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Abstract 

Understanding shoreline erosion requires considering a series of impact and attenuation 

factors, such as erosion type, soil constitution and several environmental factors. Washout 

erosion process occurs mainly in riverine areas and needs focused studies to understand 

and try to mitigate them. A critical step to understand the washout process is to measure its 

evolution and to correlate it with environmental factors. Mobile laser scanning technology 

is fully applicable to measure the washout phenomena. Laser scanner systems can 

determine the coordinates of millions of points in a second, with suitable precision for 

monitoring tasks. Mobile laser scanner has been increasingly used for erosion monitoring 

and for that it is vital to evaluate the fitness for use for washout evolution monitoring. The 

quality of a geographic dataset can be defined as a list of its characteristics, which help 

evaluating the dataset’s fitness for use in an application domain. The international standard 

“ISO19157:2013 – Geographic information – Data quality” defines some elements which 

describe geographic dataset quality. In this paper, it is presented an error analysis of the 

washout erosion monitoring process and evaluation of the standard data quality elements’ 

applicability to the quality analysis on washout erosion monitoring applications. 
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Resumo 

O entendimento da ocorrência de erosões marginais requer a consideração de uma série de 

fatores que impactam ou atenuam o processo, tais como o tipo de erosão, a constituição do 

solo e vários fatores ambientais. Os processos de solapamento ocorrem principalmente em 

margens de corpos d’água e demandam estudos específicos para seu entendimento e 

possível mitigação. Um passo importante para se entender um processo de solapamento é 

medir sua evolução temporal e correlacioná-la às condições ambientais da região. Os 

escâneres laser móveis são altamente indicados para a medição da evolução dos processos 

de solapamento e são, cada vez, mais utilizados para o monitoramento de processos 

erosivos, tornando fundamental a avaliação da aplicabilidade desta tecnologia ao 

monitoramento desses processos. Pode-se definir a qualidade de um conjunto de dados 



espaciais como uma característica intrínseca a ele. A norma ISO19157:2013 define uma 

série de elementos a partir dos quais se pode descrever a qualidade de dados espaciais. 

Neste trabalho será apresentada uma análise das fontes de erro envolvidas no 

monitoramento de processos de solapamento, uma avaliação dos elementos de qualidade 

da norma citada e sua aplicação no controle de qualidade dados de monitoramento de 

processos de solapamento. 
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1  Introduction 

Erosion is a wear process of soil and rocks that generally occurs under water and wind 

action. Abrupt changes in environment like deforestation, inappropriate culture soil 

preparation and water reservoirs settlements can generate erosion processes that, if not 

mitigated, can affect huge areas and their productivity. During rainy seasons uncontained 

water flux leads to erosion processes, which looks like a dry river and are caused by lack of 

contours plowing in steep culture areas. This is the most common erosion process and the 

genesis and mitigation steps are well known. 

Other erosion processes, such as the washout process, need more investigation in order to 

understand their causes and development, necessary to define the appropriate mitigation 

steps. This kind of erosion process occurs in cliff areas and is characterized by the collapse 

of soil blocks, rocks and vegetation (Figure 1). In Brazil, hydroelectric plants are the basis 

for energy production. These plants need huge reservoirs created by flooding large areas. 

The water in contact with a soil may cause its wear and washout. The problems caused by 

washout process are both environmental and financial mainly due to the loss of farming 

areas by the edges of the reservoirs. 



 

Figure 1: Example of washout process in Rosana and Chavantes hidroeletric reservoir, both 

in border of São Paulo and Paraná states, Brazil. 

 

Monitoring erosion processes is a critical and necessary task to understand and intervene in 

their evolution. Along the years different techniques were applied for erosion monitoring, 

from the classical topographic methods, photogrammetric and most recently laser scanning 

techniques.  

The need to measure the volume of eroded soil, for example studying the processes by 

temporal series analysis, creates a new application to mobile laser scanning data. The 

mobile laser scanner is based on LiDAR (Light Detection and Ranging) principle and is 

capable of determining the coordinates of millions of points in seconds, in a moving 

vehicle. Real time positioning techniques upgrade the positional accuracy of laser scanner 

coordinates determination and enlarge the number of possible activities where the 

technique is applicable (Shan and Toth 2008). 

 

1.1 Background 

The versatility of laser scanner technology allows operating under different condition in 

static mode, over tripod, or in motion over cars, trains and boats. Several researches around 

the world were performed using laser scanning for monitoring erosion processes and 



detection of morphological changes. Amaro et al (2013), Dewez et al. (2013) and 

Barbarella & Fiani (2012) presented studies performed using terrestrial laser scanner for 

monitoring coastal erosion processes. 

Mitchell et al. (2013) presented the use of a mobile laser scanner system mounted on a boat 

to monitor a cliff area with an extension of 3.5 km, named Great Cliffs, in the town of 

Carry-le-Rouet, France. In eight months, two campaigns were performed enabling the 

identification of areas with changes between 0.5 m to 2.0 m of depth. The authors 

concluded that periodical monitoring using mobile laser scanner is a satisfactory method to 

identify changing areas. 

Tommaselli et al. (2014) present results of a project to monitor several landslip areas in 

two hydroelectric reservoir plants in Paraná River, boarder of São Paulo and Paraná states, 

Brazil. In this study the authors highlight the fitness for use of mobile laser scanner (MLS) 

to monitor landslips phenomena and the influence of marginal vegetation and other 

characteristics of the region. The results show that the evolution of the monitored landslips 

process is slow; in some cases the detected changes between acquisitions of consecutively 

point clouds are similar to the equipment nominal precision, preventing a conclusive 

analysis. 

 

1.2 The Project 

Considering the importance of hydroelectric reservoir for Brazilian energetic system and 

economy and the damages caused by erosions, Duke Energy International, Geração 

Paranapanema S.A., responsible for the Paranapanema River reservoirs, in partnership with 

UNESP (São Paulo State University), are developing a project to understand and try to 

mitigate the washout process in Brazilian reservoir context. 

Two reservoirs in Paranapanema River were selected, due to their different characteristics. 



Chavantes is as flooding reservoir with margins used for agriculture and pastures, being 

predominant clay soil type. Eight washout processes are being monitored in this reservoir 

(Figure 2). Rosana is a run of river reservoir with margins used for agriculture with 

extensive plantations and pastures, the soil containing mostly sand and low quantity of 

clay. Five wash out processes are being monitored (Figure 3). 

 

 

Figure 2: Location of Chavantes reservoir in Brazilian territory and the monitoring areas. 



  

Figure 3: Location of Rosana reservoir in Brazilian territory and monitoring areas. 

 

Considering the boat operation conditions, a MDL Dynascan M150 was selected to operate 

in an adapted boat fo the monitoring. The scanner is capable of determining 36.000 XYZ 

coordinates per second with 5 cm of nominal precision using RTK (Real Time Kinematic) 

operation mode. The boat navigates 20 m apart from the margins with a speed of 3.6 km/h, 

allowing the measurement of a point at each 3.5 cm and one profile at each 10 cm. 

During the field survey the cloud points were promptly available and after that, the data 

were post-processed in office. The post-processing steps are 1) filtering: performed 

interactively to remove all ‘off-the-terrain’ points, such as noise and vegetation to maintain 

only the bare soil; 2) Modeling: a digital surface model is created based on terrain point 

cloud to analyze and measure the evolution of erosion process. Examples of raw, filtered 

and interpolated data are presented in Figure 4. 

 



 

Figure 4: Products of each project step (a) raw point cloud (b) filtered point cloud (c) 

digital surface model. 

 

The monitoring campaigns occur quarterly, in order to scan the processes in different 

operational conditions of the reservoir. This methodology generate a huge quantity of data 

about each erosion process, making arduous the selection of the fitness for using data to 

integrate the temporal series, avoiding erroneous analyzes caused by biased data. It was 

proposed in this study a classification methodology for laser scanner data based on 

ISO19157:2013 data quality elements. 

 

2 Quality Elements for Erosion Monitoring 

Geographic information produced for mapping, research or monitoring requires an 

evaluation process to analyze and guarantee the final product quality. National mapping 

agencies, such as IBGE (Instituto Brasileiro de Geografia e Estatística) in Brazil, use 

national standards for development, quality evaluation, storage and publication of 

geographic products. 

The International Standard Organization (ISO) published the ISO 19100 series of standards 

for spatial data, among which, ISO 19157: 2013 Geographic Information – Data Quality 

defines spatial data quality as a ‘degree to which a set of inherent characteristics fulfils 



requirements’ (ISO/TC 211 2013). The same standard defines a series of quality elements 

(positional accuracy, attribute accuracy, logical consistency and completeness), quality 

evaluation methods and quality measures for a spatial dataset. 

The use of term ‘quality’ meaning ‘the sense of excellence’ started in the beginning of 20
th

 

century with the works of F. W. Taylor about product quality (Devillers et al. 2006). 

Traditionally, positional accuracy is the most used, in some cases the unique quality 

indicator of a geospatial data. However, positional accuracy as the only data quality 

element is insufficient to inform about datasets’ quality. Other standardized data quality 

elements can aid the quality evaluation datasets, selection and data sharing. In this section 

the relevant data quality ISO19157 elements for laser scanning for erosion monitoring will 

be presented and discussed. 

 

2.1 Completeness 

Completeness refers to the amount of excess or absent data in the dataset, compared with 

its specification. In laser scanner surveying for erosion monitoring an important issue is the 

identification of gaps in the point cloud. Gaps can affect the surface modeling. Reasons for 

point cloud gaps include occlusions and incapability of system to receive or store the 

reflected pulse. The first source is common in terrestrial surveying where the laser scanner 

have a horizontal view of the erosion process and the presence of trees, poles, vegetation 

and other uninteresting objects can hide the object of interest.  

The presence of vegetation in erosion areas of Brazilian reservoirs is common. Eliminating 

vegetation from the point cloud demands a filtering process that creates gaps in the point 

cloud. These gaps are usually small and can be filled by interpolation process, but large 

gaps may hide significant portions of eroded soil in cliff area, resulting in a biased analysis 

of the eroded volume. 



 

2.2 Quantitative Attribute Accuracy 

The laser module record the energy reflected by the target, and the intensity of the returned 

pulse allows inferring valuable information about the composition of the scanned target. 

Although widely used to analyze the point cloud, the quality of the intensity of the returned 

pulse, required to quantitative attribute accuracy evaluation, is often neglected due the need 

of previous radiometric calibration of the laser system. 

 

2.3 Positional Accuracy 

The positional accuracy is the most frequently used data quality element in geoinformation 

applications, and it can be divided in two components: relative and absolute positional 

accuracy. Relative positional accuracy is associated to the precision of a surveyed point 

with respect to other surveyed points. In other words it defines the capacity of the data 

acquired by a laser scanner to represent the object surveyed. Absolute positional accuracy 

defines the accuracy of surveyed data in a reference system. It is a statistical measure of 

the discrepancy of coordinates with respect to a fixed reference system and is mostly 

consequence of the positioning error of the platform. Both, relative and absolute positional 

accuracy, are relevant for MLS applications, because a point cloud can represent in details 

the object surveyed but the points coordinates can be biased related to a reference system. 

Relative and absolute accuracy are fundamental to describe the positional accuracy of a 

dataset for erosion monitoring with laser scanning, are fundamental. It is not feasible to 

produce a point cloud with reliable absolute accuracy and without relative accuracy, even 

though the opposite situation is possible. Errors in absolute positional accuracy may be 

confused with logical consistency errors. It is easy to distinguish each one because errors 

in logical consistency are characterized for a great magnitude shift in point cloud position 



disproportionate to the expected positional error. The presented ISO19157 data quality 

elements are not exhaustive to describe the dataset’s quality, however it is assumed they 

are important and relevant on erosion monitoring and can describe properly a laser 

scanning datasets’ quality. 

 

3 Evaluation of Data Quality 

This section presents the strategy for laser scanning data quality evaluation suitable for 

MLS applications monitoring erosion. The strategy is demonstrated by mean of a case 

study and highlights its applicability for similar projects. 

 

3.1 Completeness 

The completeness of a point cloud can be measured by comparing the area covered by the 

point cloud and the total area of interest as specified in the project plan. A simple ratio 

between the covered area and the interest area provides a measure to quantify the dataset’s 

completeness. It is proposed the definition of three-dimensional polygons delimiting the 

area of interest of each erosion process. After filtering process, a polygon with the limits of 

the surveyed area can be generated and compared with the reference polygon.  

 

3.2 Quantitative Attribute Accuracy 

When it is aimed to use automatic segmentation and classification based on intensity of the 

returned pulse, the work space has four fields, three describing the point position and one 

associated to the target’s material radiometric property (X,Y,Z,I). 

Reliable radiometric information about target’s material demand calibration procedures of 

the laser scanner, due to the impossibility of this, ‘null’ values, like 9999, or out of range 

values, like negative values, can be considered errors in the radiometric measurement. The 



percentages of incorrect or ‘null’ values in the survey data allow the assessment of the 

quality of radiometric data. 

 

3.3 Positional Accuracy 

The positional accuracy of a point cloud can be evaluated using primitives of control, like 

planar areas, or artificial targets, as in Canavosio-Zuzelski et al. (2013), and the accuracy 

of the point cloud should be presented through their mean standard deviation and 

discrepancies with respect to control primitives. 

In erosion monitoring the use of control targets is not feasible due the instability of soil to 

accommodate a control target and, in majority of cases, the inaccessibility of the erosion 

area. One alternative is the use of natural well-defined targets like walls and roofs. In some 

monitoring areas, houses near to erosion area can serve as natural control targets. 

Moreover, the facades of building facing the reservoir can be used as control planes to 

measure the accuracy of the point cloud and to validate the survey technique. 

The control planes are calculated by plane fitting using least squares technique from points 

in the edges of the walls, surveyed by topographic techniques. These points are in the same 

reference system of the point cloud (WGS84) and have precision higher than 1.5 cm, 

which is three to four times higher than the nominal precision of the laser scanner.  

Two measures are obtained from these planes: 1) the distance of the reference plane to the 

mean plane of the corresponding wall in the point cloud, also calculated by least squares 

adjustment, and 2) the distance of each point in the point cloud to the reference plane. Both 

are measures of absolute accuracy of the point cloud. 

To calculate the relative precision of the point cloud, a well-defined target, like a wall, is 

selected in the point cloud and a 3D model of this target is created by least square fitting. 

The distance of each point of the target representation to the 3D model of them is 



calculated and the mean of these distances represents the dispersion of the sample and is an 

estimate of relative precision. 

 

4 Application of data quality evaluation methodology in a case study  

To evaluate the feasibility of the proposed methodology, laser scanner data of one of the 

monitoring areas, near to a residential area in Chavantes reservoir was selected. A facade 

was surveyed with topographic techniques and used as a control plane. The data used in 

this case study are from two surveys performed in August and November 2013. 

 

4.1 Acceptance quality level for datasets’ 

Before starting the data quality evaluation it is important to define the acceptance quality 

level (AQL) for each evaluated parameter. AQL can be understood as a comparative 

threshold to support the classification of the data in ‘adequate’ or ‘inadequate’. This 

acceptance threshold needs to be defined due to the characteristics of each application and 

the importance of each evaluation parameter. 

The goal of this project is to produce a model of the cliff area that allows the monitoring of 

the erosion process and the main requested information is the set of 3D coordinates (point 

cloud). The most important data quality elements for this project are the positional 

accuracy and completeness of the dataset.  

Keeping the previous presentation sequence the first element to discuss is the completeness 

of the dataset. In these surveys the primordial interest is the cliff and beyond this a buffer 

with approximately 5 m was created to predict the erosion evolution. However, most of 

surveyed points are located in the cliff area, as result of the survey geometry. This 

concentration of points allows assume that, at least, 50% of the surveyed points are in cliff 

area, being this acceptance quality level for completeness. 



Considering the intensity of the returned pulse as complementary information a bad rating 

in quality evaluation for this data is no reason to avoid the use of the dataset, but prevents 

the adoption of an automated process for segmentation and filtering. Because of this 

drawback, the quantitative attribute accuracy is important to select the datasets suitable to 

be processed automatically and the datasets that will be interactively processed. 

The presence of vegetation in cliff area is a problem to 3D modelling; furthermore their 

density vary during the year. Considering the nominal positional accuracy of the laser 

scanner of 5 cm on XYZ coordinates and the influence of vegetation on point cloud 

accuracy, a threshold of 10 cm may be adopted as the acceptance quality level for 

positional accuracy. 

 

4.2 The case study 

The first parameter to be evaluated is completeness. In this stage only a 2D completeness 

analysis was performed, based on flat polygons of the study area and the surveyed area in 

each campaign. The completeness evaluation is based on the total surveyed area and the 

percentage of study area coverage by the point clouds. Table 1 presents the total surveyed 

area in each campaign and the overlapped area between surveyed polygons and reference 

polygon. 

The data presented in Table 1 show that the survey in August 2013 had major coverage 

over the interest area. It is important to highlight that the primordial interest is to have the 

cliff area covered by the two surveys and that the acceptance quality level is 50% of 

interest area covered by survey. 

The second step was the assessment of the quantitative attribute accuracy. A simple ratio 

between the number of correctly measured intensity of returned pulses and the total 

number of points in a point cloud return a metric for the quantitative attribute accuracy. It 



is important to remember that negative or null values recorded as intensity were considered 

errors. Table 1 presents the results of quantitative attribute accuracy evaluation. 

 

Table 1: Statics about interest area surveyed and intensity of returned pulse to 

completeness and quantitative attribute accuracy evaluation. 

Epoch 
Total area 

surveyed (m
2
) 

Number of 

points in cloud 

Interest area 

surveyed (%) 

Accepted 

attributes (%) 

Rejected 

attributes (%) 

August 2381 120620 39.14 95.86 4.14 

November 1055 64679 64.08 0.00 100.00 

 

In the survey performed in November, an error in the equipment configuration caused the 

loss of intensity of the returned pulse information in the stored data. The evaluation of 

quantitative attribute accuracy showed that the point cloud recorded in November 

demanded interactively filtering process, in comparison with the point cloud acquired in 

August, which could be automatically processed. 

Two planes corresponding to one building facade were adjusted: one from topographic 

reference points (reference plane) and other from laser scanning points (evaluation plane) 

allowing the calculation of parameters to quantify the positional accuracy and, in addition, 

computation of the quantitative attribute accuracy. Based on these planes, four quantities 

were derived: 

1) The distance between each topographic point in one facade to the evaluation 

plane, in other words the dispersion of the point cloud; 

2) The distance of the reference plane to the evaluation plane of the corresponding 

wall in the point cloud; 

3) The distance of each point in the point cloud to the reference plane; 

4) Rotation angle between the two planes. 

Table 2 presents the values for each calculated metric. 



 

Table 2: Columns stands for: (A) Dispersion of point cloud, in meters; (B) distance of 

reference plane to evaluation plane, in meters; (C) distance of each point in facade to 

reference plane, in meters, and; (D) angle between planes, in degrees. 

Epoch A (m) B (m) C (m) D (°) 

August 0.036 ± 0.026 0.051 ± 0.038 0.051 ± 0.038 0.9018 

November 0.055 ± 0.041 0.086 ± 0.056 0.086 ± 0.056 3.7885 

 

Once again, the data from survey performed in August presented better performance than 

data from November. Despite of small dispersions in the point clouds, both agreeing with 

the equipment accuracy, the angle between the planes in data acquired in November is 

substantially greater than the computed from August data and may be the cause of the 

increase in plane to plane distance. This was likely caused by positioning errors, due to 

IMU alignment or RTK transmitted corrections. 

According to the results achieved in the assessment of each data quality element, it is 

possible to state that data acquired in August did not reach the acceptance quality level for 

completeness, however a visual inspection verified that the cliff area was covered by the 

point cloud allowing the use of this dataset to monitoring the erosion process. 

Both datasets present positional accuracy better than the acceptance quality level despite of 

the worst results in November dataset caused possibly by errors in attitude measurement in 

IMU, as verifiable with the value of the angle between the planes. 

 

5. Conclusion 

This paper presented a methodology for quality evaluation of laser scanner data applied to 

erosion monitoring, based on ISO19157 data quality elements. The use of standardized 

data quality elements facilitates the comparison of data from different sources and allows 

end-users conclude about the dataset’s fitness for use in their own application. 



The methodology was developed considering the amount of data on the entire project and 

the need for classification and selection of suitable datasets for erosion process analysis. 

The presented case study showed that it is feasible to apply this methodology for data 

quality evaluation. 

Future work includes the implementation of automated tools for data quality evaluation 

process. Future surveys will enable to correlate the erosion process evolution with 

environmental phenomena and in such a case reliable information about dataset’s fitness 

for use will be essential. 

The study of the relevance of the other ISO data quality elements for erosion modeling 

applications and development of automated quality evaluation processes scalable to the 

size of laser scanners’ dataset are recommended. 
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