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1 Background

Dynamics Networks (DNs) is a powerful technique for solving arbitrary sensor fusion problems, such as those
arising in navigation and mapping applications. For instance, in photogrammetry, all the available sensor readings
are processed together, being those image observations, raw inertial readings, GNSS position/velocity fixes, in a
single joint-adjustment step. Another example is the use of DNs for trajectory determination of terrestrial mobile
mapping systems where, in addition, trajectory crossovers can be implicitly used to constrain the solution. All
this has considerable advantages in terms of quality of the results and ease of use with respect to conventional
methodologies.

DNs were introduced by I. Colomina and its collaborators in 2004 [3, 12]. The authors studied further its ben-
efits in mobile laser scanning [10] and in real airborne-gravimetry campaign [11]. In 2017, the authors presented a
comprehensive description without simplifications in 3-D space, while evaluating the approach in aerial photogram-
metry with UAVs [7]. This contribution was regognized with the U.V. Helava award for the best paper of the year
in the journal of the International Society of Photogrammetry and Remote Sensing1. In 2019, DNs were invited
at the Photogrammetric Week, Stuttgart, a well renown venue supporting the continuous interchange between sci-
entists, developers and practitioners: two presentations covered the theory and the benefits of the method [8] and
advanced applications in terrestrial-aerial photogrammetry [2]. More recently, DNs were employed to estimate a
high-frequency trajectory that is later employed in direct geo-referencing of LiDAR point-clouds by fusing image
observations [9] and 3D point-to-point correspondences [1].

The availability of open-source DNs solvers, including online graphical user interfaces maintained by the au-
thors [5, 6, 4], makes nowadays possible for researchers and for practitioners to apply DNs to research and production
projects in the field of aerial photogrammetry and LiDAR geo-referencing and to extend the presented approach to
other application scenarios.

2 Content and objectives

The course has three main objectives:

1. provide a comprehensive overview on the theory behind DNs, covering in details the differences with respect
to conventional Assisted Aerial Triangulation (AAT) processing,

2. teach the users how to process real aerial photogrammetry and airborne laser scanning projects with the
open-source DNs solver developed by the authors,

3. promote open science with excellent quality data (image, navigation and control data) for scientific purposes.

At the end of the course, the participants will have a well founded understanding of the DN’s principles with
initial experience on real-world projects to successfully apply and extend DNs to their use cases. This will be
achieved with theoretical presentations and via hands-on exercises employing provided software and data.
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3 Prerequisites and intended audience

The participants should be familiar with the problem of sensor orientation and with the principles and the opera-
tional steps of conventional aerial/terrestrial photogrammetry pipelines, including

1. fundamentals of GNSS/inertial processing (e.g., Kalman filtering/smoothing with commercial software),

2. practice with aerial triangulation software (e.g., Agisoft Metashape or Pix4D),

The course will be based on ODyN, an Online Dynamic Network solver which will be introduced at the ISPRS
2022 congress [5].

4 Tentative program

The course will span half a day and includes presentations and guided exercises that the participants can follow on
their laptop with the provided material. The course agenda is presented below:

1. Integrated Sensor Orientation (ISO): GNSS, and GNSS/inertial and bundle-adjustment (J. Skaloud, 30 min),

2. DNs: motivations and theory (I. Colomina / J. Skaloud), 30 min,

3. Hands-on part 1. Aerial photogrammetry in UAVs with DNs (D.A. Cucci, 1h30),

4. Hands-on part 2. Airborne LiDAR geo-referencing using 3D point-to-point correspondences (D.A. Cucci, 1h),

5. Advanced DNs applications (I. Colomina, 30 min).
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