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Introduction 

 
Airborne Imaging collected Lidar data over the Greater Toronto Area in 2014 and 2015. 
This report addresses: 

1- The existing control the Lidar data set is based on. 
2- Quantifying the expected accuracy for the entire data set. 

 

Time Frame & Flight Parameters 

 
The Lidar collection took place in the spring of 2014 and 2015 during the following dates: 
between April 20, 2014 and May 6, 2014 as well as between April 3, 2015 and April 25, 
2015. 
 
The LiDAR system utilized on this project was a Leica ALS70-HP, capable of laser pulse 
rates up to 500,000 Hz with Multiple Pulse in the Air (MPIA) technology.  For this project 
the LiDAR data was acquired at an altitude of 800m AGL (Above Ground Level) with the 
laser pulse rate set at 300,000 Hz, resulting in a data set with an aggregate point density 
greater than 11 points per meter2.  The following details the flight parameters used: 
 
 
Flight Height: 800 m AGL 
Speed: 140 knots 
Flightline Spacing: 350 m 
Single Pass Swath width: 700 m 
Overlap: 50% 
Scan Angle or FOV: 50o 
Scan Frequency: 47Hz 
Scan Pulse Rate: 300 KHz 
11 Points per Sq meter with overlap 
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Project Control 

 
Airborne Imaging used one active control station (PWEL) and three additional existing 
control (70106, 61313 and 653196) in the geodetic network. The three existing control 
stations are all part of Ontario’s MNR cosine network but only 61313 and 653196 are part 
of Natural Resources Canada’s Geodetic Survey Division network.  
 
A new station (A461) was established at the Buttonville airport and we also tied into a 
point previously used by Airborne Imaging (DVP1). Station A461 was used during flight 
operations and ground truth surveys. 
 
The Geoid undulation model used throughout this project is HT2.0. All survey work on this 
project is therefore based on NAD83-CSRS horizontally and CGVD28 vertically. 
 
The final least-squares adjustment was held fixed in three dimensions to stations PWEL 
and 61313 and also held fixed vertically to station 653196. The residuals at the existing 
control were very good, in the order of 1cm. For a map of the final adjusted coordinates, 
traverse overview, control sheets, traverse report and least-squares adjustment reports, 
see Appendix A. 
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Ground Truthing 

 
Kinematic 
 
One method of ground truthing carried out for this project is by vehicle mounted kinematic, 
where a GPS antenna is mounted on the roof of a vehicle and while driving on an open 
road, raw GPS observables are collected at one second intervals.  GPS data is also 
collected from the closest base station and the raw data post-processed to obtain 
accuracies in the range of three centimeters vertically. When possible, we try to have 
ground truth over every flight line flown. 
 
A comparison is made between the Lidar derived ground surface and the surveyed points 
on the road. The resulting accuracies on flat hard surfaces show excellent results with an 
RMS error of less than 5 cm. See table below for the final statistics on all the kinematic 
points. 
 
Number of points      16,562 

Average dz           +0.015 

Minimum dz           -0.148 

Maximum dz           +0.263 

Average magnitude     0.033 

Root mean square      0.042 

Std deviation         0.039 

 
For a statistical normal distribution, the accuracy at the 2-sigma confidence level (95% of 
the time) is the RMS value multiplied by 1.96, therefore 8.2 cm vertical accuracy on the 
kinematic points. 
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Rapid Static 
 
The second method of ground truthing carried out for this project is by rapid static GPS. 
Raw GPS observables are collected at a stationary point during ten to fifteen minutes on 
a flat hard surface.  GPS data is also collected from the closest base station and the raw 
data post-processed to obtain accuracies in the range of one to two centimeters vertically. 
 
The same comparison is made between the Lidar derived ground surface and the 
surveyed points on flat hard surfaces. The resulting accuracies are also excellent with an 
RMS error of less than 4 cm. See table below for the final statistics on all rapid static 
points. 
 

Number of points          33 

Average dz           -0.004 

Minimum dz           -0.082 

Maximum dz           +0.066 

Average magnitude     0.031 

Root mean square      0.038 

Std deviation         0.039 

 

The resulting vertical accuracy on the rapid static points is 7.5 cm at the 2-sigma 
confidence level (95% of the time). 
 
 

 
See next page for a map of the kinematic and rapid-static points over the Greater 
Toronto Area. 
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