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Abstract— The autonomous underwater vehicle has proven to
be a useful tool for ocean research. However detailed seafloor
observations such as microscopic analysis of sand grain structure
or study of microbial colonies require a platform with stable
footing on the seafloor, which cannot be provided by a cruising
type AUV. In this research the authors propose a new class of
AUV, capable of landing to provide a stable, but mobile, platform
with which to perform these observations. This paper proposes a
sensing system and a software algorithm to enable the AUVs to
perform landing. A light sectioning based method is used to scan
the seafloor with high resolution. Since the seafloor can change
abruptly and at short intervals, the reliability and functioning
of such technology requires real-time seafloor classification and
detection of suitable landing sites. A landing algorithm has been
developed which uses three dimensional bathymetry data and
calculates a landing vector coordinate in real-time. A microscope
sensor payload developed to obtain magnified images of the
seafloor after landing has also been tested. Data from sea
experiments are presented, where the algorithm demonstrated
real-time generation of landing vector coordinates for an ROV.

I. INTRODUCTION

In recent years, the autonomous underwater vehicle (AUV)
has established itself as an effective platform for seafloor
observation. However, despite the advances in AUV tech-
nology, applications that require a stable, stationary platform
for observing the seafloor have proved elusive. In order to
provide such a platform the authors propose to develop an
AUV capable of landing on the seafloor. The AUV would be
capable of landing at points separated by a distance within the
survey area and traverse at high speeds between landing sites.
In order to perform landing the AUV needs an appropriate
sensing system and a software algorithm. A negative buoyancy
has been proposed for the AUV during operation to avoid use
of its thrusters during landing and prevent the sand underneath
from being disturbed. Negative buoyancy will however be a
problem during forward motion. To compensate for this, a
wing structure has been designed to generate lift. Landing
skids have been introduced so that the vehicle can land on
flat surfaces and provide a stable base once landed. Since the
seafloor terrain may be uneven, the development of landing
AUV technology relies on autonomous seafloor classification
algorithms and hardware with which to make measurements
and identify suitable landing sites. The authors propose a
seafloor measurement system based on light sectioning to

scan the seafloor with centimeter order resolution. Using
this technique a landing algorithm has been developed that
classifies the seafloor in real-time and finds a suitable landing
site for the AUV to land.

Fig. 1. Landing AUV hardware setup

The AUV mission scenario is divided into a series of three
stages. In the first stage, the AUV covers a distance of about
100m at 1.5 knots speed maintaining an altitude of 5-10m
before searching for a suitable landing site. While cruising the
AUV uses its thrusters for forward propulsion and a forward
looking sonar for obstacle avoidance. The wings generate lift
to compensate for negative buoyancy during forward motion.
In the second stage, it lowers altitude to about 2m and cruises
at a lower speed of 0.1m/s to perform laser scanning of a patch
of approximately 10x2m in area. Once scanning is complete
the landing algorithm is used to compute if a landing area is
available and identify a landing coordinate and heading angle.
The AUV is then given a landing command. In order to get
microscopic images of the seafloor an underwater microscope
has been developed as a payload sensor. Once landed, the AUV
uses the microscope to take seafloor images. These stages are
performed in a cycle up to the end of the mission.

The proposed sensor system was deployed at sea using a
ROV onboard the research ship R/V Kaiyo during the KY10-
04 cruise. The landing algorithm was implemented in real-
time to detect suitable landing sites where the ROV was
made to land and microscopic images of the seafloor were
taken. A landing AUV is currently under development at
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the Underwater Robotics and Applications Lab, University
of Tokyo. The landing algorithm will be used to perform
autonomous real-time seafloor landing.

II. PROBLEM FORMULATION

The seafloor can adopt various different topologies as illus-
trated in figure 2. Furthermore the seafloor can change abruptly
and at short intervals. Since it is not always safe for a vehicle
to land, the development of landing AUV technology requires
classification the seafloor in real-time to identify flat regions
where the AUV can land safely.

Fig. 2. Seafloor images and laser profiles taken during NT09-02 Leg2[1]
using the ROV Hyper Dolphin

A landing algorithm capable of automatically detecting flat
regions for the robot to land will be an essential part of the
landing system. The landing algorithm should be capable of
generating an autonomous landing command for the AUV and
perform landing operations. A landing direction should also
be identified in case the landing area is not oriented along the
direction of travel of the vehicle. In this case the AUV will
need to realign its heading before landing. However before a
landing algorithm can be developed, a sensing system capable
of scanning the seafloor with centimeter order resolution must
be developed.

III. PROFILING HARDWARE

To identify seafloor features it is essential to scan the
seafloor with high resolution. A laser profiling system [2][3] is
proposed to map the seafloor with centimeter order resolution.
The hardware consists of a sheet laser and camera assembly
to capture the seafloor profile and navigational sensor data to
convert this profile into actual bathymetry coordinates. The
laser used in this system is a sheet laser with an opening
angle of 64.2◦ in water. The laser is mounted vertically and
projects down onto the seafloor surface. The camera used has a
horizontal opening angle of 61◦ and vertical opening angle of
50.3◦ in water, with a pixel resolution of 640x480. Underwater
housings have been constructed for the camera and laser so
that they can be used for depths of up to 3000m. As shown
in Figure 3, camera and laser are mounted on a platform
separated from each other with a baseline of 700mm. The
camera is mounted at 77◦ angle with the horizontal plane.

During operation the sheet laser projects onto the seafloor
surface below and this projection is captured by the camera
to obtain an image as seen in figure 4. Position information,

Fig. 3. Laser Profiling Hardware

specifically depth and vehicle x, y, z, roll, pitch, yaw infor-
mation in real world coordinates are obtained from the AUVs
position system. These can be measured using a depth sensor
and Doppler Velocity Log (DVL). This data is used to convert
the laser pixels into actual three dimensional bathymetry
coordinates based on triangulation. This system was tested
at the tank facility available at the University of Tokyo. The
setup was mounted on the AUV Tuna Sand and test runs
were performed over objects of known size. Figure 5 shows a
plastic cylinder and a metal weight being scanned by the sheet
laser. This profile image was captured by the camera and from
the AUVs position information, the pixels were assigned real
world coordinates as shown in the figure 6.

Fig. 4. Laser Profile of a boulder

The average height of the plastic cylinder measured by the
system was 389mm, where actual height is 395mm. The height
of the metal weight was measured as 187mm while its actual
height was 200mm. The profiling system ideally operates at an
altitude of 2m off the seafloor, with a vehicle surge velocity of
0.1m/s to provide sufficient vertical and horizontal resolution



Fig. 5. Laser profile of a plastic cylinder and metal weight being scanned
in test tank

Fig. 6. Plastic cylinder and metal weight converted into actual 3D bathymetry
data

in both x and y directions. Under these conditions the system
has a swath of 2.5m, a vertical resolution of 6 to 10mm, a
horizontal resolution of 4 to 6mm across the section, and a
resolution of 6 to 10mm along the path taken by the vehicle.
This provides sufficient resolution for the landing algorithm
to work effectively.

IV. LANDING ALGORITHM

The landing algorithm is applied when the AUV enters the
second stage of operation, where a suitable flat region needs
to be located for the AUV to land safely. The AUV performs
laser profiling of the seafloor at a slow velocity of 0.1m/s at an
altitude of 2m. After scanning for a distance of 10m, the laser
profile images captured by the camera are processed and three
dimensional bathymetry is generated. During this processing
period the AUV maintains a fixed position. Since landing
areas are defined on a local scale, the DVL’s accumulation
error in the position data does not pose any degradation in
performance.

Once a 10x2m patch of seafloor bathymetry has been
generated, spectral analysis is carried out. Different surfaces,
flat or bumpy, exhibit different frequency components which
can be used to distinguish between them. Surface classification
information is used to determine automatically whether the
seafloor is flat enough for the AUV to land. Different stages of
the landing algorithm are illustrated in the form of a flowchart
in figure 7.

Fig. 7. The Landing Algorithm

A. Bathymetry Generation

The first stage involves scanning a 10x2m patch of seafloor,
with the major axis in the direction of travel of the AUV, with
high resolution using the laser profiling system as described
earlier in Section III. The pixels from the laser profile are
converted to actual 3D bathymetry coordinates using position
information from the DVL and depth sensor. A complete three
dimensional bathymetry mesh, with dimensions proportional
to those of the region scanned, is generated of the area where
the landing algorithm will be applied. Figure 8 shows the three
dimensional bathymetry generated of an area observed during
NT09-02 Leg2, scanned left to right and the images taken
using a forward looking camera.

Fig. 8. (Top) Three dimensional bathymetry (Bottom) Seafloor images taken
using a forward looking camera

B. Spectral Analysis

Different surfaces exhibit different frequency components
depending on their shapes and dimensions. By considering the
laser profile as a series shape data, we can perform spectral
analysis to find bumpy areas and also identify flat landable
areas. A 2D FFT is performed on the bathymetry data to
determine its frequency components. The bathymetry data is
converted into frequency domain data.



C. Identification of flat areas

A two dimensional Fourier transforms converts the
bathymetry into frequency components. Extremely low
frequency components represent the flat surfaces. We can
then mask the high frequency components by using a two
dimensional Hamming window function. The Hamming
window can represented as:

w(u1, u2) =

{
[0.54 + 0.46 cos(πu1/U1)][0.54 + 0.46 cos(πu2/U2)]

if|u1| < U1 and |u2| < U2
0

elsewhere

where u1,u2 are the frequency components under analysis.
U1 and U2 represent the cut-off frequencies along the two
dimensions.

By multiplying the FFT data with the Hamming window,
element by element, we can mask the high frequency
components which represent the bumps and pebbles. An
inverse 2D Fourier transform can then be applied to produce
a smoothened out bathymetry. This can be subtracted from
the original bathymetry to generate a map of the area which
highlights the bumpy areas as seen in figure 9.

Fig. 9. Difference bathymetry

A threshold is used to separate the flat region from the bumpy
non landable areas as shown in figure 10. The threshold to
qualify a region suitable for landing remains fixed.

Fig. 10. Difference bathymetry after applying threshold, red - flat areas; blue
- bumpy areas

Once the obstacles large enough to cause trouble for the AUV
to land have been found, a continuous patch of land suitable for
landing needs to be identified. For this operation the threshold
bathymetry is considered as a binary scaled image and simple
image processing operators are used.

D. Finding a suitable region to land

The final step in the algorithm involves finding a suitable
continuous flat patch of land for the AUV to perform landing
operations. The concept of finding a suitable landing site
can be considered as fitting an object of a given size into
a continuous red region of the image, which in this case

corresponds to landable areas. The opening morphological
image processing operator can be used to fit a structuring
element into an image and find regions where it fits
completely within a boundary. The structural element chosen
here corresponds to the size of the robot which needs to
land in the area. Considering the area scanned to be a set
of points B containing only two types of elements, landable
and non landable. The structural element R is a mask of the
size of the robot which is trying to land. Opening operation
is performed by an erosion process followed by a dilation
process. This can be expressed as:

B ◦R = (B 	R)⊕R

where 	 represents erosion and ⊕ represents dilation opera-
tion. By performing opening operation multiple times, we can
find an area suitable for landing in which the AUV can fit. In
our case the robot is considered to have a size of 1x2m. Figure
11 shows the results after opening is performed by orienting
the mask in the direction of motion of the AUV.

Fig. 11. Opening the image

By orienting the structural element in a different direction
we can find out if a landing site oriented along a different
direction to that of travel is available. By using a mask with
its major axis normal to the length of scanned area, i.e. the
robot landing perpendicular to its direction of travel, we can
find more candidate landing sites as shown in figure 12. This
can be extended to other orientations.

Fig. 12. Opening the image with a different mask

The landing vector for the AUV can then be decided by
computing the centroid of the continuous region which is
found suitable for landing and passing direction information
concerning the orientation of the mask to decide the AUVs
heading. If more than one separated flat region is detected,
the candidate region with the largest area is considered to be
the landing site. In the example, this is shown in figure 11
by the filled triangle. The empty triangles in figure 12 were
rejected in favor of that in figure 11, since they had a smaller
flat area. Note that the heading is in the opposite direction to
the scanning direction since the vehicle must return back to
this point for landing.



V. PAYLOAD SENSOR

In order to obtain magnified images of the seafloor, an un-
derwater microscope has been developed. Microscopic images
are useful for microbial and sand grain size analysis [4]. The
microscope used has a fixed focus lens with 60mm focal length
in water. In this study, the observed area was 3x4mm across
with a pixel resolution of 6.25µm. An underwater housing
has been made for the camera which was test rated to 3000m.
In order to focus the microscope images, a linear stage has
been constructed. Figure 13 shows the microscope assembly
mounted on the linear stage.

Fig. 13. Microscope and linear stage assembly

A sample underwater microscope image of a hydrothermal
chimney rock sample can be seen in figure 14. Objects are
illuminated by white light LEDs, also developed as part of
the system. The linear stage can be used to focus on different
layers of the rock and perform a 3D microstructure analysis
of the target.

Fig. 14. Hydrothermal vent sample

VI. EXPERIMENTS

Experiments were performed in March 2010 during the
KY10-04 cruise of R/V Kaiyo at Teishi Knoll, Japan which
erupted on July 13th, 1989. During this cruise the AUV Tuna
Sand [5] was used as the test vehicle. The laser profiling
hardware was mounted on the vehicle along with microscope
payload sensor. Figure 15 shows the hardware setup mounted
on the vehicle and some of its specifications. Four dives were
performed in the region at different spots. During the survey,
the vehicle was tethered and operated as a ROV.

Fig. 15. Setup on AUV Tuna Sand

The landing algorithm was implemented in real-time at
different locations. Real-time analysis was performed and
suitable landing sites were found. The vehicle was made to
land manually at the calculated landing spots and the under-
water microscope was used to take microscopic images of the
seafloor. Data from dives TS#34 and TS#35 are presented here
(figure 16), since the two areas had different types of terrain. In
this study we present the data from the second scan performed
in TS#34 and the fourth scan performed in dive TS#35.

Fig. 16. Dive Area



A. Dive: TS#34 Scan-2
A 10x2m patch of land was scanned and bathymetry was

generated from an altitude of 2m. Figure 17 shows the result
of the analysis.

(a) Bathymetry Contour

(b) Detected flat region

(c) Detected landing site

Fig. 17. Analysis of Scan-2

Fig. 18. Coarse grain sand structure

The area was scanned left to right and the landing algorithm
was implemented. The terrain observed was generally bumpy,
but a site in the centre of a flat area was defined as the
landing site with the robot heading in the direction opposite
to the direction of the travel since the vehicle has to come
back to this landing spot. Successful landing was performed
and microscopic images of the seafloor were taken. The sand
grain structure observed was coarse as seen in figure 18.

B. Dive: TS35 Scan-4
A 10x2m patch of land was scanned from left to right and

processed in real time to identify potential landing sites.

Figure 19 shows the bathymetry of the scanned surface.
The surface was flat as compared to the scan presented
for TS#34. The landing algorithm was implemented and
it identified the entire patch as landable. In this case the
algorithm defines the centre of the scanned area as the landing
site with the robot heading opposite to the direction of travel.

(a) Bathymetry Contour

(b) Detected flat region

(c) Detected landing site

Fig. 19. Analysis of Scan-4

Microscope images of the seafloor were taken. The sand
structure was found to be fine in this flat region as seen in
figure 20.

Fig. 20. Fine grain sand structure



VII. CONCLUSION

This research has proposed a system to allow AUVs to
land on the seafloor. The necessary hardware and mission sce-
nario have been discussed. To obtain high resolution seafloor
bathymetry a scanning system based on laser profiling has
been implemented and tested. A landing algorithm has been
developed which uses this bathymetry data and identifies a
suitable landing site for an AUV in real-time. An underwater
microscope was developed as a payload and microscopic im-
ages of the seafloor were taken. The system was implemented
at sea and the results showed that the landing algorithm can
be used on an AUV to generate a landing vector coordinate. In
future work we aim to extend the algorithm to perform real-
time seafloor classification and mapping of different seafloor
topologies.
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