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Abstract: Sewer infrastructure is vital for flood prevention, environmental protection, and
public health. As part of sewer infrastructure, sewer systems are prone to degradation.
Traditional maintenance methods for sewer systems are largely manual and reactive and
rely on inconsistent data, leading to inefficient maintenance. The KaSyTwin research project
addresses the urgent need for efficient and resilient sewer system management methods
in Germany, aiming to develop a methodology for the semi-automated development and
utilization of digital twins of sewer systems to enhance data availability and operational
resilience. Using advanced multi-sensor robotic platforms equipped with scanning and
imaging systems, i.e., laser scanners and cameras, as well as artificial intelligence (AI), the
KaSyTwin research project focuses on generating digital twin-enabled representations of
sewer systems in real time. As a project report, this work outlines the research framework
and proposed methodologies in the KaSyTwin research project. Digital twins of sewer
systems integrated with AI technologies are expected to facilitate proactive maintenance,
resilience forecasting against extreme weather events, and real-time damage detection.
Furthermore, the KaSyTwin research project aspires to advance the digital management
of sewer systems, ensuring long-term functionality and public welfare via on-demand
structural health monitoring and non-destructive testing.

Keywords: sewer infrastructure; sewer systems; proactive maintenance; resilience forecasting;
damage detection; linked data; digital twin; digital model; building information modeling
(BIM); multi-sensor platforms

1. Introduction
Sewer infrastructure has been a trailblazer for modern civilizations. Sewer infras-

tructure was constructed in ancient Mesopotamia between approximately 4000 BCE and
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2500 BCE, and similar systems have been discovered in Scotland and Greece dating back
5200 years [1]. The term “sewer infrastructure” encompasses all infrastructure assets de-
vised for collecting and transporting sewage (“sewer systems”), which includes pipes,
lines, manholes, and pumping stations, as well as systems for treating and disposing of
sewage (“wastewater treatment plants”) [2]. Currently, sewer systems are an integral
part of global infrastructure closely connected to other types of infrastructure, such as
road networks. Consequently, damage to sewer systems may negatively affect different
types of infrastructure, resulting, e.g., in road closures and traffic jams [3], or may cause
environmental pollution [4]. Sewer systems have been facing significant challenges due
to aging and overstressing because of urbanization and a growing population, as well as
heavy precipitation events caused by climate change.

In Germany, for example, sewage infrastructure spans nearly 600,000 km and has
an average age of 37 years [5]. In large German cities, around 15% of the sewer system
is over 100 years old. Furthermore, significant soil subsidence has occurred in areas of
disused mines [6]—particularly in former lignite mining regions—negatively impacting
sewer systems and increasing the risk of damage [7]. It is therefore clear that reliable and
proactive monitoring approaches towards mitigating the risk of sewer system damage
are necessary.

In response to the challenges described above, and as part of the German government’s
goals to completely phase out lignite by 2038 [8], the KaSyTwin research project, hereinafter
referred to as “KaSyTwin”, was launched in November 2023. The word KaSyTwin combines
the German term KanalSystem (“sewer system”) with the concept of digital twins. Funded
by the mFUND program of the German Federal Ministry for Digital and Transport (BMDV),
the KaSyTwin project aims to increase the resilience of sewer systems by using digital
technologies in maintenance. This paper introduces the conceptualization of the research
framework and methodology of KaSyTwin. The primary objective of the KaSyTwin is to
develop a methodology for the semi-automated development and utilization of digital
twins, capable of offering real-time representations of physical sewer systems. By integrat-
ing different tools such as multi-sensor robotic platforms equipped with laser scanners
and cameras, as well as artificial intelligence (AI) algorithms, KaSyTwin aims to improve
data availability, enhance proactive maintenance strategies, and advance the structural
health monitoring of sewer systems following a linked data approach. To meet the primary
objective, the following aspects are investigated:

• Enhanced data availability and integration: KaSyTwin seeks to integrate heteroge-
neous and decentralized data into a cohesive digital twin that is easy to access by
authorized users. The integration process involves combining laser scanning data, ex-
isting documentation (such as sewer system assessment data and structural condition
reports), and sensor data recorded from sewer systems in operation.

• Proactive maintenance and resilience: By using digital twins, KaSyTwin aims to shift
from reactive to proactive maintenance strategies. Digital models may enable real-time
monitoring and early damage detection, facilitating timely interventions. Additionally,
KaSyTwin emphasizes resilience forecasting, allowing for better preparation and
response to extreme weather events and other disruptions.

• The development of a multi-sensor robotic platform: To achieve accurate and com-
prehensive data collection under a variety of operational conditions, a prototype of a
multi-sensor robotic platform will be developed in the KaSyTwin project.

• AI-driven data processing: AI algorithms will be employed in the KaSyTwin project
for advanced data analysis to enable real-time damage detection as part of structural
health monitoring strategies for sewer systems.
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To validate the KaSyTwin concept, a real-world test case is devised to ensure the
practicality and effectiveness of the methodology. The outcomes of KaSyTwin are tailored
to German sewer systems and based on the international state of the art in science and
technology. While primarily applicable to Germany, the findings may also be transfer-
able to other countries, assisting in enhancing the resilience and management of sewer
systems worldwide.

The remainder of this project report is organized as follows: The research background
is elaborated upon in Section 2, presenting the state of the art of the KaSyTwin topic. Next,
the objectives and research questions for KaSyTwin are defined in Section 3, followed by
the description of the proposed approaches and methods. In Section 4, the initial results of
the project are presented, followed by the summary and conclusions and an outlook on
future research.

2. Background and Research Questions
In this section, first, current maintenance and inspection processes for sewer systems in

Germany are described. Thereupon, the concepts of building information modeling (BIM)
and digital twins are explained, providing a foundation for understanding the role of these
concepts in infrastructure management. Furthermore, methods utilizing AI algorithms for
data analysis within the context of BIM and resilience analysis are discussed and classified.
Next, research projects in related fields are presented, highlighting potential synergies,
as well as the delimitation of KaSyTwin. Finally, the research questions of the project
are proposed.

In Germany, operators of sewer systems are obliged to inspect and service sewer
systems at regular intervals, mandated by the regulations for the inspection of wastew-
ater treatment plants set by each German federal state. In North Rhine-Westphalia, for
example, sewer systems must be visually inspected every 15 years [9], while in Baden-
Württemberg, the interval is 10 to 20 years depending on the type, condition, and location
of the system [10]. Moreover, in Hamburg, inspections must be conducted every 5 to
25 years depending on the type, condition, and location of the system [11]. Using teth-
ered inspection vehicles equipped with cameras, sections of up to 500 m in length are
covered. The data collected by the tethered inspection vehicles is then transferred for
analysis to information systems, designed to manage sewer inventory and condition. In
Germany, managing the inventory and condition of sewer systems is usually performed in
a so-called “sewer cadaster”. These systems sometimes incorporate 3D representations of
sewer networks. However, these models are predominantly geometric in nature, lacking
object-oriented structures and providing only sparse information. Although such models
provide a promising basis for the adoption of BIM methodologies in sewer infrastructure
management, their practical application has so far been limited [12].

In [13], BIM is defined as a model-based and lifecycle-oriented digital methodology
which is based on building models of three to n dimensions. In general, BIM models act as
central data hubs, enabling collaboration among stakeholders and serving as a foundation
for the digital management of information. Furthermore, BIM models may be used to
implement digital shadows or digital twins. According to [14], the distinction between
digital shadows and digital twins lies in the data flow between physical objects and their
virtual counterparts. In digital shadows, data flow automatically from the physical to
the virtual object, but the reverse flow is performed manually. In digital twins, real-time
synchronization allows for automated, bidirectional data flow between physical and virtual
systems. Digital twins are defined differently across diverse sectors. For example, in [15],
digital twins in the water sector are described as dynamic systems in which static and real-
time data are integrated to enable insights into physical systems and to optimize outcomes.
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Other approaches classify digital twins into levels of maturity, such as informational,
operational, and connected systems [15]. As a result, digital twins provide a dynamic, real-
time reflection of physical objects, supporting decision making in maintenance, logistics,
design, and process optimization [16]. Several approaches to enhance the resilience of
energy systems [17], rail and road infrastructure [18,19], ports [20], and airports [21] have
been introduced. Furthermore, AI has increasingly been used in the construction industry
and is employed in various application fields throughout the lifecycle of structures [22]. For
example, artificial intelligence is used for detecting structural damage [23] or for identifying
hazardous scenarios during construction processes [24]. Further growing areas of research
are the use of AI for analyzing documents and plans in building construction [25], bridge
construction [26], and waterways [27], resulting in faster data processing [12]. However,
AI has been scarcely used for evaluating plans of sewer systems in the current body of
research. Relevant research approaches of utilizing AI to enhance data quality and of
optimizing system performance can be drawn from [28], which discusses the application
of AI in drinking water systems, particularly for leak detection. The findings in [28]
align with the objectives of KaSyTwin, which aims to leverage AI for advanced damage
detection and real-time monitoring. The maintenance of sewer systems stands to benefit
from AI-based damage detection, employing state-of-the-art data analysis tools, such as
image-based recognition, laser scanning, and object-oriented BIM models with embedded
georeferencing, realized as digital twins [29].

Digital twins have been the focus of several studies and research projects, primarily
focusing on enhancing infrastructure resilience in above-ground infrastructure systems [30].
For example, the mdfBIM+ research project introduced a partially automated creation of
digital twins of existing infrastructure [31]. In the mdfBIM+ research project, a digital
twin was created by merging survey data, recorded using photogrammetry or light de-
tection and ranging (LiDAR) point clouds, with existing structural documentation. The
result was an as-built BIM model for maintenance management. However, the project
focused only on bridges and did not include underground infrastructure. Furthermore,
the IDA-KI (infrastructure data assessment using artificial intelligence and Internet of
Things technologies) research project focused on developing methods for the automated
evaluation and assessment of civil infrastructure within the context of structural health
monitoring (SHM) [32]. In the IDA-KI project, a 45 m long prestressed concrete bridge
was built and equipped with several SHM systems, such as distributed fiber optic sensors
and accelerometers. The aim of the IDA-KI project was to build a comprehensive database
of monitoring data under real-world damage scenarios, contributing to the validation of
structural evaluation methods and sensor fault diagnosis for reliable anomaly detection in
civil infrastructure [33].

In addition to the aforementioned projects, several research projects have focused on
underground infrastructure systems with the goal of contributing to proactive maintenance
using intelligent and digital methods. In the DIANE (drone use for the inspection of sewer
networks) project, a miniaturized and (semi-)autonomous drone for inspecting sewer in-
frastructure, compatible with an existing inspection software, is being developed [34]. In
the context of municipal data usage, the KomIT project is focusing on consolidating munic-
ipal asset data, such as supply and disposal lines, roads, and street furniture, in a central
platform and a shared data space [35]. Other research projects have been focusing on using
sensors for water management and analytics. For example, the CoMoTH project monitors
SARS-CoV-2 in wastewater, using AI methods and digital-twin-enabled software archi-
tectures [36]. Furthermore, in [37], a linked data approach was developed for automated
failure detection in pressure sewer systems using real-time sensor data. The D4RUNOFF
project is focusing on the data-driven implementation of hybrid nature-based solutions
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for preventing and managing diffuse pollution from urban water runoff [38]. Specifically,
the D4RUNOFF project is developing novel detection methods for characterizing runoff
pollutants and novel sensors for identifying and monitoring new pollutants. Furthermore,
an AI-based management platform is foreseen to be developed for supporting water man-
agement stakeholders (i.e., water utilities and public authorities) in the planning, operation,
and risk monitoring of urban infrastructures. Moreover, open-data approaches towards
simulating and managing sewer networks have been reported. Examples include the QKan,
which is a tool-based quantum geographic information system (QGIS) for simulating sewer
systems, used for data preparation and post-processing and for storing sewer system data
in table format within an SQLite database. In addition, the QKan approach supports
importing sewer system data from spreadsheets, converting the data in a variety of data
formats for file exchange, displaying the data in QGIS, processing the data with standard
QGIS tools in tables or forms, and preparing the data for use in simulation programs [39].
However, the QKan tool allows neither bidirectional data flow between physical and virtual
systems nor data processing.

From the previous discussion, it can be seen that only isolated approaches exist for
maintaining sewer systems, including detecting damage, manually creating BIM models,
or forecasting the resilience of critical infrastructure systems. In this direction, a method
based on digital twins of sewer systems and open-data exchange formats for predictive
maintenance management serves to address the gaps in underground infrastructure and is
considered in KaSyTwin.

To meet the objectives, KaSyTwin addresses the following research questions:

• Q1: How can proactive maintenance management for sewer systems be designed
using digital twins?

• Q2: How can AI methods be employed for the automated generation and verification
of digital 3D sewer models in real time?

• Q3: What predictions can be made to enhance the resilience of existing sewer systems
using AI?

• Q4: How can diverse data from various sources be integrated with a digital twin?
• Q5: How can different sensor technologies for the 3D visualization of sewer structures

be optimally fused on an autonomous robotic system?
• Q6: How can AI be used to detect damage in sewer systems in real time?

Answering these questions is expected to significantly advance the field of sewer
infrastructure management and provide a scalable solution that enhances the reliability
and sustainability of critical urban systems.

3. The KaSyTwin Project: Approaches and Methodological Concepts
KaSyTwin covers seven interrelated research areas, which are developed in successive,

overlapping phases over the duration of the project. An overview of the interdependencies
of the research areas is presented in Figure 1. Due to the different sub-objectives of each
research area, a multi-method approach is adopted in each project phase. Initially, potential
BIM use cases and requirements, which digital twins designed for maintenance purposes
should meet, are identified. Next, the hardware of two cooperative multi-sensor robotic
platforms for scanning sewer infrastructure is developed. The geometrical information
collected by the platforms is used to create a 3D model, which serves as a graphical
representation of the digital twin. Further steps aim at processing and integrating semantic
data into the digital twin, including the existing inventory data (as-built documentation,
cadastral information, and damage documentation) as well as the SHM data collected by
the platforms. The final stage of the project covers the development of a resilience analysis
and proactive maintenance model, including merging of final components and validation
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tests. The approaches and methodologies used in the project are described in more detail
in the subsections below. Two research fields are described in one subsection if there is a
strong connection and dependency between the research fields.

Figure 1. Research fields and connections.

3.1. Requirements Analysis

To define the requirements of digital twins in sewer systems and identify potential
opportunities for digitalization and automation, the operational status of sewer systems is
analyzed. In the analysis, both state-of-the-art research approaches, as well as the current
state of practice, are examined. First, state-of-the-art research approaches introducing
digital twins for sewer system maintenance are analyzed via a systematic literature review
(SLR). Next, the current state of practice is derived from interviews with experts and
stakeholders in an attempt to gather insights into challenges, potential opportunities from
digitalization and automation, and the current processes used in sewer system maintenance.
Based on the analysis, the data and information required by digital twins for sewer system
maintenance are identified. Finally, the results of the requirements analysis are used to
derive potential use cases for digital twins in sewer system maintenance.

3.2. Multi-Sensor Robotic Platforms and 3D Modeling

Two multi-sensor robotic platforms are developed to ensure reliable, efficient, and pre-
cise 3D modeling of sewer systems. The multi-sensor robotic platforms are designed with
different sizes and specifications to be used in various types of sewer systems. Additionally,
the two platforms will be able to cooperate, i.e., one platform functions as a communication
hub. Based on the results of the requirement analysis discussed previously, the multi-sensor
robotic platforms are equipped with various navigation, sensing, and processing compo-
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nents, i.e., laser scanners, camera systems, inertial measurement units, odometers, as well
as computing, storage, and communication units. Point cloud data recorded by the laser
scanners are used to capture geometry and generate 3D models of sewer systems in which
the 3D models form the geometric representation of the digital twin. Another aspect of
developing the multi-sensor robotic platforms involves hardware-oriented programming,
which is used to optimize the platforms’ performance via real-time data fusion, resulting in
low data volumes and computing power requirements while simplifying data handling.
The multi-sensor robotic platforms and algorithms developed undergo “staged” testing
in a controlled environment in a laboratory. Upon successful completion of the tests, the
multi-sensor robotic platforms are tested under real-world conditions in sewer systems.

3.3. Damage Detection

The main objectives of sewer system inspection are damage detection and localization.
Currently, damage detection and localization are performed by an operator who monitors a
video stream while a camera system traverses the sewer system. To address the shortage of
specially trained operators and reduce the risk of errors, such as false positives/negatives
on the existence of damage, damage detection and localization are automated using AI. The
first step in this direction is to analyze the existing damage catalog, as outlined in [40]. Then,
based on the types of damage defined in the damage catalog, sensor types on multi-sensor
robotic platforms that are suitable for detecting damage in sewer systems are selected. For
example, cracks, material degradation, and corrosion may typically be detected via images
captured by camera systems. By contrast, other types of damage, such as deformations,
holes, misaligned joints, and ingrowth, may require laser scanning. Finally, damage
localization is achieved by tracking the positions of the multi-sensor robotic platforms.

3.4. Inventory Data Utilization

To enrich the geometric 3D models of sewer systems generated by the multi-sensor
robotic platforms with semantic information, inventory data from sewer system operators
are used. The inventory data encompass information that includes (i) as-built documen-
tation, e.g., grid plans, connection information and other utilities details; (ii) geodata
and geometrical information—e.g., background or property maps; (iii) functional data,
e.g., installation dates, material types, pipe dimensions, inspection results, and maintenance
history; (iv) structural data, e.g., structural condition and damage assessments; (v) opera-
tional data, e.g., flow calculations, pollutant load calculations, and inflow and infiltration
data; and (vi) asset value estimations. The inventory data may be stored and exchanged
either digitally using a sewer information system or, in most cases, unstructured in an ana-
log and decentralized manner, resulting in data loss. To assess the semantic quality of the
existing inventory data and further prepare them for integration into the geometric model,
the data are classified using AI. Two sets of AI models are iteratively trained in a supervised
learning process until satisfactory performance and classification accuracy are achieved.
The first set of the AI models is trained to classify the analog inventory data (in paper or
PDF form) into different document types, such as plans, technical reports, and damage
reports. Next, the second set of AI models, specifically convolutional neural networks,
capable of recognizing text, images, and features, is trained to analyze and extract semantic
information from the previously classified documents. Finally, the semantic information
extracted from the inventory data is used to enrich the 3D geometric models, constituting
part of the digital twin of the sewer systems.

3.5. Data Fusion and Digital Twin Generation

Data fusion entails automating the integration of semantic information from the
inventory data into the 3D geometric models by combining the training and application
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of the AI models previously described into an interoperable workflow with optimized
interfaces, linked to a common data environment. As a result, a semantically refined
digital twin of sewer systems is created. The digital twin is created as a multi-layer
model, incorporating the geometric data from sewer information systems on a larger
scale (2D GIS data) and 3D BIM models to visualize and manage structural data, such
as blockages and damage locations. The possibility of integrating hydraulic models into
the digital twin has yet to be tested. Alternatively, a platform for the data exchange
between the digital twin and conventional software for hydraulic calculations will be
created. Additionally, a strategy is designed and implemented to ensure continuous quality
assurance, consistency, and accuracy of the digital twin, as well as to maintain traceability
of data changes. Once semantically refined, the digital twin is linked to static and dynamic
data platforms and systems to ensure bidirectional data flow between each physical sewer
system and its virtual counterpart in the digital twin, enabling real-time status updates.
Data such as structural attributes, pipe dimensions, material specifications, and sewer
dynamic parameters (i.e., flow rates, pressure levels, and water quality) are included in
the bidirectional data flow. As a result, a comprehensive and up-to-date representation
of the sewer system is generated, supporting real-time decision making and proactive
maintenance strategies. For example, data recorded by sensors in the physical system about
flow changes are automatically transmitted to the digital twin and may be used to remotely
control elements of the sewer system, such as discharge throttles.

3.6. Resilience Analysis

The resilience prediction approach, proposed in KasyTwin, focuses on applying digital
twins at both the micro level, i.e., individual sewer structures, and macro level, i.e., entire
sewer systems interacting with external environments. Separate AI models are developed
for each level to optimize sewer maintenance and resilience. At the micro level, the sewer
network at its current state, i.e., including potentially existing damage, is treated as a
“closed system”. Predicting potential damage and recommending retrofitting action are
achieved via predictive maintenance using a knowledge-based system (KBS) that integrates
tacit knowledge, e.g., standards and explicit knowledge (expert knowledge). The KBS
is tested with real datasets and optimized to improve prediction accuracy. At the macro
level, the focus is placed on the interaction of sewer systems with external facilities, such
as wastewater treatment plants, weather services, and buildings. In this case, resilience
prediction is performed using a data-driven risk management approach, which employs
advanced AI; in particular, machine learning techniques, such as supervised and rein-
forcement learning, are used to model various scenarios—from overload situations to
damage progression—thus enabling proactive maintenance. The overall outcome of the
resilience prediction approach includes a knowledge-based system for proactive mainte-
nance at the micro level and an AI-based resilience forecasting system at the macro level.
It is expected that both systems will enable predictions and recommendations for specific
maintenance measures to be carried out, enhancing the resilience and efficient operation of
sewer infrastructure.

4. Initial Results
4.1. Requirements Analysis

The SLR in [41] highlights the potential of digital twins for sewer system maintenance,
particularly in enabling proactive maintenance. Moreover, the SLR outlines challenges
relevant to KaSyTwin. One major challenge is data collection and data quality. For exam-
ple, ref. [42] emphasizes that the complexity and scale of sewer systems, combined with
insufficient instrumentation and poor data quality, pose severe obstacles in implementing
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proactive maintenance strategies. Furthermore, in the SLR, technological challenges are
emphasized, specifically when developing AI applications for predictive maintenance,
which are still in early stages and often depend on synthetic data [43]. In addition, the
SLR raises conceptual challenges, particularly the misuse of the term “digital twin”. Many
systems described in the literature are incorrectly labeled as digital twins when they are
actually digital models or digital shadows. Digital twins, as opposed to digital models
or digital shadows, require an automated bidirectional flow of data between the physical
system and the virtual counterpart. The review also reveals that ontologies for information
management in sewer systems already exist and are considered in the development process
within KasyTwin to enhance data integration and management.

4.2. Multi-Sensor Robotic Platforms

Since robotic systems for sewer inspections have been used for years, a literature
review is conducted to assess robotic systems for sewer system maintenance, focusing
on systems employing advanced technologies [44]. The review focuses on developing
project-specific multi-sensor robotic platforms to enable determining specifications for
multi-sensor robotic platforms, i.e., navigation, sensing, and processing components, based
on the characteristics of the sewer systems and the types of damage typically encountered,
as described in Section 3.2.

Two multi-sensor robotic platforms are developed for the project: a large “master”
platform for inspecting main sewer systems and a small platform designed for auxiliary or
branch sewer systems. The master platform can carry more equipment, i.e., laser scanners,
camera systems, inertial measurement units, or odometers, and is well suited for extensive
sewer inspections, while the small platform is optimized for operating in narrow and
confined spaces. The selection of the platforms is driven by the previously mentioned
challenges, unveiled by the SLR.

4.3. Damage Detection

The results of a further literature search to analyze existing approaches to damage de-
tection in wastewater systems are provided in [45]. Existing challenges and open questions
regarding damage detection as well as a requirement specification for damage detection
are defined. For this purpose, the review contains analyses of common standards, such as
DIN EN 13508 [40], and classifications of the damages described. The classification is based
on the frequency of occurrence and the type of damage, as well as the material of the sewer
system. The occurrence frequency is important to train artificial intelligence for damage
detection, and a sufficiently large training dataset is required. Therefore, rarely occurring
damage may not be recognized automatically during the project. The classification of
damage types is necessary because some damage types are visually indistinguishable or
hardly distinguishable from each other, so indistinguishable damage types are grouped
into one class. The first analysis shows that some damages, such as deformations or shifted
connections, are more detectable in 3D data than in images, while cracks, for example, are
easier to detect in images. In the context of class definition, existing training datasets, such
as those in [46], are used to test initial training approaches.

5. Conclusions and Outlook
Sewer systems are critical infrastructure assets holding an essential role in flood

prevention, environmental protection, and public health. Traditional methods of sewer
system maintenance are largely manual, reactive, and dependent on inconsistent data,
which may lead to operational inefficiency. The aforementioned issues, which are discussed
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in the relevant literature, highlight the need for proactive maintenance, employing state-of-
the-art methods and digital tools, such structural health monitoring and digital twinning.

This paper presented an approach employing digital twins for sewer system mainte-
nance. The proposed approach, which is the centerpiece of the KaSyTwin project, covers
the whole maintenance process, ranging from data acquisition to resilience analysis and
proactive maintenance. The initial results of the literature review have shown the increasing
importance of digital twins in the maintenance of sewer systems, particularly in proac-
tive maintenance and damage detection via structural health monitoring. However, the
literature review also revealed a lack of consensus on the definition of a digital twin, with
approaches essentially proposing digital shadows and digital models being erroneously
described using the term “digital twin”.

In the KaSyTwin project, the digital twin of each sewer system will be built upon data
obtained using multi-sensor robotic platforms. The platforms are developed specifically
for capturing data in the harsh environment of sewer systems. The concept for the first
prototype has been described in this paper, and the next steps involve building and testing
prototypes under laboratory and real-world conditions. As part of future work, the multi-
sensor robotic platforms will be adjusted for the humid and moist conditions of sewer
systems, e.g., by installing a LiDAR sensor suitable for underwater application, such as the
ULi [47]. First, training data for the design of the automated modeling of the sewer system
will be recorded using commercial sensors, and the resulting 3D geometric model will form
the basis for the digital twin. By obtaining inventory data on the sewer systems, semantic
information for each sewer system will be extracted using AI models and assigned to the
respective 3D geometric model. Damage detection through the digital twin will be based
on data provided by the operators of sewer systems, which, in future work, will be used
to train the AI models and will be deployed in multi-sensor robotic systems for real-time
damage detection.

Author Contributions: Conceptualization, S.H. and A.S. (Annette Schmitt); methodology, S.H., R.V.,
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