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Figure 1:  LiDAR point cloud of a power 
line, viewed in profile.   

 
 
 
 
 

 

Executive Summary 
 
On March 25, 2004 Sunpine Forest Products Ltd. conducted a workshop in Sundre, Alberta with the 
purpose of defining the value of utilizing LiDAR digital elevation data in forestry.  Attendees 
included representatives from Weldwood (Planning, Operations and Information Technology), forest 
industry contractors and several oil and gas personnel.  Conclusion was that LiDAR offers numerous 
advantages over existing terrain development technologies, particularly in the areas of road planning 
(and integration of access development with other industries), harvest design, detailed cut block plan 
development, planning cable-based timber harvest systems and timber inventory height refinement.  
The value of LiDAR data is relative to the steepness and complexity of terrain.  Current constraints 
on the use of LiDAR are related primarily to the cost of acquisition.  As acquisition costs decrease 
through development of increasingly economical acquisition solutions, and/or through multi-company 
pooling of acquisition resources, the applications for which LiDAR data can be justified will increase.      
 

Explaining the Technology – What is LiDAR? 
 
Presentations were given by Art Silver and David Ronneberg of LIDAR Services International, a 
LIDAR service provider.  Excerpts and notes taken are as follows: 
 
LiDAR is an acronym for Light Detection and 
Ranging and is a form of laser mapping which 
produces 10 – 15cm vertical accuracy (figure 1).  
Laser mapping has been used widely in the 
cartographic and mapping industry for the past 10 
years.  LiDAR systems can be implemented on the 
ground by surveyors or mounted on vehicles such as 
trains and cars, but the most common approach is an 
aircraft mounting.  The aircraft mounting is the most 
field effective method as it provides the highest 
access to sensitive project areas with the least 
amount of intrusion.  Today’s discussion will 
pertain to helicopter-based LiDAR. 
 
 

How LiDAR Works 
 
LiDAR works by sending a laser pulse to the ground, timing the pulse and returning reflection, 
calculating the distance-speed of light, integrate with GPS and IMU data, and then determining X,Y,Z 
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 Figure 2:  Satellite GPS 
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Figure 3: Attitude Reference 

 
Figure 4:  Laser Ranging Reference  

of the ground points.  All LiDAR systems require three basic forms of data in order to produce a three 
dimensional surface: 
 

1. initial laser transmission position;  
2. attitude or pointing direction of the laser;  
3. laser range to the reflection surface of the object being measured. 

 
The first of the three data requirements is the resolution of the position of the laser at the time of 
transmissions.  The position reference is typically provided by satellite positioning systems such as 

the US GPS, the Russian GLONASS or some other form of 
satellite positioning (figure 2).  Most LiDAR systems use the US 
GPS system.  Satellite positioning uses a simultaneous all-in-
view satellite technique to solve for the four unknown 
parameters at the aircraft which are; latitude, longitude, height 
and time.  This technique requires a minimum of 4 satellites be 
observed at any given time to compute a mathematical solution 
for each of the unknowns.  This system provides two levels of 
positioning capabilities; real-time positioning and post-processed 
or differential positioning.  The real-time position is an 
instantaneous position where the accuracy of the generated 
coordinates are in the 10 to 30 m range depending on the level of 
military degradation.  Differential or post processed positioning 

can improve the accuracy to several cm depending on field data collection techniques and the type of 
processing. 
 
The next required data set is the instantaneous attitude or pointing direction of the laser transmitter.  
An inertial measuring unit called an IMU is used to measures 
accelerations and velocities of the aircraft with respect to 3 
orthogonal planes (forward, right and down).  It does this by a 
combination of gyrometers and accelerometers oriented on the 
three axes.  This data is recorded at a higher rate than the GPS 
signals and is time correlated to GPS time.  The GPS data and 
this inertial measurement data are combined in a Kalman filter 
to compute the motion and position of the aircraft and sensors.  
The rotation of the IMU around the Y-axis measures aircraft 
pitch.  The rotation around the X-axis measures aircraft roll and 
the rotation around the z-axis measures heading (figure 3). 
 
The last required data set for the LiDAR system is the laser range finder.  A laser transmitter produces 
a sequential series of short duration coherent light pulses which are timed on their exit from the 
transmitter (figure 4).  The pulses travel to a surface where they intersect a target.  Some of the light 

energy is reflected back to the laser.  The reflected energy is 
collected by a photodiode receiver which is tuned to the transmit 
laser wavelength.  If a large enough quantity of energy is 
returned to the receiver, the timing stops and the range or 
distance to the surface can be computed.  The range or distance 
to the target is computed by multiplying the speed of light by the 
total pulse travel time and dividing is by 2.  Several factors 
contribute to the quality and quantity of the returned energy.  
One factor is the initial beam divergence property.  The beam 

divergence is the angle on which the beams spreads out as it travels.  It initially starts out as a small 
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Figure 5:  Linear Scanning 
Geometry 

Figure 6:  Linear Scan 

point about 1 mm in diameter at the transmitter and grows by a linear scale to create a zone of 
coverage or “footprint” on the surface.  Large footprints may reflect the laser energy back from 
different levels of surfaces typically found in vegetation.  In this case, most laser systems use multiple 
receiver techniques to track the first reflection, some intermediate reflections and the last reflection.  
Multiple reflected return details are dependent on the laser manufacturer.  The target surface 
characteristics are also a large factor in energy reflection.  Targets which are white and smooth make 
excellent reflectors, while dark colors with rough surfaces tend to be less reflective. 
 
LiDAR systems generally involve the use of a pulse redirection system to spread the laser points over 

a wider area and cover more scan width of the flight line.  This 
permits a single flight path to model a wider area than vertical 
profiling and reduce costs in areas where multiple flight lines 
may have been necessary to cover the area of interest.  There are 
generally two types of scanning techniques; linear scanning 
(figure 6) or oscillation scanning.  The animation (figure 5) 
illustrates the linear scanning technique, using a multi-faceted 
mirror to redirect the laser pulses to the target area.  These 
individual scans produce a regularly spaced interval between the 
laser points.  This scan pattern produces a network of points 
which is easily modeled into an accurate representation of the 
actual project area.   

 
 
The consistent spacing permits a stable surface model to be 
computed using a triangulated irregular network technique.  This 
modeling technique is called a TIN model.  The resulting 
individual TIN triangles have consistent side lengths which 
promote stability in the surface model.  Another advantage is the 
mirror dynamics.  Once the mirror has started turning, the 
angular velocity is constant and no other motion effects are 
experienced. 
 
 

Airborne LiDAR System 
 
The HELIX LiDAR system consists of three major subsystems; the sensor pod which contains all of 
the active sensors, the controller which performs the sensor interface and data storage and the 
operator display for monitoring and navigation (figure 7).  The system also has a GPS antenna located 
on the tail fin of the helicopter to provide the highest level of uninterrupted satellite tracking.  The 
HELIX system as been approved by the Canadian Department of Transportation for installation on all 
Bell 206B Jet Ranger helicopters.  We also have used other helicopters such as the A-STARs and 
Bolkows, but the Bell is the most readily available in North America and also most reasonably priced. 
 
The controller uses an industrial mount compact PCI computer with several processor and timing 
cards for sensor interface (figure 8).  The data is stored to a removable SCSI hard disk drive for 
convenient post mission processing.  The entire computer rack is vibration and shock isolated and 
weighs 40 kg.  In full operation, the electrical power requirement is 7 A with all sensors functioning. 
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Figure 7:  HELIX Installation 

Figure 8:  Controller and Data Storage 
Figure 9:  Operator & Pilot Interface 

Figure 10:  Sensor pod 

The sensor pod (figure 10) is the mounting kit which contains the sensor plate.  The installation 
provides a vibration and shock isolated mounting for the sensors.  The active sensors extend out from 
the helicopter cargo bay and use a custom door to keep the wind and elements from effecting the 
operation.  The door has a small exit port on the bottom to accommodate the laser and camera fields 
of view.  This portion of the HELIX system weighs 50 kg. 
 

 
The operator and pilot have display consoles which aid in the operation and navigation of the system 
(figure 9).  The operator has an LCD display to monitor sensor conditions.  The pilot has a video 
display for the vertical video camera and also a flightline bar for navigation when no visible 
references are available. 
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Figure 11: GPS/INS offset 
survey 

Figure 12:  Field 
Calibration Site Survey 

 

Figure 13:  Calibration Pass 
Figure 14:  Calibration 

Precise calibration of the LiDAR system is  
required to achieve the targeted accuracy.  
This is accomplished in several phases, 
starting with a precise GPS/INS offset survey 
of the instrumentation within the aircraft 
(figure 11).  Each individual aircraft is 
surveyed due to minute differences in 
airframe and equipment mounting.  A field 
calibration site survey is then conducted.  A 
ground feature which is easy to survey and 
locate within the point cloud is surveyed 
(figure 12), then flown with LiDAR (figure 
13).  The LiDAR data is then compared with 
the field calibration site survey (figure 14). 
 

 
 

Calibration of the LiDAR System 
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Figure 15:  Flight line point cloud 

Figure 16:  LiDAR block 

 
 

LiDAR Processing Procedures 
 
Processing of LiDAR can be broken into 3 steps: 
 

1. Combining raw data measurements taken during flight 
Time, position, orientation 
LiDAR ‘point cloud’ 

2. Classification of ground points 
Ground points are classified using an algorithm that considers the geometry of adjacent 
points as well as parameters set by the user 

3. Editing of the resulting ground surface 
Use surface visualization tools to reclassify points that were incorrectly classified during 
automatic processing 

 
There are three sensors on Helix sensor platform: 
 

1. The GPS receiver which measures the position of the GPS antenna based on the time required 
for radio waves to travel from GPS satellites 

2. The IMU (Inertial Measurement Unit) which  measures changes in orientation and 
acceleration of the platform 

3. The scanning laser, profiling laser which measures time required for one laser pulse to travel 
from platform, to terrestrial feature, and return to platform 

 
 
By combining the position data from GPS, and 
the orientation/acceleration data from the IMU, 
we can solve the position and attitude of the 
sensor platform and each instrument during the 
course of the flight.  The time/duration of each 
laser pulse (scanner and profiler) is recorded 
and correlated to GPS time.  The time/duration 
of the pulse is associated with the instantaneous 
attitude and position of the laser and a 3-
dimensional coordinate is calculated for each 
pulse that returns to the platform.  The result is 
a LiDAR ‘point cloud’ (figure 15).  
 
 
 
 

TerraScan and TerraModeler, created by TerraSolid of 
Finland, are the software used to process LiDAR.  MDL 
(MicroStation Development Language) application within 
MicroStation is used to organize, visualize and classify 
airborne LiDAR data.  Data from each flight line are 
combined and then broken into tiles. Size of tile is dependent 
on the point density of the point cloud.  When tiles are 
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classified and edited, points from adjacent tiles are considered so that the ground surface matches 
between tiles. 
 
Classification of ground points begins by building a coarse surface model. A grid size is selected and 
the lowest point in each grid square is assumed to be ground.  Points are accepted or rejected as 
ground points based on 3 test parameters (figure 17; figure 18; figure 19):  
 

1. Terrain angle – maximum slope of the ground surface 
2. Iteration angle – maximum slope change between 2 iterations during surface analysis 
3. Iteration distance – perpendicular distance from the existing surface facet to point being 

analyzed 
4. If all 3 parameters are met, the point is added to ground 

 

 
Depending on requirements, classification of non-ground points (such as trees) can be based on the 
height from the ground surface (figure 20; figure 21).  Other features can be manually classified 
(man-made features: buildings, transmission lines, etc.) 
 

 
 
 
 
 
 
 

Existing ground

Horizontal

Iteration angle

Iteration distanceTerrain angle
Existing ground

Horizontal

Iteration angle

Iteration distanceTerrain angle

Figure 17:  Classifying ground points 

Figure 18:  No classification Figure 19:  Ground points classified 

Figure 20:  Low Vegetation (0-5m) Figure 21:  High Vegetation (+5m)  
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Figure 22:  Shaded Relief Surface 
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Use of a shaded relief surface displays areas where points should be added or removed (figure 22). 
 

 
 
 
Summary of the point classification process: 

• Combining the data from the 3 sensors results in a discrete x,y,z point for each returned laser 
pulse. 

• Ground classification is semi automated, but variability of terrain creates difficulties. 
• Time required for editing will be dependent on point density, vegetation penetration, and 

terrain characteristics. 
• Editing of the ground surface is the most time consuming portion of the process. 

 

How accurate is LiDAR? 
 
Error can creep into the process at several phases.  Significance of this error, in order of magnitude: 
 
1. GPS:  (satellite geometry, ionospheric/tropospheric effects, baseline lengths, ground control 

accuracy) 
2. Laser pointing error:  (Attitude-IMU) 
3. Laser ranging error: (timing errors, speed of light measuring to tenths of a nano second) 
4. Sensor misalignment: (all sensors have to be surveyed in relation to IMU axis) 
 
Overall X, Y, Z, accuracy of LiDAR is 10 – 15 cms. 
 
 
 
 
 
 




