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Abstract—The identification of bridges in major infrastructure
works is crucial to provide information about the status of these
constructions and support possible decision-making processes.
Typically, this identification is performed by human agents that
must detect the bridges into large-scale datasets, analyzing image
by image, a time-consuming task. In this paper, we propose
a novel tool to perform bridge detection and identification in
large-scale remote sensing datasets. This tool implements a deep
learning-based algorithm, the Faster R-CNN (Regions with CNN
features), a technique that is the current state-of-the-art for
many object detection and identification applications. Since deep
training usually requires a lot of data, we also created a bridge
image dataset, composed of remote sensing images from around
the globe. The proposed tool was encapsulated into an ArcGIS
plugin in order to facilitate its use by non-programmer users.

Index Terms—Bridge Detection, Deep Learning, Remote Sens-
ing

I. INTRODUCTION

The identification of bridges (and viaducts) in major infras-
tructure works, such as highways and railways, is crucial in
order to provide information about the status of the construc-
tion project and is important to support decision-making by
companies and audit services of government control agencies.

Typically, the construction process is monitored in loco, but
the increasing access to new technologies for aerial imaging
has enable remote analysis in large scale. In this case, bridge
detection is performed by human agents that must visually
identify them into huge sets by analyzing every image, which
is often a time-consuming task. Thus, in this paper, we propose
a new publicly available tool to perform bridge detection and
identification in high-resolution aerial images sets that covers
large-scale geographic extents.

The input of our bridge detection tool consists of a mosaic
of aerial images and the geographical coordinates indicating
the railway or highway in these images. The output is a set
of georreferenced coordinates that correspond to the bounding
boxes for each detected bridge. The whole pipeline of our tool
is presented in Figure 1.

Three existing deep learning techniques, originally proposed
for object detection, were evaluated in this work in order to
define the best one to be integrated to the proposed tool: (i)
You Only Look Once (YOLO) [2], in which a single network is
trained using a multi-objective function that learns the bound-
ing boxes and respective classes, (ii) Single Shot Multibox
Detector (SSD) [3], that also uses a unified framework that
exploits features from multiple layers to predict the bounding

Fig. 1: The complete pipeline of the proposed bridge detection
tool. It may be divided into three steps. In the first phase, the
input image mosaic are split into overlapping patches, that
are generated taking into account the geospatial data (that has
the coordinates of the railway or highway), i.e., the pathway
is always in the center of these patches. In the second step
of the proposed tool, those patches are processed by a deep
learning-based approach, the current state-of-the-art for object
detection [1]–[3], that detects the bridges. Finally, in the third
step, the bounding-boxes of detected bridges in the patches are
merged into a single final result.

boxes and classes, and (iii) Faster R-CNN (Regions with CNN
features) [1], which can be seen as a composition of distinct
architectures that are trained together in order to generate
region proposals, create the bounding boxes (based on these
proposals), and predict the final class.

Two important aspects should be highlighted about this tool.
The first one is that the deep learning model exploited in this
tool is trained specifically for bridge detection, being able to
learn and capture their distinct properties (such as type, shape,
size, composition, state, etc). This is only possible because we
create a new bridge detection dataset composed of 500 images
of diverse bridges from around the globe. The second aspect
is that this tool can be seen as a unified integrable framework.
Although it can be used as a standalone software, we proposed
a plugin for the software ArcGIS1 that exploits the benefits of
this tool. ArcGIS is a platform and a geographic information
system for organizations and researches to create, manage,
share, and analyze spatial data. The advantage of using it
as an ArcGIS plugin is the integration with a large suite of
tools for visualization, manipulation, and processing of images

1https://www.arcgis.com/


