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Abstract: This final report is on an engineering senior design project. This project focused on the 

creation of a submersible optical test station that was used to test optical sensors in the water. The 

project was sponsored by the defense company Arete. This project was a part of the ENGR 498 course 

and took two semesters to complete. The project required in depth optical, mechanical and electrical 

analysis along with hours of prototyping and building.   
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1.0 Scope 

 

Areté develops many various types of devices designed to be used underwater, this requires a 

form of underwater testing. Currently Areté does not have a reliable testing platform for their 

various devices. The Submersible Optical Test Station (SOTS) system consists of six thrusters 

for positioning and stability, a depth sensor to monitor and maintain depth, a camera and subsea 

lighting to provide a clear visual display to the user, a raspberry pi embedded system, two 

lithium ion batteries to provide power and an operation time of up to four hours, two watertight 

enclosures to house electronics, and an ethernet umbilical to send and receive data to the surface. 

The SOTS system will be operated by an above water user with the use of an engineering laptop 

and a Xbox game station controller. With this above water setup, the user will be able to control 

the movements of the SOTS system as well as receive a visual display of the environment and 

data collected values of depth and orientation.  The system allows engineers to test optical 

equipment to make sure the devices can withstand an underwater environment. 

 

 

2.0 System Block Diagram  

 

 
 

3.0 Technical Data Package  

 



4 
 

The Technical Data Package (TDP) defines the performance requirements and procedures 

required for the design and configuration of the SOTS system. This document outlines design 

concepts in graphic form required for analysis and evaluation. The SOTS system’s design is 

shown through the use of models, drawings, and software documentation as well as the 

acceptance test plans and procedures and analysis needed to conduct such tests. The TDP can be 

found in section 7.1 of the Appendix (section 7.0).  

 

4.0 Verification Results 

 

After many discussions with Arete, we had to change the scope of the project many times to 

allow us to stay under the $4,000 budget while giving our sponsor the best possible product.  

While not all of these requirements were able to be verified due to COVID-19 complications, we 

expect the SOTS to successfully pass all requirements. These discussions have led to these 

verifications: 
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   SOTS Verification Table  

Requirements Verification 
Method 
(I/T/A/D) 

Camera Laptop Hull Propulsion Limit/Reference Predicted/ 
Measured Value 

Pass/ 
Fail 

4.1 Performance 

Requirements 

4.1.1 Control: The SOTS 

is controlled by a game 

station controller. 

I/D  X   N/A N/A I: Pass 
D: TBD 

4.1.2 Depth: The SOTS 

will operate with full 

functionality at a 

threshold of 100ft, with a 

goal of up to 300 ft 

underwater. The SOTS 

shall display the current 

depth to the operator. 

I X  X X 325 ft Depth 330 ft I: Pass 
 

4.1.3 Environment: The 

SOTS shall be able to 

operate in coastal waters 

(50-80 degrees F).  

A X  X X Lower: 50 
degrees F  
Upper: 80 
degrees F 

Lower: 40 degree F 
Upper 90 degree F 

A: Pass 

4.1.4 Speed: The SOTs 

shall travel at speeds 

greater than 0 knots 

(water truth). 

A/D   X X Greater than 0 
Knots 

1.5 knots A: Pass 
D: TBD 
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SOTS Verification Table 

Requirements Verification 
Method 
(I/T/A/D) 

Camera Laptop Hull Propulsion Limit/Reference Predicted/ 
Measured Value 

Pass/ 
Fail 

4.1.5 Size: The SOTS 

shall be no larger than 

49” Long X 27” Wide X 

9” High. 

I   X  No larger than 

49” Long X 27” 

Wide X 9” High 

49” X 19” X 8.9”  I: 
Pass 

4.1.6 Trial: The SOTS 

shall be able to operate 

with full functionality for 

up to 4 hours underwater. 

A/T/D  X   4 Hours  4.5 Hours A: Pass 
T: TBD 
D: TBD 

4.1.7 Weight: The SOTS 

(platform) shall be no 

heavier than 250lbs. 

 

I X X X X 250 lbs max  43 lbs I: Pass 

4.1.8 Test Chamber Size: 

The payload test chamber 

of the SOTS shall be no 

smaller than 1.5 cubic 

feet with dimensions less 

than 48” Long X 20” 

Wide X 20” High. 

I   X  No smaller than 
1.5 cubic ft 

1.5 cubic ft I: Pass 
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SOTS Verification Table 

Requirements Verification 
Method 
(I/T/A/D) 

Camera Laptop Hull Propulsion Limit/Reference Predicted/ 
Measured Value 

Pass/ 
Fail 

4.1.9 Leveling: The 

SOTS shall stay level 

within +- 2 degrees, and 

remain neutrally buoyant. 

T/A  X X X Stay level within 
+/- 2 degrees 

+/- 1.5 degrees T: TBD 
A: Pass 

4.1.10 Visibility: The 

user shall be able to 

recognize objects with a 

diameter of up to 6” up to 

a minimum distance of 

10 feet in water-rated to 

Jerlov III. 

I/T/A X    Objects of 6” in 
diameter from 10 

ft 

6” in diameter from 
10’ 

A: Pass 
T: TBD 
I: TBD 

4.1.11 Power: The SOTS 

must run off less than 

29.6 V and 36 Ah 

I/A X X  X 29.6 V and 36 
Ah maximum 

20 V and 30 Ah I: Pass 
A: Pass 

4.1.12 Umbilical: The 

SOTS shall operate with 

a 100ft umbilical 

connected to the system 

and above water to send 

and receive data. 

I  X   100 ft 100 ft I: Pass 
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SOTS Verification Table 

Requirements Verification 
Method 
(I/T/A/D) 

Camera Laptop Hull Propulsion Limit/Reference Predicted/ 
Measured Value 

Pass/ 
Fail 

4.1.13 Payload: The 

SOTS shall support 

payload vessels having 

weight up to 100 lbs. 

D   X X 100 lbs 100 lbs D: TBD 

4.2 Environmental 

Requirements 

4.2.1 Operational 

Awareness: The camera 

shall have a minimum 

horizontal full field of view 

of 62 degrees and a 

minimum vertical full field 

of view of 62 degrees in the 

water. 

T/A X    62 degrees 
horizontal and 

vertical  

62 degrees horizontal 
and vertical  

A: Pass 
T: TBD 

 

4.3 Cost Requirements 

4.3.1 Cost: The SOTS 

should cost less than $4,000. 

A X X X X $4,000 $3,967.14 A: Pass 

 

 

From this table we created acceptance test sheets for the requirements that were necessary to test. There are certain tests that were seen 

in prior versions of this acceptance test sheet that are no longer included due to the lack of need for testing due to the components 

being proven by our supplier, Blue Robotics. These tests were created but were not tested due to COVID-19 and the team not 

receiving all parts due to the pandemic. 
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5.0 Final Budget 

 

5.1 Parts List  
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5.2 Budget Summary 

 

Order 1 $405.12 

Order 2 $2,406.84 

Order 3 $948.56 

Order 4 $10.48 

Order 5 $50.97 

Purchased by Team $83.32 

Needed to be Purchased $100.00 

Provided/Donated -$87.65 

Total  $3,917.64 

UofA Budget  $4,000.00 

Remaining Budget $82.36 

 

6.0 Lessons Learned  

 

This project allowed the team to grow in many ways as engineers. There were many issues that 

arose while we were creating solutions for Arete. These problems allowed us to apply our 

problem solving skills we have acquired over the last four years. The team also had to learn new 

skills and apply our prior knowledge to solve complex problems that arose during our project. 

One of our biggest issues was drag. 

 

Drag was an enormous issue that our team had to deal with. It caused issues with the necessary 

size of motors, the large power draw necessary to run the SOTS, and caused budget issues. After 

much analysis we realized there was a fatal flaw with our design, the thickness of our umbilical. 

This thick umbilical which is supposed to be up to 400 ft in length was causing an enormous 

amount of drag. This drag component had us looking for different solutions to solve this issue. 

The first solution we came up with is to use larger motors to have more propulsion. Yet, this only 

made the issue larger, we needed more power to use these larger motors which only increased 

the thickness of our umbilical. The next solution was to use a weighted umbilical. This was 

weighing the umbilical down at the length that you want to go down, then moving around from 

there. This makes it only 100 ft of umbilical instead of 400 ft. This greatly reduced our drag and 

allowed us to use smaller motors and a thinner umbilical. Yet, even with this solution the project 

is still over budget, under powered, and receiving too much drag. In order to fix almost all of 

these issues we decided to remove the power from the umbilical and instead power the SOTS 

with two batteries in parallel. This simplified all of our calculations and allowed us to use much 

cheaper motors and it required much less power. Our second biggest issue was budget. 



11 
 

 

Even with the help on the budget changing to battery power the team was still over budget. At 

this point, the team had to have a hard conversation with our sponsors. We sat down with Arete 

and discussed what was most important to them, from this we negotiated down our requirements 

to a point that allowed us to complete the project under budget while still meeting all of our 

sponsors expectations. We also talked to our main supplier, Blue Robotics, and they were nice 

enough to give us a discount to allow us to purchase more supplies. 

 

Our final big issue was the outbreak of the COVID-19 pandemic. While COVID-19 did not 

allow us to complete our project; we were still able to complete a large amount of the project. 

During COVID we were able to put the SOTS together mechanically as well as mostly 

integrating all the electronics. How we did this was working on the SOTS one at a time. Patrick, 

one of our Mechanical Engineers, was able to finish assembling the SOTS at Arete during 

COVID due to him being an intern with them. Without the use of Arete’s workshop, we most 

likely would have never been able to properly put the SOTS together. Once the SOTS was put 

together it was transferred over to Alex, our Electrical and Computer Engineer. Alex was able to 

integrate almost all of the SOTS and allow us to control all of the components through the 

ArduSub software. Since we were not able to get together as a group and our plan to use the 

Campus Recreation pool was now not feasible we were not able to test the SOTS underwater.  

 

Overall, the team reacted extremely well to the many issues we faced. We never gave up or gave 

into the problems. Instead, we continued to fight on and find new solutions to every problem that 

came up during our project. The team learned how to be resilient and to never give in to a 

problem and instead attack the problem from different angles which in the end allowed us to 

successfully build the SOTS and give Arete a mostly working product during these 

unprecedented times.  

 

7.0  Appendix    

 

7.1 TDP 
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1.0 Introduction 

 

1.1 Proposal Abstract  

 

Areté Associates is a defense company that specializes in underwater optical equipment. Each 

device that is made in the company must be tested. Currently, there is not an easy way to test 

these devices. The aim of the Submersible Optical Test Station (SOTS)  is to create an 

underwater Remote Operated Vehicle (ROV) that can be used to carry a variety of different 

testing devices underwater. 

 

1.2 Document Summary 

 

This Technical Data Package defines the performance requirements and procedures required for 

the design and configuration of the SOTS system. This document outlines design concepts in 

graphic form required for analysis and evaluation. The SOTS system’s design is shown through 

the use of models, drawings, and software documentation as well as the acceptance test plans and 

procedures and analysis needed to conduct such tests.  

 

2.0 System Description 

 

2.1 System Summary  

 

The SOTS is an underwater ROV that acts as a test station to hold different types of optical 

devices provided by Areté. The SOTS is a transportable, waterproof, working prototype that will 

operate underwater in coastal waters similar to those of San Clemente Island. The SOTS system 

consists of six thrusters for positioning and stability, a depth sensor to monitor and maintain 

depth, a camera and subsea lighting to provide a clear visual display to the user, a raspberry pi  

embedded system, two onboard lithium ion batteries to provide power and an operation time of 

up to four hours, two watertight enclosures to house electronics, and an ethernet umbilical to 

send and receive data to the surface. The SOTS system will be operated by an above water user 

with the use of an engineering laptop and a Xbox game station controller. With this above water 

setup, the user will be able to control the movements of the SOTS system as well as receive a 

visual display of the environment and data collected values of depth and orientation. The system 

allows engineers to test optical equipment to make sure the devices can withstand an underwater 

environment. 

 

2.2 System Block Diagram  
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3.0 System Architecture and Requirements Traceability  

 

3.1 System Architecture: 

 
The SOTS is broken up into five main components, the Laptop, Pixhawk, Power, Raspberry Pi, 

and Hull. The laptop consists of the Xbox game station controller, GUI display, Fathom-X 

Tether interface, and ArduSub software. The Pixhawk has the LED’s, depth sensor, thrusters, 



16 
 

and speed controllers. The power is made up of two lithium ion batteries, a power sense module, 

and a power distribution block. The Raspberry Pi has the camera. The Hull has the aluminum 

frames and watertight enclosures. 

 

3.2 Requirement Traceability  

 

System Requirements Where Found in Architecture 

4.1 Performance Requirements 

4.1.1 Control: The SOTS is controlled by a game station 

controller. 

1.1 Laptop 

1.1.1 Xbox Controller 

1.1.2 GUI 

1.1.4 ArduSub Software 

4.1.2 Depth: The SOTS will operate with full functionality at 

a threshold of 100ft, with a goal of up to 300 ft underwater. 

The SOTS shall display the current depth to the operator. 

1.2 Pixhawk 

1.2.1 Depth Sensor 

 

4.1.3 Environment: The SOTS shall be able to operate in 

coastal waters (50-80 degrees F). 

 

1.5 Hull 

1.5.1 Frames 

1.5.2 Watertight Enclosures 

 

4.1.4 Speed: The SOTs shall travel at speeds > 0 Knots. 

(water truth). 

1.2 Pixhawk 

1.2.3 Thrusters 

1.2.4 Speed Controllers  

4.1.5 Size: The SOTS shall be no larger than 48” Long X 20” 

Wide X 20” High. 

1.5 Hull 

1.5.1 Frames 

4.1.6 Trial: The SOTS shall be able to operate with full 

functionality for up to 4 hours underwater. 

1.3 Power 

1.3.1 Lithium Ion Batteries  

4.1.7 Weight: The SOTS (platform) shall be no heavier than 

250lbs. 

1.0 SOTS 

 

4.1.8 Test Chamber Size: The payload test chamber of the 

SOTS shall be no smaller than 1.5 cubic feet with 

dimensions less than 48” Long X 20” Wide X 20” High. 

1.5 Hull 

1.5.1 Frames 

 

4.1.9 Leveling: The SOTS shall stay level within +- 2 

degrees, and remain neutrally buoyant. 

 

1.1 Laptop 

1.1.4 ArduSub Software 

1.2 Pixhawk 

1.2.3 Thrusters 

4.1.10 Visibility: The user shall be able to recognize objects 

with a diameter of up to 6” up to a minimum distance of 15 

feet in water rated to Jerlov III. 

1.1 Laptop 

1.1.2 GUI 

1.1.3 Fathom-X Tether Interface 

1.2 Pixhawk 

1.2.1 LEDs 

1.4 Raspberry Pi 

1.4.1 Camera 

4.1.11 Power: The SOTS must run off of two 14.8V 18Ah 1.3 Power 
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batteries. 1.3.1 Lithium Ion Batteries 

1.3.2 Power Sense Module 

1.3.3 Power Distribution Block 

4.1.12 Umbilical: The SOTS shall operate with a 100ft 

umbilical connected to the system and above water to 

provide power and send and receive data. 

1.1 Laptop 

1.1.3 Fathom-X Tether Interface  

 

4.1.13 Payload: The SOTS shall support payload vessels 

having weight up to 100 lbs. 

1.5 Hull 

1.5.1 Frame 

4.2 Environmental Requirements 

4.2.1 Operational Awareness: The camera shall have a minimum 

horizontal full field of view of 62 degrees and a minimum vertical 

full field of view of 62 degrees in the water. 

1.2 Pixhawk 

1.2.1 LEDs 

1.4 Raspberry Pi 

1.4.1 Camera 

4.3 Cost Requirements 

4.3.1 Cost: The SOTS should cost less than $4,000. 1.0 SOTS 

 

 

4.0 Prediction of Performance Margins / Accuracy 

 

Requirement  Prototype Test / 

Model 

Requirement / 

Prediction 

Margin 

4.1.1 Control (I/T): 

 

 Controlled by a game 

station controller 

N/A 

 

4.1.2 Depth (I/T): 

Pressure and Leak 

Test 

Withstand PSI at a 

depth of 100ft.  

+/- 5 PSI 

4.1.3 Environment 

(A): 

3-D Modeling and 

analysis 

Must be able to 

operate in coastal 

waters 50-80 degrees 

F.  

N/A 

4.1.4 Speed (A/T/D): Speed Test > 0 knots without 

currents 

> 0 knots 

4.1.5 Size (I): 3-D Modeling 48” X 20” X 20”  +/- 1” 

4.1.6 Trial (D/T/A): Pressure and Leak 

Test 

Be able to operate for 

at least 4 hours 

+/- 15 minutes 

4.1.7 Weight (I): Mass Model  Maximum of 250 lbs +/- 5 lbs 

4.1.8 Test Chamber 

Size (I): 

3-D Modeling No smaller than 1.5 

cubic feet 

+/- .1 cubic ft 
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4.1.9 Leveling (T/A): 

 

Buoyancy and 

Leveling Test 

Stay within +/- 2 

degrees of level 

+/- 1 degree 

4.1.10 Visibility 

(I/T/A): 

Distance Test in 

water and air  

See a 6” object from 

15’ away in Jerlov III 

water 

+/- 6” 

4.1.11 Power (I/A): Power  Powered by two 

14.8V 18Ah batteries 

+/- 10 W 

4.1.12 Umbilical (I): Measurement and 

throughout analysis 

100’ in length, 

provides power, and 

send and receive data 

N/A 

4.1.13 Payload (I): 3-D Modeling Support  a payload 

vessel having weight 

up to 100 lbs. 

+/- 5 pounds 

4.2.1 Operational 

Awareness (T/A): 

FOV test in Water A 62 degree field of 

view in horizontal 

and vertical directions 

+/- 1 degree 

4.3.1 Cost (A): < $4K Cost model $4k / $3,917.64 $82.36 remaining 

  

 

5.0 Drawings and Schematics 
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SOTS Top Assembly Drawing (TAD) 
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SOTS, Part No. 300 
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Side Plate, Part No. 301 
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Middle Plate, Part No. 302 
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SOTS Payload, Part No. 303 
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SOTS Spacer, Part No. 304 
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Electronics Hull, Part No. 305 
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6.0 Wire Lists 

 

 
 

 

LED Wiring List 

Signal Pins Wire Size Wire Color 

LED 
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Gnd (Battery) LED ground (Black 
wire) 

22 Black 

+14.8 VDC (Battery) LED power (Red 
wire) 

22 Red 

Pixhawk Channel 7 Yellow (with 
Connector) 

22 Yellow 

 

Note: 

● The LEDs are pre wired together and just need to be connected to the proper 

pins on the raspberry pi. 

 

 

 
 

 

Pressure Sensor and Pixhawk Flight Controller 

Signal Pins Wire Type 
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Pressure Sensor Pixhawk 

I2C Communication Connector I2C Connection *Comes with Depth 
Sensor 

Raspberry Pi USB  Micro-USB 
connection 

Micro-USB to USB 

 

 

 

MOTORS 

 

 

 
NOTE: This speed controller cable ^ (red/black/yellow connector) will not plug into the pi, but 

instead into the pins 1- 6 (in black, not the white pins) shown below on the Pixhawk 
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 Pixhawk Channels 

Each thruster comes with an Electronic Speed controller 

 

 

Thrusters and LEDs 

Signal  
Pins 

Wire 
Size 

Wire 
Color 

ESC 1 ESC 2 ESC 3 ESC 4 ESC 5 ESC 6 LEDs 

Battery 
Ground 

B- B- B- B- B- B-  (GIVE
N) 

Black 
(GIVE
N) 

Battery 
+14.8  

B+ B+ B+ B+ B+ B+  (GIVE
N) 

Red 
(GIVE
N) 

Pixhaw
k 
Chann
el 1 

Control 
Conne
ctor 
(given) 

      N/A N/A 

Pixhaw
k 
Chann
el 2 

 Control 
Conne
ctor 
(given) 

     N/A N/A 

Pixhaw
k 
Chann

  Control 
Conne
ctor 

    N/A N/A 
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el 3 (given) 

Pixhaw
k 
Chann
el 4 

   Control 
Conne
ctor 
(given) 

   N/A N/A 

Pixhaw
k 
Chann
el 5 

    Control 
Conne
ctor 
(given) 

  N/A N/A 

Pixhaw
k 
Chann
el 6 

     Control 
Conne
ctor 
(given) 

 N/A N/A 

Pixhaw
k 
Chann
el 7 

      LED 
connec
tor  

  

 

 

 
 

7.0 Software Design Document 

 

Refer to the Appendix in section 9.0. 

 

8.0 ATP and Analysis 
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Title 

Record of Changes 

Table of Contents 
1) Optical / Positional Awareness Test 

a) 1.1 Distance Test in water and air 
b) 1.2 FOV test in water  

2) Buoyancy and Leveling Test 
3) Depth Sensor Test 
4) Motors Test 

 

 

 

 

 

 

8.1 Optical / Positional Awareness Tests 

8.1.1 Introduction: This procedure outlines the acceptance tests to be performed on the 

optical assembly to ensure that all optical requirements are met.  

8.1.2 Required test equipment: The list of required test equipment includes: 

 

Description Part Number / Notes 

Laptop  Equivalent to HP ENVY 2016 

Camera Sensor 100 

Lens 102 

Camera Shield 101 

Two LEDS 103 

Two LED mounts 105 

Two LED constant current drivers 203 

Microcontroller 201 

6 inch object 6’’ x 6’’ piece of wood 

Tape Measurer Tape Measurer to measure distance 

Protractor Used to measure FOV 
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8.1.3 Test Environment - The test will be conducted in the UofA recreational pool between the 

hours of 7pm and 12am to ensure there is no daylight left. The lights around the pool will be 

turned off.  

8.1.4 Step by Step Procedures 

a. Place ROV in water (motor operations are unnecessary. A user shall hold the ROV in 

the water to keep it stationary) 

b. Place wooden object in the water a distance of 15 feet away from the ROV 

c. Initiate camera and lighting system  

d. Point ROV towards the object 

e. View on GUI. If the object can clearly be resolved on the GUI, then system passes.  

f. Next, keep ROV completely stationary while moving the wooden object to limit of the 

field of view. Measure the angle using the protractor along with the tape measurer. 

 
 

8.2 Buoyancy and Leveling Test 

8.2.1 Introduction: This procedure outlines the acceptance tests to be performed on the SOTS 

hull and testing chamber to ensure they are neutrally buoyant. 

8.2.2 Required test equipment: 

 

Description  Part Number / Notes 

Hull 301 

Pool Similar to the pool at the U of A  

Depth Sensor 302 
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Laptop Equivalent to HP ENVY 2016 

Umbilical 303 

IMU  204 

 

8.2.3 Test Environment - This test will be conducted in a pool similar to that of the U of A pool. 

The water should be still to a minimal current as well as no other waves and movement created. 

8.2.4 Step By Step Procedure -  

a. Seal the ROV and connect all necessary cables. 

b. Gently lower the ROV into the water. 

c. Turn on the leveling system and depth sensing system. 

d. Collect data from depth sensor and accelerometers as well as visually confirming the 

data received.  

 

 

2.1 SOTS Buoyancy and Leveling Test Data Sheet 

Paragraphs 2.2 - 2.5 

Analysis Referenced (For verification by T/A): Buoyancy Analysis 

Name of Test: Buoyancy and Leveling Test 

Unit Under Test (UUT): 
Name: Laptop and Hull 
Part Numbers: 301, 302, 303, 204 
Serial Numbers: N/A 

Results (Pass/Fail): 
 
 

Date of Test: 

Measured Change in 
Depth: 
 
 
 

Change in Depth 
Requirements: 

Leveling 
Requirement: 

Did the SOTS stay 
level? (Yes or No): 

Notes: 
 
 

Signatures: 
 

Tester: __________________________________ 
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Customer: _______________________________ 

 

 

 

 

8.3 Depth Sensor Test 

8.3.1 Introduction: This procedure outlines the acceptance tests to be performed on the SOTS 

Depth Sensor to ensure it is giving proper readings. 

8.3.2 Required test equipment: 

 

Description  Part Number / Notes 

Hull 301 

Pool Similar to the pool at the U of A  

Depth Sensor 302 

Laptop Equivalent to HP ENVY 2016 

Umbilical 303 

Tape Measure Minimal length of depth of pool 

 

8.3.3 Test Environment - This test will be conducted in a pool similar to that of the U of A pool. 

The water should be still to a minimal current as well as no other waves and movement created. 

8.3.4 Step By Step Procedure -  

a. Seal the ROV and connect all necessary cables. 

b. Gently lower the ROV into the water. 

c. Turn on depth sensing system. 

d. Starting at water surface slowly lower the ROV to the bottom of the pool in 1 ft 

increments. 

e. Record all depth data and compare with actual depth of ROV. 

 

 

3.1 SOTS Depth Sensor Test Data Sheet 

Referenced ATP Paragraph Number 

Analysis Referenced (For verification by T/A):  
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Name of Test: Depth Sensor Test 

Unit Under Test (UUT): 
Name: Hull and Laptop 
Part Numbers: 301, 302, 303 
Serial Numbers: N/A 

Results (Pass/Fail): 
 
 

Date of Test: 

Depth Measured: 
 
 

 Depth Measurement 
Requirement: 
 
Accurate within 6 in 
 

 

Notes: 
 
 

Signatures: 
 

Tester: __________________________________ 
 
 
Customer: _______________________________ 

 

 

 

 

8.4 Motor Test 

8.4.1 Introduction: This procedure outlines the acceptance tests to be performed on the SOTS 

Motors to ensure the SOTS is responding to the input. 

8.4.2 Required test equipment: 

 

 

Description  Part Number / Notes 

Hull 301 

Pool Similar to the pool at the U of A  

Laptop Equivalent to HP ENVY 2016 

Umbilical 303 

Forward Motors 305 
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Game Controller 205 

Finite Control Motors 306 

Underwater Markers  To mark the test path 

 

8.4.3 Test Environment - This test will be conducted in a pool similar to that of the U of A pool. 

The water should be still to a minimal current as well as no other waves and movement created. 

8.4.4 Step By Step Procedure -  

a. Seal the ROV and connect all necessary cables. 

b. Set up test path using underwater markers. Ensure the test is not just straight lines, 

inlove diagonal movement as well as up and down movement. 

c. Gently lower the ROV into the water. 

d. Turn on ROV and navigational systems. 

e. Navigate through the course. 

 

4.1 SOTS Motor Test Data Sheet 

Referenced ATP Paragraph Number 

Analysis Referenced (For verification by T/A):  

Name of Test: Motor Test 

Unit Under Test (UUT): 
Name: Hull, Laptop, and Propulsion 
Part Numbers: 301, 303, 305, 306, 205 
Serial Numbers: N/A 

Results (Pass/Fail): 
 
 

Date of Test: 

Time to Complete 
course:  
 
 

 Agility Requirement: 
 
Laterally move 6 in. 
in 2 seconds 
 

 

Notes: 
 
 

Signatures: 
 

Tester: __________________________________ 
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Customer: _______________________________ 

 

 

8.5 Optical Analysis  

 

8.5.1 Attenuation of sunlight 

 
8.5.2 Volumetric Scattering as a Function of Scattering Angle 

 
8.5.3 Optical Power Required as a Function of Integration Time 
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8.5.4 Lens MTF 

 
 

8.6 Mechanical Analysis 

 

8.6.1 Pressure Analysis 

Performed to determine the pressure the SOTS must be able to withstand 

Max Operating Depth: 100m 
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Material Yield Strength -  

Max Pressure = 40,000 PSI - 161.65 PSI = 39838.35 PSI 

A factor of Safety 246 

 

8.6.2 Material Analysis 

Performed to determine whether the materials chosen are adequate for the environment.  

Materials Used 

• 6061-T6 Aluminum 

• Anodized to prevent corrosion 

• Commonly used in marine applications 

• Acrylic 

• Commonly used for marine windows 

• ABS 

• Stainless Steel Bolts/Helical Inserts 

• Corrosion-resistant 

 

8.6.3 Heat Transfer 

Performed to determine whether there will be an overheating issue. 

𝑞𝐶𝑜𝑛𝑑 =
2 ∗ 𝜋 ∗ 𝐿 ∗ 𝑘 ∗ 𝛥𝑇

𝑙𝑛(
𝑟𝑜

𝑟𝑖
)

 

𝑞𝑜𝑢𝑡𝑠𝑖𝑑𝑒 = 2 ∗ ℎ ∗ 𝐴𝑠 ∗ (𝑇𝑖𝑛𝑓 − 𝑇) 

Using these two equations the heat transfer through the material was found to be around 22700 
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W and the heat transfer from the material to the water to be around 60000 W. This shows that 

there will not be a heating issue. 

 

8.6.4 ROV Drag 

Performed to determine the drag the thrusters must be able to overcome. 

𝐷𝑟𝑎𝑔 =  .5 ∗ 𝜎 ∗ 𝐴 ∗ 𝑉2 ∗ 𝐶𝑑 

𝜎 = 64𝑙𝑏/𝑓𝑡3/32.2𝑓𝑡/𝑠2 

𝐴 = 1.01𝑓𝑡3 

𝑉 = 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑖𝑛 𝑓𝑡/𝑠 =  3𝑘𝑛𝑜𝑡𝑠 ∗ 1.689 ∗ (𝑓𝑡/𝑠)/𝑘𝑛𝑜𝑡 = 5.067𝑓𝑡/𝑠 

𝐶𝐷 =  .9 

𝐷𝑟𝑎𝑔 = 64.56 𝑙𝑏𝑓 

 

8.6.5 Umbilical Drag 

Performed to determine the drag the thrusters must be able to overcome. 

Using a clump weight system will greatly reduce the drag of the umbilical. At a worst-case 

scenario of a 3knot cross current at full extension, the drag force is calculated below. 

𝐷𝑟𝑎𝑔 =  1/2 ∗ 𝜎 ∗ 𝐴 ∗ 𝑉2𝐶𝑑 

𝐶𝐷 =  1.2 

𝐴 = ⌀(𝑓𝑡) ∗ 𝐿𝑒𝑛𝑔𝑡ℎ(𝑓𝑡)  =  .5(𝑖𝑛)/12(𝑖𝑛/𝑓𝑡) ∗ 100𝑓𝑡 

𝐷𝑢𝑚𝑏𝑖𝑙𝑖𝑐𝑎𝑙 =  1/2 ∗  64/32 ∗  (.5/12 ∗ 100)  ∗ (3 ∗ 1.689)2 ∗ 1.2 

𝐷𝑢𝑚𝑏𝑖𝑙𝑖𝑐𝑎𝑙 =  127.58𝑙𝑏𝑠 

8.6.6 Thruster Analysis 

Performed to determine whether the thruster chosen are adequate. 

The analysis for the thruster contains a comparison to a similar ROV called the VideoRay. The 

VideoRay uses 60lbf of thrusters. Four of the Blue Robotics T200 thrusters are adding up to 

60lbf which is what we will use. 

 

8.6.7 Clump Weight Analysis 

Performed to determine how heavy the clump weight must be to overcome the current. 

For the system to work, the restoring force must be equal to the drag force. At 100ft depth with a 

3 knot current, there is approximately 127lbs of drag. A 100 ft umbilical weighs approximately 

34 lbs. This means that there will need to be 100 lbs of clump weight to counteract the drag.  

 

8.6.8 Buoyancy Analysis 

Performed to determine whether the SOTS will be neutrally buoyant or not. 

𝐹𝑏 =  𝑝𝑉𝑑𝑖𝑠𝑝 𝑔 =  𝑚𝑑𝑖𝑠𝑝𝑔 

Density = 65 𝑙𝑏/𝑓𝑡3 

Gravity = 32.3 𝑓𝑡/𝑠2  

Volume Displaced = 995𝑖𝑛3 

Calculated Buoyancy Force = 36.84𝑙𝑏𝑓 
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8.7 Electrical Analysis 

 

8.7.1 Power Analysis  

We are using two 14.8 V lithium ion batteries (18Ah x 2).  

18 Ah at 14.8 V = 532.8 Wh 

For a 4 hour run time, we can supply about 133 W continuously. 

 

We can limit our rear thrusters to ensure they only draw ≈ 7.6 Amps, then we would guarantee 

meeting our runtime requirement. (1664 RPMs, PWM input value of 1704 microseconds) 

If we want to move faster, we could override this, but for a limited period of 

time.  

 

Power Consumption 

Device Voltage Current Power 

Pixhawk Flight Controller 5 V 280 mA  1.4 W 

Raspberry Pi 5 V  640 mA 3.2 W  

Small components  
(Depth Sensor, Power Sense 

Module) 

... ... <1 W 

LEDs 14.8 V 1 A 15 W 

T200 Thrusters 14.8V  7.6 A 112.6 W 

Total ≈ 10 A 133 W 

 

 

9.0 Appendix  

 

9.1 SDD 
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1.0 Scope 

 

1.1 Identification 

 

Areté Associates is a defense company that specializes in underwater optical equipment. Each 

device that is made in the company must be tested. Currently, there is not an easy way to test 

these devices. The aim of the Submersible Optical Test Station (SOTS) is to create an 

underwater Remote Operated Vehicle (ROV) that can be used to carry a variety of different 

testing devices underwater. This system will require software to operate the SOTS once 

submerged underwater.  

 

1.2 System Overview 

 

The SOTS system is an underwater ROV that acts as a test station to hold different types of 

optical devices provided by Areté. The SOTS is a transportable, waterproof, working prototype 

that will operate underwater in coastal waters similar to those of San Clemente Island. The SOTS 

will be manually operated with an above water controller, by a human user. Once submerged, the 

SOTS needs to remain level, be made aware of the depth, and provide a visual display of the 

environment. The software to be used for the SOTS is from Blue Robotics AduSub open source 

software. This software is made for their own ROV’s and already has all the features needed to 

meet the SOTS requirements.  

 

1.3 Document Overview 

 

This document will be used to detail the software components used from ArduSub for the SOTS 

design to be developed. Within this document, the architectural structure and interface design are 

captured to show how various software components interact with both hardware devices and 

other software components found with the SOTS system. This is done through the use of 

diagrams, tables, and explanations.  

 

2.0 Referenced Documents  

 

1. SOTS Proposal 

2. SOTS SRD 

3. SOTS PDR 

4. SOTS CDR 

5. SOTS TDP 

6. SOTS ISR 

7. ArduSub Forum 
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3.0 CSCI Design  

 

3.1 Input Design Decisions  

 

ArduSub is designed around two independent concepts of RC Input and RC Output. RC Input is 

an array of control channels representing pilot inputs like forward and yaw commands. RC 

Output is an array of channels representing the pulse widths to write to individual servo output 

pins. Although ArduSub does not support the use of RC receivers, the logic is the same and is 

applied to joystick inputs instead. Joystick input and RC Input are synonymous in ArduSub. 

 

3.2 CSCI Behavior Design Decisions  

 

● Feedback control and stability: Based on a multicopter autopilot system, the ArduSub 

controller has accurate feedback control to actively maintain orientation. 

● Depth hold: Using pressure-based depth sensors, the ArduSub controller can maintain 

depth within a few centimeters. 

● Heading hold: By default, the ArduSub automatically maintains its heading when not 

commanded to turn. 

● Camera Tilt: Camera tilt control with servo or gimbal motors through the joystick or 

gamepad controller. 

● Light Control: Control of subsea lighting through the joystick or gamepad controller. 

3.3 Database Design Decisions  

  

Data will be collected and sent through the pixhawk and ethernet above ground to an engineering 

computer through QGroundControl GUI. Here the User will get to see realtime data including 

depth and camera feed 

 

DataFlash logs are saved by the Autopilot directly to on-board memory (SD card in the case of 

the Pixhawk), regardless of a telemetry connection. These logs are saved in a .bin file. DataFlash 

logs are capable of logging data at a much faster rate than telemetry logs. The DataFlash logs are 

named and saved in ascending order. If GPS is available, the logs will be dated according to the 

GPS timestamp. DataFlash log files can be opened and inspected with MAVProxy, APM Planner 

2 or Mission Planner.  

 

3.4 Safety Design Decisions  

 

Individual failsafes are triggered when a certain set of conditions are met. Failsafe actions can be 

configured individually for each failsafe trigger. When a failsafe is triggered, the corresponding 
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failsafe action is executed. Some failsafes have additional settings that allow you to adjust the 

trigger conditions, such as maximum acceptable pressure or temperature. 

 

Failsafe actions are only executed once when a failsafe is triggered. The vehicle can be armed 

during an active failsafe condition if the arming checks are passing. The flight mode can be 

changed as long as the failsafe conditions do not prevent it. If an active failsafe is cleared, the 

failsafe action will be executed again if the failsafe re-triggers. 

 

3.5 Requirements Design Decisions  

 

The power management allows us to meet our speed requirements, but also provides the ability 

to make unique adjustments on all rotational axis. This will provide the user with significant 

control, but restrict them to the limitations of the system. 

 

4.0 CSCI Architecture 

 

4.1 CSCI Component’s  

 

4.1.1 Hardware Components  

 

1. Camera 

2. LEDs 

3. Pressure / Depth Sensor  

4. Forward Motors  

5. Finite Control Motors  

6. Xbox Game Station Controller  

7. Lithium Ion Batteries 

8. Pixhawk Flight Controller 

9. Raspberry Pi 

10. Fathom-X Tether Interface 

 

4.1.2 Software Components 

 

1. ArduSub: the autopilot software responsible for processing pilot input and controlling the 

ROV. ArduSub is the 'brains' of the ROV. 

2. QGroundControl: the user interface for operating the ROV (GUI). 

 

 

4.2 Concept of Execution 
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Using the ArduSub Software each hardware component can be programmed to meet the specific 

system requirements of the SOTS. 

 

4.2.1 Controller Configuration 

 

 

 
 

4.2.2 Thruster Configuration 
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4.2.3 LED Configuration 
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4.3 Software Architecture  
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5.0 CSCI Detailed Design  

 

The ArduSub project is a fully-featured open-source solution for remotely operated underwater 

vehicles (ROVs) and autonomous underwater vehicles (AUVs). ArduSub is a part of the 

ArduPilot project, and was originally derived from the ArduCopter code. ArduSub has extensive 

capabilities out of the box including feedback stability control, depth and heading hold, and 

autonomous navigation. 

 

ArduSub is designed to be safe, feature-rich, open-ended, and easy to use even for novice users. 

 

ArduSub works seamlessly with Ground Control Station software that can monitor vehicle 

telemetry and perform powerful mission planning activities. It also benefits from other parts of 

the ArduPilot platform, including simulators, log analysis tools, and higher level APIs for vehicle 

management and control. 

 

ArduSub is on the leading edge of marine robotics and intended for anyone who wants to operate 

a vehicle below the water's surface. There is support for many different ROV configurations, and 

adding a custom design is simple. 

 

 

6.0 Requirements Traceability 

 

Component  Requirement  

Camera 4.1.10 Visibility: The user shall be able to recognize 

objects with a diameter of up to 6” up to a minimum 

distance of 15 feet in water rated to Jerlov III. 

4.2.1 Operational Awareness: The camera shall have a 

minimum horizontal full field of view of 62 degrees and a 

minimum vertical full field of view of 62 degrees in the 

water. 

LEDs 4.1.10 Visibility: The user shall be able to recognize 

objects with a diameter of up to 6” up to a minimum 

distance of 15 feet in water rated to Jerlov III. 

4.2.1 Operational Awareness: The camera shall have a 

minimum horizontal full field of view of 62 degrees and a 

minimum vertical full field of view of 62 degrees in the 

water. 

Pressure / Depth Sensor  4.1.2 Depth: The SOTS will operate with full 

functionality at a threshold of 100ft, with a goal of up 

to 300 ft underwater. 

The SOTS shall display the current depth to the 
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operator. 

Forward Motors  4.1.3 Environment: The SOTS shall be able to operate 

in coastal waters (50-80 degrees F). 

4.1.4 Speed: The SOTs shall travel at speeds > 0 Knots. 

(water truth). 

Finite Control Motors  4.1.9 Leveling: The SOTS shall stay level within +- 2 

degrees, and remain neutrally buoyant. 

Xbox Game Station Controller 4.1.1  Control: The SOTS is controlled by a game 

station controller. 

Lithium Ion Batteries 4.1.6 Trial: The SOTS shall be able to operate with full 

functionality for up to 4 hours underwater. 

4.1.11 Power: The SOTS must run off of two 14.8V 18Ah 

batteries. 

Pixhawk Flight Controller 

 

4.1.2 Depth: The SOTS will operate with full 

functionality at a threshold of 100ft, with a goal of up 

to 300 ft underwater.  

The SOTS shall display the current depth to the 

operator. 

4.1.9 Leveling: The SOTS shall stay level within +- 2 

degrees, and remain neutrally buoyant. 

Raspberry Pi 4.1.2 Depth: The SOTS will operate with full 

functionality at a threshold of 100ft, with a goal of up 

to 300 ft underwater.  

The SOTS shall display the current depth to the 

operator. 

4.1.9 Leveling: The SOTS shall stay level within +- 2 

Fathom-X Tether Interface 4.1.13 Umbilical: The SOTS shall operate with a 100ft 

umbilical connected to the system above water and 

send and receive data. 

 

7.0 Notes 

 

The software used for the SOTS system is from Blue Robotics open source ArduSub software 

for ROV’s found here: http://www.ardusub.com/  

 

A tutorial can be found here: https://bluerobotics.com/learn/bluerov2-software-setup/ 

 

 

http://www.ardusub.com/
https://bluerobotics.com/learn/bluerov2-software-setup/
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