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ABSTRACT

Today airborne LIiDAR (Light Detection And Ranging) systems pained acceptance as a powerful tool to rapidly
collect invaluable information to assess the impaoinfreither natural disasters, such as hurricanes, eakéns)aad
flooding, or human inflicted disasters such as terroristtey activities.

Where satellite based imagery provides an excellent tookrmotely detect changes in the environment, the LIDAR
systems, being active remote sensors, provide an unsurpassedd to quantify these changes. The strength of the
active laser based systems is especially evident irs @amaered by occluding vegetation or in the shallow coastsd z

as the laser can penetrate the vegetation or water bodyed what is below.

The purpose of this paper is to address the task to surugyeoareas with help of the state-of-the-art airborm2AR
systems and also discuss scenarios where the methseldsoday and where it may be used tomorrow.

Regardless if it is a post-hurricane survey or a preiparatage for a landing operation in unchartered wateisstéday
possible to collect, process and present a dense 3D mdtiel afea of interest within just a few hours from dgplent.

By utilizing the advancement in processing power and wirelesgonk capabilities real-time presentation would be
feasible.
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1. BACKGROUND

Just a few years after the advent of the laser it veaedtto be used for remote sensing. When the advanceofi¢hés
laser allowed generation of Q-switched blue/green Ipatses several nations developed airborne LIDAR systems for
profiling the water column for targets. In Sweden systdifes FLASH" was developed by the Swedish Defense
Research Agency as a result of multiple submarine encsudteing the early 1980’s. Later two more systems were
developed and manufactured by Saab Instruments AB in a m@neration called HawkEye, one for use by the navy
and one for use by the maritime administration. Sasd developed a LIiDAR sensor for pure topographic surveying
called TopEye.

As a result of reorganization within the Saab group tmapany Airborne Hydrography AB (AHAB) was formed in

2002 as a management buy-out of the laser bathymetry depaam8aab Dynamics AB. AHAB has continued to
develop and manufacture advanced airborne LiDAR systems foyrbatric and topographic mapping, most notably the
HawkEye I, Topeye Mk Il and DragonEye.

Systems like these have been proven to be effiteais for rapid topographic and bathymetric reconnaissance
survey work.

1.1 Principle

Most airborne LIDAR systems for 3D mapping purposes uttlieeprinciple of time of flight, sending out short laser
pulses and detect the instances of the reflected reflinesknowledge of speed of light, together with very aaigur
measurement of the time between the sent pulse and refymuise, gives a distance to each of those reflecting targets
Combining this information with accurate attitude measurgsneom an Inertial Measurement Unit (IMU) and position
information from Global Positioning System (GPS) allowsdalculation of 3D coordinates in space of each return.
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For bathymetric LIDAR lasers emitting in the blue/greemt of the spectrum are used due to the transmission windo
found in the water column for these colors. For topog@apiiDAR, near infrared light is used due to lower solar
background noise and also eye safety reasons.

Figure 1 describes how the laser light is directed dowthésurface by the scanner mirror. The same mirriategtthe
returning light into the receiver optics.
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Figure 1. The system principle of a typical airDAR system consisting of lasers, scanner, gpanid acquisition
electronics.

A major difference between bathymetric and topographic LiD&\Rkviously the effects of the water column. Due to
refraction of the light in the surface and spreading of #earbas it is scattered by submersed particles somalspec
considerations has to be made in a laser bathymetry syisB®).

For bathymetric LIDAR the return signal is more compleant for topographic LIDAR. Where the topographic LIDAR
receives discrete return pulses from targets, the t®ives a continuous signal consisting of a surfatgmea
backscatter curve and target returns. This combined sigoéteis referred to as a waveform. Due to the attenuatfo

the beam as it passes through the water the surfaceimefleah easily be well over 10 000 times stronger than a weak
sea floor reflection. The receiver system has to hah@darge dynamic range as it records the waveform fosidnal
processing.

Keeping the angle of incidence relative the water surfacstant as the laser pulses are distributed over the swath
minimizes the variation in the returned waveform charasttesi As shown in Figure 2 (left) this is done by scanning in
an arc pattern. By choosing the anglearefully the depth bias, caused by how the light propadhteugh the water
column, can be kept to a minimém

For the topographic LiDAR the main purpose of the scampais to cover an area efficiently. To minimize shadawi
effects, a good way is to illuminate the same spot fnauitiple directions by using a rotary scan pattern as show
Figure 2 (right). This method is utilized in both Topeye Mkrtl DragonEye.
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Figure 2. To the left the scan pattern of the ldshymetry system and to the right the scan paiérthe laser
topography system.
1.2 Systems

Airborne Hydrography AB has designed and manufactured severatetiff bathymetric and topographic systems.
Below is a presentation of two of the latest system& HawkEye Il laser bathymetry system and the DragonEye
topographic laser system (Figure 3).

Figure 3. Two airborne LIiDAR systems manufacturgddirborne Hydrography AB; to the left the HawkElidaser
bathymetry system and to the right the DragonEgerlgopography system.

Even though the HawkEye Il is referred to as a laserybadlry system it also surveys the topography simultangousl
thus generating data for a seamless 3D model in theatoagion within a single mission.

The general specification of the HawkEye 1l system lmarfiound in Table 1 and the specification of DragonEye can be
found in Table 2.

Typically the systems are provided with high definitiomeaas to capture images of the surveyed areas for generat
of ortho-photos or textures for the 3D models.
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Table 1. HawkEye Il general specification

Function

Capability

Bathymetric soundings per second

Nominal 4 00d.waveform range capture

Topographic soundings per second

Nominal 64 000

Altitude

Nominal 250 to 500 m

Hydrographic accuracy

IHO order 1 or better
Horizontal £ 2.5 m, vertical £ 0.25 m (rms)

Topographic accuracy

Horizontal = 0.5 m, vertic&.#5 m (rms)

Depth range

Nominal 3 x secchi depth
North sea 35-40 m, France 25-30 m, Caribbean isld6e60
m. Theoretical limit 70 meters.

Scanner pattern

Arc shaped

Scanner Frequency

Upto 13 Hz

System size

1400 x 650 x 520 mm

System weight

<190 kg. Including aircraft instada kit

System power consumption

<50 A on 28 V power suppl

Table 2. DragonEye general specification

Function

Capability

Pulse repetition rate

> 300 kHz at 200 m altitude
> 200 kHz at 500 m altitude

Altitude

Nominal 100 to 1000 m

Horizontal accuracy

1/2000 to 1/5000 x altitudeetefing on integrated POS.
(rms)

Elevation accuracy

Typical 2 cm (rms)

Intensity capture

4096 levels of grayscale (12lpitamic range)

Data acquisition and signal processing capacity

AZIB Giga samples per seconds. Signal processing
capacity 70 Gigaflops

Scanner pattern

Ellipsoidal scan

Scanner frequency

Programmable up to 70 rps = dd@ssper second

System size

450 x 450 x 250 mm

System weight

<25kg

System power consumption

<15 A on 28 V power suppl

2. OPERATION

The typical operation of a LIDAR mission generally corssidtthe following three steps:

1. Mission planning
2. Survey flight

3. Processing
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2.1 Mission Planning

The mission planning is to translate the end user requirenmeata flight envelope. It can be as simple as a bounding
box confining the area of interest and defining the operateettihg of the sensor. Or it can be a more tedious task to
determine best period of year to do a specific survey.pldraning time spans from less than an hour to several weeks
depending on the size and complexity of the project.

2.2 Survey Flight

In air the planned flight lines are surveyed one by one wideperator monitors the system status to assuysiem

is optimally adjusted. The operator monitors the GRBal quality, laser return waveforms and area coveragake
sure the objective of the mission can be met. For instancase of strong winds where the pilot was not able to
maintain the planned course, the operator can insertlighwIfnes to cover any gaps. The data is stored on harddriv
for processing at ground.

Typical coverage rates are between 5 and 100penhour depending on system setting, flight altitude pedd These
parameters are determined by the end user requiremehts finission planning.

2.3 Processing

To end up with a 3D point cloud one must first convert@RS and IMU raw data into a flight trajectory. The laser
range data together with scanner position information can theorbkireed with the trajectory to produce a 3D point
cloud (Figure 4).

In the case of a laser bathymetry system the signal miogeis a little more elaborate since the waveformtbase
analyzed and separated into several different attripstesh as the position of the water surface, estimatebeof t
inherent optical properties to feed the light propagation mimdehe water column, and finally to find the position of
the sea floor target candidates.

The entire processing can in principle be performed inTaie. only limitation is that the GPS/IMU solution may dav
less accuracy relative to post-processing the GPS daig esiernal reference information. The external reference data
will allow for corrections of atmospheric disturbanees! other error sources such as clock drift etc.

4
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Figure 4. Resulting 3D point cloud after procegfsurvey data. Pseudo colored points, i.e. edldny elevation
modulated with reflected intensity.
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3. APPLICATIONS

A selection of applications where LiDAR is used witlear success to secure or assist the society as @y i®d
presented below. The real amount of applications is howeverandess limitless. In the process to build, maintain,
defend infrastructure LIiDAR is here to stay.

3.1 Landslides

Due to either natural or human activities a barely stalidpe can become instable and collapse under its own weight
resulting in a landslide. Massive rain, erosion orheprakes can be the triggering factor as well as humaritisstisuch
as blasting, drilling etc.

In the evening of December 20, 2006 a 400 meter long sectibe && highway south of Munkedal was destroyed by a
landslide (Figure 5). To assess the damage a LiDAR surasyconducted by Blom Sweden AB. Weather conditions
did not allow flying the day after, but at the"22f December the area was flown, and due to very stieadhl
processing and a high performing LIiDAR system (Tope¥e IMthe first results were delivered the next day.

Figure 5. Overview imagery of landslide area ohiwgy E6 south of Munkedal. By courtesy of Blom SerdB.

The resulting 3D model as shown in Figure 6 allows fquiak and accurate situation report. This can be crudight®
rescue work, assessing the risk of any subsequentideslsihd also for the planning of rebuilding the road.

A large Pan-European research collaboration in findingswta mitigate the effects of landslides has been conducted
under the LESSLOSSffort, an EU FP6 funded project. One of the conclusioas that laser scanning allows for a
more automated and detailed generation of landslide hazgyd. PAnother benefit was that the data, being a complete
3D data set, can be used for other planning and constrytrposes, thus allowing cost sharing between different end
users.
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Figure 6. Topographic LIDAR scan of landslide anéhighway E6 south of Munkedal. By courtesy of BI&weden AB.

3.2 Power line monitoring

The modern society is extremely dependent on reliablerieldcpower distribution. Manufacturing and production
facilities will come to a full stop in case of power age. Hospitals and other prioritized services may hawves smckup
solutions but often with large limitations. By monitoringdamaintaining the integrity of the distribution network, bost
interruptions can be avoided.

LiDAR has proven to be a very efficient tool to survey gwver lines and detect vulnerabilities such as growing

vegetation or low ground clearance that can cause theseuptions. See Figure 7 for an example of a power line

survey. The 3D model captured by the LIDAR system can & wesscompute the distance to the ground or other objects
for each point on the power line.

The sag of the lines depends on ambient temperaturellaasatbe amount of current running through them due to the
thermal expansion. Knowing these variables at the time of sumeycan create a model on how the sag will be at
different temperatures or current levels. This opens upptssibility to dynamically optimize the power level run
through the power lines while still maintaining the rieg safety margin.

Figure 7. Power line surveyed with a DragonEye gpaphic LIDAR system.
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3.3 Coastal mapping of hazardous areas

Some coastal areas may have no previous or old andalaeetharting information, or the sea floor bathymetry may
have changed due to earthquake activities, erosion egarétess of the cause, bathymetric LIDAR can be used t

rapidly asses the necessary information to secure @&sgfat landing operation or to provide safe navigation for aid
ships sent to catastrophe areas.

As seen in Figure 8 the entire coastal zone can be cdp#itfen one mission with a laser bathymetry systenhag
HawkEye I, creating a seamless 3D model of the topograpthpatimymetry.

Figure 8. HawkEye Il survey of a remote unaccessioba. Both bathymetry and topography are collesiteultaneously.

Typically such an area can be covered at a speed of &#bper flying hour with no or very small risk of personnel

injuries. A ship based survey would have to survey thewitbeextreme cautiousness. Still, the shallowest partddvou
not be surveyed at all.

Figure 9, showing a small section of the area, give adnithe amount and complexity of the collected data.
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Figure 9. An overhead image of a light house anrbas section of the 3D point cloud.

3.4 River Mapping

Rivers form natural obstacles for land based troops. Byeging the rivers and the riverbanks, vulnerable shallow
crossing areas can be detected and addressed both satbtegid tactically when setting up a proper defelussng
LiDAR, both the river bottom and the surrounding terrain caadseirately mapped. This allows for better modeling and
understanding of the consequences if an upstream dam isiblaste

From a civil perspective the flooding scenario due to excessin is at least as important. A large portion ofvtteeld
population lives close to the coastal zone or rivers. Thousarelgen millions of people world wide get their homes and
properties destroyed by flooding each year. And therenarey deaths reported as a direct consequence of the damage
By using the information of the LIDAR survey hazard areasbsabrought to attention before a catastrophe occurs.

An example of data from a river survey is shown in FégLO. It is from a tridlin the river Gardon, France.
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Figure 10. Visualization of data from a laser batbyric survey in the river of Gardon, France.

4. SUMMARY

The number of applications for airborne bathymetric and t@pdge LIDAR is as mentioned earlier large and the
number is growing for each day. Being such a rapid tetleating dense 3D data for large areas is not only podsitile
also done on a regular basis.

Today much of the processing is done at ground, but sinceothputing power evolves rapidly, more and more of the
processing can be performed in air. This shortens thartbund time and amount of manual labor to a minimum.

However, to achieve the best accuracy, the limiting fagiditing the final 3D data in real time, is the GPS/IMU
trajectory solution. Post-processed position data ik tstter than real-time corrected GPS. As the developroént
satellite-based augmentation systems proceeds the gapsmaller and smaller. If only relative accuracympartant,
thus if one want to detect changes relative to the suilingrihen real-time corrections are sufficient as thegive error

in a LIDAR sensor is generally very small.

For a defense solution the transmission of the data inimeali$ possible. A 10 Mbit/s radio link would be suffitie¢o
transfer compressed 3D data points at a rate of more thad00(fbints per second to be presented at a remote site
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