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Prometheus: Submersible Explorer

Opportunity
Mapping or exploring bodies of water has always been a difficult task that requires the use of
underwater drones. Purchasing a personal underwater drone has proven to be expensive, and
this acts as a barrier to entry for lower-budget researchers who would like to use one for
exploratory purposes. Our team took this opportunity to develop and construct an underwater
drone that can be remotely piloted using an intuitive controller.

High-Level Strategy
To develop a remotely controlled submersible system, the task could be broken down into two
smaller subtasks, buoyancy control and thrust control. Accomplishing these subtasks would
enable the system to vary its depth within the water, as well as control where it is going.

For the buoyancy control system, syringes controlled by motors were used to vary the overall
density of the system. These work by taking in and releasing water when the plungers of the
system are moved inwards and outwards respectively. Initially, the original design was to be
able to displace 785 cm3of air. However, due to space constraints, only 589 cm3of air could be
displaced.

For the thrust control, two pairs of horizontal and vertical-facing propellers were used to provide
thrust in their respective directions. The speed of these propellers was controlled via brushless
motors and electronic speed controllers (ESCs).

Device Diagram
The mechanical design of the buoyancy system is detailed in Figures 1 and 2. The entire
system is composed of two smaller, identical, subsystems that control the position of the
plungers of the syringe.

Figure 1: Buoyancy System Overview and Detailed View
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Function-critical Decisions
A key function-critical calculation that had to be made was the force required by the motors
controlling the buoyancy system. These calculations are shown in Figure 1.

𝑇𝑜𝑟𝑞𝑢𝑒 𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑 =  𝑆𝑐𝑟𝑒𝑤 𝑃𝑖𝑡𝑐ℎ
2π × 𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑓𝑜𝑟𝑐𝑒 𝑡𝑜 𝑚𝑜𝑣𝑒 𝑠𝑦𝑟𝑖𝑛𝑔𝑒

Figure 2: Calculations for buoyancy transmission

Based on our calculations, our chosen motors for the transmission are sufficient to move the
syringes for the buoyancy system.

Circuit and State Transition Diagrams

Circuit Diagram
The main elements controlling the motors are the ESP32 and the motor driver. The motors
controlling the buoyancy system, motors 1 and 2, were given an appropriate level of voltage as
dictated by the motor controller. In turn, the motor controller is controlled via the ESP32 module,
which receives inputs from the remote control operated by the user.

Figure 3: Circuit diagram of the entire system
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State Transition Diagram
The system relies on two ESP32s, where each controls one of the two subsystems. The thrust
system will be referred to as Core 0, while the buoyancy system will be referred to as Core 1.

Figure 4: State Transition Diagram

In Core 0, the ESCs are first calibrated. If the controller’s joysticks are moved, the brushless DC
motors are spun. The speeds of the motors are dependent on the input amount of the joysticks
and continue to spin as long as the input is given. When the joysticks are released, and hence
when there is no longer input, the motors stop spinning.

In Core 1, the DC motors attached to the syringe are first spun to enable the system to
submerge. When the syringes reach their maximum displacement, end-stops are engaged,
telling the ESP32 that the syringes are unable to move any further. When the remote control’s
button is pressed, there is a switch in the screw rod’s direction of rotation, causing it to displace
the syringes in the opposite direction and return them to their original position.

Reflection
Overall, the project taught us significantly about how to integrate mechanical systems with
electronics through the lessons learned in the course’s labs. Communication was key to
achieving the project’s final state, as well as dividing up the tasks to meet the project’s
deliverables on time. We learned how to compromise on part selection when it came to cost and
functionality, as well as how to implement and write clean code that can be easily debugged and
reused in the future.
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Appendix

Bill Of Materials
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Code
Code for buoyancy system

6



7



8



9



10



11



12



CAD

Figure 5: Prometheus Section View

Figure 6: Buoyancy system overview
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Pictures of the Device
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