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Abstract—This paper presents an optimized design of research-
oriented ASVs and a systematic design evaluation methodology
for reliable in-water sensing. The objective is to minimize the
interference on sensor readings by any ASV maneuver. The
design space includes motors and sensors locations. In addi-
tion, this paper analyzes modularity — i.e., the effects of new
sensor’s installation. All prototype designs are thoroughly tested
using hydrostatic analyses, Computational Fluid Dynamics (CFD)
simulations, and real-world field testings. Quantitative metrics,
including trim, pitch, velocity magnitude of flow, and turbulence,
are used to compare different configurations. Our experiments
show that a motor configuration at the back part of the straights
hulls is the most optimal design, resulting in high-quality data
collection.

Keywords—Autonomous Surface Vehicle, Computational Fluid
Dynamics, Design Optimization, Environmental Monitoring, In-
water Sensor Interference

I. INTRODUCTION

This paper proposes a novel fit-for-purpose design and
systematic evaluation methodology for a research-oriented Au-
tonomous Surface Vehicle (ASV) to reliably collect measure-
ments in aquatic environments. The ASV design is optimized
for motion efficiency and for in-water high-quality sensing (see
Fig. 1).

Recent developments and applications of ASVs show
promising results in reducing time and efforts for tasks nor-
mally handled by human beings. Important examples include:
environmental monitoring, search and rescue, and military
operations. In response to climate and environmental changes,
scientists are increasingly deploying ASVs to collect data and
monitor our marine ecosystems. However, more evaluation on
the ASV design is required to ensure monitoring tasks are
performed with reliable data collection. When the data quality
is low, sensor or electronic configurations need to be altered,
resulting in additional manual labor: re-design, redeployment,
and additional verification.

The reason for this low data quality problem is that ASVs
are built following typical ship design criteria and rules
[1]-[3], focusing on maneuvering performance or safety, un-
related to the main mission of the ASVs. Therefore, current
approaches to the development of research-oriented ASVs
[4]-[8] do not include a quantitative analysis between their
design and sensing performance. This lack of analysis raises
questions on whether the motion stability, the sensor data

Fig. 1: The design of a research-oriented ASV for monitoring tasks
is optimized by finding the locations of motors and in-water sensors
that minimize interference on data measurements.

quality, and the task efficiency can be improved, e.g., in coral
reef surveying or in water quality monitoring.
This paper provides the following main contributions:

o A modular research-oriented ASV design.

« An optimization procedure for a particular design space
— locations of motors and sensors — that is based on the
proposed ASV design.

¢ A new systematic validation scheme and metrics that
provide qualitative and quantitative analyses on sensor
interference.

« Experiments conducted in simulation and in real-world
environments.

The proposed novel analysis ensures that the designed ASV
will effectively complete its task and collect high-quality in-
water data, which can then be used for scientific research.
The validation is performed through Computational Fluid
Dynamics (CFD) simulations and field tests for operational
reliability in sea waters (location of motors) and in lake waters
(location of in-water sensors). While insights from this paper
can apply for different scenarios, we test sensors for two
important tasks: monitoring cyanobacterial blooms in lake
waters and coral reef surveying in oceanic environments.
This paper is structured as follows. Section II discusses
related works for developing ASVs for the sake of envi-
ronmental monitoring. Section III addresses essential design
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We are pursuing three main directions to optimize the futufe4]
iterations of this methodology. First, we plan to develop an
algorithm for optimizing controls during a monitoring task
with the proposed design. We are also designing an adaptf'ya
path for monitoring cyanobacterial blooms, which the ASV
will strictly follow while complying to the aforementioned
criteria for a consistent monitoring task. As a long-term goal,
we will develop a computational algorithm that, given certai
speci cations, will automatically optimize the ASV design for
deploying simultaneously multiple ASVs.
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