR Point Files, making them ideal for the 
purpose of surface modeling.   

Due to the amount of points included in a typical LiDAR Point File, the creation of individual Point Objects 
should be avoided.  With potentially millions of points, creating point objects will dramatically increase the 
size of our drawing files.  Large file sizes and large amounts of objects also contribute to slower 
processing speeds, decreases in system performance, and high memory consumption that often lead to 
program crashes.  In an effort to increase efficiency and minimize file size, point files should be added to 
the surface definition directly, rather than being used to create point objects in the drawing. 

An additional advantage to adding the point file rather than creating point objects is the preservation of 
the original data source.  When point objects are created in the drawing, they are independent of the data 
source and can be edited, deleted and moved using basic AutoCAD functions.  When working with 
existing ground models, mistaken or unknown changes to point information can lead to costly design 
errors.  By connecting to the point file, point information is still saved in an external source.  If a surface is 
modified and needs to be restored, the point file can simply be re-imported and the surface will return to 
its original state. 
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Surface Process using LiDAR Point Files 

1. Identify the Project Site 

2. Collect Data / Adjust Drawing Settings 

3. Create Surface 

4. Add Point Files to Surface Definition 

5. Filter Data 

Identify the Project Site 

The first step to incorporating LiDAR data into your Civil 3D® drawing is to identify your project site.  
LiDAR data is available on a variety of websites (sometimes free of charge) and can easily be 
downloaded if your project site falls within an existing dataset.  If an existing dataset is not available, 
identification of the project site will be necessary for contract specifications for data collection. 

Collect Data / Adjust Drawing Settings 

Once the Project Site has been identified, the next step is to collect data.  The data files of interest are 
Bare Earth files, showing only the last returns of each shot.  Data can be downloaded from an online 
source, or purchased from a LiDAR provider.  Be sure to identify the Point File Format (ENZ, NEZ, etc) to 
be specified during the import process. Along with the Point File, a Metadata file containing the 
background information of the dataset should also be downloaded or provided.   

 

Figure 4 – Metadata Information 
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The Metadata information should be used to set your Civil 3D® drawing settings to match the dataset 
when starting a new project, or convert your data to match the drawing settings or an existing project.  
Drawing settings can be set in the Units and Zone tab of the Drawing Settings dialog box.  To access the 
Drawing Settings dialog box, right-click on the drawing name and select Edit Drawing Settings…  

( Toolspace  Settings tab  <drawing name>  Edit Drawing Settings… ) 

 

Figure 5 – Drawing Settings Dialog Box 

The information shown in the Units and Zone tab should match the information provided in the Metadata 
file.  When contracting a LiDAR data provider this information should be specified to avoid additional data 
processing.   

*Processing and conversion of LiDAR datasets prior to importing should be avoided whenever possible to 
maintain the accuracy of the data provided. 

Add Point Files to the Surface Definition 

After the data has been obtained and the drawing settings have been properly set, a surface object can 
be created.  Once a surface has been created using the Create Surfaces command and appears in the 
Surfaces collection of the Prospector tab, data can be added to its definition.  To add a Point File to a 
surface definition, right-click on Point Files and select Add… 

( Toolspace  Prospector tab  Surfaces  <surface name>  Definition  Point Files  Add… ) 
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This will launch the Add Point File dialog box, where you will be asked to specify a file Format, and 
Source File.  Specify a Format using the drop down list, then click on the “+” sign to browse to a 
Source File, select the file (.txt) and click Open to return to the dialog box. 

 

Figure 6 – Add Point File Dialog Box 

After the Format has been specified and the Source File is listed in the dialog box, click OK to complete 
the process and create a Civil 3D® surface. 

Filter Data 

Depending on the amount of points included in a Source File, additional filtering may be required to 
reduce the volume of data being processed by the application.  Filtering the data reduces drawing file 
size, and increases efficiency.  There are three methods for filtering data included with Civil 3D® that can 
be applied to surface objects and point files that will be discussed.  The final method uses the Microsoft 
Access® database manager to apply a filter query on the point file. 

1. Simplify Surface – Point Removal * 

2. Data Clip Boundary * 

3. Point File Format with Sampling Variable 

*These commands were introduced in Civil 3D® 2009 and are not available in earlier releases. 

4. Applying a Filter Query Using Microsoft Access® 
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Method 1: Simplify Surface – Point Removal  

The Simplify Surface command is a Surface Edit that can be applied to a surface definition after a surface 
model has been created.  To access the Simplify Surface command, right-click on Edits and select 
Simplify Surface… 

( Toolspace  Prospector tab  Surfaces  <surface name>  Definition  Edits  Simplify Surface… ) 

 

Figure 7 – Simplify Surface Command 

Selecting this command launches the Simplify Surface dialog box, where you will be asked to specify the 
Simplify Method, Region Options and Reduction Options. 
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Figure 8 – Simplify Method 

 

There are two Simplify Methods available under surface edits.  Both methods work by reducing the 
amount of data used to generate a surface model.   

The Edge Contraction method works by contracting triangle edges to single points.  The location of the 
point is automatically chosen to minimize the impact on the surface model.  Each contracted edge results 
in the removal of one point. 

The Point Removal option selects and removes points from the surface model based on criteria specified 
by the user.  This will be the method of choice because this option removes unnecessary points while 
maintaining the original locations of the remaining points in the surface definition.  This ensures that the 
resulting surface is still an accurate representation of our original dataset. 

Specify the Simplify Method and click Next 
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Figure 9 – Region Options 

 

The second page of the Simplify Surface dialog box allows users to specify the Region Options for the 
command.  The options include: Use the existing surface border, Specify Window/Polygon, and Select 
Objects.  Also available in this window is the total number of points within the selected region. 

For general purposes, the Use existing surface border option will suffice. 

Specify the Region Options and click Next 
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Figure 10 – Reduction Options 

The final page of the Simplify Surface dialog box allows us to specify the Reduction Options.  These 
include Percentage of points to remove and Maximum change in elevation.  By settings these values, we 
are allowed to control how many points are removed and what affect these points have on our overall 
surface model. 

There is no “correct” value for these options.  Users must determine the most appropriate values based 
on their project requirements.  In the case above, we have selected to remove up to 50% of the points in 
our surface model, with a maximum change in elevation of 0.01 feet (1/8 inch). 

After these values have been specified, click Apply to apply the Simplify Surface edit then click Cancel 
to end the command.  The resulting surface will be defined by a reduced number of points, which can be 
found on the Statistics tab of the Surface Properties dialog box. 

IMPORTANT NOTE: Clicking “Apply” then “Finish” causes the application to apply the Simplify Surface 
Edit twice.  In order to obtain the desired results, you must click “Apply” then “Cancel” to end the 
command, or click “Finish” instead. 

In the event that the edit is applied twice, the second edit can be deleted through the item viewer after 
left-clicking on edits in the Prospector tab under the surface’s Definition branch. 
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Method 2: Data Clip Boundary 

The Data Clip Boundary is a new surface boundary type that was introduced in the 2009 release of Civil 
3D®.  A Data Clip boundary creates a surface boundary controlled by a closed polygon object in the 
drawing file.  The polygon can be a 2D or 3D polygon, feature line, survey figure, parcel or circle.  Any 
data added to the surface following the addition of a Data Clip boundary will be limited to the area within 
that boundary.  Therefore, Data Clip boundaries must be added to a surface definition before adding 
a Point File. 

To add a Data Clip boundary to the surface definition, right-click on Boundaries and select Add…  

( Toolspace  Prospector tab  Surfaces  <surface name>  Definition  Boundaries  Add…) 

 

Figure 11 – Add Boundary 
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This will launch the Add Boundaries dialog box.  Here you will be asked to provide a Name and select the 
boundary Type. 

 

Figure 12 – Add Boundaries Dialog Box 

After providing a Name and specifying Data Clip as the boundary type, click OK 

At the Select Object prompt, select an existing closed polygon object in the drawing file.  Objects must 
exist in the drawing file before activating the add boundary command.  Once selected, the object will 
appear in the Item Viewer when the Boundaries collection is selected in the Prospector tab. 

Once a Data Clip boundary has been defined, the previous process listed under Add Point Files to the 
Surface Definition can be followed. 

1. Right-click on Point Files and select Add… 

2. Specify file Format (ENZ, NEZ, etc) 

3. Click “+” to browse to Source File, select the ASCII Text file and click Open 

4. Click OK to complete the process 

The resulting surface object created from the imported file will be bound by the extents of the Data Clip 
boundary polygon.  All points lying outside the polygon area will automatically be excluded from the 
surface model.
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Method 3: Point File Format with Sample Variable 

Creating a custom Point File Format with a sampling variable allows users to automatically reduce the 
number of points during the import process.  The option of specifying a sample value is located in the 
Point File Format dialog box.  With this option selected the customized format will read only the 
corresponding points from the file selected for import.  If a value of 2 is specified, the format will read 
every 2nd point on the list.  For a value of 3, every 3rd point and so on.  The total number of points 
imported is reduced at a fractional interval determined by the Sample value (2 = 1/2, 3 = 1/3, 4 = 1/4, 
etc.).  

Sample values can be added to Point File Formats in two ways.  They can be added to an existing 
Format by right-clicking the format name and selecting Properties… 

( Toolspace  Settings tab  Point  Point File Formats  <format name>  Properties… ) 

A copy of an existing format can also be created with a Sample value added to preserve the original 
format.  Copies can be made by right-clicking the format name and selecting Copy… 

( Toolspace  Settings tab  Point  Point File Formats  <format name>  Copy… ) 

Both of the above methods launch the Point File Format dialog box, shown below. 

 

Figure 13 – Point File Format Dialog Box 
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After the custom format is defined, it will appear in the Point File Formats collection in the Settings tab.  
The new format will also appear in the drop down list of the Add Point File dialog box used to add point 
files to the surface definition.   

To use the custom file format, follow the same process to Add Point Files to the Surface Definition, this 
time selecting the custom point file format from the Format drop down list of the Add Point File dialog box. 

1. Right-click on Point Files and select Add… 

2. Specify file Format (Custom Format) 

3. Click “+” to browse to Source File, select the ASCII Text file and click Open 

4. Click OK to complete the process 

 

 

Figure 14 – Custom Format in Add Point File Dialog Box 

The resulting surface object created from the Custom Format will be defined using points determined by 
the Sample value, in this case every 2nd point since a value of 2 was specified in Figure 13. 
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Method 4:  Applying a Filter Query Using Microsoft Access® 

Through the use of the Microsoft Access® database management application, point files can be imported 
into an external database.  A coded filter query can then be applied to the database, resulting in a 
reduced dataset that meets the query criteria.   

Contour objects are often provided as information for preliminary surface models.  Aerial photogrammetry 
makes use of resolution and aerial photographs for contour line generation that can then be added to a 
surface model.  In a similar fashion, a query can be applied to LiDAR data in a database to filter points 
used to define surface contours.  The two queries shown below are for filtering points along a 1-foot 
contour interval and a 5-foot contour interval. 

 

 

Figure 15 – 1-Foot and 5-Foot Contour Filters 

 

The filters above are written to eliminate points from the database around their specified contour interval. 
The 1-Foot Contour Filter will eliminate points with elevation (z) values outside the range of ± 0.1 feet 
from each 1-foot contour.  The 5-Foot Contour Filter will eliminate points with elevation (z) values outside 
the range of ± 0.2 feet from each 5-foot contour.  The 1-foot and 5-foot contour points are determined by 
whole number elevation values that are multiples of 1.00 and 5.00. 

To apply a filter query, a database containing the LiDAR Point File information must first be created.   
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Creating a Microsoft Access® Database & Table 

After launching Microsoft Access®, click New then click Blank Database… 

 

Figure 16 – New Blank Database 

Provide a name and location for the new blank database and click Create 

Once the new database created, the Database dialog box appears on screen.  The LiDAR Point File can 
now be imported into to the blank database. 
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To import the point file, right-click on Tables in the left column of the dialog box and select Import… 

 

Figure 17 – Import File to Table 

This opens the Import dialog box.  In this dialog box, select Text Files (*.txt; *.csv; *.tab; *.asc) from the 
Files of Type dropdown list, select the LiDAR Point File then click Import create the table. 

 

Figure 18 – Import Dialog Box 
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After clicking Import, the Import Text Wizard will appear on the screen.  

 

Figure 18 – Import Text Wizard 

On Page 1 of the wizard, Specify the format of the data contained in the .txt file; Fixed Width for Space 
Delimited or Delimited for comma or tab delimited files, then click Next 

On Page 2, Verify the locations of the Field Breaks and click Next 

On Page 3, under “Where would you like to store your data?”, select In a New Table and click Next 

Page 4 of the Import Text Wizard contains Field Options.  For LiDAR datasets, the values of Field1, 
Field2 and Field3 are associated with the X, Y, and Z coordinates of each point.  For consistency and to 
avoid confusion between information in the table and source file, update the values for Field1, Field2 and 
Field3 to x, y, and z. 

NOTE: The x, y, z values for Field1, Field2, and Field3 correspond to the ENZ Point File Format. For NEZ 
Formats, the values should be y, x, z. 
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Click on Advanced… to open the Import Specification window and change the values of Field1, Field2, 
and Field3. 

 

Figure19 – Field Options 

 

Figure 20 – Import Specification Window 
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After updating the Field Information to x, y, and z, click OK to return to the Import Text Wizard, then click 
Next 

On Page 5 of the wizard, select No Primary Key, since point numbers are not necessary and click Next 

On Page 6, enter a name for the table and click Finish 

Click OK in the message box that appears on the screen, and the table name should now appear in the 
Microsoft Access® window.  To view the table, right click on the table name and select Open. 

Applying Queries to Tables in the Database 

With the table created, the last step is to apply the query to the data it contains.  Select Queries from the 
left column of the Access® window, then select New to open the New Query window. Click OK at the 
dialog box that appears on screen, then click Close to close the Show Tables window. 

Right-click in the Query window and select SQL View to switch to the SQL View window. 

 

 

Figure 21 – Switch to SQL View Window 

 

In the SQL View window, copy and paste or enter the desired filter query.  Queries for 1-Foot and 5-Foot 
Contours are provided in Figure 15. 
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Figure 22 – 5-Foot Contour Filter Query in SQL View 

After the Query has been entered into the SQL View window, close and save the Query.  Be sure to 
provide a relevant name for the Query to identify it as a filtered dataset. 

The Query should now appear in the Access® window under the specified name.  The final step in the 
process is exporting the Query to a point file that can be imported into Civil 3D® as surface information. 

Export Query to ASCII Text (.txt) File 

To export a queried dataset to an ASCII Text file, right click on the query name in the Access® window 
and select Export… 

Once again, select Text Files (*.txt; *.csv; *.tab; *.asc) from the drop down menu under Save as Type, 
provide a name for the file, and click Export 

 

 

Figure 23 – Export Query Dialog Box 



Tips & Tricks for Creating Civil 3D Surfaces from LiDAR Data 

 

25 
 

The Export Text Wizard will appear on screen, showing the first of three pages used to specify the 
parameters of the exported text file. 

On Page 1, select the delimiting option, Delimited to use characters such as commas or tabs between 
values, and Fixed Width for values separated by a space.  Select the appropriate method then click 
Next 

 

 

Figure 24 – Export Text Wizard Page 1 
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On Page 2, specify the delimiter character, and verify that the Include Field Names on First Row 
option is unchecked, then click Next 

 

 

Figure 25 – Export Text Wizard Page 2 
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On the final page of the wizard, specify the file path and name for the exported file.  The file name must 
also include the proper extension specifying the file type as .txt for ASCII Text files.  Enter the path and 
file name, then click Finish 

 

 

Figure 26 – Export Text Wizard Page 3 

After clicking Finish, a dialog box will appear announcing that the wizard has finished exporting the query 
to the file you specified.  A new ASCII text file should now be saved in the specified location. 

The new text file can now be added to a Civil 3D® surface definition following the same process to Add 
Point Files to the Surface Definition. 

5. Right-click on Point Files and select Add… 

6. Specify file Format (Custom Format) 

7. Click “+” to browse to Source File, select the ASCII Text file and click Open 

8. Click OK to complete the process 

Once added, the surface object will contain only those points filtered by the Access® Filter Query.  With 
this method, the original point file remains unchanged, and a new file containing only filtered points has 
also been created. 
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Additional Tips & Tricks 

Along with these methods, here are some additional tips and tricks that can be applied to Civil 3D® 
drawings to help increase efficiency and decrease file size. 

1. Minimize surface display when generating surfaces.  Select the “Border Only” or “No Display” 
surface style to minimize the line work and graphics that need to be generated during the surface 
creation process. 

2. Minimize Labeling.  Because Civil 3D® works with labels that are dynamically linked to their 
source objects, labeling should be minimized to keep updating and re-processing of label 
information to a minimum.  Source objects can be referenced into sheet files that include labels 
rather than including all labels in one source drawing. 

3. Divide Plan Sheets up into separate DWG files.  Using data references to separate sheet files 
helps reduce the amount of information in each file, and also allows users to clip references to 
smaller areas.   

4. Use XCLIP to clip externally referenced files.  By using the XCLIP command, users can specify 
the area of the reference file needed for a particular layout.  This will reduce the amount of data 
requiring regeneration in the drawing file. 

5. Use Data Shortcuts and External References (XREF) to tile large surfaces.  Rather than creating 
one drawing with a single large surface object, use Data Clip boundaries, Data Shortcuts, and 
XREFs to create smaller surface “tiles” that can then be pieced together to create a composite 
drawing. 

6. Use DWF underlay to show Contour lines in drawing files.  Take advantage of the ability to XREF 
DWF files by plotting contour lines to a DWF file, then XREF the file in the drawing to show line 
work.  With contour lines shown by the DWF, the surface style can be set to No Display or Border 
Only to reduce graphics in the drawing.  Contour lines will still be visible, and labeling and 
analysis can still be applied to surfaces with Border Only and No Display styles. 
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The Final Numbers 

A final comparison of file size based on each of the filtering methods listed shows a drastic reduction in 
file size.   

 

Figure 27 – DWG File Sizes 

Drawing file sizes range from about 29 MB when creating point objects in the drawing using the Import 
Points command (only point objects, no surface created), to about 2 MB when the original dataset is 
filtered to 5-Foot Contours or bound by a Data Clip boundary. 
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