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Abstract. Regular inspection of sewer systems is essential to ensure
reliable operation and prevent costly failures or environmental harm.
Current practice relies on manual review of camera-based inspection
footage, a process that is labor-intensive, subjective, and difficult to
scale. While object detection methods offer a promising alternative, con-
ventional frame-based approaches cannot reliably determine whether de-
tections across consecutive frames represent the same object. This limits
both detection reliability and the ability to map unique sewer compo-
nents which are critical steps for condition assessment and maintenance
planning. In this work, we present a method for detecting and counting
unique sewer objects, specifically inlets and joints, across frames in 360°
inspection imagery. Unlike prior approaches focused solely on defect de-
tection, our framework addresses the challenge of object-level consistency
across video data. The method achieves high accuracy (96.8% mAP@50
overall, 96.5% for inlets, 97% for joints on the validation set), bridging the
gap between frame-level recognition and pipeline-level evaluation. This
advances automated sewer inspection toward industry-standard report-
ing, enabling more efficient, objective, and scalable maintenance plan-
ning.
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1 Introduction

Sewer pipelines are a critical component of urban infrastructure, and are a key
component to public health [10]. Therefore maintaining this infrastructure is
crucial, but challenging due to its vastness. For instance, a relatively small coun-
try like the Netherlands already has approximately 150,000 kilometers of sewer
infrastructure. Currently, the Netherlands faces a major civil infrastructure chal-
lenge as the majority of these sewer pipelines are approaching the end of their
service life [16]. In 2022, Dutch municipalities spent 1.8 billion euros on sewer
maintenance, much of it on costly full-pipe renovations [15]. These substantial
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costs highlight the need for innovative and cost-effective maintenance strate-
gies [11]. Predictive maintenance has therefore become a key strategy in asset
management, where failures are anticipated and mitigated based on data-driven
insights.

A widely used technology to support predictive maintenance is robot-assisted
sewer inspection with closed-circuit television (CCTV). Camera-equipped robots
capture high-resolution imagery inside pipes, which human inspectors analyze ac-
cording to the NEN-EN-13508-2 standard, the European guideline for condition
assessment of sewer systems. This process is labor-intensive, subjective, and diffi-
cult to scale. Computer vision methods have been explored to support or replace
manual inspection [20,21,8,7,3]. However, existing approaches are frame-based
and do not reliably determine whether detections of inlets or joints, hereafter
referred to as structural elements, across consecutive frames correspond to the
same physical object.

This lack of temporal consistency creates a fundamental challenge: while
frame-level methods can signal the presence of an observation, they cannot pro-
vide instance level information. What is needed is an approach that combines
accurate detection with temporal tracking to count the number of unique objects
in a pipe segment, in line with inspection standards. Furthermore, identifying
individual objects can provide multiple viewpoints of the same object, which can
help operators make better judgments of degradation severity.

In this work, we present an end-to-end framework for automated detection
and counting of sewer structural elements, defined as observable features that
define the structural health of the sewer pipe. Our focus is on detecting unique
inlets and joints, rather than defects, as specified by NEN-EN-13508-2. Our
contributions are threefold. First, we evaluate state-of-the-art object detection
on large-scale 360° sewer inspection imagery, where object detection aims to
identify and localize individual objects by detecting and framing them within the
images. Second, we integrate temporal tracking to achieve detections at instance
level. Finally, we demonstrate the effectiveness of our approach on real-world
inspection data, showing that it enables more efficient, objective, and scalable
object assessment, and supports predictive maintenance of sewer infrastructure.

2 Related Work

Recent advances in computer vision have enabled automated detection of de-
fects and structural elements in sewer imagery. Convolutional neural networks
(CNNs), particularly one-stage object detectors such as the YOLO family [14],
have been widely adopted due to their balance of speed and accuracy, making
them suitable for near real-time video analysis [14,2]. Enhancements such as at-
tention mechanisms [18] and multi-scale feature extraction further improve per-
formance in visually challenging scenarios, including occlusion, cluttered back-
grounds, and varying defect scales [5,9]. The review by Moradi et al. confirms
that deep neural networks are effective for detecting cracks, joint displacements,
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infiltrations, and deposits, but also highlight persistent challenges with illumi-
nation and generalization across pipelines [13].

Beyond sewer inspection, automation methods have been proposed to im-
prove reporting and maintenance planning within the domain of sewer mainte-
nance. For example, Tang et al. developed a rule-based system to localize sewer
defects and calculate their geographic positions from CCTV videos [17]. Other
work has combined hidden Markov models with CNNs to identify anomalous
frames and classify defects [12]. Such approaches illustrate growing momentum
toward predictive maintenance, where reliable quantification of structural ele-
ments can support prioritization of repairs, reduce reliance on manual inspection,
and integrate with asset management workflows [4].

Although prior work has advanced frame-level detection, relatively few stud-
ies systematically integrate these methods to enable robust counting of unique
sewer objects such as inlets and joints. Furthermore, most studies focus on gen-
eral defect categories such as cracks and deposits, while structurally important
elements like inlets and critical faults such as joints have received limited at-
tention. Addressing this gap is essential for standards-compliant condition as-
sessment and predictive maintenance, motivating the present study’s focus on
detecting and counting inlets and joints.

To enable robust counting of structural elements, object tracking has emerged
as a complementary approach to detection. Tracking methods such as Deep-
SORT [19] associate detections across frames using appearance features and
motion models, thereby handling occlusion and intermittent visibility. In inspec-
tion contexts, tracking has been applied to reduce duplicate counts and better
estimate the occurrence of defects across video sequences [17].

3 Methodology

This section outlines our methodology. It covers the dataset and labels, training
setup, evaluation of remedies for class imbalance and sparse labels (class weights,
focal loss, balanced sampling), plus object tracking and the associated evaluation
metrics.

3.1 Dataset

The dataset consists of 1,831 still frames extracted from sewer inspection videos
provided by a municipality in the Netherlands. Images are captured using a
fish-eye lens and provide a 360° view of the pipe. Images are captured at ap-
proximately 5 cm intervals within the pipe. Each image was manually annotated
using bounding boxes, based on prior image-level labels conforming to the NEN-
EN-13508-2 inspection standard. Two classes were selected related to the original
condition codes: Inlet and Joint. Examples of these two classes are provided in
Figure 1. These classes were chosen based on the selection criteria established in
previous work [1], primarily because the structural elements are relatively uni-
form in location, appearance, and size, which makes them well-suited for object
detection.
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