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has a high information capacity and enables 
chart creation at large scales. Due to the large 
information capacity, often various methods 
are used for image processing which are de-
signed to automate the extraction of certain 
objects. The basic methods already include 
thresholding and classification, which allow 
the separation of basic land cover classes. The 

1	 Introduction

Navigation charts are a part of geoinforma-
tion systems (Vetter et al. 2012). Remote 
sensing imagery is one of the main sources of 
data used in chart production (Łubczonek & 
Włodarczyk 2010). Remote sensing imaging 
gives a better insight into the mapping area, 
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Summary: At present, for map elaboration, remote 
sensing images are used very frequently. By using 
different methods of image processing, the process 
of developing the map can be automated, mainly 
due to the reduced time required to obtain geo-
graphical objects in vector form. The paper pre-
sents a method for the extraction of shorelines by 
using high resolution images. The extraction pro-
cess by using geoprocessing tools of the ArcGIS 
software is exemplarily illustrated. Because GIS or 
remote sensing software can have several geo-
processing tools, it is important to investigate the 
set of tools proposed by the software developer that 
can be used for image processing. Based on this 
study, an image geoprocessing routine is proposed, 
which uses methods such as classification, thresh-
olding, mathematical morphology, and vectorisa-
tion. The target use of the extraction method is 
dedicated to the production of Inland Electronic 
Navigational Charts.

Zusammenfassung: Geoverarbeitung von hoch-
auflösenden Orthophotos zur Extraktion von Ufer-
linien für die Herstellung von elektronischen Navi-
gationskarten für die Binnenschifffahrt. Zur Erstel-
lung von Landkarten ist derzeit die Fernerkundung 
häufig Mittel der Wahl. Unter Verwendung von 
verschiedenen Bildverarbeitungsverfahren kann 
die Erstellung von Landkarten automatisiert wer-
den. Hierbei spielt die automatische Erkennung 
geographischer Objekte eine zentrale Rolle. In die-
sem Artikel wird die Extraktion von Uferlinien aus 
hochauflösenden Bildern thematisiert. Anhand ei-
nes Beispiels wird der Extraktionsprozess von 
Uferlinien unter dem Einsatz von Geoverarbei-
tungswerkzeugen der ArcGIS-Software illustriert. 
Da solche GIS- oder Fernerkundungssoftware über 
verschiedene Werkzeuge zur Verarbeitung von 
Geodaten verfügt, ist eine Prüfung der vom Soft-
ware-Hersteller angebotenen Werkzeuge zur Bild-
verarbeitung von Bedeutung. Aufgrund der durch-
geführten Prüfungen wurde ein Verfahren zur 
Bildverarbeitung vorgeschlagen, das solche Ver-
fahren, wie z.B. die Klassifizierung, die Segmen-
tierung, mathematische Morphologie-Analyse und 
Vektorisierung benutzt. Das vorgeschlagene Ver-
fahren kann bei der Herstellung von elektronischen 
Navigationskarten für die Binnenschifffahrt heran-
gezogen werden.
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in its neighbourhood. In case of a good de-
marcation of water and land, the fundamental 
problem may be the length and shape of the 
shoreline, which translates into a significant 
increase of time required for accurate manual 
digitization. For the purpose of chart produc-
tion, it is therefore essential to automate data 
processing, which should shorten the time 
needed to develop data and improve its accu-
racy.

2	 Shoreline Extraction Cases

Based on the literature, it can be concluded 
that different case studies deal with the extrac-
tion of the shoreline. These case studies are 
directly related to the extraction of coastlines 
or objects which are circumscribed by coast-
lines, for example, river, land or water bodies. 
Generally, the case studies utilize different 
methods for the shoreline or land-water area 
extraction and various other types of remote 
sensing data. They address different types of 
aquatic environments or shorelines, and con-
sider different types of water surface textures. 
Tab. 1 summarises the case studies found in 
literature (Buono et al. 2014, Zhang et al. 
2013, Shi et al. 2010, Sakurai-Amano et al. 
2002, Zhang & Wang 2010, Li et al. 2011, He 
et al. 2012, Yin & He 2011, Chen 2009, Khur-
shid et al. 2012, Liu & Nie 2012, Dandawate 
& Kinlekar 2013, Kupidura 2013, Yang et al. 
2014, Silveira & Heleno 2009, Baselice & 
Ferraioli 2013, Klinger et al. 2011, Schmidt 
et al. 2013).

current GIS software in addition provides ev-
er-increasing data processing capabilities. It 
allows for automation, i.e. the creation of data 
geoprocessing processes, which include a num-
ber of consecutive image operations, for exam-
ple, classification, operations of mathematical 
morphology, vectorisation, and cartographic 
generalisation.

One of the basic data used in the production 
of electronic navigational charts are photo-
grammetric materials in the form of high res-
olution orthophotos. Presently, for the purpose 
of such studies, orthophotos are used with a 
resolution of several centimetres or decime-
tres. These materials are characterised by 
great detail and have a high potential for in-
terpretation. For the production of electronic 
charts, an important object type is the shore-
line which is topologically linked with many 
other map objects (IENC 2015). Currently, the 
development of navigation charts is also sup-
ported by other studies, such as the reduction 
of large datasets (Stateczny & Włodarczyk-
Sielicka 2014), fusion of hydrographic data 
(Stateczny & Bodus-Olkowska 2014), the de-
velopment of numerical models of the sea bot-
tom (Łubczonek 2004, Maleika et al. 2012), 
uncertainty of bathymetric data (Wawrzyni-
ak & Hyla 2014), or waterborne laser scan-
ning as the potential source of chart creation 
(Burdziakowski et al. 2015).

The problem of identifying the shoreline of 
watercourses by using photogrammetric ma-
terial is mainly challenged by the presence of 
objects such as vegetation, trees, buildings, 
engineering constructions, or shallow waters 

Tab. 1: Case studies related to the shoreline extraction problem.

Case studies Type
1 Extraction method Edge detection functions, image classifications, artificial intelligence 

(neural networks and fuzzy logic), morphological operations, 
watershed algorithm, snakes algorithm, combinations of some above 
methods, other proposed methods

2 Data Three-band satellite images, SAR and InSAR data (radar data), DEM, 
LIDAR data

3 Area of extraction Sea, riverbeds, flood extend areas, tropical forest, inlands, lakes, icy 
terrain

4 Shore type Muddy, sandy, rocky, artificial, icy, also in some cases not specified 
5 Water texture Partly wavy water, water with glares
6 Water type Sea, river, lake, mixture of river and sea water
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Based on analyses summarized in Tab. 1, 
study cases were related to dedicated areas of 
the shoreline extraction. Some environmen-
tal aspects suggest that the proposed methods 
have an individual character and are applica-
ble in specified terrain or water body environ-
ment.

In this paper, a method of the shoreline ex-
traction is proposed and associated with the 
acquisition of data in the production process 
of electronic chart for inland navigation. This 
concerns navigable watercourses, which are 
the primary type of data in such electronic 
charts. The extraction process was realised in 
the ArcGIS software by combining threshold-
ing and classification methods with morpho-
logical operations followed by a vectorization. 
For the study, high resolution orthoimages 
were used ranging from visible to near infra-
red spectra.

3	 Study Area

Orthoimages prepared from aerial photo-
graphs were used. The analysis was based 
upon two three-band combinations: RGB 

(red, green, blue) and CIR (near infrared, red, 
green), one four-bands combination: RGB-
NIR (red, green, blue, near infrared), and four 
single bands: R (red), G (green), B (blue), and 
NIR (near infrared). The spatial resolution 
of the images was 0.15 m. Such resolution is 
useful for the proper identification of small-
er objects like piles, stones, fishing poles and 
the identification of various types of shores, 
i.e., sandy, artificial (both, in good condition 
and ruined), or overgrown with vegetation. 
The range of the orthoimage is illustrated 
in Fig. 1. Fig. 2 illustrates some special cas-
es, which were taken into consideration dur-
ing the shoreline extraction process. The first 
case is the natural shoreline, which represents 
about 90 percent of the investigated shoreline. 
This line has an irregular shape that is main-
ly caused by naturally overgrown reeds. The 
next case is the artificial shoreline, which of-
ten occurs in urbanised areas. This shoreline 
is characterised by regular shapes and straight 
sections, but sometimes there are places, 
where the constructions are ruined and there-
fore the shoreline has an irregular shape. The 
other cases include water with glares, moored 
vessels, shadows on the water, and shallow 

Fig. 1: Example of an orthoimage used in the study (East Oder River, Szczecin-Podjuchy).
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waters. Shadows may cause problems in the 
process of proper separation of water and 
land due to the confusing spectral signatures. 
Glares and vessels should be removed from 
the water area, because they do not belong 
to the shoreline class. Shallow waters in turn 
are sometimes problematic during visual in-
terpretation. Therefore, similar problems may 
exist during the extraction process.

4	 Processing of the Images

A multi-stage data processing using ArcGIS 
software was used for the shoreline extraction. 
The first stage involved the separation of ba-

sic classes needed for the shoreline extraction 
(land and water) from the image. For this pur-
pose thresholding and classification of image 
content were utilized. The next step included 
the generalisation of the image content by us-
ing mathematical morphology operations, 
which have been identified as one of the meth-
ods for edge detection in remote sensing im-
ages (Kaur & Garg 2011). The vectorisation 
of the shoreline was the last step. The general 
schema of shoreline extraction is presented in 
Fig. 3. The extraction of a coastline in Arc-
GIS software can also be automated. For this 
purpose, the ArcGIS Model Builder can be ap-
plied, which allows automated data process-
ing.

Fig. 2: The different cases considered in the process of the shoreline extraction.

Fig. 3: General schema of the shoreline extraction.
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4.1	 Thresholding and Classification 
of Image Content

For thresholding natural breaks methods 
(Jenks & Caspall 1971) were used, by means 
of which the division of image content into 
two basic classes (land and water) based on 
one threshold value was performed. For the 
classification of the image content, both meth-
ods were tested, supervised Maximum Likeli-
hood classification and unsupervised Iso Clus-
ter classification.

In order to evaluate the methods, a visual 
criterion was used, under which the course 
of natural and artificial shoreline, separation 
of glares on the water surface, separation of 
moored ships, lack or existence of shadows 
situated on the water, and the quality of the ex-
tracted line in the area of shallow waters were 
estimated. Therefore, a point scale ranging 
from 1 to 5 and additional object weights were 
introduced (Tab. 2). The point scale and the 
weights made it possible to compare the effec-
tiveness of the methods. The major weight was 
applied to the natural shoreline due to its im-
portance – it represents approximately 90% of 
the completely mapped shoreline. The smaller 
weights were applied to the objects, propor-
tionally to their importance in the extraction 
process.

The results of the visual assessment are il-
lustrated in Fig. 4 as the final number of points 
determined on the basis of the visual assess-
ment. Thresholding and classification meth-
ods have been tested on the following com-
positions: RGB, CIR, RGB-NIR (without 
thresholding due to the 4 bands) and the indi-
vidual spectral bands: R, G, B, NIR. For the 

three-band combinations, thresholding was 
performed on their colour maps. The com-
parison of the assessment results shows that 
better results were achieved by using unsuper-
vised classification (4 cases) or thresholding (3 
cases). The best results were achieved apply-
ing the different methods to the near infrared 
band only. In other words, the best distinction 
between water and land was observed in the 
NIR band.

Visual comparison of the results showed 
that natural and artificial shorelines were de-
termined best over the entire length using the 
NIR band only.  By doing so, there was no sig-
nificant effect of shadows on the water.  Ships 
and glares were correctly mapped in the sense 
of their separation from water area. The only 
drawback of using this method (NIR band) 
was a poor demarcation of water and land 
in shallow waters. Because the shallows are 
small in number in the area under consider-
ation, this drawback was not so important in 
that study. Tab. 3 shows selected cases of cor-
rect and incorrect separation of land and water 
with a short description of the examples.

The studies also analyzed the computer’s 
processing time and the time for manual dig-

Fig. 4: Cases included in the extraction process of shoreline (vertical scale without dimension).

Tab. 2: Objects weights for visual assessment.

Type of object Weight
Natural shoreline 0.50
Artificial shoreline 0.10
Ships 0.05
Shallow waters 0.10
Shadows 0.15
Glares 0.10
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Tab. 3: Examples of correct and incorrect separation of land and water area.
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should be removed; parameters used: (1) In-
put false raster or constant value -1, (2) Ex-
pression – a logical expression that deter-
mines the input cells that are to be true or 
false – value was set as < 35,000. Finally, 
the use of the Set Null tool created a mask 
for clusters with a pixel number less than 
35,000.

●● Nibble – eliminates small regions by us-
ing mask and replaces them with the clos-
est cell with its value by using previously 
created mask. This tool allows for the final 
elimination of the so called holes in the land 
and water classes.
All morphological operations, that are in-

cluded in the geoprocessing tools of ArcGIS, 
are illustrated in Tab. 4. The Majority Fil-
ter tool removed single misclassified pixels, 
the Region Group tool grouped clusters into 
zones, and the Set Null tool created a mask 
from clusters with pixel quantity less than the 
threshold. The threshold was manually set by 
the operator by analysing previously grouped 
clusters. The last tool, Nibble, fills the holes 
based on previously created masks. After this 
operation, two classes, water and land area, 
were finally extracted.

A part of the classified image before and af-
ter the application of the morphological oper-
ations is presented in Fig. 5. It describes the 
filling of holes in the land and water objects. 
Holes are incorrectly classified objects, or ob-
jects not associated to the main class, here: 
water or land. Generally, they are objects with 
smaller size or smaller number of pixels, such 
as glares, dolphins (port infrastructure), sepa-
rated ships, and small floating objects.

The last stage of data processing was vec-
torisation, which is the conversion from a ras-
ter to a vector model. This conversion is per-
formed by using the tool Raster To Polygon, 

itization. Geoprocessing of the analysed im-
age, which consisted of 6942 columns and 
5021 rows (about 35 Mbytes per channel), last-
ed about 19 minutes. Manual digitization of 
the same area took about 42 minutes. Hence, 
compared to the computer geoprocessing, op-
erator performance of vectorization was twice 
as long. The processing was performed on a 
PC with an i7 processor and 16 GB RAM.

4.2	 Image Morphology Operations

In the next step, the classified images were 
processed by using morphological operations. 
The processing aimed at the removal of mis-
classified data (mainly holes in a class of land) 
as well as filtering out irrelevant pixel clusters 
or single pixels (for example, from the water 
area). Those clusters represent objects such as 
ships and glares. Additionally, unwanted pix-
el clusters can originate from different kinds 
of port infrastructure, for example dolphins 
or buoys, as well as from vegetation. In the 
present study, the following morphological 
operations as implemented in ArcGIS soft-
ware were combined: Majority Filter, Region 
Group, Set Null, and Nibble (ArcGIS 2016). 
The functionality of these geoprocessing tools 
is defined as follows:

●● Majority Filter – removal of individual 
cells, which are misclassified in the image; 
parameters used: (1) Number of neighbours 
– FOUR.

●● Region Group – assigning an identifier for 
separated group of each cell for later re-
moval; parameters used: (1) Number of 
neighbours – FOUR, (2) Zone grouping 
method – WITHIN.

●● Set Null – creation of mask of separation 
cells regions smaller then threshold, which 

Tab. 4: Result raster images after the application of the geoprocessing tools.
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Noticeable problems occurred in shallow 
water areas, which has been discussed previ-
ously, and in areas, where land objects over-
lap with the area of water or in the presence 
of engineering structures. These land objects 
comprised the crowns of trees, fishing piers, 
and bridges. In some cases, the outline of the 
shoreline was drawn along the contours of 
ships. When the ship was separated from the 
water after classification or thresholding of the 
image, it was removed in the process of geo-
processing. The same happened with smaller 
objects, such as ship mooring devices and var-
ious floating objects.

Also, based on the visual assessment, ex-
tracted lines were compared with the lines 
elaborated manually. Measurements of sec-
tions of wrongly extracted shorelines were 
performed manually. For the unsupervised 
classification and the thresholding, the failure 
to comply with the reference line was 8.6% 
and 7.5%, respectively. It can be assumed that 
the average discrepancies were 8%, which 
means a correctness of the extraction on the 
level of 92%. The biggest problems for the 
methods arose at the sections of shorelines 
shaded by buildings and partially flooded are-
as (Fig. 7). In this case, the spectral signatures 
of water and land were similar, which in turn 
reduced the accuracy of the classification and 

whereas the option ‘Simplified output’ was se-
lected to obtain smooth shoreline shapes, i.e., 
vectorised lines as close as possible to the ob-
ject cells edge. Vectorisation ends the process 
of automated data processing. The shorelines-
can be stored in a database after the necessary 
corrections.

5	 Accuracy Assessment

In order to assess the accuracy of the shore-
line extraction, the mean and maximum er-
rors were calculated from 33 test points which 
were chosen randomly from the study area.  
These points were evenly distributed across 
the coastline to cover the entire area. Three 
points were located in the areas of shallow wa-
ter, and 30 test points in the rest of the study 
area. Such division was justified by the fact 
that on the basis of visual analysis, the great-
est disparity in areas with shallow water was 
found. Errors were also compared with re-
sults of manual classification. The results 
were summarised in Tab. 5 as average (EA) 
and maximum (EM) errors. Errors represent 
residuals (distances) between test points and 
their orthogonal projections onto the extracted 
or manually elaborated shoreline. Examples of 
extracted shorelines are illustrated in Fig. 6.

Fig. 5: Left: classified image before the application of morohological operations, middle: classified 
image after morphological operations, right: vectorized shoreline(subset).

Tab. 5: Accuracy assessment of extracted shoreline.

Shallow water Other cases
EA EM EA EM

Manual classification 0.72 m 1.34 m 0.40 m 0.67 m
Thresholding 1.09 m 2.48 m 0.09 m 0.23 m
Unsupervised classification 1.74 m 3.18 m 0.10 m 0.31 m
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shoreline extracted in the presented case study 
is characterised by a proper shape, which de-
termines the precise boundary between water 
and land. The calculated average error had a 
value of about one pixel with a maximum of 
two pixels. The demanded accuracy listed in 
the minimum content of Inland ENCs for the 
shoreline acquisition is less than 1 m (Inland-
ECDIS 2015), while the maximum error in 
our study was only 0.31 m. In the study case, 
the correctness of the extraction was estimat-
ed at 92%. Taking into account the extent of 
a watercourse in the development of electron-
ic charts, this result is very good. Based on 
the study, difficulties were experienced in ex-
tracting the shoreline in areas of shallow wa-
ter, which may practically limit the usage of 
this method in such cases. Regarding the ana-
lysed water area, such shallows were of mar-
ginal percentage. Hence, this influence was 

subsequently the demarcation between land 
and water.

6	 Summary

Based on the study it can be concluded that 
high resolution images can be utilized to ex-
tract shorelines for electronic chart produc-
tion. In this case, it is also important to ap-
propriately select the spectral bands. Based on 
our study it can be stated that the best results 
were obtained when using NIR images. In the 
proposed method of distinguishing between 
two the basic objects (land, water), the best re-
sults were obtained by using an unsupervised 
classification and thresholding. The applica-
tion of the suggested morphological opera-
tions, implemented as ArcGIS tools, extract-
ed the final shoreline as a vector feature. The 

Fig. 6: Examples of extracted shorelines, left: in non-urbanised areas (natural shoreline) and right: 
in urbanised areas (artificial shoreline).

Fig. 7: Cases of misclassified shoreline (blue line), left: roof and shaded berth as part of the water, 
right: shaded or wet area as part of the water.
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regarded negligible. The proposed method is 
also less time consuming compared to manual 
digitization, which is an important factor dur-
ing data elaboration for large areas. In order to 
shorten the processing time, the content of the 
image can be reduced to the area of interest, 
e.g. rivers or lake zones.
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