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1.1. SUMMARY
This report contains a summary of the Wisconsin WROC – 3DEP 2018 Waupaca County lidar acquisition task 
order, issued by Waupaca County, Wisconsin. The task order yielded a project area covering 773 square miles 
over Waupaca County, Wisconsin. The intent of this document is only to provide specific validation information 
for the data acquisition/collection, processing, and production of deliverables completed as specified in the task 
order.

1.2. SCOPE
Aerial topographic lidar was acquired using state-of-the-art technology, along with the necessary surveyed 
ground control points (GCPs) and airborne GPS and inertial navigation systems. The aerial data collection was 
designed with the following specifications listed in Table 1 below.

Table 1. Originally Planned Lidar Specifications

1.3. COVERAGE
The project boundary covers 773 square miles and encompasses Waupaca County, Wisconsin. A buffer of 100 
meters was created to meet task order specifications. Project extents are shown in Figure 1.

1.4. DURATION
Lidar data was acquired from May 8, 2018, to May 13, 2018, in six total lifts. See “Section: 2.4. Time Period” for 
more details.

1.5. ISSUES
There were no major issues to report for this project.

PROJECT REPORT

Average 
Point Density

Flight Altitude 
(AGL)

Field of View Minimum 
Side Overlap

RMSEz

2 pts / m2 2000 m 36° 30% < 10 cm
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1.6. DELIVERABLES
The following products were produced and delivered:

•	 Lidar point cloud data, tiled, in LAS 1.4 format 
•	 SBETs in .SOL format 
• 	 Trajectories in .TRJ format 
• 	 Flight logs and GPS/IMU statistics in .PDF format 

All geospatial deliverables were produced with a horizontal datum/projection of Waupaca County Coordinate 
System (WISCRS), NAD83 (2011) and a vertical datum/projection of NAVD88 (Geoid 12B), US Survey Feet. All 
tiled deliverables have a tile size of 4,500-ft x 4,500-ft. 
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Figure 1. Project Boundary
Figure 1. Project Boundary
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2.1. FLIGHT PLANNING
Flight planning was based on the unique project requirements and characteristics of the project site. The basis 
of planning included: required accuracies, type of development, amount/type of vegetation within project area, 
required data posting, and potential altitude restrictions for flights in project vicinity.

Detailed project flight planning calculations were performed for the project using Leica MissionPro planning 
software. The entire target area was comprised of 61 planned flight lines (Figure 2).

2.2. LIDAR SENSOR
Quantum Spatial utilized a Leica ALS80 lidar sensor (Figure 3), serial number 8227, during the project. The Leica 
ALS 80 system is capable of collecting data at a maximum frequency of 1,000 kHz. The system utilizes a Multi-
Pulse in the Air option (MPIA). The sensor also has the capacity for unlimited range returns from each outbound 
pulse. The intensity of the returns is also captured during aerial acquisition.

A brief summary of the aerial acquisition parameters for the project are shown in the Lidar System Specifications 
in Table 2.

PROJECT REPORT
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Figure 2. Planned Flight Lines
Figure 2. Planned Flight Lines

PROJECT REPORT



Wisconsin WROC – 3DEP | Waupaca County Lidar 2018| Airborne Topographic Lidar Report
May 2019 6

November 12, 2018Page 6 of 15
Wisconsin WROC 2018
Waupaca County LiDAR Project

Project Report 

Table 2. LiDAR System Specifications

Terrain and 
Aircraft
Scanner

Flying Height 2000 m

Recommended Ground 
Speed

150 kts

Scanner
Field of View 36°

Scan Rate Setting Used 50 Hz

Laser
Laser Pulse Rate Used 300 kHz

Multi Pulse in Air Mode yes

Coverage
Full Swath Width 1457 m

Line Spacing 1020 m

Point Spacing 
and Density

Average Point Spacing 0.71 m

Average Point Density 2 pts / m2

Figure 3. Leica ALS80 LiDAR Sensor

Table 2. Lidar System Specifications

Figure 3. Leica ALS80 Lidar Sensor

PROJECT REPORT

Terrain and  
Aircraft Scanner

Flying Height 2000 m
Recommended 
Ground Speed

150 kts

Scanner
Field of View 36°

Scan Rate Setting 
Used

50 Hz

Laser
Laser Pulse Rate Used 300 kHz

Multi Pulse in Air 
Mode

yes

Coverage
Full Swath Width 1457 m

Line Spacing 1020 m
Point Spacing and 

Density
Average Point Spacing 0.71 m
Average Point Density 2 pts / m2
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2.3. Aircraft

All flights for the project were accomplished through the use of a customized Piper Navajo (twin-
piston), Tail # N262AS. This aircraft provided an ideal, stable aerial base for LiDAR acquisition. 
This aerial platform has relatively fast cruise speeds which are beneficial for project mobilization 
/ demobilization while maintaining relatively slow stall speeds which proved ideal for collection 
of high-density, consistent data posting using a state-of-the-art Leica LiDAR systems. Some of 
Quantum Spatial’s operating aircraft can be seen in Figure 4 below.

Figure 4. Some of Quantum Spatial’s Planes

2.3. AIRCRAFT
All flights for the project were accomplished through the use of a customized plane. Plane type and tail numbers 
are listed below.

Lidar Collection Planes
•	 Piper Navajo (twin-piston) PA31, Tail Number: N22GE

This aircraft provided an ideal, stable aerial base for lidar acquisition. This aerial platform has a relatively fast 
cruise speed, which is beneficial for project mobilization/demobilization while maintaining relatively slow stall 
speeds, which proved ideal for collection of high-density, consistent data posting using a state-of-the-art Leica 
ALS80 lidar system. Some of Quantum Spatial’s operating aircraft can be seen in Figure 4 below.

Figure 4. Some of Quantum Spatial’s Planes
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2.4. TIME PERIOD
Project specific flights were conducted over one month. Six aircraft lifts were completed. Accomplished lifts are 
listed below.

•	 May 8, 2018-B (N22GE, SN8227)
•	 May 10, 2018-C (N22GE, SN8227)
•	 May 10, 2018-D (N22GE, SN8227)
•	 May 12, 2018-A (N22GE, SN8227)
•	 May 12, 2018-B (N22GE, SN8227)
•	 May 13, 2018-A (N22GE, SN8227)

PROJECT REPORT
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3.1. LIDAR PROCESSING
Inertial Explorer software was used for post-processing of airborne GPS and inertial data (IMU), which is critical 
to the positioning and orientation of the lidar sensor during all flights. Inertial Explorer combines aircraft raw 
trajectory data with stationary GPS base station data yielding a “Smoothed Best Estimate Trajectory (SBET) 
necessary for additional post processing software to develop the resulting geo-referenced point cloud from the 
lidar missions.

During the sensor trajectory processing (combining GPS & IMU datasets) certain statistical graphs and tables 
are generated within the Inertial Explorer processing environment which are commonly used as indicators 
of processing stability and accuracy. This data for analysis include: Max horizontal / vertical GPS variance, 
separation plot, altitude plot, PDOP plot, base station baseline length, processing mode, number of satellite 
vehicles, and mission trajectory.

The generated point cloud is the mathematical three dimensional composite of all returns from all laser pulses 
as determined from the aerial mission. Laser point data are imported into TerraScan and a manual calibration 
is performed to assess the system offsets for pitch, roll, heading and scale. At this point this data is ready for 
analysis, classification, and filtering to generate a bare earth surface model in which the above-ground features 
are removed from the data set. Point clouds were created using the Leica CloudPro software. GeoCue distributive 
processing software was used in the creation of some files needed in downstream processing, as well as in the 
tiling of the dataset into more manageable file sizes. TerraScan and TerraModeler software packages were then 
used for the automated data classification, manual cleanup, and bare earth generation. Project specific macros 
were developed to classify the ground and remove side overlap between parallel flight lines.

All data was manually reviewed and any remaining artifacts removed using functionality provided by TerraScan 
and TerraModeler. Global Mapper was used as a final check of the bare earth dataset. GeoCue was used to 
create the deliverable industry-standard LAS files for both the All Point Cloud Data and the Bare Earth. In-house 
software was then used to perform final statistical analysis of the classes in the LAS files.

PROJECT REPORT
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Figure 5. LiDAR Tile Layout
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Coverage verification was performed by comparing coverage of processed .LAS files captured during project 
collection to generate project shape files depicting boundaries of specified project areas. Please refer to Figure 6.
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Figure 6. LiDAR Flightline Coverage
Figure 6. Lidar Flightline Coverage
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Quantum Spatial used 17 ground control (calibration) points collected by Ayres Associates, Inc. as an 
independent test of the accuracy of this project.

5.1. CALIBRATION CONTROL POINT TESTING
Figure 7 shows the location of each bare earth calibration point for the project area. Table 3 depicts the Control 
Report for the lidar bare earth calibration points, as computed in TerraScan as a quality assurance check. Note 
that these results of the surface calibration are not an independent assessment of the accuracy of these project 
deliverables, but the statistical results do provide additional feedback as to the overall quality of the elevation 
surface.

PROJECT REPORT
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Figure 7. Calibration Control Point Locations
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Table 3. Calibration Control Point Report
Units = US survey feet

Number Easting Northing Known Z Laser Z Dz
402 627171.877 300113.477 836.322 836.310 -0.012
404 627806.380 426657.539 800.667 800.550 -0.117
407 626188.870 357717.893 759.577 759.650 +0.073

501V 621129.006 437904.410 817.420 817.410 -0.010
503 502911.279 305613.747 932.910 933.050 +0.140
504 578119.886 375478.946 827.620 827.510 -0.110
505 576250.451 328186.047 798.130 798.120 -0.010
506 536503.034 342482.908 852.370 852.490 +0.120
507 532503.206 408281.208 977.250 977.190 -0.060
508 606509.196 405247.050 886.450 886.510 +0.060
509 555071.407 436155.331 896.440 896.260 -0.180
510 587994.207 459130.989 884.560 884.440 -0.120
511 501494.724 383739.399 975.000 975.090 +0.090
512 578022.402 299759.545 796.520 796.530 +0.010
513 550520.864 376155.024 853.990 854.090 +0.100

515H 662069.843 456221.469 817.810 817.790 -0.020
515V 662044.789 456201.956 818.140 818.190 +0.050

Average Dz -0.000
Minimum Dz -0.180
Maximum Dz +0.140

Root Mean Square   0.088
Std Deviation   0.091
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