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1. PROJECT OVERVIEW 
Saskatchewan Water Security Agency contracted KBM Resources Group to collect LiDAR covering multiple 

river valleys in Southeastern Saskatchewan, focussed on the Souris River Valley. Total area collected was 

approx. 600 km2. The following is a report that outlines data acquisition, processing and accuracy 

assessment procedures used for delivered LiDAR. Data were acquired over the area on May 5th, 2018 and 

May 6th, 2018. 

Project Area 
Figure 1 is an overview of the project areas that cover approximately 600 km2. 

 

FIGURE 1: OVERVIEW OF SURVEY AREA 

 

1. DATA ACQUISITION OVERVIEW 
Data were acquired under favourable weather conditions over multiple sessions on May 5th and 6th 2018. 

Table 1 is a summary of acquisition sessions by date and time.  

 

TABLE 1: SUMMARY OF DATA ACQUSITION SESSIONS 

 

 



 

FIGURE 2: DATA COLLECTION DATES (MAY 5TH IN RED, MAY 6TH IN GREEN) 

 

 

1.1 Data Parameters  
1.1.1 Geodetic parameters:  

All positional data were processed to the following geodetic parameters: 

Horizontal datum : NAD83(CSRS), Epoch 2010.00 
Vertical datum  : CGVD28 
Projection  : UTM ZONE 13N 
Units   : Metres 
 

1.1.2 LiDAR data acquisition parameters:  

LiDAR data were acquired using the following acquisition parameters: 

LiDAR Scanner Serial Number : 9998870 
Scanner Model   : Riegl LMS-680i 
Pulse Repetition Frequency (PRF): 400 kHz (267 kHz effective) 
Scan Frequency (Lines per sec) : 190 Hz 
Flying Altitude (AGL)  : 757 m  
Field of View   : 60° (±30°) 
Flying Speed   : 119 knots   
Flightline Overlap  : 20%+ 
 

 



 

2. DATA PROCESSING 
2.1 Calibration 

A complete and rigorous calibration for boresight and lens distortion offsets occurs two to three times a 

year or if equipment is changed or dismounted from the aircraft frame. The last calibration was performed 

on 09-FEB-2018.  Roll, pitch, heading and scale offsets are also checked during the processing workflow 

after acquisition using overlapping features in opposing and/or perpendicular flight lines. 

Positioning  

The positioning workflow includes obtaining precise coordinates over a static ground point and positioning 

the aircraft trajectory. The following table summarizes the process:  

Processing Step Software used 

A complete network consistency check between all active stations will 
performed prior to any kinematic positioning. If necessary additional KBM 
base stations in areas of marginal active network coverage will also be 
included. 

GrafNet 8.7 

Position the aircraft trajectory by combining aircraft attitude (roll, pitch and 
heading) recorded at 200 Hz with and differentially corrected GPS position 
at 1 Hz using the so-called tightly-coupled smart-base method. The 
processing output is a smoothed best estimate of trajectory (SBET) is 
generated by applying offsets to a common reference point to the 
processed kinematic solution. 

Applanix PosPAC MMS 8.0 

 

 

2.2 LiDAR point cloud processing 
The LiDAR point cloud processing workflow includes extracting the range point-cloud from LiDAR sensor, 

transforming the point-cloud into real-world coordinates by combining the SBET with LiDAR ranges, 

checking and correcting relative and global offsets, tiling data into 1 km x 1km tiles, automated ground 

point extraction, de-noising, automated vegetation classification, building classification and quality checks. 

The following is a summary of each step in the workflow. 

 

Processing Step Software used 

Extract discrete LiDAR returns from raw pulse waveform data with range, 

precise timestamp and other attributes such as intensity and scan angle. 

RiAnalyze v6.0 

Combine ranges and SBET using timestamps to generate a globally 

referenced LiDAR point cloud, apply a Geoid12A geoid correction to 

reference elevations as orthometric heights and export point cloud in 

LAS1.2 format. Three-dimensional projected grid positions, GPS timestamp, 

scan angle and flightline attributes are maintained. Data are checked for 

Inpho LPMaster v8.0, 

TerraMatch v18 



minor (< 0.030 m) relative and absolute vertical offsets and adjusted if 

necessary. 

Eliminate outliers such as multipath and mid-air returns; segment data into 

manageable 1 km x 1km tiles; auto-classify point cloud into ground points 

and unclassified classes. 

LASTools v170122 and 

custom KBM software. 

High-level overview and quality checks for blunders, relative accuracy, 

missing outliers or misclassification. Correct if required. 

LAStools v170122 and 

Terrascan v18  

Assess vertical accuracy and point density relative to control and project 

specifications. 

LASTools v170122 and 

Terrascan v18 

 

 

3. GROUND CONTROL 

3.1  Survey Planning: 
Consistent with industry best practices, all positioning time windows was planned based on optimal 

predicted PDOP (measure of loss of precision due to unfavourable GPS satellite geometry) and space 

weather (solar flares affect GPS signals).  No GPS positioning was planned if predicted PDOP exceeded 4 or 

if K-index prediction exceeded 6.  

3.2  Base Stations: 
KBM used a combination of CAN-NET active stations and KBM-acquired base station data for control: 

TABLE 2: BASE STATIONS 

 

The proposed technical approach is based on compliance with requirements of the ASPRS 2.5 cm accuracy 

class for control and 5 cm accuracy class (10 cm at 95% confidence) for deliverables, to meet or exceed 

requirements as laid out in Canadian Quality Level 1 (CQL1) Key Summary Requirements for Topographic 

Base Mapping (Federal Airborne LiDAR Data Acquisition Guideline Version 1.1), and outlined by ASPRS 

Positional Accuracy Standards for Digital Geospatial Data (Edition 1, Version 1.0 – November, 2014). 

3.3  Ground Control Points: 
In addition to base stations, 70 Kinematic check points were collected in 6 main zones throughout the 

project area using post-processed kinematic techniques. To comply with ASPRS specifications for LiDAR, 

kinematic points were acquired on hard open surfaces. Location of the collection zones is visible in Figure 

2, full coordinates are listed in Table 3. 

 

 



FIGURE 2: LOCATION OF GROUND CONTROL POINTS (ZONES IN RED, MULTIPLE POINTS IN EACH ZONE) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



TABLE 3: GROUND CONTROL POINTS 

 

 

 

4  QUALITY CONTROL 
 

4.1 LiDAR trajectory processing 
5 Additional CANNET active control stations were used as Virtual Reference Stations (SmartBase) to 

position the GPS trajectories (see Table 4). 

 

 



 

TABLE 4: VIRTUAL REFERENCE STATIONS 

 

The quality of the base VRS network was checked before use to ensure that network misclosure was 

within ±0.020 m horizontally and ±0.030 m vertically.  

The SBET solution was reprocessed or if necessary rejected under the following conditions within one 

minute of active airborne data acquisition: 

• If forward/reverse combined separation exceeded 0.05 m for more than ten seconds. 

• If an INS solution (before smoothing) lost phase ambiguity lock (i.e. deteriorated to fixed wide lane or 
float mode). 

• If for any other reason a solved position’s RMS exceeded the allowable error of 0.05 m horizontally 
and vertically. 

 

XYZ (ENH) residuals for the two main base stations (REST, WBRN) are listed in Table 5: 

TABLE 5: CONTROL POINT RESIDUALS 

 

 

4.2 Ground Control Point processing 
Ground control coordinates were reprocessed or, if necessary, rejected and reacquired in any one of the 

following conditions: 

• Sigma values (x, y or z) at 95% confidence from CSRS-PPP exceeded 0.03 m  

• More than 10% of observed epochs were rejected. 

• Minimally constrained network misclosure exceeded 0.03 m for active control within 50 km  
 

The following is a summary of LiDAR assessment against independently acquired kinematic checkpoints 

(summarized control results are listed in Table 6): 

 



 

TABLE 6: LIDAR CONTROL SUMMARY AGAINST KINEMATIC VALIDATION CHECKPOINTS 

Average dZ (signed) : +0.004 m 

Average dZ (magnitude) : 0.044 m 

Maximum dZ : +0.080 m 

Minimum dZ :  -0.131 m 

RMS :  0.056 m 

Std. deviation :  0.057 m 

Accuracy (95% CI) : 0.15 m 

 

 

 

 

 
TABLE 7: LIDAR CONTROL REPORT AGAINST KINEMATIC VALIDATION CHECKPOINTS 

 
 



4.3 Additional Quality Control 
In addition to self-review at each step of the workflow, the following quality checks occur twice, once after 

pre-processing and later repeated at the final stage before delivery. 

• Data Extent: Using a footprint of all available ground classified data, delivery extents are matched 
against extents stated in the project specification.  

• Data Density – A data density raster is created to examine whether pulse distribution is even and 
every necessary area is covered.  

• Positional Accuracy – Using validation control points LiDAR data are checked for accuracy (using 
ground points) to ensure stated specifications are met. 

 


