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1.

Introduction

The purpose of this report is to evaluate the available bathymetric LiDAR (Light Detection and
Ranging) systems on the market with the intention of purchasing a system for the Irish
Government.
The Irish National Seabed Survey (INSS) charted more than 468,500 km 2 of seabed; most of the
areas surveyed were at the outer margins of Irelands territorial seabed. The successive program
to INSS is INFOMAR: INtegrated Mapping For the sustainable development of Irelands MArine
Resource, this is a twenty year survey program which began this year in 2006. The seabed
mapping proposed by INFOMAR will include the mapping of our commercially valuable inshore
areas, so perhaps the most crucial body of mapping now looms. A large area of this inshore
mapping, up to 7000 km2, could be effectively charted using LiDAR; a bathymetric light detection
and ranging instrument that is mounted on a light aircraft thus enabling large areas to be
surveyed in a time and cost effective manner.
With the data acquired by the INSS and subsequently INFOMAR, the Marine Institute and
Geological Survey of Ireland will bring Irelands charts into the 21 st century by improving the
quality and accuracy of soundings and thus fulfill Irelands obligations under SOLAS.
Ireland is a signatory to the International Convention SOLAS, for the Safety of Life at Sea. New
amendments which came into force in July 2002 require Ireland “to arrange for the collection and
compilation of hydrographic data and the publication, dissemination and keeping up to date of all
nautical information necessary for safe navigation’. The availability of seabed data is essential for
the accurate compilation of navigation charts and under SOLAS contracting governments are
required to provide this hydrographic data.

2.

Introduction to LiDAR Technology

2.1

Overview

2.1.1

Red Eye – topographic surveying

A typical Airborne Light Detection and Ranging (LiDAR) system uses a scanning laser to measure
the time it takes for a laser pulse to travel from the sensor to the ground and back to the sensor,
thus measuring the distance from the sensor to the ground. The laser source projects a laser
beam onto a spinning or scanning mirror sending a brief pulse of laser light to the earth’s surface.
The mirror is rotated or scanned at an extremely fast rate, enabling the LiDAR system to project
thousands of laser pulses per second thus creating a dense swath of laser points on the ground.
The reflected laser pulse is detected by the system, which then, based on the time of travel and
aircraft position and attitude, computes the x, y and z position of each reflection point (i.e. the
ground or other intermediate object).
The LiDAR system is coupled with a Global Positioning System (GPS) to determine aircraft
position and an Inertial Navigation System (INS) to determine the aircraft attitude and so produce
geo referenced ‘points’ on the ground. The distance measurement accuracy is typically 2-25cm
depending on the sensor type and flight conditions, enabling users to have the benefit of highly
accurate Digital Elevation Models (DEMs) that can be collected day or night and in a variety of
weather conditions.
This red eye or infrared laser technology is used for topographic surveying only, as the laser does
not have the energy required to penetrate water. Because the laser head is transmitting infrared
at a lower power, it can transmit at much faster rates (typically 10,000 Hz as opposed to 1,000 Hz
for bathymetric mapping).

1

2.1.2

Red and Green Eye – bathymetric surveying

Marine LiDAR bathymetry systems typically have two separate laser range finders, one for
topographic LiDAR and the other for bathymetric. The first laser head transmits a high repetition
pulsed infrared laser for topographic measurement (typically at 10,000 Hz). The second laser, for
hydrographic measurement, needs a high-powered laser to penetrate the water, and so the
repetition is slower (typically 1,000 Hz). With the second laser head, each emitted pulse can
consist of green light only or of light with two colours, infrared and green. The green laser light
penetrates the water and is reflected by the seabed. The infrared laser light is reflected by the
sea surface or by land. The depolarization of the infrared laser light is used to discriminate land
from water surface.
Kinematic or Differential GPS (DGPS) is used for precise positioning of the aircraft and can either
be a real-time or a post-processed function. The ability to accurately measure the real-time
attitude of the LiDAR system in flight is critical to its precision and consequently highly accurate
Inertial Navigation Systems are required to determine pitch, roll, yaw and heading, and are
integral to any Airborne LiDAR system. As the angular error increases with height, the attitude
measurement becomes the limiting factor in determining system accuracy. Although individual
laser range measurements may have a precision of 2cm, most systems are capable of achieving
relative elevation accuracies in the order of 5cm. However, a bsolute accuracy is largely limited by
the flying height and the precision of the attitude determination.

2.2

Airborne LiDAR Bathymetric Mapping

As topographic mapping LiDAR will not penetrate water by more than a few centimeters,
bathymetric LiDAR systems have to use a different and more complex technology. The main
difference between the topographic laser and the bathymetric laser is the power of the laser, and
type colous of laser light, that is infrared for topographic and green for bathymetric to penetrate
the water column. The infrared band is quickly absorbed and is therefore used to detect the
water surface. The green band is used as the optimum colour to achieve maximum penetration in
shallow water.
As a short laser pulse would be scattered in the water column, bathymetry systems must use a
much longer pulse, in the order of 250 nanoseconds as opposed to 3-10 nanoseconds for typical
topographic systems. This is generated as a digital waveform that makes it easier to detect the
smallest variances in the returns, including those from perturbations in the water column. This
extra power required to penetrate water, is undertaken using a three-phase laser system to
penetrate water at depths of 20 meters in inland and turbulent waters, and up to 70 meters in
very clear water. The technology is considerably more efficient and economic than conventional
vessel-based bathymetric survey techniques and is ideal for shallow, coastal waters, especially in
the transition zone that would otherwise be difficult for navigating and maneuvering vesselbased survey systems. In one day, a marine LiDAR system could survey a greater area than a
multibeam can cover in shallow water in two weeks. Typically manufacturers argue that a
bathymetric LiDAR system will cover over 60-65 km2 a day to International Hydrographic Office
Order 1. (See Section 5 for details on IHO standards).
In terms of bathymetric LiDAR coverage per day in Ireland, we only have to look at previous
LiDAR surveys in Ireland. If we take an average from the surveys conducted in Clew Bay (2002 &
2003), Killala Bay (2003), Mulroy Bay (2005) and Bantry Bay (2006) the figures are lower, typically
27 km2 to 30 km2 per day, with a point spacing of 5m and coverage at 200%. However like most of
our Western coastline, these areas, (with the exception of Clew Bay), are generally complex
shallow bays, with short lines, and at times combined with a disruptive turning circle due to high
ground.
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The newest bathymetric LiDAR technology is able to collect terrain as well as bathymetric
information, making it ideal for coastal zones, and is capable of mapping shoreline topography
while simultaneously integrating land and water measurements in the same data sets. Therefore
one can simultaneously collect transition zone data using solely the bathymetric laser head and
then switch when flying over land only to the faster rate topographic laser head. The Optech
SHOALS 1000T system for example, has a laser head with a pulse rate that allows the acquisition
of bathymetric data at 1,000 points per second, and topographic at 10,000 points per second.
Similarly Airborne Hydrographic AB’s Haw Eye system operates both lasers simultaneously at
4,000 Hz or points per second for acquisition of bathymetry data, and 64,000 Hz or points per
second for acquisition of topographic data. This type of hybrid system means greater project
utilisation over both topographic and bathymetric projects.
Compared to conventional hydrographic survey methods, and despite the high cost of acquiring
LiDAR bathymetry systems, the methodology offers economies both in operational cost and
productivity increases. Due to size, weight and power requirements, bathymetry systems are
generally flown from fixed wing aircraft, typically a Piper Aztec or Aero Commander 690. As an
illustration, see figure 1 following.

Figur€3 Optech SHOALS

(Courtesy Optech Systems)
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Figure 1

Airborne LiDAR bathymetric system

An integrated digital camera provides geo-referenced images of the area being flown, this not
only makes data processing and editing much simpler, as it provides additional information for
object definition (e.g. recognition of vessels, buoys and fish farms, etc) it also provides additional
data products. Previously, separate airplanes had to be mobilised in order to fly bathymetric
LiDAR, topographic LiDAR and aerial photography. As a result, the range of data products now
available from bathymetric LiDAR surveys operations is increasing rapidly.
Bathymetry LiDAR data is generally acquired from a flying height of 300-400m, with horizontal
positioning being achieved using DGPS or Kinematic GPS solutions. Operations are very much
dependent upon clarity of the water being surveyed. Waves, rapids, algae bloom and general
water turbidity can adversely affect LiDAR performance. The prevailing meteorological conditions
and water clarity are therefore key considerations to any bathymetric LiDAR survey.
The acquisition of LiDAR data, whether topographic or bathymetric, requires a robust quality
assurance system to ensure integrity and accuracy of the acquired soundings. Standard
procedures can apply though in practice each project benefits from a customized quality plan
appropriate to the project task.

2.21

Airborne bathymetric LiDAR deliverables

Current deliverables include –



















XYZ point files
Bathymetric DEM
Topographic DEM
Integrated Bathymetric / topographic DEM
Contours
Cross sections
Plan profiles
Slope Maps
Smooth Sheets
Colour coded Bathymetry
Sun- illuminated Bathymetry
Sea bed Imagery
Integrated LiDAR & Multibeam Echo Sounder
Bathymetry
Digital Imagery
Photo-Mosaics
Fly through Movies
Hyperspectral Camera for sea bed Classification (Optech)
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3.

The Benefits of Airborne Laser Bathymetry

The advantages of Airborne Laser bathymetry systems are very evident when a large-scale
bathymetric survey is to be undertaken. Speed of collection is the single biggest advantage
LiDAR has over all other hydrographic tools, in the following section we will look at cost
effectiveness combined with repeatability, seamless data collection of both hydrographic and
topographic data, the ability of the systems to survey hazardous areas, acquisition by night and
habitat mapping.

3.1

Speed of data collection – cost effectiveness

A shallow, 10 metre MBES (multibeam echo sounder) survey acquires approximately 2 km2 of
survey data in a 12-hour period. In comparison, a LiDAR survey a plane will make one 5-6 hour
flight per day and could cover approximately 62km2 of the same survey. However bathymetric
LiDAR surveys in Ireland conducted from Clew bay in 2002 to Bantry Bay in 2006 (by Tenix LADS),
has shown that due to the complex nature of our coastline and low cloud etc we can generally
expect to survey between 27 km2 and 30 km2 per day, this is with a point spacing of 5m and 200%
coverage.
INFOMAR aims to gather up to 7000 km2 of shallow water bathymetric survey data in the next
seven years. If we take a cost figure of €1,000 per 1 km 2 (from Irish National Seabed Survey) for
MBES in shallow water and apply it to 1000km2 of survey area acquired with MBES, costs come in
at €1 million.
Include 20% for weather downtime and the cost rises to €1.2 million. Include mobilisation and
processing and the costs rise to almost €1.4 million.
Recent tenders (2006) for a shallow water 1000 km2 bathymetric LiDAR survey came in at circa €1
million. If we look at the same 1000 km2 survey in terms of time, an inshore MBES survey would
take 500 days, 20% weather downtime and we are looking at 600 survey days, the same survey
with LiDAR will take 16 flights, allowing for weather and environmental constraints this would take
36 days to achieve 200% coverage which will achieve IHO Order 1. Figure 2 following illustrates
LiDAR coverage verses Multibeam to illustrate the point made on the speed of data collection
above.
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Figure 2

3.2

Shallow water LiDAR vs. Multibeam

Repeatability

With the speed at which surveys can be collected, consecutive surveys can be compared to
monitor changes in bathymetry and coastal topography that occur over time, such as beach and
cliff erosion and storm damage. Airborne Laser Bathymetry is ideally suited to undertake repeat
surveys.

3.3

Ability to survey a seamless transition zone

A significant advantage of bathymetric laser systems is its ability to working in dual mode, i.e.
surveying very shallow water in less than 10m, moving across to the shoreline and up onto
topographic elevation. There is no degradation in vertical accuracy, no change in sounding
density and no adjustment in aircraft track. This leads to a seamless survey data set for the entire
coastal region.

3.4

Ability to survey shallow, rocky and hazardous areas

Because LiDAR is non-intrusive, remote shallow waters with extreme hazards as is often the case
on the west coast of Ireland, can be surveyed without risk to survey vessel, personnel or the
environment.

3.5

Acquisition by night

Acquisition of bathymetry data can be done by day or by night, however if surveying at night one
would loose the ability to use digital photography to aid feature detection.

3.6

Habitat Mapping

Backscatter data or reflectance data is measurable and can be used to identify sea floor features
to aid habitat mapping. This would be extremely useful for projects such as MESH, the European
mapping program for seabed habitats. The processing software used by the bathymetric LiDAR
systems can use reflectance data to generate the Image shown in Figure 3 below.

Figure 3

3-D reflectance imagery data.
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In addition a Hyperspectral camera can be added to both the Shoals or Haw Eye systems, this will
allow for true bottom type classification and benthic habitat mapping.

Figure 4

Reflectance and Hyperspectral data combined
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4.

The Limitations of Airborne LiDAR Bathymetry

4.1

Water Clarity

The primary restriction on the effectiveness of airborne LiDAR bathymetry is water clarity. The
maximum depth penetration of LiDAR systems is constrained by water clarity.
During 2004, a feasibility study was commissioned by the UK Hydrographic Office to address the
suitability of LiDAR systems to UK waters. See Appendix 3 for the report. As water clarity plays
such an important role in the effective collection of bathymetric LiDAR data, the desk study
examined the clarity of UK waters. A full set of secchi observations (disappearance depths) were
made available for the desk study by the UKHO and the UK environmental agency. The
assumption is made that if reasonable depths can be achieved then LiDAR bathymetry systems
are suited to operating in UK waters.
Secchi observations are a spot sample of the water clarity under a certain set of wind, sea and
turbidity conditions. As a general rule, LiDAR depths equate to 2-3 times the observed secchi
depth. Generally, IHO Order 1 coverage and accuracy is achieved to a depth twice the observed
secchi depth. Therefore LiDAR depths are calculated as 2 times secchi depth. For example if we
measure water clarity with a secchi disk as being 10m we can assume quality data to 20m
surveying with a LiDAR bathymetry system.

Figure 5

Water clarity measurements with a secchi disk

The issue of water clarity is a study in itself where, secchi, transmissometer, aerial and satellite
data can all be combined to provide information on water clarity. In addition water clarity is a
function of tidal streams and metrological factors. The UKHO report concluded that LiDAR
surveying was feasible in areas such as the NW coast of Scotland, though this is a broad
statement; this area similar to our own western seaboard in terms of water clarity. LiDAR
surveying was feasible in 10 – 20m in winter and spring and 20 – 30m in summer and autumn.
LiDAR surveys on our own western seaboard verify this, and to date have produced good results
in 20 – 25m of water during late summer.

4.2

Object detection and Depth accuracy
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In general, a LiDAR seabed survey is well defined but small features (up to 3 or 4m cubed) may
well be missed. LiDAR data is considered poor for wreck visualisation.
In a case study of a LiDAR survey in the Sound of Harris, Scotland, it was established that full IHO
Order 1 object detection was achievable only with additional multibeam survey data over
complex areas, plus a diver examination.
The following example shows a comparison of multibeam (Reson 8125) data and LiDAR data over
a submerged crane. As can be seen from the figure 6 below, LiDAR is very poor at object
detection especially where structures may have holes or gaps.
The data was collected on a
multibeam / LiDAR comparison study undertaken by NOAA in Eastern Long Island Sound in
January 2004. Data was collected with a 3X3 shot spacing and 200% coverage.

Figure 6

Object detection Multibeam vs LiDAR data

In a case study by UKHO in the sound of Harris, LIDAR achieved 99% of what was actually
required and detected rocks and identified places where kelp may hide rocks. In navigable
channels, however multibeam was added to the data set to ascertain absolute least depth.
Figure 7 below shows LiDAR data, which has defined the general area well but reports deeper
depths. Circled in red is a shoal area of 0.9m, picked up by singlebeam, LiDAR shows the same
feature as 1.5m.

Figure 7

Depth accuracy of LiDAR vs singlebeam echosounder
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5.

LiDAR data and IHO Standards

The International Hydrographic Office in Monaco set the standards worldwide for Hydrographic
surveys. Mr. Chris Howlett (UKHO) currently chairs a working group that is looking at standards
for LiDAR data. The two standards that we should be concerned with are IHO Order 1 and IHO
Special Order.
While no official IHO documents on LiDAR data have been published,
verify that LiDAR is widely accepted as an excellent tool for the
bathymetric data. However it is not without its limitations and these
object detection, as discussed in section 4.2. It is for this reason that
important when assessing the accuracy of LiDAR data.

conversations with UKHO
collection of large-scale
are mainly based around
the IHO standards are so

All three systems in section 7, on the market claim to survey to IHO order 1, however it should be
noted that this is in ideal water clarity conditions. It is interesting to note however is that only one
system, the Hawk Eye, which is the system used by UKHO claims special order in shallows.

5.1

Navigational Accuracy

As discussed above there are two sets of standards that we should be aware of for Bathymetric
LiDAR namely IHO Order 1 and IHO Special Order.
5.1.1

Order 1

Order 1 hydrographic surveys are intended for harbours, harbour approach channels,
recommended tracks, inland navigation channels, and coastal areas of high commercial traffic
density where underkeel clearance is less critical and the geophysical properties of the seafloor
are less hazardous to vessels (e.g. soft silt or sand bottom). Order 1 surveys should be limited to
areas with less than 100 m water depth. Although the requirement for seafloor search is less
stringent than for Special Order, full bottom search is required in selected areas where the
bottom characteristics and the risk of obstructions are potentially hazardous to vessels. For these
areas searched, it must be ensured that the sounding equipment can discern cubic features
greater than 2 m up to 40 m water depth or greater than 10% of the depth in areas deeper than 40
m.
5.1.2

Special Order

Special Order hydrographic surveys approach engineering standards and their use is intended to
be restricted to specific critical areas with minimum underkeel clearance and where bottom
characteristics are potentially hazardous to vessels. These areas have to be explicitly designated
by the agency responsible for survey quality. Examples are harbours, berthing areas, and
associated critical channels. All error sources must be minimized. Special Order requires the use
of closely spaced lines in conjunction with side scan sonar, multi-transducer arrays or highresolution multibeam echosounders to obtain 100% bottom search.
It must be ensured that cubic features greater than 1m can be discerned by the sounding
equipment. The use of side scan sonar in conjunction with a multibeam echosounder may be
necessary in areas where thin and dangerous obstacles may be encountered.
While possibly almost all of the Bathy LiDAR data to be acquired will fall under Order 1, because
of the object definition issues associated with LiDAR data it may be prudent to collect LiDAR data
to special order in shallows.
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Order

IHO Special

IHO 1st

Examples of
Typical Areas

Harbours, berthing
areas, and
associated critical
channels with
minimum underkeel
clearances

Harbours, harbour
approach channels,
recommended tracks
and some coastal
areas with depths up
to 100 m

Horizontal
Accuracy (95%
Confidence Level)
Depth Accuracy for
Reduced Depths
(95% Confidence
Level)
100% Bottom
Search
System Detection
Capability

2m

5 m + 5% of depth

a = 0.25 m
b = 0.0075

a = 0.5 m
b = 0.013

Compulsory

Required in selected
areas
Cubic features > 2 m
In depths up to 40 m

Maximum Line
Spacing

Not applicable, as
100% search
compulsory

Table 1

Cubic features > 1 m

IHO Order Specifications

11

3 x average depth or
25 m, whichever is
greater

6.

Synopsis of available systems

Manufacturer &
System

Hydrographic &
Topographic
Measurement
Rate

Operating
Altitude

Depth
Measurement
Accuracy

Min &
Max
Depth

Typical
Swath
Width

Coverage
Rates @
4x4
Alt
400m

Sounding
Density /
Point Spacing
Metres

Power
Requirements

Weight

Optech
Shoals 1000T

1,000 Hz
10,000 Hz

200-400m

IHO Order 1

0.2m /
50m

215m
(@ 4x4)

50 km2
@124 Kts

2x2, 3x3,
4x4, 5x5

60A @ 28VDC

209 kg

Optech
Shoals
3000T
AHAB
Hawk Eye II

3,000 Hz
20,000 Hz

300-400m

IHO Order 1

0.2m /
50m

300m
(@4x4)

123 km2
@222 Kts

2x2, 3x3,
4x4, 5x5

70A @ 28VDC

217 Kg

4,000 Hz
64,000 Hz

200-400m

IHO Order 1 and
special Order in
shallows

0.2 /
50m

175
m
(@2.5 x
2.5)

20-80km2
@ 124 kts

Programmable
from 0.5x0.5 to
3x3

45 A @ 28VDC

175 Kg

Manufacturer &
System

Cost
Topographic
Laser

Support &
Maintenance
Agreement

Ongoing
Support
after Year
1

Lee Time
for
Delivery

Hperspectral
Camera
for
seabed
Classification

Installation on
plane

Kinematic
GPS

Optech
Shoals 1000T

Euro 2.76 mil

1 Year

€240K to
€400k

10-12
Months

2 Hours

Yes

Optech
Shoals
3000T
AHAB
Hawk Eye II

Euro 3.55 mil

1 Year

€240K to
€400k

12-14
Months

2 Hours

Yes

Euro 2.80 mil

1 Year

€300K

10-12
months

Yes
CASI 1500
€790K
Yes
CASI 1500
€790K
Yes
Itres CASI

1 Hour

Yes
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7.1

Available systems

7.2

System 1 – Airborne Hydrography AB Hawk Eye II

7.2.1

Overview

The Hawk Eye II is an Airborne Laser Bathymetry and Topography System (ALBTS), using two
Class 4 lasers (EN 60825). It can gather both bathymetric depths and topographic elevations in
the same coordinate framework in one mission. The system is combined with a geo-referenced
high-resolution digital camera sighted co-axially with the laser optics. The system is capable of
meeting IHO Order 1 requirements and IHO Special Order requirements in shallow depths.

Figure 8

Hawk Eye system principle

The Hawk Eye II system can provide seamless coverage from a single survey of a coastal area,
including land, shoreline and the adjacent water. The figure below shows both Hydrographic and
Topographic data and images surveyed in the same mission. Images are tiled and used as texture
on the 3D-model from the hydrographic and topographic data.

Figure 9

Seamless Hawk Eye survey
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7.2.2

Top level system architecture - Hawk Eye II

The top-level system architecture of the Hawk Eye II is shown in Figure 10 below.

Figure 10

Hawk Eye Top Level System Architecture

The Survey System is the airborne part of the Hawk Eye II. The functions of the Survey System are
surveying, control, monitoring and data storage. The operators console contains all of the
necessary functionality to control the operation of the system with a single operator (two
recommended for longer flights and for training purposes). The laser is certified to be eye-safe
during normal operations but the system has a built in feature to automatically shut off the laser if
it is not in an eye-safe mode or area. The following picture, Figure 11, shows the Survey System
of the Hawk Eye II. The system is relatively small and lightweight, weighing in at 175kg.
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Figure 11

The Hawk Eye Survey System

The aircraft installation kit provides the interface between the Survey System and the aircraft. The
kit consists of electrical cabling, pilot monitor interface cables, mechanical mounting adapters
and, where appropriate covers/hoods and the like. While aircraft/platform specific, the
installation kit is simple allowing the Hawk Eye II System to be changed in and out of an aircraft in
about 3 hours.
The following picture, Figure 12, shows the complete airborne element (single operator
configuration) installed in an Aero Commander 690. Points to note are the relative small size of
the complete system (recognising the small size of the Aero Commander aircraft), the simple
interfaces (attachment to the standard seat rails) and the standard laptop operator’s console.
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Figure 12

The Hawk Eye system installed in an Aero Commander 690.

The Ground Station consists of the software environment for the planning of the surveys and the
subsequent post-survey data analysis and reduction. The Ground Station software can be run on
standard commercial PCs.

7.3

System 2 & 3 – Optechs SHOALS 1000T and 3000T

The SHOALS-1000T and 3000T are airborne laser bathymetry survey instruments for shallow
water and coastal regions. Like the Hawk Eye it is coupled with a fully integrated flight planning
and data processing software subsystem.
Both systems are also offered without the topographic laser – the SHOALS 1000 and 3000
systems.
The current SHOALS 1000T can measure 1000 water depth measurements per second and
10,000 measurements per second to land and it incorporates an integrated RGB digital camera.
As illustrated in the comparison table of the systems at the beginning of Section 7, the primary
difference between the 1000T and 3000T is the measurement rate. The 3000T system measures
at 3,000 Hz in hydrographic mode and 20,000 Hz in topographic mode, while the 1000T system
measures at 1,000 Hz in hydrographic mode and 10,000 Hz in topographic mode. Increasing the
measurement rate allows the acquisition of even more detailed & dense data.
The shoals systems consist of a sensor head, control rack, laser and operator display, see Figures
13 & 14 following. At a total weight of 200kg they are designed to fit most small twin-engine
aircraft.
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Figure 13

Shoals system sensor head, control rack and laser

Figure 14

Shoals 1000T installed in a small aircraft

SHOALS-1000T survey operations are synchronised by the fully integrated SHOALS-1000 Ground
Control System (GCS).
Before flight operations, survey projects are created and individual missions planned in the GCS.
Mission plans are uploaded to the SHOALS airborne computer for survey flights.
The SHOALS-1000T and 3000T collect data with a high accuracy laser, mounted in the aircraft
floor. The laser scans beneath the aircraft, sending out pulses in a swath over which the position
of the water surface and sea floor is measured. To correct for the aircraft's movements, an
Inertial Reference System (IRS) measures the motions of the aircraft. This data is used for realtime pitch and roll compensation, and recorded for post processing. A GPS receiver records the
aircraft's position simultaneously. The laser pulse, waveforms, scan angle, GPS data and IRS data
are combined to produce real-time and post-processed sounding positions or terrain elevations.
The raw SHOALS-1000T sensor data collected by the airborne system is stored on mirrored
removable hard drives, along with mission planning information and mission log information.
The airborne data is then downloaded from the removable hard drives and processed in the
SHOALS Ground Control Software. The GCS includes a fully integrated third-party software suite,
IVS Fledermaus, to edit and clean the 3D data, this allows for the creation of a surface model to
see a particular feature in the data. Figure 15 below shows a feature floating on the water
surface; by calling on the data from the digital camera the feature can be identified as fish traps.
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Figure 15

The Importance of an Integrated Digital Camera
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8.

World Applications of Bathymetric LiDAR Mapping

The U.S. Army Corps of Engineers (USACE) has owned a SHOALS bathymetric mapping system
for many years and contracts its operation and management to a commercial survey company,
Fugro Pelagos. The U.S. Navy owns this system and Fugro Pelagos’ contract has been with the
U.S. Navy's Naval Oceanographic Office from June 2004. Similarly in March 2004, Airborne
Hydrographic AB and the UK Hydrographic Office joined forces and established a LiDAR
operating and management company, Admiralty Coastal Surveys, to conduct bathymetric LiDAR
surveys with the Hawk Eye II system. Tenix LADS owns and operates the Laser Airborne Depth
Sounder (LADS) and has been conducting international bathymetric LiDAR survey operations
since the late 1990’s.
NOAA, the National Oceanic and Atmospheric Administration (U.S.) acquires LiDAR data, both for
topographic and bathymetric mapping NOAA collaborates with USACE in its SHOALS program
and uses this system for U.S. coastal mapping.
The market for airborne LiDAR bathymetry (ALB) however is limited, as indicated by the small
number of service providers and users, and although a commercial market can be identified,
applications have been generally restricted to government mapping programs.
Although mobilization and operating costs are high, ALB data acquisition is much more
economic than a ship platform for large area mapping programs.
In area coverage over shallow waters, ALB bathymetric systems are thirteen times faster than
conventional MBES survey techniques. Also, LiDAR requires less people, a typical crew
comprising of one air operator and two data processors, though one may also be the
hydrographer. Therefore, a survey crew need only comprise two or three people per shift/per
day.
The U.N. convention, UNCLOS 76, allows countries to re-define their seaward national
boundaries, thus providing a legal mechanism whereby a nation can extend its claims beyond the
traditional 200-mile limit. According to the National Environment Research Council, this could
cover as much as seven million km2. Consequently, many countries now have a vast economic
interest at stake in mapping these new legal boundaries.
Both Optech and Tenix LADS report an increase in interest for coastal mapping from naval and
national hydrographic agencies throughout the world, and as the trend is for government
organisations to outsource survey services to commercial organisations, this is expected to offer
increased opportunities to the private sector in the future. An example of the trend to privatisation
is the U.K. Civil Hydrographic Program (CHP), which is funded by the Maritime and Coastguard
Agency (MCA). The MCA is one component of the U.K. strategy to acquire and process data for
maintenance of the British Admiralty charts. The U.K. Hydrographic Office (UKHO), based in
Somerset, audits survey operations. The UKHO reviews and validates the survey data and results
before accepting them for updating the Admiralty chart base.
According to research carried-out by TMSI, (UK business development consultancy) at least 17
national mapping agencies have now used or are considering the use of commercial Airborne
LiDAR bathymetric services. In Norway, the Norwegian Hydrographic Department has outsourced
its territorial hydrographic data acquisition to BLOM ASA, which has worked with Tenix LADS to
complete about 7,000 km2. of bathymetric LiDAR mapping. The U.S. has an on-going charting
program using the government-owned, commercially operated SHOALS system and more
recently, with the Tenix LADS system.
In 2003, the U.K. Hydrographic Office, together with the MCA and the Environment Agency,
undertook an €150K desk study and field trials of Airborne LiDAR Bathymetry in the Integrated
Coastal Hydrographic Project or ICH. This project was designed to test the suitability of LiDAR for
bathymetric surveys in water depths up to 12 meters, particularly around the coast of Scotland,
which, according to the Hydrographic Office, has been overlooked for many years. The trials took
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place in Wembury Bay near Plymouth, Devon, over sites where there was existing survey data
from multibeam echo sounders (MBES) that were used for comparison. The LiDAR trials were
conducted successfully to IHO Order 1 standards by Tenix LADS, which led to Tenix LADS
performing two further surveys in the Hebrides in 2004. In March 2004, the UK Hydrographic
Office formed a Joint Venture – Admiralty Coastal Surveys - with Swedish company Airborne
Hydrography AB. Admiralty Surveys now manages and operates a Hawk Eye II LiDAR system.
The Irish National seabed survey, a joint venture by the Marine Institute and Geological Survey of
Ireland (GSI) was a seven-year survey of Ireland’s seabed. This project, valued at nearly €30
million was completed in March 2006. Data was gathered primarily using multibeam echo
sounders to survey an area of 525,000 km2. In June 2002, GSI conducted a trial of the Tenix LADS
system, which was carried-out in Clew Bay, County Mayo, a location chosen for water clarity as
well as suitable water depth. Over a two-day period, flying eight hours a day, the LADS system
successfully acquired 50 km2 of data. According to the GSI, the data acquired was of excellent
quality and was been submitted to the U.K. Hydrographic Office for inclusion in its database to
update the century-old charts of the area. The U.K. Hydrographic Office was reported to be very
satisfied with the quality of the data and as a result of these trials, GSI contracted Tenix LADS for a
further two small area surveys each of between 50–250 km2 of bathymetric mapping.
With the success of the Irish National seabed survey, a successive project, INFOMAR is
underway. INFOMAR started in 2006 and is a 20 Year survey program, which has secured
funding to 2010. INFOMAR aims to survey up to 7000 km2 of inshore coastline using marine
LiDAR systems. The first of these LiDAR surveys is currently underway by Tenix, with the areas of
Dingle, Bantry and Dunmanus Bays being surveyed – a total survey area of 789 km2 at a cost of
almost €1 million.
Although there appears to be a growing awareness and acceptance that LiDAR bathymetry can
produce a very cost-effective alternative to conventional vessel-based MBES surveys, there are
concerns. Whilst still considering LiDAR for future use, the New Zealand National Hydrographic
Authority found from its experience with both the LADS and SHOALS systems that the acquired
data did not meet IHO S44 Standards without additional fill-in work from surface vessel MBES.
Another key issue and concern is water clarity (turbidity), especially in the northern hemisphere.
This leads to many agencies erring on the side of caution in specifying or even considering
Airborne LiDAR Bathymetry. Tenix LADS has had to perform several tests and trials, not
necessarily to prove the technology, but to ensure that water turbidity did not prevent or severely
limit data acquisition.
Thales GeoSolutions, acquired in 2003 by the international Fugro group, completed a
hydrographic and topographic LIDAR survey with the SHOALS-1000T system in October 2003,
which it claimed was the first time that SHOALS-1000T had been used for commercial
applications. In addition, this was the first time that hydrographic and topographic LiDAR data had
been collected from the same airborne sensor. The system toggles between the two modes in
mid-flight at the switch of a button and also comes fitted with a coregistered digital camera. The
project specified the collection of data on the north-eastern United States coast in order to
determine the existing conditions of harbours and harbour entrances, mainly focusing on the
conditions of jetties, breakwaters and near shore bathymetry.
The lower cost of LiDAR creates new applications that would not otherwise be considered
using conventional means. One example is the ability to gather bathymetry data on a regular
basis to monitor changes in the seabed and coastline. The U.S. Army Corps of Engineers is
performing regular surveys of a 500-mile stretch of the Gulf of Mexico coastline, to monitor sand
movements. This work was previously undertaken once a year from a conventional hydrographic
survey vessel. Now, because of the short data acquisition time and subsequent lower cost of
LiDAR, the survey can be repeated two or three times a year.

21

Other applications for bathymetric LiDAR are emerging, but are still in the domain of government
agencies such as military, or in the U.S., state and local governments, that have in the past used
ALB for mapping coastal zones, primarily to monitor beach erosion.
Commercial applications have not yet developed, largely due to cost, but probably more to lack
of opportunity in so much as there are few commercial needs for large area bathymetric
mapping.

9.

Market Analysis

In the Bathymetry Systems market, there are only two manufacturers, Optech with their Shoals
systems and Airborne Hydrography AB with the Hawk Eye II system.
The services market consists of three bathymetry LiDAR survey operators, Admiralty Surveys
operating the Hawk Eye II, Fugro Pelagos operating the Shoals 1000T system and Tenix LADS
operating the LADS system.

9.1

Manufacturing Market

There are two companies globally manufacturing and selling LiDAR Bathymetry systems, namely
Airborne Hydrography AB based in Sweden and Optech based in Canada.
9.1.1

Airborne Hydrography AB (Sweden)

Development of Swedish Airborne Laser Bathymetry Systems started in the 1980s by the
development of the Flash system within the Swedish defence research agency. At that time the
primary driver for the technology was submarine hunting. Sweden had several indications of
foreign submarine activities within its archipelago in the 1980s. The most famous is the incident of
the grounding of the Russian submarine U137 in Karlskrona 1981. In the beginning of the 1990s the
Saab group received the commission to develop a replacement for the Flash system, and the first
Hawk Eye system took form. Two Hawk Eye systems were delivered during 1994 and 1995, one to
the Swedish navy and one to the Swedish maritime administration. The submarine activities
decreased during the 1990’s and the systems primary use became Hydrographic surveying.
One of the systems was sold to the Indonesian Navy in the late 1990’s. The other system was
operated by the Swedish maritime administration until 2003. In 2002 Saab sold the products
rights to three former Saab employees that had been in charge of the development. A new
company, Airborne Hydrography AB (AHAB), was formed. The new owners had the vision to
create the next generation Hawk Eye. The first Hawk Eye II system was delivered during autumn
2005 to Admiralty Coastal Surveys who provide worldwide survey services with the Hawk Eye II.
9.1.2

Optech (Canada)

Canadian based Optech is a privately owned company with 160 employees and annual revenues
in the order of US$18m with a reported 20% annual growth. Optech manufacturers a range of
laser devices including single beam laser altimeter systems for determining accurate (5cm)
altitude, three-dimensional ground lasers for high resolution engineering surveys and metrology,
and both topographic and bathymetric Airborne LiDAR systems.
Optech has been in the in the bathymetric LiDAR systems business since 1984. The original
bathymetric LiDAR system, the Larsen 500, was sold to the Canadian Hydrographic Service in
1984. This was followed by the sale of a SHOALS-200 to the U.S. Army Corps of Engineers’ in 1993
(operated by Fugro Chance). This system was upgraded to a SHOALS-400 in 1998 and in
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February 2003, the SHOALS-400 was finally retired and in August of the same year it was
replaced with CHARTS, which is the United States Navy's name for their SHOALS-1000T system.
The U.S. Navy owns this system and Fugro Chance's (now Fugro Pelagos) contract has been with
the U.S. Navy's Naval Oceanographic Office since June 2003.
In February 2003, a SHOALS-1000T system was sold to the Japanese Coastguard.
The most recent Optech sale was to the US Navy in January 2005 the SHOALS 3000T
3KHz/20KHz system.

9.2

Services Market

The services market consists of three companies, Admiralty Coastal Surveys, Fugro Pelagos and
Tenix LADS.
9.2.1

Admiralty Coastal Surveys

Admiralty Coastal Surveys was formed in 2004 as a joint venture between the UK
Hydrographic Office, Airborne Hydrography AB and Topeye AB of Sweden.
The Hawk Eye II system was developed from the original Hawk Eye system sold to the
Swedish Navy in 1994 (by Optech).
9.2.2

Fugro Pelagos

Fugro Pelagos operate a Shoals 1000T system from Optech. The US Army Corps of Engineers
(USACE) own this Shoals system and contract its operation and management to Fugro. To
confuse the issue, USACE have renamed their Shoals 100T system to CHARTS. Fugro has been
operating ALB systems since 1993 and over the past decade have performed over 435 ALB
surveys worldwide.
9.2.3

Tenix LADS

Tenix LADS Corporation owns and operates the Laser Airborne Depth Sounder (LADS). The LADS
Mk II, system is mounted in a de Havilland Dash 8-202, to provide contract survey services to
governments and industrial customers. Tenix has a significant track record in bathymetric LiDAR
surveys.
The original LADS has been in routine survey operation with the Royal Australian Navy
(RAN) Hydrographic Service since February 1993, and has surveyed over 85,000 km2
(29,000 sq nm). LADS has also been used for survey operations in Finland, the United
States, the United Kingdom, Norway, New Zealand and the Middle East, particularly the Gulf
States.

23

10.

References

TMS International 2005. The Global Market for Airborne LiDAR Systems and Services
Fugro Pelagos 2006. Proposal for INFOMAR Bathymetric LiDAR ITT
Tenix LADS 2006. Response to ITT for Bathymetric LiDAR
Airborne 2006 Company Literature – www.airbornehydro.com and Appendix 1
Optech 2006 Company Literature – www.optech.ca and Appendix 2
Tenix LADS Corporation April 2004. Bathymetric Lidar Feasibility Study for UK Waters on behalf
of UKHO.
Appendix 3
International Hydrographic Office 4th Edition April 1998. Standards for Hydrographic Surveyors
Special Publication No. 44

24

