
 
 

 
 

Andreas Axelsson, “Rapid topographic and bathymetric reconnaissance using airborne LiDAR”, Proc. SPIE, Vol. 7835, 
783503 (2010) 
 
Copyright 2010 Society of Photo-Optical Instrumentation Engineers. One print or electronic copy may be made for 
personal use only. Systematic reproduction and distribution, duplication of any material in this paper for a fee or for 
commercial purposes, or modification of the content of the paper are prohibited. 
 
http://dx.doi.org/10.1117/12.865227 

Rapid Topographic and Bathymetric Reconnaissance 
 using Airborne LiDAR  

 
Andreas Axelsson*, Airborne Hydrography AB, Klubbhusgatan 15, 553 03 Jönköping, Sweden 

ABSTRACT   

Today airborne LiDAR (Light Detection And Ranging) systems has gained acceptance as a powerful tool to rapidly 
collect invaluable information to assess the impact from either natural disasters, such as hurricanes, earthquakes and 
flooding, or human inflicted disasters such as terrorist/enemy activities. 

Where satellite based imagery provides an excellent tool to remotely detect changes in the environment, the LiDAR 
systems, being active remote sensors, provide an unsurpassed method to quantify these changes. The strength of the 
active laser based systems is especially evident in areas covered by occluding vegetation or in the shallow coastal zone 
as the laser can penetrate the vegetation or water body to unveil what is below. 

The purpose of this paper is to address the task to survey complex areas with help of the state-of-the-art airborne LiDAR 
systems and also discuss scenarios where the method is used today and where it may be used tomorrow. 

Regardless if it is a post-hurricane survey or a preparation stage for a landing operation in unchartered waters, it is today 
possible to collect, process and present a dense 3D model of the area of interest within just a few hours from deployment. 
By utilizing the advancement in processing power and wireless network capabilities real-time presentation would be 
feasible. 
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1. BACKGROUND 

Just a few years after the advent of the laser it was started to be used for remote sensing. When the advancements of the 
laser allowed generation of Q-switched blue/green laser pulses several nations developed airborne LiDAR systems for 
profiling the water column for targets. In Sweden systems like FLASH1 was developed by the Swedish Defense 
Research Agency as a result of multiple submarine encounters during the early 1980’s. Later two more systems were 
developed and manufactured by Saab Instruments AB in a newer generation called HawkEye, one for use by the navy 
and one for use by the maritime administration.  Saab also developed a LiDAR sensor for pure topographic surveying 
called TopEye. 

As a result of reorganization within the Saab group the company Airborne Hydrography AB (AHAB) was formed in 
2002 as a management buy-out of the laser bathymetry department of Saab Dynamics AB.  AHAB has continued to 
develop and manufacture advanced airborne LiDAR systems for bathymetric and topographic mapping, most notably the 
HawkEye II, Topeye Mk II and DragonEye. 

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

1.1 Principle 

Most airborne LiDAR systems for 3D mapping purposes utilize the principle of time of flight, sending out short laser 
pulses and detect the instances of the reflected returns. The knowledge of speed of light, together with very accurate 
measurement of the time between the sent pulse and returning pulse, gives a distance to each of those reflecting targets. 
Combining this information with accurate attitude measurements from an Inertial Measurement Unit (IMU) and position 
information from Global Positioning System (GPS) allows for calculation of 3D coordinates in space of each return.  
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For bathymetric LiDAR lasers emitting in the blue/green part of the spectrum are used due to the transmission window 
found in the water column for these colors. For topographic LiDAR, 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 down to the surface by the scanner mirror. The same mirror guides the 
returning light into the receiver optics. 

 

 
Figure 1. The system principle of a typical airborne LiDAR system consisting of lasers, scanner, optics, and acquisition 

electronics. 

 

A major difference between bathymetric and topographic LiDAR is obviously the effects of the water column. Due to 
refraction of the light in the surface and spreading of the beam as it is scattered by submersed particles some special 
considerations has to be made in a laser bathymetry system (LBS). 

For bathymetric LiDAR the return signal is more complex than for topographic LiDAR. Where the topographic LiDAR 
receives discrete return pulses from targets, the LBS receives a continuous signal consisting of a surface return, a 
backscatter curve and target returns. This combined signal is often referred to as a waveform. Due to the attenuation of 
the beam as it passes through the water the surface reflection can easily be well over 10 000 times stronger than a weak 
sea floor reflection. The receiver system has to handle this large dynamic range as it records the waveform for the signal 
processing.  

Keeping the angle of incidence relative the water surface constant as the laser pulses are distributed over the swath 
minimizes the variation in the returned waveform characteristics. As shown in Figure 2 (left) this is done by scanning in 
an arc pattern. By choosing the angle �  carefully the depth bias, caused by how the light propagates through the water 
column, can be kept to a minimum2. 

For the topographic LiDAR the main purpose of the scan pattern is to cover an area efficiently. To minimize shadowing 
effects, a good way is to illuminate the same spot from multiple directions by using a rotary scan pattern as shown in 
Figure 2 (right). This method is utilized in both Topeye Mk II and DragonEye. 
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Figure 2. To the left the scan pattern of the laser bathymetry system and to the right the scan pattern of the laser 

topography system. 

 

1.2 Systems 

Airborne Hydrography AB has designed and manufactured several different bathymetric and topographic systems. 
Below is a presentation of two of the latest systems; The HawkEye II laser bathymetry system and the DragonEye 
topographic laser system (Figure 3). 

 

              

Figure 3. Two airborne LiDAR systems manufactured by Airborne Hydrography AB; to the left the HawkEye II laser 
bathymetry system and to the right the DragonEye laser topography system. 

 

Even though the HawkEye II is referred to as a laser bathymetry system it also surveys the topography simultaneously, 
thus generating data for a seamless 3D model in the coastal region within a single mission. 

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

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

Function Capability 

Bathymetric soundings per second Nominal 4 000. Full 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, vertical ± 0.15 m (rms) 

Depth range Nominal 3 x secchi depth 
North sea 35-40 m, France 25-30 m, Caribbean islands 45-50 
m. Theoretical limit 70 meters. 

Scanner pattern Arc shaped 

Scanner Frequency Up to 13 Hz 

System size  1400 x 650 x 520 mm 

System weight < 190 kg. Including aircraft installation kit 

System power consumption < 50 A on 28 V power supply 

 

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 altitude depending on integrated POS. 
(rms) 

Elevation accuracy Typical 2 cm (rms) 

Intensity capture 4096 levels of grayscale (12 bit dynamic range) 

Data acquisition and signal processing capacity A/D 1.28 Giga samples per seconds. Signal processing 
capacity 70 Gigaflops 

Scanner pattern Ellipsoidal scan 

Scanner frequency Programmable up to 70 rps = 140 scans per second 

System size 450 x 450 x 250 mm 

System weight < 25 kg 

System power consumption < 15 A on 28 V power supply 

 

2. OPERATION 

The typical operation of a LiDAR mission generally consists of the 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 requirements into a flight envelope. It can be as simple as a bounding 
box confining the area of interest and defining the operational setting of the sensor. Or it can be a more tedious task to 
determine best period of year to do a specific survey. The planning 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 while the operator monitors the system status to assure the system 
is optimally adjusted. The operator monitors the GPS signal quality, laser return waveforms and area coverage to make 
sure the objective of the mission can be met. For instance in case of strong winds where the pilot was not able to 
maintain the planned course, the operator can insert new flight lines to cover any gaps. The data is stored on hard drives 
for processing at ground. 

Typical coverage rates are between 5 and 100 km2 per hour depending on system setting, flight altitude and speed. These 
parameters are determined by the end user requirements in the mission planning. 

2.3 Processing 

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

In the case of a laser bathymetry system the signal processing is a little more elaborate since the waveform has to be 
analyzed and separated into several different attributes, such as the position of the water surface, estimates of the 
inherent optical properties to feed the light propagation model for the water column, and finally to find the position of 
the sea floor target candidates.  

The entire processing can in principle be performed in air. The only limitation is that the GPS/IMU solution may have 
less accuracy relative to post-processing the GPS data using external reference information. The external reference data 
will allow for corrections of atmospheric disturbances and other error sources such as clock drift etc. 

 

 
Figure  4. Resulting 3D point cloud after processing of survey data. Pseudo colored points, i.e. colored by elevation 

modulated with reflected intensity. 
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3. APPLICATIONS 

A selection of applications where LiDAR is used with great success to secure or assist the society as per today is 
presented below. The real amount of applications is however more or less limitless. In the process to build, maintain, or 
defend infrastructure LiDAR is here to stay. 

3.1 Landslides 

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

In the evening of December 20, 2006 a 400 meter long section of the E6 highway south of Munkedal was destroyed by a 
landslide (Figure 5). To assess the damage a LiDAR survey was conducted by Blom Sweden AB. Weather conditions 
did not allow flying the day after, but at the 22nd of December the area was flown, and due to very streamlined 
processing and a high performing LiDAR system (Topeye Mk II) the first results were delivered the next day. 

 

 
Figure 5. Overview imagery of landslide area of highway E6 south of Munkedal. By courtesy of Blom Sweden AB. 

 

The resulting 3D model as shown in Figure 6 allows for a quick and accurate situation report. This can be crucial for the 
rescue work, assessing the risk of any subsequent landslides and also for the planning of rebuilding the road. 

A large Pan-European research collaboration in finding ways to mitigate the effects of landslides has been conducted 
under the LESSLOSS3 effort, an EU FP6 funded project. One of the conclusions was that laser scanning allows for a 
more automated and detailed generation of landslide hazard maps. Another benefit was that the data, being a complete 
3D data set, can be used for other planning and construction purposes, thus allowing cost sharing between different end 
users. 
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Figure 6. Topographic LiDAR scan of landslide area of highway E6 south of Munkedal. By courtesy of Blom Sweden AB. 

 

3.2 Power line monitoring 

The modern society is extremely dependent on reliable electrical power distribution. Manufacturing and production 
facilities will come to a full stop in case of power outage. Hospitals and other prioritized services may have some backup 
solutions but often with large limitations. By monitoring and maintaining the integrity of the distribution network, costly 
interruptions can be avoided. 

LiDAR has proven to be a very efficient tool to survey the power lines and detect vulnerabilities such as growing 
vegetation or low ground clearance that can cause these interruptions. See Figure 7 for an example of a power line 
survey. The 3D model captured by the LiDAR system can be used to compute the distance to the ground or other objects 
for each point on the power line. 

The sag of the lines depends on ambient temperature as well as the amount of current running through them due to the 
thermal expansion. Knowing these variables at the time of survey one can create a model on how the sag will be at 
different temperatures or current levels. This opens up the possibility to dynamically optimize the power level run 
through the power lines while still maintaining the required safety margin.  

 

 
Figure 7. Power line surveyed with a DragonEye topographic LiDAR system. 



 
 

 
 

Andreas Axelsson, “Rapid topographic and bathymetric reconnaissance using airborne LiDAR”, Proc. SPIE, Vol. 7835, 
783503 (2010) 
 
Copyright 2010 Society of Photo-Optical Instrumentation Engineers. One print or electronic copy may be made for 
personal use only. Systematic reproduction and distribution, duplication of any material in this paper for a fee or for 
commercial purposes, or modification of the content of the paper are prohibited. 
 
http://dx.doi.org/10.1117/12.865227 

3.3 Coastal mapping of hazardous areas 

Some coastal areas may have no previous or old and unreliable charting information, or the sea floor bathymetry may 
have changed due to earthquake activities, erosion etc. Regardless of the cause, bathymetric LiDAR can be used to 
rapidly asses the necessary information to secure a successful 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 captured within one mission with a laser bathymetry system such as 
HawkEye II, creating a seamless 3D model of the topography and bathymetry. 

 

 
Figure 8. HawkEye II survey of a remote unaccessible area. Both bathymetry and topography are collected simultaneously. 

 

Typically such an area can be covered at a speed of 30-60 km2 per flying hour with no or very small risk of personnel 
injuries. A ship based survey would have to survey the area with extreme cautiousness. Still, the shallowest parts would 
not be surveyed at all. 

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

 

3.4 River Mapping 

Rivers form natural obstacles for land based troops. By surveying the rivers and the riverbanks, vulnerable shallow 
crossing areas can be detected and addressed both strategically and tactically when setting up a proper defense. Using 
LiDAR, both the river bottom and the surrounding terrain can be accurately mapped. This allows for better modeling and 
understanding of the consequences if an upstream dam is blasted.  

From a civil perspective the flooding scenario due to excessive rain is at least as important. A large portion of the world 
population lives close to the coastal zone or rivers. Thousands or even millions of people world wide get their homes and 
properties destroyed by flooding each year. And there are many deaths reported as a direct consequence of the damages. 
By using the information of the LiDAR survey hazard areas can be brought to attention before a catastrophe occurs.     

An example of data from a river survey is shown in Figure 10. It is from a trial4 in the river Gardon, France.  
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Figure 10. Visualization of data from a laser bathymetric survey in the river of Gardon, France. 

 

4. SUMMARY 

The number of applications for airborne bathymetric and topographic LiDAR is as mentioned earlier large and the 
number is growing for each day. Being such a rapid tool, collecting dense 3D data for large areas is not only possible but 
also done on a regular basis. 

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

However, to achieve the best accuracy, the limiting factor getting the final 3D data in real time, is the GPS/IMU 
trajectory solution. Post-processed position data is still better than real-time corrected GPS. As the development of 
satellite-based augmentation systems proceeds the gap is get smaller and smaller. If only relative accuracy is important, 
thus if one want to detect changes relative to the surrounding then real-time corrections are sufficient as the relative error 
in a LiDAR sensor is generally very small. 

For a defense solution the transmission of the data in real time is possible. A 10 Mbit/s radio link would be sufficient to 
transfer compressed 3D data points at a rate of more than 100 000 points per second to be presented at a remote site. 

REFERENCES 

[1] Steinvall, O., Koppari, K. and Karlsson, U., “Experimental evaluation of an airborne depth sounding lidar”,  
Optical Engineering, vol. 32, no. 6, 1307-1321 (1993)  

[2] Guenther, G. C. and Thomas R. W. L., “Prediction and Correction of Propagation-Induced Depth Measurement 
Biases Plus Signal Attenuation and Beam Spreading for Airborne Laser Hydrography”, NOAA Technical 
Report NOS 106, Charting and Geodetic Services Series CGS 2,  (1984). 

[3] www.lessloss.org, “Deliverable 8 – Recommendations for planning, surveillance, inspection with LS DTM. 
Usefulness of LS DTM in landslide hazard mapping and slope management” 

[4] Bailly, J-S., LeCoarer, Y., Languille, P., Stigermark, C-J., Allouis, T., “Geostatistical estimation of bathymetric 
LiDAR errors on rivers”, Earth Surface Processes and Landforms  35, 1199–1210 (2008) 


