
Lidar is an acronym for Light Detection 
And Ranging. Airborne lidar technology 
has been used commercially in the aerial 
surveying industry since the early 1990s. 
An airborne lidar system is mounted in an 
aircraft with its sensors—usually a laser 
scanner and a digital aerial camera-
oriented downward as the aircraft flies 
over the terrain. 

Lidar integrates three data collection 
technologies: a scanning laser range-
finder, GPS, and an Inertial Reference 
System (IRS). The position information 
acquired by these technologies is 
processed to output georeferenced point 
cloud data, which, in turn, can be used to 
create accurate Digital Terrain Models 
(DTM) for contour modeling.

While airborne lidar data mapping 
established commercial viability first, 
terrestrial mobile lidar has been gaining 
momentum quickly. In fact, today mobile 
lidar represents the fastest growing 
segment in the lidar mapping market.
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In operation the laser scanner oscillates back and forth as 
the lidar transmitter pulses points of light at  a very high 
frequency (e.g., 300,000 pulses per second). These pulses 
are directed at the terrain beneath the aircraft to cover a 
swath on the ground. Highly precise electronic circuitry 
measures the amount of time it takes for the transmitted 
laser pulse to exit the sensor, reach its target and reflect 
back to the sensor’s receiver. This time-of-flight (TOF) is 
divided by 2 to account for the path from the sensor and its 
reflected return back to the sensor. This exceedingly brief 
duration is then divided by the known speed of light to 
determine the range, or distance, that the light pulse 
travelled. The angle of the light pulse is also factored in 
because a pulse emitted at a 20° angle travels farther than 
a pulse emitted in a straight line (0°).

Determining the range of a laser pulse by this means is 
impressive, but to be useful for position information the 
start and end points of the range must be determined 
relative to a known point-of-origin. This is where the GPS 
component comes in. The aircraft is equipped with a GPS 
antenna, and the lidar houses a GPS receiver that monitors 
and records the aircraft’s flight path over the surveyed area.

The lidar’s advanced electronics correlate each laser pulse 
to a GPS timestamp, which reveals where the aircraft was 
at a given moment: its altitude, latitude, longitude and 
speed. With this information it can be determined that laser 
pulse p was transmitted at time t (according to the GPS 
timestamp), while the aircraft was in position x at an 
altitude of a and flying at a speed of v. With this relative 
information added the range measurement now becomes 
not only meaningful, but highly accurate.

As stated, the GPS determines where the aircraft was at a 
given moment. However, because an aircraft in flight is in 
constant motion along the X, Y and Z axes (heading, pitch 
and roll), an Inertial Measurement Unit (IMU) is used to 
refine the position information even more. Embedded 
within the lidar sensor, the IMU uses accelerometers and 
gyroscopes to measure and record the aircraft’s dynamic 
movements as it veers, dips, rolls and drifts. This refined 
position data is combined with the broader GPS trajectory 
data to pinpoint not only where the aircraft was at a given 
moment, but also the orientation of the lidar sensor 
itself—whether it was level, pitched positive or negative, or 
tilted port-side or starboard. When combined with the GPS 
position data and the IMU orientation data in post-flight 
data processing, the laser range measurements can now 
yield position information to within a few centimeters.

Because the lidar can detect up to 4 returns from a single 
pulse, it can, in effect, “see through the trees”: first and 
second returns may come from a tree’s canopy and upper 
branches; third and last returns may come from the ground 
next to the tree. Multiple return detection enables the lidar 
data to produce accurate surface modeling in places never 
before possible.

After the laser range, intensity, GPS and IMU data are 
collected, they are combined, processed and output as a 
georeferenced point-cloud image. Each 3-dimensional point 
within the image can be viewed from multiple perspectives, 
providing true 3D representation of the surveyed scene. 
This enables the user to examine a segment vertically or 
sideways, or to rotate the canvas for different views, all 
acquired from one flyover. Furthermore, all this data can be 
processed in a fraction of the time it takes to complete 
manual photogrammetry production.

Terrestrial Mobile Lidar
Terrestrial Mobile Lidar is based on the same technology as 
airborne lidar, but the operating platform is different. 
Instead of being mounted in an aircraft, the lidar equipment 
is installed on a ground vehicle, typically a sport utility 
vehicle or light truck, and driven at normal traffic speed to 
capture point position data from the surrounding area. 
(Mobile lidar units have also been deployed on railway 
“speeder cars” and on motor boats.) Terrestrial mobile lidar 
data is often used in survey conditions where airborne lidar 
data collection is impractical, unfeasible or cost-prohibitive.

Intensity Imagery
Both airborne and terrestrial lidar data contain laser 
intensity data, which is particularly useful in ground-based 
surveying. Intensity data derived from road surfaces or 
building walls surrounding the survey vehicle contains 
additional information about the surveyed area. Intensity 
data is very informative when rendering 3D point clouds; it 
fills in details so well that the visual effect is similar to 
viewing a black and white photograph but with three-
dimensional attributes.

Digital Cameras
To provide a visual reference, lidar systems are usually 
equipped with digital cameras. This allows the graphic 
visualization software to “drape” the photograph’s RGB 
values over the lidar point cloud, rendering the visualized 
image in a richly detailed color 3D format. Advanced lidar 
and digital camera systems can allow for limited real-time 
image processing so the operator can sample and monitor 
the quality of the data as it is being collected.

Left: Laser intensity image of landslide in Italy.  Right: bare 
earth model of same area (i. e., vegetation digitally 
removed)
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