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Abstract. During a sea survey session performed using a multibeam
echosounder millions of measurement points are generated. Sea surveys
should be carried out in such a way, that the maximum accuracy of cre-
ated seabed models (DTM) is achieved and the standards specified by
the IHO S-44 guidelines are met. One of the requirements is so called
full sea floor search, which means the ability of a system to detect all
the cubic features at least 1 m in size. Spatial distribution of measure-
ment points is irregular and the distances between closest data points
are varying, depending on many factors (on survey parameters, depth
or distance between the beam and the vessel). Due to those reasons, it
is difficult for the users of hydrographic systems to evaluate the degree
of coverage of seabed by measurement points, and therefore to confirm
fulfilment of the normative requirements. As a solution we propose visu-
alisation methods for measurement data collected in sea surveys. Specific
features of such a visualisation are explained and a method for creating
the images is presented, along with some exemplary results.
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1 Introduction

One of the most important yet also most difficult tasks involved in the process of
building spatial information systems is creating a digital terrain model (DTM).
This model is composed of the basic information layer used by GIS systems,
and is used for either spatial mappings of parameters or assessments. Contem-
porary users of DTM are very demanding since they require a high quality of
data (in terms of accuracy, reliability and validity), efficient data processing and
visualization, and the ability to analyse the data in real time [3].

To create a DTM it is necessary to measure depths. Multibeam echosounders
record depth observations, obtaining a large amount of data [5,10] – during
one session, the depth and position of millions of points may be recorded. The
cardinality and density of the collected data depends on the parameters of the
recording device (i.e. the echosounder parameters: number of beams, sampling
frequency and beam width; and the survey parameters: speed of the measurement
vessel, number of survey tracks, and survey track configuration) [6,11].
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Based on the data collected during sea surveys, DTMs are created using appro-
priate processing algorithms [8,9]. The created DTMs and derived seabed charts
must fulfil the norms specified by the International Hydrographical Organiza-
tion [7]. The maing goal of this document is to specify the minimal hydrographic
survey norms, to ensure the accuracy of the created models and maps. These
norms also enable users to determine the spatial uncertainty of the data and
effective utilization of them ensures the safe use of measurement results.

One of important parameters described in the regulations is the ability to
perform so called full sea floor search. In practice, it is impossible to achieve
100% bathymetric coverage. Hence, a full sea floor search means a systematic
method of exploring the sea floor to detect most of the cubic features of prede-
fined size (1-2m for shallow waters). It should be noted that the IHO Special
Order ”feature detection requirements” of 1m and 2m cubes respectively, are
minimum requirements. In certain circumstances it may be deemed necessary
by the hydrographic offices to detect smaller features to minimise the risk of
undetected hazards to surface navigation.

The evaluation of the number and distribution of measurement points, as
well as the seabed coverage, is usually performed visually [2,10]. Contemporary
hydrographic and GIS software allow for such a visualisation, but the image is
usually created in a simplest way – for each measurement point a corresponding
pixel is set in the output image (presented on screen) [11]. Since we are dealing
with huge amount of data (many millions of points) with high density, usually the
imaged area appears solid, without the possibility to distinguish particular points
(see Fig. 1a). Only after a significant magnification of a fragment (see Fig. 1b)
one can see precisely the number and distribution of points in a given subarea.
Using such a solution it is however difficult to assess the distances between
points, and hence to determine, if any cubic feature might remain undetected.
Also, viewing larger areas in high magnification is cumbersome.

Given the above, it is worthwhile to develop a visualisation method for such
data, allowing for a clear indication of places, where the DTM might not conform
to IHO standards. The following paper presents two methods for visualising
measurement data coming from multibeam echosounder, which aim to simplify
the assessment of seabed coverage and to facilitate the detection of places, where
the measurements might be insufficient to detect all the required features.

Fig. 1. Visualisation of measurement points in Surfer 9.0 software – whole area (a), a
magnified fragment (b)
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2 A New Method for Visualisation of Measurement Data
Distribution

The measurement points coming from multibeam echosounder are placed in XYZ
space (X and Y – position of measurement, Z – depth). XY values are given in
one of reference systems (e.g. WGS84, EUREF-89, system 2000, UTM, etc.) [5].
In case of UTM system, the position of measurement is given in metric values,
i.e. we note the distance on the X and Y axes from a selected base point. Data
files saved in such a format simplify the calculation of distance between points
(for other formats appropriate transformations must be performed).

Most hydrographic and GIS software allow for a 3D visualisation of measure-
ment data. Unfortunately, the way the data is presented does not allow to assess
the distribution or density of the points. There is also the possibility to present
the data on a 2D image, but the imaging algorithms simply consist in determin-
ing for each measurement point a corresponding pixel and setting it to black.
With such an approach, often multiple measurement points are mapped into the
same image pixel. Furthermore, the size of created image is usually fitted to the
software windows size and screen resolution, and does not depend on the size of
visualised area. Such a visualisation of data makes it impossible to analyse the
measurement data regarding the seabed coverage in a fast and precise way [1].

An important property, which should be considered , is a clear indication of
not only the places, where the surveys were performed, but more importantly
the places, where the density of measurement data is insufficient, which might
result in some features remaining undetected.

Below are listed the basic features, that a visualisation method should possess,
in order to allow for the assessment of the correctness of performed survey:

– possibility to define the size of areas or objects, that should always be de-
tected (in metres),

– possibility to define the size of the output image,
– each subarea of a predefined size with no depth measurements performed

must be clearly visible in the output image (the point must not be black out
as a result of neighbouring points averaging or image downsampling).

The images created in that way will clearly show the places, where the density
of data is insufficient and the IHO standard requirements might not be met.

Let us define the following variables:

– grid – the cubic feature’s size, which should always be detected,
– Xsize, Ysize – the size of output image in pixels,
– Xtemp, Ytemp – the size of intermediate image (its dimensions are adjusted

to the area size and grid size),
– src-file – the name of a file with measurement data,
– xmin, xmax, ymin, ymax – edge values for measurement points (it is assumed,

that this data is stored in metric UTM system),
– xdata, ydata – the coordinates of subsequent measurement points (UTM),
– ximage, yimage – subsequent pixel coordinates in the image.
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In the presented method, the visualisation process consist of two basic stages.
In the first stage, based on measurement data an intermediate high resolution
image is created (adjusted to the area and grid size), where one pixel corresponds
to a cubic feature size. In the second stage the final image (of size predefined
by the user) is created, where the averaged information from the intermediate
image is presented, with the addition of indication of areas with insufficient
measurement points density.

The size of the intermediate image may be calculated using the formula:{
Xtemp = Xmax−Xmin

grid

Ytemp = Ymax−Ymin

grid

. (1)

Next, for each measurement point the corresponding pixel coordinates in the
intermediate image are determined, and the pixel is set:{

ximage =
(xdata−Xmin)(Xtemp−1)

Xmax−Xmin
+ 1

yimage =
(ydata−Ymin)(Ytemp−1)

Ymax−Ymin
+ 1

. (2)

After this stage the intermediate image contains a detailed map of measure-
ment points distribution. Thanks to adjusting the image size to the size of area
under investigation and to the grid size, blank pixels inside the area denote the
subareas (the size of the grid) for which no measurements were taken. It could
be interpreted as the possibility of missing in those subareas some features of a
predefined size, hence the measurements do not comply with IHO regulations.

The dimensions of the intermediate image are usually bigger than the output
image. For example, for an area 3x2 km in size and a grid size of 0.5 m the
dimensions of intermediate image will be 6000x4000 pixels. The output image,
however, should be displayed on screen and fit into software window, hence it
will be definitely smaller. The simplest method of creating a smaller output
image would be downsampling. Unfortunately, this would cause single white
pixels present in the intermediate image to be averaged and not appear on the
output image. Such a situation is undesirable, hence the scaling process should be
performed in such way, that every white pixel in the intermediate image retains
visibility in the output image. This approach will guarantee, that all areas with
insufficient measurement data density will be visible in the output image.

The algorithm for creating images depicting spatial distribution of measure-
ment points is presented in the Figure 2.

The results of the developed algorithm are presented using two real datasets
from sea surveys, performed with Simrad EM3000 multibeam echosounder [4].
The parameters of test areas named ”gate” and ”rotator”, as well as the dimen-
sions of created intermediate images, are listed in Table 1.

In the Figure 3 a sample visualisation of measurement points distribution cre-
ated using Surfer 8.0 software is shown (this is a typical visualisation performed
using standard algorithms). Figure 4 presents a visualisation created using the
method being described here. The images where created for 3 different grid sizes
(1, 0.5 and 0.25 m). The output image has the size of 1300x1700 pixels.
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Fig. 2. The algorithm for creating images of measurement points spatial distribution

In case of commonly used today visualisation (see Fig. 3), the pixels denoting
measurement points cover 100% of the area. The user can assume, that a full
sea floor search had been achieved, which might not be the case. As we can see
on images created using the proposed method, even for grid=1m there are some
subareas, where the density of measurement points is too low (seen as dark spots
in the image) and where some features located on the sea floor might remain
undetected. The IHO regulations state, that most of the cubic features must be
detected. It is up to the hydrographer to decide, whether the data density is
sufficient or the occurring subareas of low density disqualify the survey.

If we want to make sure, that no objects bigger than 0.5 m were missed, the
visualisation must be performed with grid set to 0.5 m. As we can see in the
above images, the number of spots with insufficient density is higher, than for
grid=1. In such case, the survey probably should not be considered conformant
to the regulations. This effect is even more apparent for grid=0.25 m, where the
number of blank spots is extremely high. Additional survey tracks should be
performed, in order to gather more data.

A particular property of the images created this way should be noted. One
should not assess the incorrect spots quantitatively (e.g. by estimating the per-
centage of area with insufficient data density). It is caused by the fact, that

Table 1. Properties of measurement data and created intermediate images

No. Name
Number of
meas. points

Area size [m]
Intermediate image size

(grid=1m) (grid=0.5m) (grid=0.25m)
1. Gate 3 812 445 811 × 951 811 × 951 1 622 × 1 902 3 244 × 3 804
2. Rotator 12 263 261 1314 × 1848 1 314 × 1 848 2 628 × 3 696 5 256 × 7 392
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Fig. 3. Measurement points distribution visualisation created in Surfer 8.0 software

Fig. 4. Visualisation for the ”rotator” surface. Grid size: 1m (a), 0.5m (b), 0.25m (c)

a single blank pixel in the intermediate image, denoting lack of measurement
points in a very small subarea (e.g. 0.0625 m2 for grid=0.25 m), in the output
image remains blank, but corresponds to a much bigger area (1-4 m2). In other
words, each pixel in the output image corresponds to several pixels in the in-
termediate image (the number depends on the grid size and dimensions of the
output image). If any of those pixels is blank, the pixel in the output image is
also blank. This is why those images may be used only to show the locations,
where data density is too low.

3 Quantitative Visualisation of Measurement Points
Distribution

By performing the visualisation using the method described in the previous
section, the user obtains only the information on the location of the spots, where
the data density is insufficient. Therefore, from the informational point of view,
we are dealing with binary images – yes/no, density sufficient/insufficient.

It seems desirable to prepare additional visualisations, which will allow to
better assess the distribution of density of measurement points gathered in a
given area. This should make it easier for hydrographic and GIS systems’ users
to perform quantitative analysis of data and to estimate the accuracy of created
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Fig. 5. Quantitative visualisation of the ”rotator” surface. Grid size: 1m (a), 0.5m (b),
0.25m (c)

DTM models. It is obvious, that the bigger the amount of measurement data
falling inside a single cell of the model, the lower the mapping error at this
point. Quantitative estimation of measurement data allows to assess, whether it
is possible to create a precise model, as well as to get additional information on
the way the data were gathered.

The method for creating such a type of images is very similar to the one
described in section 2. The only modification is making the colour of pixels
in the output image dependent on the density of measurement points. In the
intermediate image the value of a pixel is equal to the number of the measurement
points related to it. In the next step, when determining the value of a pixel in
the output image, the mean value of all corresponding pixels from intermediate
image is considered. This approach allows for including in the output image the
information on the average density of measurement points.

Examples of quantitative visualisation of measurement data are shown in the
Figure 5.

In the above examples it is clearly visible, that for a grid size of 1 m, the density
of the points near the edges of the areas is equal approximately 50-60 points/m2.
Inside the areas the density drops to approximately 10-40 points/m2. The long
red (dark) strips inside the areas show places, where the data from subsequent
survey tracks overlap. Thanks to such type of visualisation the user is able to
determine the degree of overlapping and the approximate layout of subsequent
survey tracks. Also, the places with blank nodes, i.e. subareas with lacking data,
are denoted (dark blue/black colour).

For smaller grid sizes (grid=0.5 m and grid=0.25 m) a significant decrease
in density of measurement points is clearly visible. We can still recognize the
distribution of points, layout of survey tracks and occurrences of blank nodes.

The grid size should be adjusted by the user to the size of the area under
investigation, the expected accuracy of the model, IHO standards and to the
characteristics of the area. For surfaces of low diversity or for typical surfaces,
the grid size may be equal 1 m. For particular areas, such as those containing
shipwrecks, underwater constructions, port terrains, a more precise grid of 0.5
m could be used.
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4 Conclusions

Users of hydrographic systems do not possess any good tools allowing for visual-
isation of data coming from multibeam echosounders, so that the interpretation
of this data could be easier. The method developed and described here allows
for two novel ways of presenting the data, summarised below.

Visualisation of measurement points distribution shows the areas, where the
density of measurement points is too low and it is possible to miss some cubic
features of a predetermined size. Such type of images allows for quick analysis
of measurement data regarding the conformance to IHO regulations.

Quantitative visualisation of measurement data allows for analysis of mea-
surement points density distribution, estimation of survey tracks layout, and
hence the assessment, whether the data is sufficient to create a precise DTM.

Institutions that may benefit from the conclusions drawn from the research
are those that deal with conducting sea surveys, including bathymetric mea-
surements. The results of the studies could prove useful to those fields in which
the accuracy of seabed models is important, such as in oceanographic studies,
geology, hydrotechnics, military science and tourism.

Novel imaging techniques might become a part of hydrographic and GIS soft-
ware, therefore increasing the functionality scope of such software.
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