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ABSTRACT: 

The field of Earth Observation (EO) and Geoinformation (GI) is gaining more and more importance due to the increasing number of 
data and data processing algorithms to respond even more accurately to a variety of challenges in many application areas. In order to 
follow recent activities and align the exponential evolution of datasets and recent processing trends with market and academic training 
requirements, the EO*GI sector needs an updated and new definition of knowledge and skills. To this goal, a specific body of 
knowledge for Earth Observation and Geoinformation (EO4GEO BoK) is currently being implemented with the aim of providing 
interconnected concepts and job-oriented skills. One novelty of the BoK is to include topics related to Earth Observation, in particular 
to introduce the different sensors used in this field. Active optical sensors are at the crossroad between Earth Observation and close-
range photogrammetry and have not been described in any other existing BoK. This paper introduces therefore the part of the EO4GEO 
BoK that is dedicated to active optical sensors. Such systems are used in various job-oriented applications such as archeology, mobile 
mapping, indoor or outdoor, or for surveying purposes, just to name a few. The structure of this part of the BoK is explained and 
specific descriptions and relationships between the identified concepts are given. Finally, the skills acquired by completing these BoK 
concepts are presented and discussed in terms of how they can be used in a professional context or in the definition of job-oriented 
learning paths. 

1. INTRODUCTION

The rapidly and exponentially growing data quantity in the field 
of Earth Observation and Geoinformation (EO*GI), associated 
with an open policy for most of these data and new algorithms, 
triggers a paradigm shift in learning and knowledge transfer 
(Sudmanns et al., 2019). In order to take into account the latest 
approaches and respond to upcoming challenges in EO*GI 
education and the labour market (Hofer et al., 2020), the project 
“Towards an innovative strategy for skills development and 
capacity building in the space geo-information sector supporting 
Copernicus user uptake” (EO4GEO; http://www.eo4geo.eu/) 
defines new and specific knowledge and skills for the creation of 
curricula and training actions. 
One of the principal goals of EO4GEO is to bring together 
experts from different specific areas of the EO*GI domain to 
create an exhaustive and comprehensive, structured knowledge 
that can be used to define and develop training actions or 
curricula in the EO*GI sector. This structured knowledge is 
based on the creation of a Body of Knowledge (BoK) that serves 
as a reference tool for education and training activities 
(Stelmaszczuk-Górska et al., 2020a).  
In this paper, we describe the conception of a specific part of the 
BoK dedicated to active optical sensors. The choice of this 
particular domain is driven by the large variety of sensors and 
platform types, providing a wide range of applications, both at 
global (i.e., spaceborne) and local scale (i.e., close-range 
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photogrammetry). This represents a challenge for the BoK 
development, as different levels of information have to be created 
and organized in the BoK in such a way that all information is 
available but not redundant, and based on it, optimal learning 
paths for training actions and curricula can be defined. 

2. BODY OF KNOWLEDGE 

Beside giving important definitions and an overview of existing 
bodies of knowledge in the geoinformation sector, this section 
highlights the novelty of the EO4GEO BoK. 

2.1 Definition 

A body of knowledge (BoK) is a structured representation of 
knowledge in a particular domain. It includes a set of concepts, 
as well as their descriptions and corresponding activities or skills 
that can be used by members of a discipline to guide their 
education and work practice (DiBiase et al., 2006). It can be 
represented as a mind map or node diagram, where concepts are 
interconnected via relationships building the ontology. The 
concepts are usually a theory, a method or a technology, 
associated with their respective knowledge description. 
Activities can be learning outcomes if the BoK should be used 
primarily in an academic context, or skills if the BoK is used in 
both academic and professional context. 
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A BoK can be used as reference for a particular professional 
domain, as it defines what knowledge and competences are 
necessary to be able to perform specific job tasks.  
 
2.2 State-of-the-Art 

Many domains and sectors have developed their BoK, e.g., 
PMBOK is a BoK related to Project Management (PMI, 2017), 
while the DAMA DMBOK is a BoK describing the field of Data 
Management (DAMA International, 2017). 
In the geoinformation (GI) sector, a first comprehensive 
documentation of the geographic information science domain 
and its associated technologies (GIS&T) has been provided in 
form of a BoK by the University Consortium for Geographic 
Information Science (UCGIS). All the concepts described were 
published as a publicly available book in digital format (DiBiase 
et al., 2006). The concepts described in the GIS&T BoK are 
grouped in ten knowledge areas and regularly updated to the 
latest developments in the field, so that they now include, among 
others, artificial intelligence approaches and tools, big data 
visualization techniques, but also the description of specific 
softwares or libraries. The further development of this original 
BoK was pursued separately in the United States and in Europe. 
The American version focused on the academic content, where 
definitions of knowledge areas and concepts are presented in the 
form of textbooks without any interconnections and relationships 
between the concepts. Each core concept is published together 
with its subconcepts in the form of a scientific peer-reviewed 
document. Instead of skills definition, learning outcomes and 
instructional assessment questions are the focus of this academic 
BoK. 
Each topic is described in the form of scientific, peer-reviewed 
documents and uniquely identified using a DOI and a permanent 
URL (Wilson, 2020; http://gistbok.ucgis.org). This BoK 
represents a more academic approach.  
The European version focused on a web-based semantic 
representation of the GIS&T BoK and its relationships, 
developed by Ahearn et al. (2013) and resulted in the Geographic 
Information Need to Know (GI-N2K) BoK (Vandenbroucke and 
Vancauwenberghe, 2016). Hierarchical relationships such as “is 
subconcept of”, “is super-concept of”, “is pre-requisite of”, “is 
post-requisite of” and non-hierarchical relationships such as “is 
similar to” allow learners or curricula builders to navigate 
throughout the BoK and acquire missing competencies or skills. 
The GI-N2K BoK has been reported to be particularly useful for 
the definition of module catalogues and study paths (Reinhardt, 
2014). 
Concerning the domain of active optical sensors, only a few 
attempts have been made to structure this knowledge into a BoK 
format. The GIS&T BoK presents a LiDAR concept, focusing 
mainly on the different types of data sources and data formats. 
Greenfeld (2012) and Bethel (2011) suggested to include LiDAR 
concepts as part of an active sensing or imagery super-concept 
within a surveying body of knowledge endorsed by the 
International Federation of Surveyors (FIG). Although the 
structure and concepts of the surveying body of knowledge have 
been thoroughly defined (Greenfeld and Potts 2008, Greenfeld 
2010 and Greenfeld 2011), further development of the BoK 
content is not available. 
 
2.3 EO4GEO Body of Knowledge 

The EO4GEO BoK, which is currently being developed, is an 
extended and revised version of the European GI-N2K BoK 
(Vandenbroucke et al., 2019). It aims at adding new topics from 
the EO sector and updating the GI part, building a comprehensive 
knowledge of both EO and GI (Stelmaszczuk-Górska et al., 

2020a), and creating a bridge to potential other BoKs, such as a 
surveying BoK. Additionally, it focuses on expanding user 
uptake by adding a business-oriented perspective (Hofer et al., 
2020).  
The current implementation of the EO4GEO BoK is organized in 
seven working groups (WGs) (Stelmaszczuk-Górska et al., 
2020a), three of them on updating topics related to 
geoinformation, three on new Earth Observation topics and one 
on thematic applications. In the first publicly available version of 
the EO4GEO BoK (Stelmaszczuk-Górska et al., 2020b), the 
EO4GEO BoK has 907 concepts interconnected by 1129 
relationships, defining 1875 skills. The part dedicated to active 
optical sensors is within the WG dedicated to “Platforms, Sensors 
and Digital Imagery”. This WG identified 85 concepts, from 
types of remote sensing platforms and sensors to data formats, 
through mission planning.  
The EO4GEO BoK is the backbone of the skill strategy for the 
EO*GI domain. Different tools have been developed to exploit 
the BoK content, which can be used, among others, for the 
development of curricula or learning paths, as well as for job-
related activities (Aguilar-Moreno et al., 2020). It creates a 
framework for the preparation of training activities (Krieger, 
2020). The BoK for EO*GI is developed using the Living 
Textbook environment developed by the University of Twente 
(Lemmens et al., 2018). The Living Textbook (LTB) allows 
viewing, commenting and modifying the content of the BoK and 
was used for the implementation of the concepts related to active 
optical sensors.  
In this paper, we show the creation and implementation of the 
EO4GEO BoK part dedicated to active optical sensors, as it 
represents a novelty that cannot be found in any other BoK and 
is a highly relevant topic at the crossroad between GI, EO and 
surveying. Furthermore, the EO4GEO BoK aims at strengthening 
the business perspective of the BoK. In this way, the definition 
of specific tasks and the transcription of these into knowledge 
and skills plays a key role. Here we will present the process of 
defining the active optical sensors part of the EO4GEO BoK. 
 
3. ACTIVE OPTICAL SENSORS IN THE EO4GEO BOK  

The taxonomy of active optical sensors related topics can be 
found in different textbooks (Jutzi, 2015; Jutzi et al., 2016; 
Kramer, 2002). However, the knowledge structure and 

 
 

Figure 1. Integration of the active optical sensors 
within the BoK 
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definitions are not always consistent as they mainly depend on 
the thematic scope of the textbooks (e.g. sensors, platforms, data 
formats, data processing, data handling, electric engineering or 
image processing). As integrated to the WG “Platforms, Sensors 
and Digital Imagery”, the related concepts could be defined 
through a number of taxonomies. In the LTB, this WG has been 
divided into three main super-concepts: “Types of remote sensing 
sensors”, “Types of remote sensing platforms and systems”, and 
“Remote Sensing Data and Imagery”. The first super-concept 
focuses on the identification and definition of different sensor 
types, their properties and operating principles. The second 
super-concept focuses on the platform types, i.e. ground, airborne 
or spaceborne, and the last super-concept is dedicated to 
principles and properties of data and digital imagery. Whilst 
showing some relationships with the other two super-concepts, 
the concepts of active optical sensors and their subconcepts have 
been assigned to the first super-concept “Types of remote sensing 
sensors” (Figure 1). The choice was driven by the different types 
of active optical sensors and their specific operating and 
measuring principles that are, for an application and job-driven 
point of view, more relevant than the type of platforms they are 
situated on. Especially, some sensors, such as laser scanners, can 
be found on different types of platforms. Likewise, data 
processing cannot be unambiguously identified. The different 
types of active optical sensors, together with their principles of 
operation and measurement, have been described from their 
possible application’s point of view. The selected taxonomy of 
the different active optical sensors as presented in the BoK was 
defined after Jutzi et al. (2016).  
The concepts are structured in a three-level hierarchy, whereby 
the first level of hierarchy (Level-1) organizes the sensors by 
wavelength, the second level by measurement area or range 
(Level-2), and the third level by specific characteristics or 
application platforms (Level-3). Especially for Level-2, a 
distinction has been made between ranging and scanning devices, 
as not only the geometry but also the radiometry measured by 
some sensors plays an important role in their application. 
 

3.1  Knowledge 
 
While other existing BoKs containing LiDAR descriptions focus 
on the different data formats (Keranen and Kolvoord, 2019), this 
part of the EO4GEO BoK focuses first on data collection devices, 
i.e., sensors and acquisition platforms, data formats being 
considered in a different part of the BoK (Stelmaszczuk-Górska 
et al., 2020a). Therefore, the organization of knowledge in this 
field started from grouping different types of sensors depending 
on the type of information recorded by the device (time-of-flight 
or range, in 1D or 2D) and their application. This decision was in 
line with the overarching concept "Types of remote sensing 
sensors". In addition, the lower concept levels define sub-
concepts that correspond to the different types of platforms, e.g., 
ground, airborne, spaceborne, which in turn is in line with the 
second core concept “Types of remote sensing platforms”.  
Knowledge related to active optical sensors has been gathered for 
the EO4GEO BoK based on the review of scientific literature by 
experts in the field (Stelmaszczuk-Górska et al, 2020a) and 
described according to the prepared manuals (e.g., Lemmens et 
al., 2020a). For the first publicly available version of the BoK, 
which is presented here, the knowledge of the identified concepts 
was provided as a short (< 50 words) or long (250-500 words) 
description. The latter was prepared for the core concepts. Short 
descriptions that were prepared for the remaining concepts will 
be systematically replaced with long ones.  
Specific requirements were defined for the descriptions of the 
knowledge in concepts. Each description should give an 
overview of the specific knowledge in relation with the core 
concept. In the case of the LiDAR concepts, for example, the 
difference between the different sensors should be highlighted, 
and at least one field of application should be mentioned. The 
application areas can be additionally defined by establishing 
relationships with other working groups of the EO4GEO BoK, 
i.e. “Thematic Application Domains” or “Image Processing and 
Analysis” which include concepts such as “Monitor the Forest”, 
“DEM generation” or “Point Clouds”. No particular sensor 
model or trading mark should be stated, as those become obsolete 
over time. 

 
 

Figure 2. Living Text Book page of the LiDAR concept with corresponding ontology 
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3.2 Ontology 
 
The ontology principle, as being a verbal and formal 
representation of a set of concepts and the relationships between 
them in a specific subject area, plays a key role in the EO4GEO 
BoK. This means that each concept is described in relation to 
another, creating one complete and coherent base of knowledge 
in the field of EO and GI, which can be used as a basis for 
creating curricula and training programs. The interconnections of 
the BoK concept are built using a specific ontology implemented 
in the Living TextBook Environment (LTB) (Lemmens et al., 
2018). The interface of the LTB combines a concept map with a 
text based window containing the description of each concept, 
including its description, references, contributors, skills, and 
relationships (categorised in incoming and outcoming relations). 
Currently, the following types of relationships are available: 

● Subconcept (a concept on a lower granularity level) 
● Prerequisite (one concept needs to be known to 

understand the other) 
● Similarity (one concept is similar to another). 

An example of the implemented ontology in the LTB is given in 
Figure 2. 
 

3.3  Skills 
 
The skills of the EO4GEO BoK aim at adding a business 
perspective to the BoK. This is to optimize the process of 
providing people with the skills needed by the market. 
Whilst the term “learning outcome” is usually used in the 
learning process, EO4GEO BoK uses the term “skills”, as it 
describes both learning outcomes useful for academia and the 
competences or ability to complete the task required by the 
industry.  
The skills are combinations of verbs and a concept-relevant 
statement based on the title of the corresponding BoK concept. 
The verbs are grouped into a six classes taxonomy as defined in 
Hofer et al. (2020). They range from passive verbs (“remember”, 
“understand”) to higher-level active verbs such as “evaluate” and 
“create”.  
 

4. KNOWLEDGE AND SKILLS RELATED TO ACTIVE 
OPTICAL SENSORS 

 
This section shows an excerpt of the EO4GEO BoK dedicated to 
active optical sensors. The structure and relationships between 
the concepts is explained, their description is given, and 
corresponding skills are listed.  

 
 

Figure 3. Schematic representation of the EO4GEO BoK ontology of the active optical sensors 
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4.1 Structure of the Concepts 
 
Two main sensor types have been identified for “active optical 
sensors”, organized by the wavelength they work with. This work 
focused therefore on the description of those two main concepts, 
“LiDAR” and “Structured-light-projection camera”, and their 
subconcepts. A total of 17 related concepts has been identified 
and described in a three-layer structure, following and 
completing the original categorisation by Jutzi et al. (2016). 
The relation between the concepts is shown in Figure 3, where an 
arrow pointing to a higher-level concept means “is subconcept 
of”. In the example in Figure 3 it should be read as: “Laser 
profiler is a subconcept of LiDAR”. The concept “LiDAR” itself 
is a subconcept of “Types of remote sensing sensors”, which will 
not be mentioned further here. The subconcept “Terrestrial Laser 
Scanning” is also related to a subconcept of another main concept 
“Ground platforms and systems”, thus linking to the super-
concept “Types of remote sensing platforms” (see Section 3). 
 
4.2 Knowledge Description 
 
This section gives an excerpt of the concept descriptions of active 
optical sensors, as they can be found in the EO4GEO BoK, i.e. 
organized by knowledge level as described in Section 3.1. The 
corresponding references are indicated at the end of each concept. 
 
Level-1 concepts - organized by wavelength 
 
LiDAR (Light Detection and Ranging)  
The main idea of LiDAR (Light Detection and Ranging) 
technology is based on actively scanning the scene by involving 
a device which emits electromagnetic radiation in the form of 
modulated laser light.  
Generally, such scanning devices illuminate a scene with 
modulated laser light and analyze the backscattered signal. More 
specifically, laser light is emitted by the scanning device and 
transmitted to an object. At the object surface, the laser light is 
partially reflected and, finally, a certain amount of the laser light 
reaches the receiver unit of the scanning device. The 
measurement principle is therefore of great importance as it may 
be based on different signal properties such as amplitude, 
frequency, polarization, time, or phase.  
Many scanning devices are based on measuring the time t 
between emitting and receiving a laser pulse, i.e., the respective 
time-of-flight, and exploiting the measured time t in order to 
derive the distance r between the scanning device and the 
respective 3D scene point. Alternatively, a range measurement r 
may be derived from phase information by exploiting the phase 
difference Δφ between emitted and received signal. According to 
seminal work, respective scanning devices may be categorized 
with respect to laser type, modulation technique, measurement 
principle, detection technique, or configuration between emitting 
and receiving components of the device.  
In order to get from single 3D scene points to the geometry of 
object surfaces, respective scanning devices are typically 
mounted on a platform which, in turn, allows a sequential 
scanning of the scene by successively measuring distances for 
discrete 3D points. 
LiDAR technology is used for a diversity of applications such as 
autonomous driving, forestry, biomass estimation, precision 
farming, archaeology, city mapping, terrain modelling, and 
metrology (Vosselman and Maas, 2010; Weinmann, 2016). 
 
Structured-light-projection camera   
A structured-light-projection camera emits active optical 
radiation in the form of a coded structured light pattern in the 

visible or infrared spectrum, or electromagnetic radiation in the 
form of modulated laser light. Via the projected pattern, 
particular labels are assigned to 3D scene points which, in turn, 
may easily be decoded in images when imaging the scene and the 
projected pattern with a camera. The procedure reminds of 
conventional stereo processing, where corresponding features 
have to be extracted from a pair of stereo images to derive the 
spatial information. In contrast, such synthetically generated 
features allow to robustly establish feature correspondences, and 
the respective 3D coordinates may easily and reliably be 
recovered via triangulation. Generally, techniques based on the 
use of structured light patterns may be classified depending on 
the pattern codification strategy (Salvi et al., 2004; Dal Mutto et 
al., 2012; Weinmann, 2016; Geng, 2011). 
 
Level-2 concepts - organized by measurement area and range 
 
Laser profiler  
Laser profilers measure 1D range profiles and operate in different 
environments, like spaceborne, airborne and indoor. Most of 
them operate top-down on flying platforms, but as well bottom-
up is possible, e.g. in meteorology for cloud monitoring (Rees, 
2013; Kramer, 2002). 
 
Laser scanner 
Laser scanners capture data by successively considering points 
on a discrete, regular (typically spherical) raster, and recording 
the respective geometric and radiometric information. There are 
different types of laser scanners depending on their application 
and the platform on which they are mounted: spaceborne, 
airborne, terrestrial, mobile, underwater, bathymetric (Bleier et 
al., 2019; Mandlburger and Jutzi, 2019; Weinmann et al., 2015). 
 
Ranging camera   
By a ranging camera the simultaneous capturing of range 
measurements in the form of a range image for an extended area 
of dynamical 3D applications is given. Applications are building 
surveillance, traffic monitoring, and driver assistance (Dal Mutto 
et al., 2012). 
 
Speckle-pattern based sensor 
Speckle-pattern based sensors operate with spatial neighborhood 
codification strategies to exploit a unique pattern. The label 
associated to a pixel is derived from the spatial pattern 
distribution within its local neighborhood. Thus, labels of 
neighboring pixels share information and provide an 
interdependent coding. Representing one of the most popular 
devices based on structured light projection, the Microsoft  
Kinect exploits an RGB camera, an infrared (IR) camera, and an 
IR projector. The IR projector projects a known structured light 
pattern in the form of a random but unique speckle dot pattern 
onto the scene. As IR camera and IR projector form a stereo pair, 
the pattern matching in the IR image results in a raw disparity 
image which, in turn, is read out as a depth image (Dal Mutto et 
al., 2012).  
 
Multi-temporal pattern based sensor  
A multi-temporal (sequential) binary coding uses black and white 
stripes to form a sequence of projection patterns for each point 
on the surface of the object. A binary coding technique is very 
reliable and less sensitive to the surface characteristics, since only 
binary values exist in all pixels. Thus, each pixel may be assigned 
a codeword consisting of its illumination value across the 
projected patterns. The respective patterns may, for instance, be 
based on binary codes or Gray codes and phase shifting. To 
achieve high spatial resolution, a large number of sequential 
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patterns need to be projected. All objects in the scene have to 
remain static. The entire duration of 3D image acquisition may 
be longer than a practical 3D application allows for. These 
sensors are utilized in industrial environment (Geng, 2011). 
 
Multi-spectral pattern based sensor 
For a multi-spectral pattern based sensor, various continuously 
varying color patterns to encode the spatial location information 
are utilized (Geng, 2011). 
 
Level-3 concepts - organized by specific characteristics and 
applications 
 
Laser altimeter  
Laser altimeters historically were the first active sensing devices 
used on airborne platforms, measuring range information in form 
of single distances. Nowadays, they are still found on low-cost 
platforms like drones to determine the flight altitude (Kramer, 
2002; Rees, 2013). 
 
Doppler Wind Lidar  
Cloud-Aerosol Lidar with Orthogonal Polarization (e.g. 
CALIOP) is a two-wavelength polarization-sensitive LiDAR that 
provides high-resolution vertical profiles of atmospheric aerosols 
and clouds to enable a greater understanding of our climate 
(Winker et al., 2004). 
 
Differential Absorption Lidar 
Differential Absorption Lidar (DIAL) is a laser remote sensing 
technique that is used for range and/or profile measurements of 
atmospheric gas concentrations and constituents (Ismail and 
Browell, 2015; Kramer, 2002). 
 
Spaceborne Laser Scanning 
Spaceborne Laser Scanning (e.g. Geoscience Laser Altimeter 
System - GLAS, Global Ecosystem Dynamics Investigation - 
GEDI) provides mainly global measurements of the Earth's 
surface with the potential of capturing additional clouds and 
atmospheric aerosols. The spaceborne measurements allow to 
globally observe ice sheet and land elevations, approximate sea 
ice thickness, changes in elevation through time, vegetation 
coverage for biomass estimation, and height profiles of clouds 
and aerosols (Brenner et al., 2011). 
 
Airborne Laser Scanning 
Airborne Laser Scanning (ALS) systems allow a direct and 
illumination-independent measurement from 3D objects in a fast, 
remote and accurate way. Beside basic range measurements, the 
current commercial ALS developments allow to record the 
waveform of the backscattered laser pulse. Latest trends in sensor 
developments focus on single-photon detection. Different 
applications are of interest, like urban planning, forestry 
surveying, or power line monitoring. Further to describe the 3D 
scene, products like Digital Terrain Models (DTMs), Digital 
Surface Models (DSMs), or city models are provided 
(Mandlburger and Jutzi, 2018; Stilla and Jutzi, 2018). 
 
Terrestrial Laser Scanning  
A Terrestrial Laser Scanning (TLS) system is a stationary highly 
accurate ranging device for geodetic surveying. More 
specifically, TLS systems provide dense and accurate 3D point 
cloud data for the local environment and they may also reliably 
measure distances of several tens of meters. Due to these 
capabilities, such TLS systems are commonly used for 
applications such as city modelling, construction surveying, 
scene interpretation, urban accessibility analysis, or the 
digitization of cultural heritage objects. When using a TLS 

system, each captured TLS scan is represented in the form of a 
3D point cloud consisting of a large number of scanned 3D points 
and, optionally, additional attributes for each 3D point such as 
color or intensity information. However, a TLS system represents 
a line-of-sight instrument and hence occlusions resulting from 
objects in the scene may be expected as well as a significant 
variation in point density between close and distant object 
surfaces. Thus, a single scan might not be sufficient in order to 
obtain a dense and (almost) complete 3D acquisition of 
interesting parts of a scene and, consequently, multiple scans 
have to be acquired from different locations (Barnea and Filin, 
2012; Weinmann, 2016). 
 
Mobile Laser Scanning  
A Mobile Laser Scanning (MLS) system consists of a moving 
vehicle equipped with one or more usually side-looking laser 
scanners to capture information about the local 3D geometry 
(Weinmann et al., 2015; Paparoditis et al., 2012). 
 
Underwater Laser Scanning 
Underwater Laser Scanning is applied in deep-sea as well as in 
shallow water regions. The ranging distance is close range and 
the measurement principle relies on triangulation by laser light, 
comparable with structured-light-projection. More recently, 
companies started to develop Time-of-Flight (ToF) underwater 
laser scanners (Bleier et al., 2019). 
 
Bathymetric Laser Scanning  
For Bathymetric Laser Scanning the utilized green laser light 
with its potential penetration capabilities in water is essential.  
For water surface mapping the electromagnetic radiation of the 
laser penetrates into the topmost layer of the water column and 
can also be used for mapping the water surface and shallow water 
bathymetry. Area-wide water surface heights and depths are 
required for many disciplines such as hydrology, hydraulic 
engineering, flood risk management, ecology, climate change, 
etc. (Mandlburger and Jutzi, 2019). 
 
4.3. Related Skills 
 
Whilst the knowledge representation follows a thematic 
hierarchy, the skill description for each concept follows a 
different definition. In general, each concept of the EO4GEO 
BoK will have different skills, defined in order to correspond to 
different EQF (European Qualification Framework) levels. As 
such, for the definition of curricula or job descriptions, skills of 
a particular EQF level and their corresponding concepts can be 
selected, relating the concepts with each other. 
As mentioned in Section 3.3., the skills related to the active 
optical sensors have been defined according to a six level 
taxonomy (Hofer et al., 2020) which ranges from more abstract 
verbs, relevant for describing e.g. course objectives (lower 
taxonomy levels), to more concrete verbs, relevant for task 
definition in e.g. job offers (higher taxonomy levels). 
A few examples of defined skills for the different concept levels 
are summarized below.  
 
Skills for Level-1 Concepts 

- Explain and discuss the LiDAR technology 
(taxonomy 2) 

- Select relevant LiDAR datasets (taxonomy 3) 
- Analyse and classify LiDAR data (taxonomy 4) 
- Process and transform LiDAR data (taxonomy 6) 
- Define the principles of operation of the structured-

light-projection camera and relate to stereoscopic 
measurements (taxonomy 1) 
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Skills for Level-2 Concepts 
- Explain the laser scanner technology (taxonomy 2) 
- Compare different types of laser scanners 

(taxonomy 2) 
- Understand and discuss the difference between laser 

scanners and laser profilers (taxonomy 2) 
- Process and produce laser-profiler derivate products 

(taxonomy 6) 
- Explain the principles of operation of a ranging camera 

(taxonomy 2) 
- Compare the principles of operation of the multi-

temporal and multi-spectral pattern based sensors 
(taxonomy 2) 

- Use a ranging camera (taxonomy 3) 
- Interpret the IR image produced by speckle-pattern 

based sensor (taxonomy 5) 
- Evaluate and validate multi-temporal pattern based 

sensor products (taxonomy 5) 
 

Skills for Level-3 Concepts 
- Teach what information is acquired by the laser 

altimeters (taxonomy 3) 
- Identify the differences between a Wind Doppler 

LiDAR and a Differential Absorption LiDAR and 
select the appropriate data for a given application 
(taxonomy 3) 

- Explain the principles of spaceborne laser scanning 
operation and discuss its applications (taxonomy 2) 

- Choose the appropriate laser scanning device or data 
according to a given application (taxonomy 3) 

- Examine terrestrial laser scanning data with regard to 
occlusions (taxonomy 4) 

- Analyse and classify underwater laser scanning data 
(taxonomy 4)  

- Order bathymetric laser scanning data (taxonomy 4) 
- Interpret the waveform of airborne laser scanning 

measurements (taxonomy 5) 
- Create spaceborne laser scanning derivated products 

(taxonomy 6) 
- Process  mobile laser scanning data (taxonomy 6) 

 
While skills at low taxonomy levels reflect general knowledge, 
skills at higher taxonomy levels focus additionally on the 
application and details of specific sensors, describing more 
demanding and specific skills that may be useful when defining 
a job offer or curricula. 
 

5. CONCLUSIONS AND OUTLOOK 

In this paper, we presented an excerpt of the EO4GEO BoK 
dedicated to active optical sensors. The structure of the 17 
identified concepts was based on sensors, which in turn were 
linked to the relevant concepts on platforms, data, their 
processing and applications. The definition of the concepts was 
based on expert knowledge in the field. At the moment, five 
concepts are fully described and twelve have a short description. 
Subsequent work will include a full description of the missing 
concepts, the definition of additional job oriented skills and the 
addition of new relationships with other parts of the BoK. Some 
concepts, for which a full description seems redundant, may be 
concatenated into their super-concept.  
The presented concepts constitute an important basis for the 
definition of learning paths for module catalogues as well as for 
the organisation of training actions and materials. 
In order for this BoK to provide reliable and up-to-date 
information for the conception of curricula or job offers, it needs  
 

to be regularly updated and fed with new concepts representing 
the latest state-of-the-art. The first complete version of the 
EO4GEO BoK is expected in July 2021, until then and after 
experts, i.e., practitioners and researchers in the field of EO*GI, 
can register to the EO4GEO network of experts (Lemmens et al., 
2020b) and improve and expand concepts and their definition. 
Moreover, the EO4GEO BoK will be integrated and linked with 
other relevant BoKs, so that more users and experts can 
contribute to its sustainable development. 
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