Point Cloud Digital Terrain Modeling from Video Data in Rail

environment
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Digital Elevation Models (DEM), represent the topography of the bare Earth
and can be processed using computer software. These models are often uti-
lized in industries such as transportation and engineering for creating digital
twins and ensuring the efficient operation of machinery and infrastructure.
This paper discusses the methodology for generating Digital Terrain Models
(DTMs) within rail infrastructure using monocular video footage. DTMs
being DEMs that exclude man-made infrastructure and vegetation. The tech-
niques covered include GPS interpolation, feature matching and extraction,
triangulation, and computer vision models for converting DEMs into DTMs.
The generation and comparison of point clouds are demonstrated, showing
acceptable accuracy for given context. The results indicate that this technol-
ogy has potential for low to medium accuracy use cases, though it has certain
limitations that are discussed. The paper covers the technical challenges and
solutions associated with this approach and compares its characteristics to
the current standard, LIDAR. The main takeaway for future research is that
this method is a viable alternative to LIDAR, but achieving high accuracy
requires significant effort in setting up high-quality systems and using more
reliable object detection models with more training data.
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1 INTRODUCTION

Rail transportation systems play an important role in modern society,
facilitating efficient movement of goods and passengers across vast
distances. The reliability and safety of these systems are paramount,
necessitating robust modeling techniques to optimize maintenance.
Traditional methods of assessing rail infrastructure often rely on
labor-intensive surveys or costly LIDAR (Light Detection and Rang-
ing) technology. However, recent advancements in computer vision
and photogrammetry have opened up new avenues for capturing
detailed spatial information through video data.

This paper displays an approach to DTM (Digital Terrain model)
modeling in rail infrastructure by using video-derived point clouds.
By leveraging video footage captured from trains, the aim is to re-
construct detailed three-dimensional representations of rail assets
and their surrounding environments, creating a DEM (Digital Eleva-
tion model). Following successful generation of a DEM, this paper
presents solutions for converting a DEM into a DTM (see Figure
1), which entails removing the infrastructure and vegetation from
the feature extraction and matching. This approach offers several
advantages over conventional methods, including cost-effectiveness.

In this paper, we will first review existing literature on infrastruc-
ture modeling techniques, mentioning the limitations of current ap-
proaches and the potential benefits of utilizing video-derived point
clouds. We will then present a pipeline for generating point clouds
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from video data, highlighting key steps such as camera calibration,
feature tracking, and point cloud reconstruction. Additionally, re-
search in the direction of converting Digital Elevation models to
Digital Terrain Models will be explored.

Overall, this paper aims to demonstrate the potential of video-
derived point clouds as a valuable tool for enhancing service model-
ing in rail infrastructure by providing detailed and accurate spatial
information.

2 RESEARCH QUESTIONS

The main research question that will be tackled in this paper is the
following: How can video-generated point clouds be utilized as a
viable alternative to LIDAR scans for generating Digital Eleva-
tion models in the context of rail infrastructure? In addressing
the main question, the related sub-questions and adjacent topics
will be explored.

2.1 Sub-research Question 1:

What are the limitations and constraints of using video-based meth-
ods for generation in comparison to LIDAR?

2.2 Sub-research Question 2:

How do the precision characteristics of video-generated point clouds
compare to those of LIDAR, and are they sufficient for modeling
purposes within this specific context?

2.3 Sub-research Question 3:

How can machine learning and computer vision algorithms be ap-
plied to automate the process of transforming the Digital Elevation
models to Digital Terrain models?

3 RELATED WORKS

In this section, the relevant literature pertaining to this topic of
interest will be reviewed. Photogrammetry is a well-researched
topic, particularly in fields like social engineering. While stereo
cameras are commonly used, research on depth estimation and
point cloud creation using monocular cameras is also substantial.
Below, the specific topics relevant to this project will be explored.

(1) In their paper, Wang et al.[6] provide a solution for mak-
ing DTMs with monocular cameras from aerial photos that
provide very satisfactory results. They investigate into more
specifics and technologies that they applied. Some of their
techniques could transfer in the use of videos made from
ground level.

(2) Ekstrom [2] shows that the validity of creating a system
that develops a depth estimation of road infrastructure is
possible with the use of monocular cameras and Structure
From Motion (SFM) approach on the condition that it is not
something to be used in real time.
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Fig. 1. Frame from the video

(3) The creation of point clouds from video has been a longstand-
ing topic of discussion, with existing datasets showcasing
well-researched methods for generating point clouds and
depth estimation. For instance, the KITTI validation dataset
[1] serves as a comprehensive resource in this regard.

In 2019, Weng, X., and Kitani, K [5]. introduced a solution that
combines image recognition from 2D images with point cloud
object recognition from monocular images. This approach
offers a reliable and rapid object detection method, which
could prove to be an intriguing solution when contemplating
the transformation of DEM into DTM.
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4 METHODOLOGIES

This part of the study details the foundational structure that this
research paper will follow. It begins by describing the setup and
datasets. Next, it explains the procedure for carrying out the experi-
ments and specifies the evaluation metrics used.

4.1 Datasets

4.1.1 Strukton Leonardo Video. Strukton possesses an old stomping
train equipped with multiple cameras that capture data from various
viewpoints. This setup forms the primary dataset for forthcoming
operations and testing. Each video is accompanied by GPS data for
the train and cameras, along with calibration details for all cameras.
In theory, this dataset contains all the necessary information to
perform photogrammetry. For this paper a sideways view will be
the main focus as seen in Figure 1.

4.1.2 LIDAR Point Clouds from SpoorinBeeld. As a benchmark,
LIDAR point clouds of regions will be utilized, sourced from the
ProRail Spoorbeeld open dataset. These LIDAR point clouds pro-
vide high-resolution, precise spatial data, serving as a standard for
evaluating the accuracy and performance of other datasets.

4.2 Procedure

This section introduces a pipeline for creating DSM point clouds and
transforming them into DTMs. Each step of the process is discussed
in detail. An overview of the pipeline is provided in Figure 2.
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Fig. 2. Pipeline for DTM generation

421 GPS Data Interpolation. GPS coordinate interpolation and
matching with video involve the alignment and synchronization
of video frames with geographical locations. Interpolation, which
entails estimating values between recorded data points, facilitates
the precise determination of each video frame’s location. This tech-
nique is particularly beneficial in situations where GPS data points
are sparse or insufficiently frequent to accurately correspond with
the video frames. For instance, during the acceleration of a train,
minor speed variations can result in significant scale distortions.
Therefore, this method ensures higher-precision measurements and
accurate spatial representation.

4.2.2 Feature Extraction and Matching. Feature extraction plays a
pivotal role in image analysis by identifying distinctive points or
regions within an image. Subsequently, feature matching compares
these extracted features across multiple images to identify com-
monalities between them. Within this pipeline, feature matching
is a critical step as it facilitates the identification of shared features
across images. Initially, conventional SIFT algorithms were em-
ployed for feature detection and matching, but their efficacy proved
inadequate for the complexity of this use case. This primarily due
to a similar repeating environment. Consequently, a transition to
the DNN-based LightGlue[8] detection algorithm was undertaken
to ensure both accuracy and speed. In this use case, generating
dense point clouds is prioritized over the speed of feature matching-
extraction. Therefore, the parameters for limiting the number of
matches are turned off or set to the maximum possible value.

4.2.3 Terrain Detection Image Recognition Model. Within the exten-
sive array of computer vision tools, certain methods may facilitate
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