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Our goal is to create an autonomous boat that can scan 

the bottom of canals and detect buildup, cracks, and 

objects. This project is sponsored by the Salt River 

Project (SRP), as we will be using the boat in their 

canals. 

Introduction

Christian
Client 1:
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State-of-the-Art (SOTA)

To inspect canal beds more frequently we were tasked with creating an autonomous robotic 
boat with a sensor to gather the data from these salt water river canals.

ROV launch and recovery from an unmanned autonomous surface vessel, Journal Article [1]
• Example of a good recovery types.

HANDBOOK OF MODERN SENSORS, Handbook [2]
• Gives good context on how to use different kinds of sensors.

Teledyne Oceanscience Z Boat with eBee Drone Surveying - Newfields LLC [3]
• Full of linkages, control mechanisms, and mathematical relations core to our project
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Customer and Engineering Requirements

Engineering Requirements:

• Deployment / Recovery time : < 5 mins.
• Launch angle: ~ 60 deg.
• Current tolerance: 2 m/s
• Nav accuracy: midline < 0.5 m error
• Range: 3-5 km
• Size Under Water: < 3 ft. depth
• Weight / Material: ~ 50 lbs.

Customer Requirements:

• Deploy & Recover quickly / safely
• Operate in a current
• Accurate autonomous navigation
• Long operation per charge
• Remote operation
• Rugged / Waterproof while withstanding heat
• Fail-safe recovery
• Easy sensor data logging + transfer
• System fit in an SUV

Rikki



QFD
Engineering requirements

• Deployment / Recovery 
time & safety
o Time it take to 

deploy and recover it 
safely

• Ship Design
o How well it can work 

under the canal 
conditions

• Sensor and logging
o How well the sensor 

can see and log the 
data

Figure 1 System QFD Alexander



Mathematical Modelling of Navigation

Alexander

Based on the project requirement that the autonomous boat must maintain positioning 
accuracy along the canal midline with less than 0.5 m error, we define and analyze 
cross-track error and the guidance law used to correct it.

Using the perpendicular distance from the canal midline

To drive the boat toward the canal centerline,
a Line-of-Sight (LOS) guidance method is used

To ensure corrective steering is consistent, the lookahead
distance is based on the allowable correction angle

To solve for an appropriate lookahead distance

We can use a heading correction of 15 degrees

[4]“Planning a Mission with Waypoints and Events 
— Copter documentation,” Ardupilot.org, 2024. 
https://ardupilot.org/copter/docs/common-
planning-a-mission-with-waypoints-and-
events.html (accessed Feb. 02, 2026).

[5]“Tuning Navigation — Rover documentation,” 
Ardupilot.org, 2024. 
https://ardupilot.org/rover/docs/rover-tuning-
navigation.html (accessed Feb. 02, 2026).

[6]A. Lekkas and T. Fossen, “Minimization of Cross-
track and Along-track Errors for Path Tracking of 
Marine Underactuated Vehicles.”

[7]A. Lekkas and T. Fossen, “Line-of-Sight 
Guidance for Path Following of Marine Vehicles.”

[8]X. Yan, X. Yang, and Z. Xiang, “A Compensated 
Line-of-Sight Guidance Law for Unmanned Surface 
Vehicles Based on Dual-Mode Compensation 
Architecture,” IFAC-PapersOnLine, vol. 59, no. 22, 
pp. 824–829, 2025, doi: 
https://doi.org/10.1016/j.ifacol.2025.11.737.

[9]H. Zheng and C. Liu, Towards Unmanned 
Surface Vehicles. CRC Press, 2025.

[10]T. I. Fossen, Handbook of Marine Craft 
Hydrodynamics and Motion Control. John Wiley & 
Sons, 2021.

https://ardupilot.org/copter/docs/common-planning-a-mission-with-waypoints-and-events.html
https://ardupilot.org/rover/docs/rover-tuning-navigation.html
https://doi.org/10.1016/j.ifacol.2025.11.737


Mathematical Modelling of Propulsion + 
Power

Rikki

Based on the earlier design, we know that the robot is going to need an increase of 
power and battery life in order to easily travel upstream and sustain the output of 
power​.

Battery Energy

Operating Voltage (LiHV)

Runtime

[11] U.S. Navy employment options for unmanned 
surface vehicles (usvs) on JSTOR, 
https://www.jstor.org/stable/10.7249/j.ctt5vjw3v
(accessed Feb. 2, 2026).
[12] J. T. Warner, The Handbook of Lithium-Ion 
Battery Pack Design. 2024.
[13] Energy Storage Structural Composites with 
integrated lithium‐Ion Batteries: A review - galos -
2021 - advanced materials technologies - wiley
online library, 
https://advanced.onlinelibrary.wiley.com/doi/10.10
02/admt.202001059 (accessed Feb. 2, 2026).
[14] Modeling, identification, and control of an 
unmanned surface vehicle ..., 
http://onlinelibrary.wiley.com/doi/10.1002/rob.214
52/abstract?deniedAccessCustomisedMessage=&us
erIsAuthenticated=false (accessed Feb. 2, 2026).
[15] W. Wang et al., “USVs‐Sim: A general 
simulation platform for unmanned surface vessels 
autonomous learning,” Concurrency and 
Computation: Practice and Experience, vol. 34, no. 
3, Sep. 2021. doi:10.1002/cpe.6567
[16] “USV hull,” USV Hull -, 
https://oceangreenbay.com/usv-hull/ (accessed 
Feb. 1, 2026).
[17] Grava Hydro, “Photo Gallery,” Grava Hydro, 
https://gravahydro.com/media#afdbc16e-d7fa-
4e63-9e13-d08fe7731ded (accessed Feb. 1, 2026).

https://www.jstor.org/stable/10.7249/j.ctt5vjw3v
https://advanced.onlinelibrary.wiley.com/doi/10.1002/admt.202001059
http://onlinelibrary.wiley.com/doi/10.1002/rob.21452/abstract?deniedAccessCustomisedMessage=&userIsAuthenticated=false
https://oceangreenbay.com/usv-hull/
https://gravahydro.com/media#afdbc16e-d7fa-4e63-9e13-d08fe7731ded


Mathematical Modelling of Materials

William

Due to the nature of the canals the autonomous boat would need to both be 
designed out of a material that can both withstand salt water and the intense heat of 
Phoenix. With all the electronics and devices needed for the boat all areas they are 
attached to need to be both water and heat proof.

[18] G. Rublein, “The Stability of Boats: A Science, Technology, 
Engineering, and Mathematics (STEM) Exercise,” VCU Scholars 
Compass, 2019. https://doi.org/10.25891/5y1p-p659
(accessed Feb. 02, 2026).

[19] R. Holmes, T. McDougall, P. Barker, R. Pawlowicz, S. 
Griffies, and P. Durack, “The interpretation of temperature 
and salinity variables in numerical ocean model output and 
the calculation of heat fluxes and heat content - ACCESS-CM2 
data and code,” Zenodo (CERN European Organization for 
Nuclear Research), Oct. 2021, doi: 
https://doi.org/10.5281/zenodo.5580343.

[20] A. S. Ghasseminia and A. Faraji, “Storm Resistant Boat 
Designing Based on the Geometry and Movement of Water 
Strider,” Journal of Bionic Engineering, vol. 5, pp. 87–90, Sep. 
2008, doi: https://doi.org/10.1016/s1672-6529(08)60077-3.

[21] V. Mihai and L. Rusu, “An Overview of the Ship 
Ventilation Systems and Measures to Avoid the Spread of 
Diseases,” Inventions, vol. 6, no. 3, p. 55, Jul. 2021, doi: 
https://doi.org/10.3390/inventions6030055.

[22] E. Bormashenko, “Surface tension supported floating of 
heavy objects: Why elongated bodies float better?,” Journal of 
Colloid and Interface Science, vol. 463, pp. 8–12, Feb. 2016, 
doi: https://doi.org/10.1016/j.jcis.2015.10.031.

Heat Equation

Temperature change of water

Buoyancy Equation

https://doi.org/10.25891/5y1p-p659
https://doi.org/10.5281/zenodo.5580343
https://doi.org/10.1016/s1672-6529(08)60077-3
https://doi.org/10.3390/inventions6030055
https://doi.org/10.1016/j.jcis.2015.10.031


Mathematical Modelling of Deployment 

Norah

Using the weight of the boat and the flow of the canal we have to figure out the best 
way to launch and load the boat without the current sweeping it away. We also 
cannot rely on using the motors and power when trying to get the boat out of the 
water because we have to be prepared to load the boat when the batteries are dead. 

[23]
C. Zhao, P. Thies, J. Lars, and J. Cowles, “ROV launch and 
recovery from an unmanned autonomous surface vessel –
Hydrodynamic modelling and system integration,” Ocean 
Engineering, vol. 232, p. 109019, Jul. 2021, doi: 
https://doi.org/10.1016/j.oceaneng.2021.109019.
[24]
“Winch calculation,” Emce.com, 2020. 
https://emce.com/about-winches/winch%20calculation
[25]
J. Li, J. Chavez-Galaviz, and N. Mahmoudian, “Vision driven 
trailer loading for autonomous surface vehicles in dynamic 
environments,” Frontiers in Robotics and AI, vol. 12, Sep. 
2025, doi: https://doi.org/10.3389/frobt.2025.1607676.
[26]
E. Sarda and M. Dhanak, “A USV-Based Automated Launch 
and Recovery System for AUVs,” Sep. 2016. 
https://www.researchgate.net/publication/309055907_A_
USV-
Based_Automated_Launch_and_Recovery_System_for_AU
Vs
[27]
L. Lord, Naval Architecture of Planing Hulls. 1954.



Mathematical Modelling of Sensors 

Christian

The system collects data from sonar and cameras, stores it onboard, and sends key 
information to a ground station. This section evaluates data generation, storage 
needs, and wireless transmission to prevent data loss during missions.

Total Data Rate

Storage Requirements

Communication Constraint

Sources
[28] A. C. Bovik, Ed., Handbook of Image and 
Video Processing. Burlington, MA, USA: Elsevier 
Science, 2010.

[29] D. R. Yoerger et al., “Autonomous 
underwater vehicle data collection systems,” 
IEEE Robotics & Automation Magazine, 
accessed Feb. 2, 2026. [Online]. Available: 
https://ieeexplore.ieee.org

[30] N. Fairfield, G. Kantor, and D. 
Wettergreen, “Real-time sensor fusion for 
autonomous navigation,” The International 
Journal of Robotics Research, accessed Feb. 2, 
2026. [Online]. Available: 
https://journals.sagepub.com

[31] N. E. Saadi and Z. Istenes, “Benchmarking 
data logging strategies in ROS-integrated multi-
sensor robots under network constraints,” in 
Proc. Int. Conf. Formal Methods and 
Foundations of Artificial Intelligence, 2025, pp. 
188–200, doi: 10.17048/fmfai.2025.188.

https://ieeexplore.ieee.org
https://journals.sagepub.com/


Schedule and Budget:

We have a budget of $1000 but $1500 
with proper justification. We plan on 
fundraising over $500 so after fundraising 
we will have a minimum budget of $1500. 
We plan on fundraising by having a fast 
food restaurant agree to give us a 
percentage of sales when customers
mention our fundraising code.

Our supplies we will use for this project 
aren’t completely decided but we plan on 
using a majority of our budget to go 
towards a controller, motors, and 
powerful batteries. 

Figure 2: Gantt

Norah
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