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Abstract 

Coastal management requires rapid, up-to-date, and correct information. Thus, the determination of 

coastal movements and its directions has primary importance for coastal managers. For monitoring 

the change of shorelines, remote sensing data, very high resolution aerial images and orthophoto 

maps are utilized for detections of change on shorelines. It is possible to monitor coastal changes by 

extracting the coastline from orthophoto maps. Along the Baltic Sea and Riga Gulf, Latvian 

coastline length is 496 km. It is rich of coastal resources and natural biodiversity.  Around 120 km 

of coastline are affected by significant coastal changes caused by climate change, storms, erosion, 

human activities and other reasons and they must be monitored. In this study, an object-oriented 

approach has been proposed to detect shoreline and detect the changes by using 1:5000 scaled 

orthophoto maps of Riga-Latvia (3bands, R, G, and NIR) in the years of 2007 and 2013. As many of 

the authors have mentioned, object-oriented classification method can be more successful than the 

pixel-based methods especially for high resolution images to avoid mix-classification. In the 

presented study the eCognition object-oriented fuzzy image processing software has been used. The 

results were compared to the results derived from manual digitizing. Extracted and manually 

digitized shorelines have been divided in 5 m segments in x axis. The y coordinates of the new 

nodes were taken from the original “.dxf” file or computed by interpolation. Thus, the RMS errors 

of selected points were calculated.  

Keywords:  Shoreline extraction, object-oriented classification, image processing, change 

detection, orthophoto map 

Introduction 

Introduction 

Since coastal zones include a wide variety of 

living and non-living resources, they are very 

complex ecosystems and indispensable socio-

economic environment (Raju et al., 2015). 

Scientific information is one of the main 

resources of coastal managers and planners to 

bring efficient and fulfilled solutions to 

preserve natural environmental resources 

(Houser et al., 2008). Coastal areas are under 

effect of various factors which are evolving 

these areas such as morphology and geology of 

coastal area, location, length and width of area, 

climatological factors, sedimentation, rivers 

around coastal area, waves, and effects of tide 

(Albert and Jorge, 1998).  

There are several factors which make the 

monitoring of coastal changes essential for 

coastal managers same as defining of 

correlation between dune morphology, 

bathymetry and land (Houser et al., 2008). 
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Remote sensing and geographical information 

system (GIS) have been used widely in costal 

monitoring studies in recent twenty years 

(Kuleli et al., 2011; Maiti and Bhattacharya, 

2009; Yamano et al., 2006; Siddiqui and 

Maajid, 2004; Ryu et al., 2002). Monitoring of 

shoreline changes is very important for 

planning, defining of hazard zones, and 

predicting of erosion and sediment 

transportation and being aware of coastal 

morph dynamics (Bayram et al., 2013; Ford 

2013; Kumar et al., 2010). Periodic monitoring 

of shorelines and defining of is crucial (Karsli 

et al, 2011). Despise natural effects human 

interactions with shorelines and their results 

have to be taken into consideration. Satellite 

data and aerial photographs have been 

commonly used in many studies based on 

monitoring of detection of shoreline changes 

(Kankara et al., 2015). To extract shorelines 

several pixel-based approaches have been 

proposed (Ozturk and Sesli, 2015). However, 

many studies suggested object-oriented 

suggestions to accomplish difficulties of pixel-

based methods (Kassouk et al., 2014).  

The aim of this study is to extract the shoreline 

and define shoreline changes of Riga Gulf by 

using object-oriented fuzzy classification 

technique.  Shorelines have been extracted 

using orthophoto maps in the years of 2007 and 

2013 and in the scale of 1:5000 which includes 

R, G and NIR bands. 

Study Area 

Along the Baltic Sea and Riga Gulf, Latvian 

coastline length is 496 km. It is rich of coastal 

resources and natural biodiversity.  All sand-

dunes of Baltic Sea and Riga Gulf coastline are 

being protected by protective zone which is at 

least 300 meters wide. Around 120 km of 

coastline are affected by significant coastal 

changes caused by climate change, wind, 

storms, erosion, human activities and other 

reasons. Coast abrasion occurs in some parts of 

coastline, in some parts – accumulation of sand 

and in some parts – dynamic balance, which is 

simultaneous abrasion and accumulation. In this 

study 1:5000 scaled orthophoto maps of 

Buļļusala and Buļļupe in Riga-Latvia (3 bands; 

R, G, and NIR) in years of 2007 and 2013 were 

used. Buļļusala is an island located in the South 

part of the Riga Gulf, between entry of river 

Daugava in the East, entry of river Lielupe in 

the West and river Bullupe in the South. Island 

has been formed in the 18th century during the 

floods of Lielupe. Also at present ambient 

rivers influence the coastline changes of 

Buļļusala and its surroundings. The 13 km part 

of Riga shoreline has been extracted and 

temporal analysis examined (Fig 1). 

Fig 1. Study area 

Material and Method 

Object-oriented classification has been realized 

by eCognition Professional 5 software 

(Definiens, 2006). The software requires 

interactively setting of three parameters which 

are scale, colour and form to create 

homogenous segments to realize classification. 

The detailed information can be found in (Baatz 

and Schäpe 2000). The reason of using NIR 

band is appearing of water areas darker in the 

image. This physical behaviour of water bodies 

at NIR wavelengths make the extraction 

process easier (Raju et al., 2015; Lillesand and 

Kiefer, 1999). 
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In the first step of the study, segmentation has 

been done. For all processed data:  

• scale factor was set as 1000 

• colour parameter was set as 0,9 

• compactness parameter was set as 0,8 

Sample segmentation result has been given in 

Fig 2. 

Since fuzzy based object-oriented classification 

was used in this study, the fuzzy membership 

function and its thresholds must be defined 

primarily to perform the classification. Only 

two classes were assigned which are “water 

body”, and “land”. For object-based 

classification “Ratio” object based feature has 

been used which has been provided by used 

software. “The ratio of layer k reflects the 

amount  that  layer  k  contributes  to  the  total  

brightness” (Definiens, 2006). 

The parameters of object based feature are: 

wkB :  brightness weight of layer k 

ck(v): mean intensity of layer k of an image 

object v 

c(v): brightness 

and the formula: 

If wkB =1 and c(v) ≠ 0 then 

(1) 

𝑐𝑘(𝑣)

𝑐(𝑣)

As fuzzy membership function “About range” 

membership function has been used (Fig 3). 

Fig 2. Segmentation results 
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       Fig 3. Fuzzy membership function 

The classification results have been given in 

Fig 4-a,b. After segmenting of water body and 

land classes, shorelines have been obtained by 

raster to vector conversion. Extracted shorelines 

(Fig 5-a,b) have been compared with manual 

digitizing results (Fig 6-a,b) for accuracy 

assessment. 

Fig 4-a. Classification results of 2007 

Fig 4-b. Classification results of 2013 

Fig 5-a. Extracted shoreline of 2007 

Fig 5-b. Extracted shoreline of 2013 

An algorithm has been developed by using 

MATLAB for accuracy assessment and 

analysing of temporal changes between 2007 

and 2013.  The results between object-oriented 

shoreline extraction and manual digitizing have 

been compared for both 2007 and 2013. 

According to algorithm, shoreline extraction 

results have been taken as reference data. The 
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master and slave files divided by 5 m segments 

in x axis. The y coordinates of the new nodes 

were taken from the original “.dxf” file or 

computed by interpolation if necessary. The 

differences between y coordinates of reference 

and slave files and its root mean square errors 

have been computed. 

 
Fig 6-a. Manually digitized shoreline of 2007 

 
Fig 6-b. Manually digitized shoreline of 2013 

Results and Discussions 

The 13 part of Riga- Bullupe shorelines under 

treat of abrasion have been extracted by object-

oriented fuzzy approach from orthophoto maps 

in years oh 2007 and 2013 and temporal 

changes have been monitored. Two main object 

classes have been created as “water” and “land” 

to extract shoreline. The segmentation results 

were converted into “.dxf” vector data format. 

The extraction results have been evaluated by 

manual digitizing results. The same method has 

been used both accuracy assessment and 

shoreline change analysis. Minimum, 

maximum, average differences between 

proposed method and manual digitizing for 

2007 have been calculated as 0.00 m, 43.30 m, 

2.97m respectively. The calculated standard 

deviation is 3.21 m. Again, minimum, 

maximum, average differences between 

proposed method and manual digitizing for 

2013 have been calculated as 0.00 m, 50.90 m, 

7.14m respectively. The calculated standard 

deviation is 5.67 m. It has been though that the 

maximum calculated differences for 2007 and 

2013 have been occurred because of the human 

interpretation error. According to comparison 

of two extracted shorelines in years of 2007 and 

2013, minimum, maximum, average differences 

have been calculated as 0.00 m, 98.0 m, 8.14m 

respectively. 

The calculations have been by using 2260 

points along the shoreline.  The 71 % of 

differences were in 0-10 m, the 23% of 

differences were in 11-20 m, 6% of differences 

were in 11-98 m between 2007 and 2013. As it 

can be seen in Fig 7, maximum changes are at 

the intersection location between Batlic Sea and 

Bullupe River. The effect of Bullupe River is 

should be taken into serious. 

As a result, it has been seen that proposed 

object-oriented approach is relevant and 

methodology can be used efficiently similar 

areas to monitor temporal shoreline changes. 

Also, for determination and control of 

longshore sediment transport models to 

evaluate the simulation results the proposed 

coastline extraction method can be successfully 

used. Thus, the remote sensing technique can 

be fused with the sediment transport results. 

Fig 7. Maximum changes at Riga-Bullupe 

shoreline 
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