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1. Introduction
One of the major problems of underwater robotics
for mass adaptation is cost. A large costly AUV/ROV
needs ships, launch and recovery systems, robotic op-
erators, and crew members onboard. Moreover, due
to the associated high cost of every underwater vehi-
cle, it’s enormously risky to operate in harsh sub-sea
situations. Just like in space for building infrastructure
and long-term residence situations require modular-
ity, flexibility and adaptive systems underwater. Re-
configurable robotics allows for adapting and restruc-
turing the robot’s physical configuration to our needs.

Figure 1: ElectroVoxel (MIT)

•Modularity: Often composed of modules or units
that can be rearranged or replaced.

•Adaptability: Can be restructured to optimize for
specific tasks or environments.

•Cost-Effectiveness: Each module of the robotic sys-
tem should be low-cost and replaceable.

•Dynamic Morphing: Ability to shift between differ-
ent shapes or configurations.

•Multi-functional: Can perform a variety of tasks by
transforming their structure.

2. Motivation
Inspired from aerial and space robotics industry, un-
derwater robotics can be benefited with modular self-
reconfigurable robots. Modular robotics for terrestrial
and underwater scenarios are being built for decades,
however there were not enough compute power and
efficient onboard artificial intelligence for practical ap-
plications.

1. In under ice exploration, researchers keep loosing
their expensive AUVs.

2. In complex underwater terrain, maneuvering huge
rigid and large AUVs is difficult.

3. There is a room for flexible underwater robotics
which can be configured according to the operation
needs.

4.We have enough computational power to fit com-
plex processing in simple smaller nodes.

Figure 2: Distributed Flight Array (ETH Zurich)

3. State-of-the-Art

Figure 3: EEYL 500 [2]

• The ACM-R5 [1] and Perambulator series robots
utilize a universal joint structure enabling three-
dimensional motion.

• The Eelume 2 [2] marine snake-like robot, particu-
larly the latest EELY500 version, is equippedwith end
effectors to enhance tasks like marine environment
observation and pipeline exploration.

• Yang et al. [4] designed twogenerations of underwa-
ter self-reconfigurable robots, USS-G1 andUSS-G2, in
2013. The USS-G2, an upgraded version, can recon-
figure into various shapes like serial, circular, limb
swimming, and quadruped walking based on envi-
ronmental needs and tasks.

• Angel, developed by Mintchev et al.[3] in 2012, can
swim using active rotatable joints connecting eel-
like units. Each unit has three propellers and a dock-

ing systemwith a small permanentmagnet andme-
chanical structure.

• Zhejiang University developed modular gelatinous
cubes that can be assembled into various types of
robots based on functional requirements.

Figure 4: ACM-R5 [1]

Figure 5: Angle [3]

4. Thesis Contribution
The goal of the master thesis will be to de-
sign and build modular units that are self-
reconfigurable in multiple ways. Each mod-
ular unit will have its own propeller, a basic
set of sensors and onboard processors.
• Research and design a cost-effectivemodu-
lar unit.

• Designing a control system that allows self-
reconfigurations of the modules.

• Simulate and test the proposed system in
underwater scenario to ensure its perfor-
mance.

• Conduct field trials to test the system in
real-world underwater environments.
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