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Architecture ● Civil/Municipal Engineering ●

Construction Services ● Environmental ●

Geospatial Services ● Landscape Architecture ●

Planning ● Structural Design & Inspection ●

Subsurface Utility Engineering ● Traffic Engineering

● Transportation Engineering ● Water Resources



Geospatial Division

 Aerial imagery 

 Photogrammetry 

 Aerial LiDAR 

 Mobile LiDAR 

 HD laser scanning 

 GIS consulting 

 Boundary survey

 Construction staking

 Hydrographic survey

 Right-of-way plats

 Ground control

 Geodetic control



Roadway Design:

 Pre-design/conceptual design

 Supplemental dtm (photogrammetry, mobile lidar, etc.)

Hydraulic Design:

 Culvert sizing- based on slope and distance traveled

 analyze the overall watershed

 size existing ditches to ensure proposed drainage is 
equal or larger

 determine existing slopes and the time of 
concentration (how fast water is expected to flow 
across land)

Transportation Applications for Lidar



Recovery:

 Emergency repairs

 Earthwork calculations

 Expedited estimates and plans

Asset Management:

 Obstructions and clearances

 Feature extraction

 Maintenance

Transportation Applications for Lidar



Definitions

Point Cloud – dataset of XYZ points collected from a LiDAR sensor

LAS – the most common format for storing lidar point cloud data

Returns – each pulse from the laser sensor can have multiple returns

PPM – refers to the density of lidar data, Points Per Meter (square)

NPS – refers to the point spacing of lidar data, Nominal Point Spacing

QL2 LiDAR – Quality Level 2, which is the current USGS/FEMA spec for floodplain mapping

Model Key Point – A subset of ground points created by a thinning filter. 

RMSEz - root-mean-square-difference in elevation



Major improvements in last 15 years

 Sensor technology
 Fly higher
 Larger swath

 Higher number of returns per pulse
 Faster scan frequency
 Software advancements
 IT infrastructure  

=
 Better vertical accuracy (2X)
 Better horizontal accuracy
 Improved point classification
 Better representation of terrain
 Better above ground modeling
 Greater feature extraction capability 

Airborne Lidar Technology



USGS: Published Lidar Base Specification v1.2 in November 2014. 
Current Specification references Lidar Base Specification V2.1

ASPRS: Published Accuracy Standards for Digital Geospatial Data 
in November 2014

FEMA: Aligns with the USGS Lidar Guidelines and Base 
Specifications v13 in July 2010, adopts USGS Lidar Base 
Specification v1.2 in 2015. 

USACE:Photogrammetric and lidar mapping manual and ASPRS 
Positional guidelines  for Digital Geospatial Data in November 
2014.

Current Industry Specifications



Vertical Accuracy Specifications

Quality Level 2 (QL2) Quality Level 0 (QL0+)

Point Density ≥2.0 ≥30.0

Vertical Accuracy 10cm RMSE non-vegetated

30cm at 95th percentile 
vegetated

5cm RMSE non-vegetated

15cm at 95th percentile 
vegetated

DEM Cell Size 2ft 1ft

Contour Interval 1 or 2 – foot 1- foot 



Vertical Accuracy 
Analysis

Calibration Control
Non-vegetated, open areas

Checkpoint Control
Non-vegetated Vertical 

Accuracy
Bare Earth
Urban

Vegetated Vertical Accuracy
Swamp
Low Grass
Forest



Vertical Accuracy Reporting



QL2 Approach



QL0+ Approach



Project Design Objectives

Accuracy objectives:

Example: Surface RMSE: < 0.15’, calibration stat’s: ~ 0.08’

Control:

~ 2pts per mile

off private land?

Wing points needed?

Technology:

Paired lidar/imaging vs. separate flights



Project Design Objectives

Contract Example 1:

Contract Example 2:



High Density Lidar Approach (>30 ppsm)

The Mission

1) Flight Planning – Lidar and imagery

2) Ground control layout and survey

3) Conduct flight(s)

4) Post-flight QA/QC





2 ppsm Point Cloud2-PPSM



30 ppsm Point Cloud2 ppsm Point Cloud30-PPSM



High Density Lidar Approach (>30 ppsm)

The Processes

1) Lidar calibration & imagery AT

2) Edit and classify Lidar point cloud

3) Extract breaklines

4) Extract Model Key Points

5) Planimetric mapping

6) Orthoimagery

7) Surface generation, vertical accuracy assessment and delivery



Map Checks

MnDOT TH-87  = 0.04’
TH-2   = 0.05’



Map Checks

WISDOT   I-94  = 0.09’
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