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Abstract  

Acoatl is a Remotely Operated Vehicle (ROV), designed to do maintenance 

work inside hydroelectric dams, as well as to carry out conservation work on 

rivers and lakes, without affecting the ecosystem. It has been specifically 

designed to perform inside the BOONE dam, rivers and lakes, while meeting 

the requirements presented by MATE.   

TecXotic is a company made up of 25 people who have the necessary skills, 

both in engineering and business, to develop an ROV that meets the 

specifications proposed by the client. TecXotic has a highly qualified team for 

the different areas involved in the development of an ROV. These are divided 

into 4: Design and Manufacturing, Electronic and Control Systems, Software 

Engineering and Marketing and Logistics.  

Within TecXotic, security must meet the highest standards, therefore, Acoatl 

was created under strict security protocols in order to deliver the target customer 

an ROV that contains the required specifications. Following the described path 

has led us to the development of the most advanced ROV ever created by the 

company.  

Figure 1 - TecXotic Team Members 
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Design Rationale  

Evolution of the design  

Acoatl is the result of several years of experience in the development of ROVs, 

improving all possible aspects. On this occasion, and due to the needs of this 

year’s tasks, a design was implemented with 8 thrusters as opposed to 6 last 

year, in order to increase its power when lifting heavy objects. The same engine 

configuration was used to give stable movement allowing the 6 degrees of 

freedom required. The structure was manufactures with a material called 

reynobond, an ultra-light plate composed of two exterior aluminum plates and 

a layer of polyethylene in the center. This reduces the weight without losing 

resistance. The ROV has a diameter of 63 cm, as it has a configuration of 8 

thrusters and several tools. 

 

The diameter of Acoatl include in its interior the necessary tools to fulfill the 

missions, as well as to store the Micro-ROV. 

The main change in the design of this year was its ability to withstand greater 

loads, taking into account the missions that were proposed. It was also necessary 

to consider the water flow of the thrusters, so as to gain strength without losing 

mobility. 

 

 

 

 

Figure 3 - Acoatl CAD Figure 2 - Acoatl Top View 
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Tools 

Fish transportation tool 

For the second task it was necessary to develop a device capable of storing, 

transporting and releasing trout. A compact design was achieved so that it could 

be placed on the back of the ROV. Lightweight materials avoid decompensation 

of the weight of the ROV. All the pieces manufactured on acrylic were laser 

cut, and those made of 3D printed PLA were treated with epoxy. 

The structure of this tool is made with 9mm 

acrylic. The top structure encases the fish 

and is covered with a thin mess that allows 

water flow while preventing the fish from 

escaping. The bottom of the tool is made of 

a rotating acrylic piece. Powered by a DC 

motor, when actioned it frees the fish in the 

desired location. The opening is wide 

enough to ensure that all fish will be 

released.  

 

 

 

Gripper  

Acoatl is equipped with a pneumatic gripper 

that can perform different tasks, thus our 

main tool. The gripper is designed to 

perform tasks that require high force level, 

an improvement we made from past years. 

This gripper is mounted on the front of the 

ROV, in order to have a good viewing angle 

to perform the tasks needed. This gripper is 

fastened with screws to a main tool bar 

manufactured with reynobond. 

 

 

 

Figure 4 – Fish transportation tool 

Figure 5 - Gripper CAD 
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Buoyancy and stability  

 The mechanical design department 

took on the task of designing the 

buoyancy system, as in previous 

years. A floating device of 

polyurethane foam shaped as the top 

structure was made. Movement in 

the vertical axis was significantly 

improved. Uniform buoyancy was 

proudly achieved, something that 

had proved to be challenging in the 

past years. A wooden mold was 

necessary in order to achieve the best 

outcome.  

Pneumatics 

The multifunctional gripper, double acting cylinder and liftbag noozle are 

activated with pneumatics. A pneumatic system operating at 3 psi is used. The 

gripper is controlled by a 5/2-

way valve, with selection switch. 

A tube acts as the liftbag nozzle, 

which injects air to it and allows 

it to inflate. The air flow is 

regulated with a  normally open 

push button. This provides 

floatability to the ROV when it 

carries more weight in the front.  

The double acting cylinder is the 

third de vice. The piston is 

manipulated with another 5/2-

way valve, with selection switch. 

This cylinder moves an auxiliary 

structure that helps the ROV hold on to large and heavy objects. The three 

mechanical controllers are located inside a tailor-made control box. This box is 

placed at hand-range of the second pilot. 

 

 

Figure 6 - Buoyancy System 

Figure 7 - Pneumatics SID 
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Micro-ROV  

This Micro-ROV design consists of 14 components:  

• Mirco-ROV frame 

• 5 Core-less Motors 

• 5 propellers 

• Underwater Endoscope camera 

• Nano Arduino 

• Printed circuit board 

The Micro-ROV is formed by 5 Coreless Motors, 4 at the top as shown in Figure 

I. This enables the pitch and roll movement. Also, there is a Coreless Motor at 

the back of the frame to move forward.  

An endoscope camera is placed at the front of the Micro-ROV. This camera has 

6 LED´s and works with a power supply provided from outside the pool. Figure 

II shows the front view with Endoscope Camera. 

 

 

Manufacturing Process  

The manufacturing process of Acoatl was a very important task, since it is key 

for a correct assembly of all parts. The main machinery responsible for the 

manufacture of Acoatl is the CNC router. The main frame, made out of 

reynobond, was cut with precision. Using the router allowed us to manipulate 

the material without damaging it and minimizing errors. Therefor, there was no 

waste generated from a mistake in manufacture.  

Figure I – Top view of the Micro-ROV Figure II – Front view of the Micro-ROV 
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Thanks to this technology, we 

achieved one of the objectives we 

had for the past years, to 

manufacture an ROV that could 

support large loads. Fastening 

with screws was preferred over 

welding, since the material is 

mainly aluminum. This decision 

is also strongly preferred taking 

into account the transportation of 

Acoatl to the desired site.  

The design is made in such a way that it can be easily stored in a small suitcase. 

Most important, the assembly process is fairly simple and minimally time 

consuming. 
 

Laser cutting was a fundamental 

method for the manufacturing 

process, since several prototypes 

were made before achieving the 

final design.  

 

Many designs were tested, 

searching for the one that provided 

greater stability. All these 

prototypes were manufactured in 

9mm wood, which was 

subsequently treated with epoxy. 

 

Another essential manufacturing process was 3D printing, due to its versatility 

and low cost. This allowed us to experiment with different designs for tools and 

cases a great number of times. By creating tailor-made cases for the DC motors 

used and the thrusters we ensure optimal conditions of these components. 

 

 

 

 

 

 

 

 

Figure 8 - Manufacturing process 

Figure 9 - First functional prototype 
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Electrical System  

Power supply system 

The power system of Acoatl allows us 

a good management of the power 

delivered by MATE. Since all the 

components in our system operate at 

12VDC, a DC-DC Converter 48-

12VDC was implemented at 30A. In 

previous years this converter worked 

properly and therefore it was 

considered for this year’s design. 

The output of the DC-DC converter is 

connected to the DC-DC converter, 

LM2596, that converts to 5V. 

 

Control System  
 

The stability of Acoatl is an improved aspect this 

year. Hence, a Pixhawk 4 was used. Its integrated 

IMU (Inertial Measurement Unit) plays a 

fundamental role on the stability of the control 

system. This allows a better integration at the 

electronic level and a more efficient use of 

processing resources.  

The Pixhawk has communication interfaces, which 

allow us to implement sensors more easily. 

However, because this controller does not have 

robust communication interfaces, it is joined by a 

Raspberry 3B + that supplies more computing 

capacity. This allows us to meet MATE 

requirements easily.  

 

 

 

 

Figure 10 - Murata DC-DC converter 

Figure 11 - Main computer of Acoatl 
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Propulsion system  

For the fourth consecutive year, 

BlueRobotics Thrusters have met our 

performance requirements. We are using 4 

T100 Thrusters, which can generate a 

force of up to 2.6Kgf each, for the 

movements in Horizontal axis. These 

were placed at 45 °, which will allow us to 

have a resulting vector that applies the 

power of the 4 motors.  

To achieve control in the vertical direction 

4 Thruster T200 are used, since these 

provide us with up to 3 kgf each. This will 

allow us to carry out the missions 

established by MATE. Both thrusters have 

an operating voltage of 12V. 

 

Tool’s Electronic  

To achieve the control of the fish tool it was 

necessary to implement a DC motor 

controller. An L298 was used because it 

allows us to handle higher currents. The 

DC motor is perfectly sealed and 

waterproofed, and it has a protecting case. 

The rotation of the axis is activated by 

PWM through the Pixhawk, which allows 

us to have better control of the actuator. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12 - Thruster T200 blue Robotics 

Figure 13 - L298 Motor Driver 
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Vision System  

The Acoatl vision system is one of the fundamental parts 

as it is the link between the environment and the pilot. It 

was decided to implement 3 cameras. Two of them are 

inside the electronic box. These are Foxeer Arrow Mini 

Pro 2.5mm and send the signal to the surface through the 

Theater. The third camera is a fisherman's camera, placed 

specifically to oversee the fish tool’s performance.  

 

Power Budget  

MATE will provide us 1600W of power for use within Acoatl, however, after 

doing the power analysis needed, it was concluded that only 735W was 

needed. 
 

 

The calculated power consumption is 735W, calculating the fuse, it was concluded that a 

30A fuse is necessary. 

Fuse = Total consumption*(150%) = 734.9248*1.5 =22.96A 

 

Device  Quantity  Max. Power(W) Nominal Voltage(V) 

T100 Thruster 4 77 12 

T200 Thruster 4 98.6 12 

Raspberry pi 3b+ 1 2 5 

Pixhawk 4 1 2 5 

Arduino Nano 1 0.23  12 

DC-DC Converter  1 25 48 

Mini DC motors 4 0.6 5 

Ph sensor  1 0.05 5 

Metal Sensor  1  0.65 5 

DHT11 1 0.07 5 

Camera  3 0.54 12 

Dc Motor 1 0.3 12 

Total Consumption  734.92 
 

Figure 14 - Foxeer Camera 
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Figure 15 - Electronics SID 



 

 

TECH REPORT 2019 

13       

Software  

System Overview 

TecXotic’s ROV Software is built in an environment as described in the 

following diagram. 

 

Figure 16 - Software Diagram 

The user communicates with the ROV through the User-end PC. This PC 

communicates via Ethernet with the Raspberry Pi 3 B+, which is an on-board 

computer. This computer is used to process image and user inputs before 

sending an output to the Pixhawk board. The Pixhawk PX4 Board is used to 

gather telemetry data (GPS, orientation, speed, etc.), as well as sending voltage 

output to the motors 

The software used by TecXotic is composed of interconnected components in 

order to accomplish all of its functionalities. The first functionality is allowing 

the pilot to manually operate the vehicle. The second functionality is to use 

image recognition in order to process camera inputs. The third functionality is 

to use the image recognition data to pilot the vehicle. 

The components and external systems’ interactions are described in the 

following diagram: 

 

Figure 17 - Interactions Systems 
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ArduSub Firmware 

Resides in the Pixhawk PX4 Board. This system receives input data from the 

Pixhawk sensors and sends them as a MavLink Protocol Messages. This system 

also receives input in the form of MavLink Protocol Messages and gives output 

to the motors. 

MavProxy: 

This system is contained in the Raspberry Pi computer. It is used to link the 

Pixhawk PX4 Board and the User-end computer, while providing an interface 

for other modules running in the Raspberry Pi. 

QGroundControl: 

QGroundControl resides in the User-end PC. It is used to process the user input 

and then send it as MavLink Protocol Messages onto MavProxy. It is also used 

to display to the user telemetry information gathered from the pixhawk sensors. 

Image Capture Device: 

The image capture is done by a camera. This is used as input data for the 

Controller in order to process the image. 

Controller: 

This module is contained in the Raspberry Pi. This module is used to process 

the data captured by the Image Capture Device via computer vision. This is 

done with OpenCV, a computer vision library for Python. The processed 

information is added as an overlay to the current image frame. The resulting 

images are sent as an output to be displayed on the Custom Interface. 

This module is also used to send MavLink Protocol Messages to MavProxy 

when the ROV is used in automatic mode to follow a path along a straight line. 

Custom Interface: 

This module is used to display images from the Image Capture Device to the 

user, after being processed by the Controller. 
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Computer Vision Algorithms 

Line Following Algorithm 

The Line Following algorithm is run on a constant loop. 

The first step of the algorithm is to get the current frame of 

video. Then a grayscale version of the frame is created, this 

is done in order to simplify calculations of the color 

gradient. The next step is using Canny Edge Detection on 

the grayscale image. The output of this process is a binary 

colored image, with white and black pixels. 

 This image represents the edges by using this image the 

algorithm can know whether too many edges are being 

detected, as a sign of noise or if too few edges are being 

detected. This allows the algorithm to, respectively, raise or 

lower the threshold of the edge detection. 

 Then, the Hough Line Transformation is applied to detect 

straight lines in the image. Then, the line is added to the 

frame as an overlay to create the display frame for the user 

interface. 

 If a line is detected, the orientation is used in order to 

determine the direction the ROV should follow. Then, 

through MavLink Protocol Messages, commands are given 

to the MavProxy System in the Raspberry Pi in order to 

move the ROV’s motors. 

 

 

 

 

 

 

Figure 18 - Flow chart of 
line following 



 

 

TECH REPORT 2019 

16       

 

Crack Recognition Algorithm / Benthic Species Algorithm 
  

The Crack Recognition Algorithm and Benthic Species 

Algorithm are very similar to the previously described 

Line Following Algorithm. Both algorithms start by 

taking the current frame of the video and creating a 

grayscale version of the frame. Then, the same process 

of getting the edges through a color gradient is applied 

and using the edge count to adjust the threshold 

parameters for the next frame. 

 The differences come after this step. Instead of using 

Hough Line Transform, we use an OpenCV function to 

get a polygonal approximation of the edges. 

 For the Crack Recognition Algorithm If a polygonal 

shape is found, then the pixel area that the object 

occupies is compared against a known-sized object. This 

gives us a way to linearly approximate the size of the 

given polygon. The known-sized object used for this 

comparison can be a part of the ROV that appears in the 

field of view of the camera. 

 For the Benthic Species Recognition Algorithm, the 

polygon’s vertex count is used to match the 

representation with the given species. 

Grid Map Algorithm 
The Grid Map Algorithm is used for mapping the events that have occurred along the 

mission. First, the starting position of the ROV is retrieved from MavProxy. This is used to 

center the Grid Map. 

After a new event is registered, the position is retrieved from MavProxy as  a GPS point. This 

position is compared with the list of event occurrences to avoid duplicating an event. 

If this is detected as a new event, the new position is added to the event list. Then the 

maximum difference of distance from the center to an event occurrence is calculated. This 

maximum distance is then used to scale the distance in which the events will be displayed in 

the grid map. After this, the map is updated. 
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SAFETY 

Company Safety Philosophy 

Safety is a core value for TecXotic. Employees are taught all safety guidelines 

provided by MATE, focusing not only on the prevention of accidents, but also 

in improving the operating processes. An employee’s safety is our highest 

priority, so we provide training programs, excellent work environment and 

safety protocols which must be followed at all times. 

Protocols 

To ensure a safe work environment, safety protocols were design according to 

MATE safety standards. Prior to the ROV construction, TecXotic provides Job 

Safety Analysis (JSA) forms to the employees in order to arise awareness when 

a risky task will be performed. JSA manuals were also given to laboratory 

managers in order to maintain a safe work environment. 

Safety Checklists (located in Appendix A) and JSA forms were followed closely 

before, during and after ROV operation, such as launch, recovery and deck 

security. 

Safety Features 

Acoatl has numerous safety features that keep employees, work environment 

and the non-ROV devices safe during operation.  A master fuse is placed on the 

tether between the ROV and the power supply. Several waterproof techniques 

were used in the electronics enclosure to prevent them from water exposure. A 

leak detector monitors humidity inside the electronics enclosure to prevent short 

circuits. If a leak occurs, the Raspberry Pi has a shutdown protocol notifying 

the pilot. This is followed by pulling out the ROV manually to the surface by 

the deck crew. A tensor release device is placed on top of the ROV and the 

Operations Table, ensuring safety on Acoatl electrical connectors. Transparent 

electronics enclosure provides a clear view on electronic components.  
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Logistics  
 

Budget and Project Costing 
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Scheduled Project Management 

This year, TecXotic decided to use a different project management method. 

Instead of starting with the Design department, a Plan, Design, Build, Test & 

Final Examinations (PDBTFE) system was implemented.  

 

The following Gantt chart demonstrates the followed-up process since 

November form TecXotic. A difference from past years, Safety was first 

implemented with the sole purpose of generating a friendly work environment, 

starting employees’ relationships.  

 

Every week, a meeting took place with the leaders of each area, discussing the 

week outcomes and defining the next week operations. 
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Troubleshooting & Testing Techniques 

TecXotic began its troubleshooting process though Root Analyze Repair (RAR) 

system. When a problem was presented, a series of test were made until full 

localization of the problem.  Depending on the area and the magnitude of the 

situation, employees were gathered to start a brainstorm  session, where 

returning to the basics was the key to find the root of the problem. This method 

prevented the company from time loss.  

Once the root was located, the second part of the brainstorming session derived 

on analyzing  the possible outcomes depending on the different solutions 

employees proposed. When a suitable solution was made, employees were 

encouraged to immediately repair the problem before it became a bigger one.  

The ROV was fully tested on each and every one of the final stages of its 

manufacturing process. Individual tools and components  were testes prior to 

incorporation to the final design, preventing damage onto completed 

pieces.  Once the design and manufacturing process and testing was 

completed,  the decides were installed onto the ROV for a dry run test before a 

controlled test underwater. If the ROV didn’t completed the dry run test 

requirements, the RAR system came into place, but if the dry run test came out 

clean, underwater tests face began. 

Conclusions  

Challenges 

Since it was our first year introducing new systems for project management, 

safety and troubleshooting and testing, employees got a hard time understanding 

the dynamics at the very beginning, causing tension between areas and 

miscommunications between head departments and employees themselves. For 

example, late arrival of the material caused delays on the Mechanics 

department, which caused Electronics department to stand by their operations 

due to the lack of structure needed for measuring specific pieces, or Software 

department having delays, causing tension between Electronics and Mechanics 

departments. To address these situations, a weekly meeting was scheduled in 

order to  improve communication, leading to a friendly workspace  for 

employees and a better staff deliverance.  
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Lessons Learned 

This year, TecXotic learned about development of processes. At the beginning 

of the season, a large amount of new recruits was added, surpassing oldest 

members, causing troubles at task designation as a result of distress from being 

the new guys. It was encouraged to older members to engage in conversation 

and approach the new members activating a co-worker’s relationship. 

Future Improvements 

TecXotic had its most important year when it comes to improvements. New 

materials were implemented, new CPU were discovered, project management 

decisions, among others.  

For next year, TecXotic would like to expand the team, not only on the field 

of engineering, but also con marketing and communications. This way, the 

final ROV will be the result of the synergy from these areas and a more 

complete product. 
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Appendices  

SAFETY CHECKLIST 

Pre-Power 

o Clear area (no tripping hazards or 

items in the way) 

o Verify power switches are off 

o Tether flaked out on deck 

o Tether connected to control station 

and secured to ROV 

o Tether strain relief connected to ROV 

o WER sealed 

o Perform visual inspection of WER for 

damaged wires and/or loose 

connections 

o Nuts tight on WER 

o Thrusters free from obstructions 

o Power source connected 

o Vacuum test of WER 

o Check vacuum port is securely capped 

Power Up 

o Power supplying 48 volts nominal 

o Computers up and running 

o Ensure deck crew members are 

attentive 

o Call out “Power On” 

o Wait for thrusters and esc to be armed 

o Perform thruster test/verify thrusters 

are working properly 

Launch 

o Call out “Prepare to launch” 

o Deck crew members handling ROV 

call out “hands on” 

o Launch ROV maintain hand hold 

o Wait for release order 

In Water 

o Check for bubbles 

o Visually inspect for water leaks 

o If there are any large bubbles, pull to 

surface immediately 

o Check leak detector 

o Arm thrusters and begin operations 

ROV Retrieval 

o Pilot calls “ROV surfacing” 

o Deck crew calls “ROV captured”, kill 

thrusters 

o Operation Technician (OT) powers 

down power supply 

OT calls out “safe to remove ROV”  

o After securing the ROV on deck, 

deck crew calls out “ROV secured on 

deck”  

Leak Detection Protocol 

o Surface immediately  

o Power-down fuse box  

o Inspect (may require removal of 

electronics)  

Loss of Communication 

o Cycle power on power supply to 

reboot ROV 

o If no communication, power down 

ROV, retrieve via tether  

o If communication restored, confirm 

there are no leaks, resume mission  

Pit Maintenance  

o Verify thrusters are free of foreign 

objects and spin freely  

o Visual inspection for any damage 

o All cables are neatly secured 

o Visual inspection for leaks 

o Verify camera positions  

o Wash-down thrusters with deionized 

water  
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