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Introduction 

 
The Ontario Ministry of Agriculture, Food and Rural Affairs contracted Airborne Imaging in 
the spring of 2022 to acquire and deliver digital elevation data derived from airborne LiDAR 
(Light Detection and Ranging) to cover two regions in Ontario: Lake Huron and Lake 
Simcoe. 
 
This report covers the Lake Simcoe area, collected in the spring of 2022. It focuses on 
LiDAR acquisition details, such as flight parameters, project control, ground truthing 
results, data processing technique and deliverables. 
 
The contracted area for Lake Simcoe is 2,088 km². 
 

Project Schedule & Personnel 

 
The ground control and Lidar acquisition occurred in May 2022. The Lidar data for Lake 
Simcoe area was collected in three missions on May 5, 6 and 7. Jeffrey Thompson and 
Andrew Power were the operators on site responsible for collecting the Lidar data and 
Chris Johnson was the surveyor collecting ground truth points. 
 
A typical Lidar acquisition crew consisted of one Lidar Operator and one Pilot. The project 
management was done remotely by Allyson Fox. 
 

LiDAR System & Flight Parameters 

 
A Riegl VQ-1560ii was installed in KASI Aviation’s Piper Navajo C-GMEC. 
 
 
Below is a table of the lifts with their flight parameters. 

 
 

Table 1: Project Parameters for the Lake Simcoe areas. 

 

  Riegl VQ-1560-ii 

Altitude  1600m AGL 

Field of View (FOV)  60° 

Air Speed  160 Kts 

Pulse Rate  2100 kHz 

Sidelap  20% 

Point Density  > 8 pts/m2 
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The flight lines were designed optimally to maximize time online versus time in turn. Below 
is a map of the flight lines including cross-ties. 

 

Project Control / Datum 

 
Several baselines were measured by GPS static occupation between the Cannet stations 
and existing NRCan, cosine points as well as newly established points by Airborne 
Imaging. The existing control used consisted of four NRCan Cannet stations, two NRCan 
passive stations and nine Cosine points. 
Appendix A contains a list of Control Points and their published coordinates. 
Appendix B shows the checks performed between Cannet stations and passive stations 
with redundant checks. 
Appendix C shows the published station coordinate sheets. 
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The datum used and therefore all subsequent Lidar data are based on the Nad83 CSRS 
(epoch 2010.0) horizontal datum and the CGVD2013 vertical datum (CGG2013 undulation 
model). 
 
Below is an overview map of the control stations. 

 
 
 

Check Points 

 
Control check points were surveyed from different methods to use as vertical check and 
accuracy assessment. The kinematic method was used for calibration purposes and the 
RTK method for Non-Vegetated Vertical Accuracy Assessment (NVA) and Vegetated 
Vertical Accuracy Assessment (VVA). 
 

Kinematic GPS 
 
The first method called kinematic are profiles surveyed on open roads from a truck-
mounted GPS receiver while driving. The post-processed kinematic coordinates, collected 
at an interval of one second are derived from a base station that is part of our control 
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network.  
Whenever possible, we try to select roads that are perpendicular to the flight line azimuth 
so the control points intersect as many Lidar strips as possible. Kinematic points were 
collected along the roads following the red dots on the map below. Note that a kinematic 
session was collected on the east side of Lake Simcoe but the Can-net data is not 
available to download for station UXBG on that day and could not be used for accuracy 
reporting. 
 
The output coordinates are analyzed and filtered to ensure only very reliable positions are 
kept. All points collected while moving slower than 2 meters per second are rejected. This 
removes all points when the truck was stationary that could skew the statistics. 
The following points are also rejected: 

• Points with a Quality Level worse than 1. 

• Points with a forward/reverse vertical separation worse than 3 cm. 

• Points with less than two solutions (forward & reverse). 

• Points with a standard deviation worse than 2sigma. 
 
Many sections of road were surveyed throughout the project giving us more than 2,000 
surveyed points on the road. We estimate that the vertical accuracy of these points is 
better than 5 cm. 
 
During the calibration of the Lidar strips, the Lidar strips are matched vertically to these 
reliable kinematic points. These points are not used for the vertical accuracy assessment 
of the Lidar point cloud, but rather just for calibration monitoring and shifting. 
 
 

RTK GPS 
 
In order to meet the recommended ASPRS minimum number of points for a 2,088 square 
kilometer project, RTK points were surveyed in areas distributed throughout the project. 
 
The second method called Real Time Kinematic are individual points surveyed on open 
terrain. Our surveyor collected GPS data mounted on a pole while receiving real time 
differential corrections from the GPS receiver positioned over a nearby control point. 
216 points were surveyed on the Lake Simcoe project. Of these, 122 points were over 
non-vegetated ground conditions for NVA accuracy reporting and 94 of them were over 
vegetated areas for VVA accuracy reporting. 
 
Pictures of these RTK points (as well as the existing control) are provided with this report 
in a folder called “LakeSimcoe\Control_Point_Pictures”. 
 
These points are used just for the vertical accuracy assessment of the Lidar point cloud 
and were not used to determine any vertical shift applied to the point cloud. 
 
See the green triangles on the map below. 
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Blue = project outline 

Green = Fast Static (NVA & VVA) 

Red = Kinematic 
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 Trajectory Processing 

 
 
The aircraft trajectory positioning for the missions over the Lake Simcoe area were 
processed using the Precise Point Positioning (PPP) technique. 
 
PPP is a positioning technique that removes and models GNSS system errors via 
precise satellite orbit data and clock corrections that are applied to the trajectory post 
mission, providing centimeter level positional accuracy without the use of ground base 
stations. 
The TerraPOS software by Terratec was used to postprocess the PPP solutions to 
produce final kinematic trajectories accurate to 5 centimeters for each flight mission. 
 
The horizontal datum used is Nad83 CSRS UTM zone 17 with the CGVD2013 vertical 
datum (CGG2013 undulation model). 
 

 

LiDAR Data Processing 

 
 

Calibration Procedures 

After each mission, the field project manager creates the preliminary calibrated point cloud 
with each sensor’s set boresight values for each mission. Proprietary QC tools using the 
Lastools software are run on each mission to check for coverage, relative accuracy, point 
density, etc… If any data is found to be not meeting specifications, or coverage missing, 
the field crew is immediately notified and the areas affected reflown as soon as possible. 
 
This preliminary calibrated point cloud is inspected in conjunction with the kinematic 
ground truth points to apply bulk shifts if necessary and further refine the calibration by 
applying corrections to the preliminary calibrated strips. The refined calibration is done 
using Bayesmap’s StripAlign software. Intensity values are also normalized by mission to 
be 16 bits (0 to 65535). 
 
 

Data Tiling and Classification 

The raw LiDAR data is processed into calibrated point cloud strips corresponding to 
flight lines. For ease of data manipulation, the strips are combined and saved in tiles of 1 
km by 1 km. The format the strips and tiles are saved in is .Laz version 1.4. The tiling 
scheme is based on the UTM17 projection at the even kilometers. 
The tiled point cloud is then processed with a series of algorithms to separate the “most-
likely” ground returns from other returns. The point classification is done using a product 
by the TerraSolid software running on MicroStation Connect called TerraScan and 
TerraModeler. 
 
In addition to our regular field QC and calibration procedures, we also generate various 
raster products using the Lastools software to assess coverage and calibration 
accuracy. 
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Point Cloud Manipulation 

The TerraScan software uses macros that are set-up to measure the angles and 
distances between points to determine what classification a point should be: ground, 
vegetation, noise, other.  The angle and distance values in the macros can be adjusted 
to be more or less aggressive with the classification of points by varying the incidence 
angles and estimated distances among neighboring points.  The lower points are 
generally classified as ground returns, with the points above classified as undefined 
(class 1). Outliers and noise described in the table below are normally clouds, outliers or 
atmospheric noise in the data that are separated into above or below the ground level 
(high point or low points). 
After the automated macro is run to determine classes, a systematic visual inspection is 
performed to fine tune the ground definition.  To better understand areas for 
improvement for the ground surface, the points that are classified as ground are used to 
create viewable TINs and grid surfaces.  These surfaces are inspected for areas that 
appear rough, artificially flattened or truncated, no data areas, or have other viewable 
errors. 
In cleaning up ground points, the focus is concentrated in areas where few ground points 
have been left in the bare earth model and the ground appears rough or lower and flatter 
than it may be in reality.  The scarcity of ground points may be a result from no 
penetration through a dense vegetation layer, water bodies, low reflectivity objects, or 
too aggressive values with the macro.  A manual/visual inspection of these areas plays a 
major role in resolving any issues or irregularities with the bare earth model.  
 
Once the first edits are completed, a one-meter grid of the ground surface is re-exported 
and hill shade images produced to QC the edited ground surface. This QC step is done 
iteratively as many times as necessary. Once the point cloud data has reached a 
satisfactory level of classification accuracy, the final deliverables are produced. 
 

Water Classification & Hydro-Flattening 

Once the ground class has reached the final level of classification accuracy, the water 
delineation process is initiated. The rivers and water bodies are digitized as break lines 
according to USGS specifications of a minimum of 8000 m² for water bodies and 30 m 
nominal width for streams and rivers. Ponds and lakes have their elevations set constant 
to just below ground. Stream and river hydro lines are collected using the downstream 
method. Once all hydro lines have been collected for an area, the ground points inside the 
hydro lines are classified to class 9 – Water. The ground points outside of the hydro lines 
but within 35 cm are classified to class 20 – Ignored ground (near breaklines). Using the 
TIN of class 2 (ground points), the hydro lines are used as constraints to generate the final 
50 cm hydro-flattened DEMs in ESRI Ascii format, then converted to 32bit Geotiff format 
with the Global Mapper software. 

Class definitions 

The classification follows the ASPRS classification codes. The table below shows the 
classes for the delivered point cloud. 
 
Table 2: ASPRS Point Classes 
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Classification Value Description 

1 Unclassified 

2 Ground 

7 Low Points 

9 Water 

17 Bridge Decks 

18 High Points 

20 Ignored Ground (breakline proximity) 

21 Snow 

22 Temporal exclusion 

 
 

Deliverables 

 
 
See below for a table of the folder structure and description of each deliverables. 
 
2022_LAKESIMCOE_EPSG2958 
DTM 

Hydro-flattened 50cm Bare Earth DEMs, 1 X 1 km tiles in 32bit Geotiff format 
 e.g. 1km175980491502022LLAKESIMCOE_DTM.tif 

METADATA 
Metadata files for Breaklines, DEM, LAS and Project in .XML format 

 e.g. LakeSimcoe_Lidar_metadata_LAS.xml 

POINTCLOUD 
Point cloud data, 1 X 1 km tiles in .LAZ format 1.4 

 e.g. 1km175980491502022LLAKESIMCOE.laz 

PROJECT_POLYGON 
Shape files of: Lift_metadata, Hydro_breaklines, Project_extent & Tile_index 

 e.g. 3821127a_Lift_metadata.shp 
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Vertical Accuracy Assessment 

 
 
Kinematic 
 
Below is a summary of the statistics between the point cloud TIN from the ground class 
and the kinematic points surveyed on the road: 
 

Number of points: 2009  
Average dz: +0.007 m 

Minimum dz: -0.120 m 

Maximum dz: +0.094 m 

Average magnitude: 0.025 m 

Root mean square: 0.031 m 

Std deviation: 0.031 m 

   

Kinematic Vertical 
Accuracy (95%): 0.061 m 

 
For a complete listing of the kinematic points and their differences, please refer to the 
spreadsheet named "LakeSimcoe_NVA_Kinematic_comparisons_Final.xlsx" provided 
with the report. 
 
This Kinematic vertical accuracy assessment is provided only as a reference. It is biased 
because during calibration, the point cloud was vertically shifted to these points. It should 
not be used as an independent check for accuracy assessments. 
 
The independent assessment of vertical accuracy is made against the "Non-Vegetated" 
points surveyed (RTK). 
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RTK 
 
Below is a summary of the statistics between the point cloud TIN from the ground class 
and the RTK points surveyed on flat hard surfaces: 
 

Number of points: 122  
Average dz: -0.005 m 

Minimum dz: -0.085 m 

Maximum dz: +0.095 m 

Average magnitude: 0.020 m 

Root mean square: 0.026 m 

Std deviation: 0.026 m 

   

RTK Vertical 
Accuracy (95%): 0.051 m 

 
For a complete listing of the RTK points and their differences, please refer to the 
spreadsheet named "LakeSimcoe_NVA_RTK_comparisons_Final.xlsx" provided with the 
deliverables. 
 
 
This RTK vertical accuracy assessment can be used as an independent check for the 
Non-Vegetated Accuracy (NVA). 
 
As seen in the RTK NVA comparison above, the accuracy observed of 0.051 m meets the 
project requirement of QL0 NVA vertical accuracy of 9.8 cm (95%).  
 
Geodetic Control Points 
 
As an extra check, the control points were compared with the Lidar ground surface. Only 
two cosine points had elevations at ground level and were deemed reliable. 
 
For a listing of the six control points and their differences, please refer to the spreadsheet 
named "LakeSimcoe_Control_comparisons_Final.xlsx" provided with the deliverables. 
 
 
RTK (VVA) 
 
The elevations of the points surveyed in various vegetated land cover types were 
compared to the Lidar ground surface. Since the elevation differences for this type of 
accuracy does not follow a normal distribution, the percentile method is used and not the 
95% confidence level. For the 94 VVA points surveyed, sorting the absolute differences 
from the smallest to the largest gives the accuracy at the 95th percentile (using the linear 
interpolation between closest ranks method). For this sample, the 89th and 90th largest 
difference are respectively 14.7 and 15.4 cm.  
 
For this project, the VVA accuracy is therefore 14.95 cm. 
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This is slightly below the required specifications of 15.0 cm (the QL0 VVA specification). 
 
 
For a complete listing of the kinematic points and their differences, please refer to the 
spreadsheet named "LakeSimcoe_VVA_RTK_comparisons_Final.xlsx" provided with the 
deliverables. 
 

Conclusion 

 
This is the final report covering the Lake Simcoe Lidar project. Topics such as field 
operations, control, data processing and final accuracy results were explained. The 
acquisition for this leaf off, snow off project was acquired fast thanks to good weather and 
the processing went as expected. Vertical accuracies of non-vegetated surfaces and 
vegetated surfaces meet the QL0 requirement for this project. 
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Appendix A - Control Points – Published Coordinates 
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Appendix B – RTK Survey & Control Check 
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Appendix C – Published Station Coordinate Sheets 
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