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Abstract 

Remotely operated underwater vehicles are used in a variety of industries for maintenance and transport, 
surveillance and inspection, and research and data collection. They allow for a more convenient and 
flexible option as compared to human dive teams, and can often be cheaper as well. The goal of this 
project was to create a small and agile underwater robot that would be specialized to operate in the fields 
of surveillance and inspection. The chief stakeholders in the project were identified as municipalities  
monitoring their underwater infrastructure, aquaculturalists monitoring their fish colonies and net 
integrity, and ships at sea inspecting their hull integrity. The system was designed to be operated directly 
by a user through radio frequency remote-control. The control signals would be sent to a receiver located 
in a buoy that would float on the surface of the water. This buoy, which contains the batteries for the 
system as well as a WiFi chip to relay the camera feed, was connected to the main chassis underwater 
through a 10ft-long custom cable tether that delivers power and the control signals to the main chassis. 
The main chassis was constructed centered on a section of recycled 3” PVC pipe. One end was sealed with 
a resealable twist-off portal for access to the inside components, and the other end was sealed with a 
transparent polycarbonate for the camera to see out of. The motors were attached in a two-vertical, two-
horizontal orientation and custom propellors were designed and 3D-printed in opposing orientations for 
port and starboard side to prevent torque roll of the vehicle. The control Arduino and motor controllers 
were sealed inside the vehicle and the exit portals for the tether cable and the motor wires were sealed 
with epoxy resin. The robot met all established goals for the project, including full 3D movement 
(up/down, forward/backwards, yaw control), a 15-minute battery life, 1.0m/s forward drive and 0.5m/s 
upwards drive, a 10ft operating depth, relatively neutral buoyancy, and consistent user control without 
interference. The robot shows a proof-of-concept for a radio frequency remote controlled underwater 
vehicle, further iteration and research could yield a more effective product for stakeholders. 
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1. Introduction 

1.1 Motivation 

Currently, surveillance tasks underwater are a costly and expensive endeavour. Commercial divers are a 
large expense and can be hard to find, especially for smaller land-locked municipalities who just need 
surveillance of a handful of underwater pipes and bridge supports. A potential solution that this project 
will investigate is a radio controlled remotely operated underwater vehicle. (ROUV or ROV for short) A 
small, maneuverable, and affordable surveillance ROV would be able to accommodate several different 
industries and applications that require underwater surveillance. As mentioned, municipal infrastructure 
inspection could be performed easily and cheaply. Sites for commercial and salvage diving could be 
scouted with a small ROV that could investigate hard to reach spaces. Oil rigs and other underwater 
energy sites could use a small ROV to monitor the integrity of their equipment. The shipping industry 
needs to perform periodic hull inspections, while they’re at sea or in port, which would be easy to do 
with a small ROV. Aquaculture and fish farming need to monitor both the health of their produce inside 
the pens as well as the health of their nets/pens, which is ideal for a small ROV. In general, a small 
surveillance ROV is a highly flexible device that can be used in many different industries with little 
amounts of retooling, with very small amounts of overhead. 

1.2 Background 

ROVs are already used extensively for inspection and repair for largescale industry such as oil, gas, and 
renewables and are being researched and prototyped for usage in data collection for ocean science [1]. 
The future of ROV usage, like other kinds of drones, seems inclined towards automated function. In the 
aquaculture industry, research in automated control systems is extensive perhaps due to the growing 
potential of the aquaculture industry as wild biodiversity declines and wild fish yields continue to 
stagnate or collapse [2]. ROV development has a long history dating back to the 1960s with the US 
Navy’s Cable-controlled Undersea Recovery Vehicle (CURV) which was designed to recover naval 
ordnance without endangering human lives [3]. ROVs usage remained along these military lines until the 
1980s when new offshore oil developments exceeded the depth possible for human divers to explore.  

Now, the widespread availability of knowledge and parts has allowed for hobbyists and enthusiasts to 
develop their own limited range ROVs. There is a plethora of projects available to inspect online, many 
of which were researched in the development of the ROV created by this group. No singular project was 
used as a blueprint, but a specific hobbyist’s usage of bilge pump cartridge motors inspired their usage 
in this project [4]. ROV development has two main classes in whatever task they’re being designed for: 
Work-class ROVs, and Inspection-class ROVs. Being a surveillance ROV, this project is clearly in the 
inspection-class category and thus has most of the notable features prized in inspection-class ROVs. It 
prioritizes speed and agility over stability in the water, and does not have an end effector of any sort. 
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1.3 Project Scope and goals 

The minimum viable product for our group is intended to be a remote controllable robot that can 
maneuver in a stabilized 3-axis (forward/backwards, up/down, left rotation/right rotation) space 
underwater. The design will include the drone, which performs locomotion and contains the camera, 
which is wired to a floating control “buoy” that will act as a relay point for the radio control and the 
video feed. It will be able record video from the front of the drone and feed it to the buoy, then through 
a WiFi chip to a PC in range of the buoy. Because our robot is intended to be a fully operational and 
contained product, the primary vector of testing will be quantitative consistency. The current 
benchmarks are: 1.0 m/s forward/backward locomotion, 0.5 m/s up/down locomotion, waterproof 
through repeated 15 minutes of testing, a 15 minute full operation battery life, and an operational 
depth of 10 ft (3.05 m) 

 

2. Design Decisions 

 

2.1 Chassis 
The main success criteria for the underwater surveillance vehicle is to ensure that the chassis is 

waterproof to prevent damage to internal components. A PVC pipe was chosen as the base of the 
chassis as it is waterproof everywhere except for the openings. PVC piping can be purchased in various 
diameters and lengths which allowed for more control of the overall size. It was determined that a 3.5-
inch diameter PVC pipe cut to 18 inches long was an appropriate size to house all the electronics. The 
two ends of the PVC pipe needed to be sealed to prevent water leakage. The front end of the PVC pipe 
was covered with a clear sheet of polycarbonate and sealed using epoxy resin. The choice of epoxy resin 
will be further discussed in section 2.5. The clear sheet of polycarbonate allows for the wireless camera 
to have a view of the direction of motion. This end is a permanent seal and cannot be removed. 
Therefore, the other end of the PVC pipe chassis was sealed with a threaded ABS adapter coupled with a 
plug. The ABS adapter was sealed to the PVC pipe using ABS to PVC primer and cement. The plug can 
then be threaded into the adapter with an O-ring to create a water-tight seal. The ABS adapter and plug 
was used on this end to allow the chassis to be opened frequently to access internal parts for 
maintenance. The PVC pipe chassis also has two holes drilled into the top. One if for the motor wires to 
come into the chassis to be connected to their corresponding motor controllers. The other hole is for all 
other internal electronics to be connected to the buoy on the surface. These holes are also sealed with 
epoxy resin to prevent water leakage. 

To achieve the design goal of three axis locomotion, the choice was made to have four total 
motors with propellers: two in the vertical orientation and two in the horizontal orientation. The two 
vertically mounted motors allow for the underwater vehicle to ascend and descend in the water by 
changing the direction of rotation of the motors. The two horizontal motors allow for forward and 
backward movement as well as left and right. This is achieved by rotating the motors in specific 
directions that result in the desired direction. The motors selected are 500GPH bilge pump cartridges 
from Johnson Pumps. Bilge pumps are commonly used to remove bilge water from the bottoms of pools 
or boats. Since these pumps are already designed to be submersible, they can be modified to be used as 
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a motor for propulsion underwater. The impeller on pump cartridges was removed to expose the shaft 
where a propeller is then attached. The propeller design is further discussed in section 2.2. 

As discussed, two motors are mounted in the vertical orientation to permit upward and 
downward motion and two motors are mounted in the horizontal orientation to permit forward and 
backward as well as left and right motion. Mounts for the motors were modelled using Solidworks as 
shown in Figure 1. There are two of each motor mount that will connect using nuts and bolts on either 
side of the PVC pipe chassis. The motors then sit in their mounting clamp and the clamp is tightened 
around the motor using nuts and bolts. 

 

Figure 1: Solidworks models of the mounts for the motors in different orientations. The image on the left shows one side of the 
mount that holds the motor in the horizontal orientation that allows for forward and backward motion as well as steering left 

and right. The image on the right shows one side of the mount that holds the motor in the vertical orientation to allow for 
upward and downward motion. 

 Two of each motor mounts are 3D printed using PVA and ABS filament. Figure 2 shows the result 
of the 3D print for the two horizontal orientation motor mounts. 

 

Figure 2: 3D printed motor mounts for the horizontal motor orientation. These two motor mounts will wrap around the PVC pipe 
chassis and be connected with nuts and bolts on their connection tabs. 
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The entire system is modelled in a Solidworks assembly as displayed in Figure 3. The vertical 
motors are mounted around the centre of mass of the chassis. This allows for straight upward and 
downward motion without any pitching. The horizontal motors are mounted near the back of the 
chassis to drive propulsion. 

 

Figure 3: Solidworks assembly of the chassis components. The bilge pump motors are shown in red. The motor mounts are 
coupled on either side of the PVC pipe. The vertical orientation motors are mounted around the centre of mass of the chassis to 

prevent any pitching. 

Figure 4 shows the final construction of the underwater surveillance robot chassis. Weights in 
the form of chains were attached to the outside of the chassis to make the chassis neutrally buoyant. A 
waterproof diving flashlight was also fastened to the top to light up the path of the robot. The light also 
assists with the picture quality of the wireless camera behind the clear polycarbonate front window. 
Finally, a 15-foot rope was fastened to the chassis using a hose clamp. This rope is there in the event of 
an emergency to rescue the underwater surveillance robot from the water. 
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Figure 4: Final construction of the chassis of the underwater surveillance robot. 

2.2 Propellers 
One of the main iterative designs performed was the propellers. The bilge pump cartridges did 

not come with any specification sheets, so the shaft diameter was unknown. Therefore, already made 
propellers could not be confidently purchased as they may not fit on the shaft. Also, designing propellers 
allows for more control on their behaviour in water and can be tuned to achieve the design goals. Once 
the bilge pump cartridges were received, measurements of the shaft were made, and an initial propeller 
was designed, and 3D printed as a proof of concept. The first iteration of the propeller had some areas 
for improvement such as increasing the thickness of the blades, increasing the hole size for the shaft 
slightly, and increasing the diameter of the blades. Finally, four propeller models were made using 
Solidworks. Each of their design features can be seen in Table 3 as well as a picture of each in Figure 15 
in the Appendix. Each were 3d printed to be tested before proceeding with one final design. 

To test and compare the performance of the four different propeller designs, a thrust test 
apparatus was constructed as shown in Figure 5. The purpose of the test was to determine which 
propeller provides the most thrust at incrementing applied voltages to the motor. The apparatus 
consists of a support stand with a horizontal arm attached. The horizontal arm holds a vertical rod that is 
free to pivot. The bottom of the rod holds the motor with the propeller using a clamp. The top of the rod 
is attached to a horizontal spring scale. When the motor has a voltage applied to it, the spinning 
propeller will generate thrust in one direction causing the rod to pivot. The other end of the rod will 
move in the opposite direction, pulling on the spring scale. The spring scale is assumed to be completely 
horizontal to neglect effects from the arc path. The applied voltage is varied on an arbitrary scale from 0 
to 250 controlled using the Arduino software. At each increment, the spring scale reading is measured 
and recorded. The measured force in Newtons (N) from the spring scale is assumed to be directly 
proportional to the thrust generated from the motor and propeller pairing. 
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Figure 5: Configuration of the thrust test. The propeller is mounted with a clamp at the end of the pivoting rod. The top end of 
the rod is connected to a spring scale. When the propeller exerts a thrust force in one direction on the bottom on the rod, the 
other end pulls on the spring scale in the opposite direction. The reading on the spring scale is taken as a measurement that is 

proportional to the thrust produced by the motor and propeller. 

 The results from the thrust test are summarized in the graph shown in Figure 6. All propellers 
were tested at the same increments of applied voltage so that their corresponding thrust measurements 
could be accurately compared. As seen in Figure 6, the propeller design titled “v5_1” clearly has the 
highest generated thrust compared to the other propeller designs. Based on the results from this study, 
the propeller design “v5_1” was chosen to be implemented into the final design. The project goal is not 
to optimize a propeller design so the fact that this propeller design generates the largest thrust is 
sufficient for decision making. 
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Figure 6: Results of the propeller thrust test. This graph plots the spring scale measurement of the resulting force produced from 
thrust in Newtons (N) against the relative voltage applied controlled by the Arduino code. 

 Proceeding with the “v5_1” propeller design, a clockwise and counterclockwise version was 
created in Solidworks. Two of each orientation were 3D printed for use on the underwater surveillance 
robot. Both the vertical and horizontal motor configuration would each have one clockwise and one 
counterclockwise propeller of either side. Counter rotating propellers prevents torque roll from the 
induced torque of one propeller rotation. The torque produced from the rotation of one propeller 
cancels the torque produced from the opposition rotation of the other propeller. Each propeller was 
mounted to their corresponding motor shaft using a small amount of gorilla caulk to bind them together 
permanently. 

 

Figure 7: Final propeller design to be implemented into the underwater surveillance robot. The left image shows the clockwise 
configuration, and the right image shows the counterclockwise configuration. 

2.3 Control Systems 
The vector of control for the robot was decided early-on in development to be direct user control. 
Automation was vetted to require too much in-water testing that was presumed to not be possible 
given the timeframe for the project as well as the availability of viable in-water testing grounds. The first 
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method of control investigated was what would end up being used: radio-frequency control using a 
stock controller and receiver combination. The user would manipulate the stock controller to drive the 
ROV based on either direct observation of where the ROV is, or from the live camera feed generated by 
the ESP32 camera chip hardwired to the WiFi broadcast shield in the buoy system. The signal output 
given by the receiver would be read into and interpreted by an Arduino which would act as the chief 
microcontroller for the whole system. The Arduino would then write changing analog voltage signals to 
the motor controllers to select their speed and drive orientation (CW/CCW). This setup was selected for 
its perceived ease of implementation, as well as its linear control scheme. The receiver reads into the 
Arduino, which outputs processed control signals to the motor controllers based on a linear mapping of 
the channel values from the receiver. It would give the user a satisfying control experience, 
manipulating the sticks on the controller would not just control the direction of firing of the motors but 
also their speed.  

Some control systems decisions had to be made to accommodate some overarching design decisions. 
The RC receiver had to be placed in the buoy, with its antenna exposed, due to the inability for radio-
frequency waves to transmit properly in even just a few feet of water. Additionally, the auto-balancing 
roll feature that uses the MPU-6050 gyroscopic sensor data to stabilize the roll axis of the ROV was 
needed for several reasons. Firstly, because the moment of inertia for the vehicle around its roll axis was 
very small, without the weights that were placed on the bottom of the robot to help achieved a neutral 
buoyancy rolling of the vehicle could be expected to happen easily. Secondly, because of the limitations 
of the code and the ATMega2560 Arduino having only 2 interrupt-viable digital pins, only 3 of the 6 
available channels on the RC controller were able to be used. With all three channels reserved for the 
Up/Down axis, the Forward/Backward axis, and the Yaw axis (left/right orientation) there was no room 
in the control scheme for direct user manipulation of the roll axis orientation. This is more than 
acceptable though, as asking the user to control the roll axis may have made the piloting experience too 
complex.  

 

 

2.4 Electrical Systems 
The design choices for the central electrical circuitry focused on the control and power delivery to the 
bilge pump motors. Since an Arduino is not powerful enough to deliver power to the motors, and it can’t 
control the PWM signals directly, a motor driver is used to take inputs from the Arduino and send power 
to the motors accordingly. The decision was made to go with an H-bridge motor controller based on the 
BTS7960 chip. This controller has multiple attractive properties that made the decision easy. First, it has 
amperage protection and can handle up to a 43A input, which is much more than our calculations 
showed was necessary. Second, it took inputs directly from an Arduino, and multiple examples were 
found online on how to achieve this, as well as the basic datasheet including a schematic to achieve this. 
Lastly, it had forward and reverse drive, and this could be controlled through basic Arduino code. These 
reasons made the chip an easy choice, and one that simplified the total construction required.  

The RC receiver and batteries required would have to be wired externally to the chassis, and therefore 
had to be waterproof up to a certain depth. Generic copper 12AWG wire was chosen due to its high 
current capacity as well as being waterproof, assuming there were no cuts or holes in the wire. The 
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receiver had multiple signals that needed to be sent down to the submersible. Multiple options were 
considered but having too many wires was seen as risky and implementing CANBUS on a project like this 
would be too time consuming. Therefore, it was deemed that one cable with multiple connections 
would be the most optimal, and a waterproof ethernet cable was chosen to carry the signals. 

The initial circuit design schematic can be seen below in Figure 8 

 

2.5 Waterproofing 
There were four failure points that had to be waterproofed in the final design. These include the two 
holes drilled on the top, where power cables and RC/camera feed wires go through, the polycarbonate 
cut-out on the front where water can flow from the sides and a back end which had to be accessible in 
case of maintenance. For the back end, a 3’’ ABS adapter, along with a threaded plug where used. To 
prevent water slipping in through small openings, the ABS and PVC had to be bonded well. This was 
accomplished by first polishing the PVC surface with Primer to soften up the surface. Then an ABS to 
PVC transition cement was used to bond the two surfaces. This failure point was tested by screwing the 
plug and submerging the rear end face down in water for 15 to 30 minutes. This was tested for a few 
iterations. It was found that no water would get in as long as the plug was tightened well enough. 

Figure 8: Initial circuit schematic, showing the battery, motor controllers 
(MC), motors, and Arduino pins 
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Figure 9: The power supply cable and motor connections were sealed with epoxy to prevent leakage and damage to the 
electrical circuit. 

Sealants would be used for the holes and the polycarbonate cut-out. Three types of sealants that were 
found on campus were tested first. These were Gorilla sealant, silicone caulking and an epoxy mixture. 
Three cut-outs of the same PVC pipe used in the chassis were used for more accurate results. Each had a 
hole drilled and two polycarbonate cut-outs attached to each end, which were sanded for better 
adhesion. A single sealant was used for each PVC cut-out. First, they were laid on their side for 15 
minutes to isolate the polycarbonate endings. If they passed this test, the holes were tested by fully 
submerging the pipe. The epoxy mixture was found to be the most effective at sealing both the hole and 
polycarbonate cut-out, while the silicone was the least effective. This test also showed that the epoxy 
solution is very runny at first, which meant gravity would easily pull down whatever was applied into the 
chassis. To combat this, the epoxy was applied to the top holes in multiple batches where there would 
be more coverage of the wires the second time. The holes were also drilled to make a tight a fit as 
possible for the wires to aid with this. The seal on the polycarbonate cut-out was allowed to dry by 
temporarily taping its sides. 
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Figure 10:  The polycarbonate end cap was sealed with epoxy applied on the edges of the sheet. This allowed no epoxy to get in 
the way of the camera footage. 

 

Figure 11: The epoxy was tested as a sealant for the polycarbonate and the motors electrical wires. It passed these tests 
effectively. 

2.6 Buoy 
The buoy was developed to hold the power supply for the motors and the RC antenna to communicate 
with the remote control. Keeping the electronics dry and floating above water was the main goal. The 
buoy was kept afloat by sealing Styrofoam pool noodles to the outside of a plastic Tupperware. The 
noodles were sealed with epoxy for its submersible properties. The exterior perimeter was lined with 
the noodles so the buoy wouldn’t capsize toward one direction. Extra noodles were added in the bottom 
in case the weight of the lithium batteries caused sinking.  
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Figure 12: Buoy exterior sealed with ethernet cable protruding through the lid. 

The ethernet cable containing the power wires came out a hole in the top. On the inside of the buoy, 
wooden spacers were glued to the plastic floor to separate the batteries and keep them from shifting 
around in the Tupperware. This also allowed the weight distribution of the buoy to stay fixed and 
prevent tilting on the water. The exterior and interior of the buoy are shown below in Figure 12 and 
Figure 13. 

 

Figure 13: Buoy interior with wooden spacers separating the batteries. 

 



S16 
 

3. Safety, Environmental Concerns, Ethical Concerns, Equity 

As there was a big reliance on electrical components in this project, general electrical safety was 
followed. While running the motor tests, all connections were checked for loose points and no 
connections were made with the power on. No wires were exposed to the water during water tests and 
always had a member close by to a switch to cut out power in case of an emergency. Safety glasses were 
worn in case a propeller flew off during motor tests. Gloves were used when mixing up and using 
sealants to minimize irritants on the body. 

The batteries were kept on the buoy to give more space for the other components and prevent any 
leakage if the waterproofing fails at some point and causes electrical failure. Leakages would be a 
danger to the people testing the device and the water bodies/habitats the drone is used in. The 
waterproofing was thoroughly tested before the final lake test. 

While constructing the robot environmental concerns were voiced and adhered to. Motors and weights 
were doubly fastened to the vehicle to prevent and material pollution. We also only tested the vehicle in 
underwater areas with no aqua life could be damaged, or where there was no chance of losing 
equipment in the water. Due to time constraints a cage/ prop shield was not added onto the propellers. 
This addition would have contributed to protecting fish and preventing pollution if the motor was to 
become unattached. If this robot was to use in fish colonies, it would need the protective cage 
otherwise there would be a risk of damaging wildlife. 

4. Methodology 

The main design options were derived from similar projects done by hobbyists or university students. 
The chassis design had two proposed solutions. One where a central tube is surrounded by a cage of ½” 
PVC piping and another design with just the tube motor holders fastened to the pipe. The first option 
would prevent rotation through the drones’ sides and allow additional devices to be attached more 
easily. This was the primary design initially, but a change in scope due to time constraints had the end 
effector being removed from the project. This only left the internalized camera and manually operated 
flashlight, so the second design was chosen, where side rotation would be minimized by adding weights.  

Different motor types were researched. Most were unclear on their water resistance, and some had 
long shipping times, so they were too risky. Some marine grade motor/propellers systems were too 
expensive per unit, costing upwards of $200 to $300. Bilge pumps were chosen as they are used for 
water regulation and should be inherently waterproof. There was still no confirmation of this on the 
manufacturers page, so there was still uncertainty until tested. They also had a relatively low cost with 
promising performance.  

The propeller choice was more trial and error than it should have been. Instead of some performance 
equation, many propellers were printed, and their performance curves were found experimentally. 
Initially a hemispherical dome of polycarbonate was to be used instead of the circular cut-out, however 
due to a high melting point, molding the sheet would require more effort than reward. So, another 
transparent material with a lower melting point may have been better. 
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5. Final Design 

5.1 Main Chassis and Thrusters 
The design around the main chassis had to be altered based on the results of the tests in McLaughlin 
Hall water tank. Weights in the form of steel pipes were added to offset the water sealed inside the PVC 
pipe. After additional testing it was found that the weight distribution was not even and there was still 
not enough weight. By calculation the volume of air in the pipe, see appendix, we were able to find the 
exact weight needed to cause the chassis to sink against the buoyancy of the vehicle. This weight was 
added in the form or chains fastened to the bottom of the chassis. The center of mass was also 
considered, and the chains were fixed to keep the vessel parallel to the surface of the water. The chain 
and steel pipe are shown in Figure 14 below. 

 

Figure 14: Side view of the vehicle chassis after the final design iterations 

Additional aspects of the final design include the motors being glued into the brackets to prevent losing 
a motor or the motors tilting. The propellors were also sealed onto the motors with gorilla caulk, 
although the rear left motor kept falling off in the water tank tests. To fix this the propellor was lined 
with flex tape and taped to the motor. This proved to work better in the water for this propellor because 
the interior of the propellor was printed different than the other props. To prepare for the final lake test 
a flashlight was also fixed to the top of the PVC pipe at the front. This would give the front camera some 
light for recording in the lake. The light was fastened with electrical tape layers, which also proved 
effective. Finally, a tether was added to the chassis as a fail safe against any possible failure modes that 
would cause the vessel to stop working. 

5.2 Buoy and Electrical Systems 
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The central electrical system for the submersible can be broken into two stages. The first is the system 
inside the sealed submersible. Four external bilge pump motors are all hardwired to motor controllers 
that are controlled by an Arduino Mega. The H-bridge motor controllers are then powered by the batteries 
found in the buoy. The positive and negative power leads enter the submersible through an epoxied hole 
in the top. These leads then are spliced off to each motor controller in parallel to maintain a constant 
voltage and current to each. There are more control pins on the motor controllers than was required, so 
the extra pins are connected to a reference 5V rail that is powered by the Arduino. This 5V and ground 
rail were constructed using pin headers soldered together, and every connection with jumper wire was 
then hot glued in place to maintain structural integrity within the submersible. Four AA batteries were 
used to power the Arduino, and when it was discovered that the camera drew too much current, headers 
were spliced off the wires connecting the battery pack and the Arduino to power the camera directly. The 
Arduino took control inputs from an ethernet cable that was spliced to jumper wires that were then hot 
glued directly to the pins on the Mega. All these connections were then bundled up and pushed inside the 
chassis until they fit snug and secure, and all connections were tested with a multimeter to verify 
continuity.  

 

Figure 15: Wiring Diagram of the Buoy and Submersible 

The second stage of the electrical systems was the wiring bundle and the buoy. The wiring bundle was 
created by zip tying the two power wires and the waterproof ethernet cable together and doing that every 
foot going up to the buoy. This was performed in order to minimize the risk of tangling or getting caught 
in the propellors. These wires then terminated up at the buoy, which held the batteries and RC receiver. 
The receiver’s antenna was pushed out the top of the buoy to increase the range, and Flex Tape was used 
to attempt to seal the drilled hole in the top of the Tupperware. The batteries were two lithium-polymer 
batteries wired in parallel with a capacity of 5200 mAh, with a voltage of 14.7V and a discharge rate of 
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60C. These properties were important due to the 15-minute run time constraint, as well as the current 
tests performed during the propellor force test. The test showed that each motor driver could pull up to 
3A, and therefore at 15V would be pulling a high amount of charge from the battery. With two 5200mAh 
batteries in parallel, a total charge of 10.4 Ah would be possible. If each motor controller averaged 3A, 
that would achieve a total battery time of 52 minutes. In practice, the batteries were never charged to 
100% to maintain battery health, and with peak draw being higher, it was estimated a total battery life of 
20 – 25 minutes, with an experimental minimum of 15 minutes during the lake test. The power wires were 
selected to be 12 AWG, as the peak current rating of 20A was more than enough for the estimated peak 
of >12A. 

 

5.3 Control Systems and Arduino Code  

 

Figure 16: Microzone MC6C controller used in the final design. Channel mapping to the control sticks is labelled in red text with 
arrows illustrating the axes. 

The controller, with information on what channel each axis on the control sticks modulates can be seen 
in Figure 16. In the final control scheme channels 2, 3, and 4 were used as the up/down, 
forward/backwards, and left/right (CCW/CW Yaw) axes respectively. Looking further at Figure 16, there 
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is overlap for channel 4 and channel two on each axis on the left stick. This is due to settings on the 
control switches on the bottom of the front of the controller modulating or combining how the channels 
get controlled. This is intended for control schemes used in hobbyist RC plane flying and not useful for 
this project. After some experimentation, setting all switches to their downwards configuration allowed 
for a workable control scheme with the vertical axis on the left stick being channel 2, channel 3 acting as 
labelled, and the horizontal axis on the left stick being channel 4. 

The majority of the development time on the control system code was taken on the processing of the 
PWM signals from the receiver. The final implementation was based on using the attachInterrupt() 
library method to create Pin Change Interrupts (PCRs) on both pins on the ATMega2560 that allowed 
interrupts on them, and then using pulseIn() to monitor the remaining PWM channel. The PCRs were 
used on channels 2 and 3 in a fashion where when the pin’s signal read as HIGH, it would cause a code 
interrupt which simply monitored the width of the signal in microseconds and returned it when it went 
LOW. The pulseIn() method is a method that starts waiting whenever called for the attached signal to 
have a rising edge, then waits for its falling edge and returns the width of the pulse in microseconds. In a 
time-independent vacuum these methods are the same, but the pulseIn() method is less efficient due to 
it beginning the waiting process when called in the loop instead of when the interrupt condition is 
triggered like the PCRs. This could mean that the pulseIn() method could be called just after the rising 
edge was seen, which would cause it to wait nearly a full cycle for the next rising edge doing nothing 
before timing the pulse. This loss in efficiency is additive, meaning that several channels monitored with 
pulseIn() would be relatively slow. However, for the polling resolution required in this project having one 
channel monitored with pulseIn() was completely fine.  

 

Figure 17: PWM Calibration values for each respective channel. Numbers represent pulse widths in microseconds. 

Illustrated in Figure 17, the range of pulse width values were determined experimentally using print 
commands to the serial monitor. These values represent the channels in their highest output where the 
control stick is all the way to a certain side, their “middle” value where the control stick is centered, and 
their lowest value where it is all the way to another side. As can be seen, each channel has specific 
variations but is roughly from 1000 microseconds to 2000 microseconds in range. These values were 
used to calibrate a linear map algebra function that takes the current PWM value from a channel in this 
range and maps it from 0 to 255, for the purpose of performing an analogwrite() to the appropriate pins 
attached to the motor controllers. The full Arduino control script is attached in the appendix. 
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6. Testing, Validation, and Iteration 

The prototype was first tested in the OTTER lab facility inside a glass indoor tow tank with a cross 
sectional area of 1 m by 1m and length of 15 m. Figure 18 shows the model loading section of the OTTER 
lab tow tank, which is where the prototype was tested. The OTTER lab setup offered a controlled 
environment with three-sided optical access where the buoyancy, waterproofing, and maneuverability 
of the protype could be tested. The prototype was tethered during testing and the cable running to the 
buoy was carefully managed to avoid obstructing the motors. Waterproofing and forward motion were 
tested successfully however the prototype was too buoyant and its depth could not be controlled by the 
vertical motors effectively.  

 

Figure 18: Model loading section of the OTTER lab tow tank. 

 

Following additional buoyancy and mass calculations, the mass of the prototype was increased 
to what was calculated to be slightly negative buoyancy. An identical test was then carried out in the 
OTTER lab were the prototype displayed slightly negative buoyancy as expected. The vertical motors 
were able to regulate the prototypes depth without introducing significant pitch. This indicates that the 
vertical motor placement is indeed at the prototypes centre of mass as intended. The prototype’s 
operator was able to effectively locate the vehicle and effect its yaw and roll in the calm conditions of 
the tank. The prototype was also able to surface from the bottom of the tank, which was only partially 
filled but was still over 0.5 m deep, in roughly one second. The prototypes forward speed could not be 
accurately measured here as the OTTER lab tank features a closed ceiling intended to prevent free 
surface effects when used for tow testing. While the water level was lowered to accommodate the 
buoys height above the surface the ceiling made it extremely challenging for the craft to travel further 
than roughly 3 metres into the tank while tethered. Figure 19 shows the prototype underwater in the 
OTTER tank. 
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Figure 19: Prototype traversing the OTTER tank. The white rope attached near the bow is the tether allowing for the vehicle to 
be easily retrieved. 

 

7. Discussion 

The performance of the underwater surveillance robot was overall a success. Final testing in Lake 
Ontario was conducted to evaluate the protypes ability to operate at greater depths up to the goal of 
3.05 m. The vehicle and its buoys stability in rougher conditions, forward speed, and battery life was also 
tested. In this test the prototype was piloted from the shore for approximately 20 minutes and was able 
to successfully dive to a depth of approximately 3 m however exact depth measurement was challenging 
in the dark lake water. The crafts forward speed was also approximated to be close to 1 m/s on the 
surface. These performance metrics meet the original goals set at the start of this project. 
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Figure 20: Prototype testing in the open water. The drone is shown towing it buoy along the surface before submerging. 

Given the challenges with measuring forward speed in both the OTTER tank and the lake, the 
prototype’s forward speed was modelled using computational fluid dynamics software OpenFOAM. A 
mesh of the drone’s geometry was created using the software SALOME from the model shown in Figure 
21. 

 

Figure 21: Model used to generate the mesh of the protype used in CFD simulation of maximum forward speed. 

After successfully meshing this geometry was modelled in a fluid field travelling at 1 m/s in a direction 
normal to its endcap. The flow was simulated in OpenFOAM by solving the continuity equitation and 
momentum equations assuming steady state, turbulent, incompressible flow using finite volumes. A 
visualization of the simulations results generated using ParaView can be seen in Figure 22. The force 
exerted on the mesh by the fluid along each of its principal axis can also be seen in Figure 23  
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Figure 22: ParaView visualization of OpenFOAM simulation results. The colour grading on the surface of the drone’s mesh 
represents the fluid pressure at each point. The colour mapping for this pressure corresponds to the upper colour bar, labelled as 

p. The red tubes represent the fluid streamlines the colour corresponds to their velocity according to the lower colour bar, 
labelled as U Magnitude. 

 

Figure 23: Force exerted by 1 m/s fluid flow on meshed prototype geometry as calculated from OpenFOAM simulation. Axis 
correspond to Error! Reference source not found., with the z-axis being the direction of the drones forward motion. 
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There is essentially no force acting in the x-axis or the y-axis which is expected as there should be no 
lifting surfaces to provide force in those directions. The force acting along the x-axis corresponds to the 
drag force being exerted on the geometry by the fluid that must be overcome by the thrust from the 
motors for the drone to travel at 1 m/s. This is approximately 20 N at steady state. Given that tests have 
shown that the thrusters produce at least 8 N of force each and the uncertainty in both the thruster test 
and the CFD modelling a max forward speed of 1 m/s can be reasonable expected. Drag force has been 
plotted for several free steam velocities in Figure 24.  

 

 

Figure 24: Drag force vs free stream velocity acting on the drone as it moves forward under the surface. 

Talk about overall specs here  

Table 1: Original device specifications and actual specifications of final prototype. Met indicates that the actual specification 
meets the proposed objective. 

Proposed Objectives  Actual Specifications 
Full 3D maneuverability – Y-axis, X-Axis, Z 
rotation (Yaw) 

Met 

1 m/s forward movement  Met 
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0.5 m/s vertical movement Met 
15-minute battery life Met 
Neutral buoyancy  Met 
User controlled Met 
Tethered floating buoy  Met 
Operational Depth of 3.05 m  Met? 

 

8. Economic Analysis 
Table 2: Materials list and final cost of develop the underwater surveillance robot. Total expenses were within the $1000 budget. 

Item Item Price Quantity Total Cost 
Recycled 3" PVC pipe $0.00 1 $0.00 
Bilge Pump cartridges $35.89 4 $143.56 
Antenna extension cable $15.99 1 $15.99 
Underwater Flashlight $16.99 1 $16.99 
Arduino Mega $68.99 1 $68.99 
Motor Drivers (Pack of 5) $77.62 1 $77.62 
Polycarbonate Sheet $16.93 1 $16.93 
Flex Tape $19.99 1 $19.99 
RC Controller $56.99 1 $56.99 
Wireless Network Adapter $9.99 1 $9.99 
Battery charger/discharger $39.99 1 $39.99 
Battery pack *2 $0.00 1 $0.00 
Dean connectors $12.99 1 $12.99 
Coleman Cables $27.00 1 $27.00 
3" PVC Threaded Plug (NOT USED) $4.79 1 $4.79 
3" PVC adapter (NOT USED) $7.99 1 $7.99 
AA battery holders  $11.97 1 $11.97 
Waterproof ethernet cable $61.99 1 $61.99 
Antena cable (NOT USED) $9.99 1 $9.99 
New 3" ABS Threaded Plug $5.27 1 $5.27 
New 3" ABS adapter $9.15 1 $9.15 
Silicone Caulk (NOT USED)  $10.68 1 $10.68 
ABS/PVC cement $9.40 1 $9.40 
3D print labour cost (3D PRINTS, Propellers and 
Motor holders) $50.00 1 $50.00 
211g ABS material cost (3D PRINTS, Propellers 
and Motor holders) $25.32 1 $25.32 
Plastic Tupperware $4.50 1 $4.50 
Pool Noodle pack $2.29 2 $4.58 
153g PVA material cost (3D PRINTS, Propellers 
and Motor holders) $32.13 1 $32.13 
  Total Cost $754.79 
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The final cost same to $754.79 which is $245.21 under the set $1000 budget. A total of $33.45 was 
wasted on items that did not work, such as the initial adapter/plug and items that were not used in the 
final design. The largest expenses went towards the bilge pumps at $143.56 and the propellers/mounts 
3D print at $107.45. The higher cost for the bilge pumps was made up for by its value. It was ready made 
for underwater use and had more than sufficient performance. The 3D prints can have been made 
cheaper, by using the printer of one of the members. This would then only add material costs.  

The budget surplus could have been invested in a camera system which has better quality; however, this 
may not be enough to see through murkier bodies of water. In this case a camera with a sensitivity to 
polarization and light scattering is needed, which may not be viable within the budget. 

 

9. Conclusion 

The device performed and operated exactly to the proposed specifications. All objectives were met, and 
the device was under budget. The overall methodology for the design and construction was one of trial 
and error and utilized much input from peers and educators alike. There were many points throughout 
the project that doubt was cast, however with enough trust in the skills of the group members, success 
was a given. When analyzing the results of the trials and tests, while there were multiple instances of 
worry the overall finished device performed as intended. 

Each subprocess worked exactly as intended. The chassis maintained its structural integrity and kept the 
weight balance and buoyancy constant and correct. The electrical systems were robust and did not short 
or falter at any point. The buoy served it’s intended purpose and was even able to float on the water 
without tipping over. The sealant for all open holes worked perfectly, and no water was able to get in at 
any point. The RC systems gave full three-dimensional movement and was always in range of the 
receiver. The bilge pumps were powerful enough to move the submersible at the objective goal but was 
not powerful enough to rip anything apart or cause issues. The other concern was heat production, but 
as the submersible was submerged in near freezing water for an extended period of time, the entire 
device was cold to the touch. The camera module worked as intended, even as the waters of Lake 
Ontario were too murky for clear vision. 
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10.  Future Iterations 

Future versions of the drone would firstly include initial design requirements that could not be met, such 
as the prop guards for the propellers and an end effector. Depending on the intended functionality, this 
may be a drill for excavation/maintenance operations, a grabber/claw for garbage pickup/removing 
obstacles or a more software orientated approach for measurements in fish populations. Whatever new 
functionality is added, a bigger chassis is needed as there is currently no additional space for more 
internal parts. 

The drone could be fully internalized. As the waterproofing has worked for multiple trials, internalizing 
the batteries now have a lower risk. The issue arises for the RC/ camera connectors, where their signals 
have trouble going through water. A fully internalized system would also not have a tether, so any loss 
in control or sight may cause the drone to sink or hit objects and not be recovered if deep enough. A 
fully automated system using LIDAR or IR guidance could be used to eliminate the issue of the RC 
control, but the camera issue remains. 

Another challenge is seen during operations in murkier waters, such as the final test done on Lake 
Ontario. Here, normal cameras would not be able to see anything and cameras using polarization 
techniques are needed. There was a successful study done in 2021, that used polymetric imaging and 
neural networks to see clearly in water. Depending on the sensitivity these could also be used to detect 
faint traces of microplastics. Currently, these are not available commercially, so this may be an iteration 
in the far future [5].  
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1. Propeller Design 

 

Figure 15: Different propeller designs explored during the thrust test. The top left shows design “v5_1”. The top right shows 
design “v5_2”. The bottom left shows design “v5_3”. The bottom right shows design “v5_4”. 
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Table 3: Specifications of the different propeller design parameters tested in the thrust test. 

Propeller Blade 
Diameter 

[mm] 

Height 
[mm] 

Pitch 
[mm] 

v5_1 80 20 80 
v5_2 80 20 57.14 
v5_3 80 15 60 
v5_4 80 17.5 43.75 

 

2. Buoyancy Calculations 

𝑀𝑀𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑊𝑊𝐷𝐷𝑊𝑊𝐷𝐷𝑊𝑊 = (𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑣𝑣𝑜𝑜 𝑝𝑝𝑝𝑝𝑝𝑝𝑣𝑣 𝑎𝑎𝑎𝑎𝑎𝑎 𝑣𝑣𝑎𝑎𝑎𝑎𝑒𝑒𝑎𝑎𝑝𝑝 + 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑣𝑣𝑜𝑜 𝑣𝑣𝑣𝑣𝑚𝑚𝑣𝑣𝑚𝑚𝑚𝑚)𝜌𝜌𝑤𝑤𝐷𝐷𝑊𝑊𝐷𝐷𝑊𝑊 

𝑀𝑀𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑊𝑊𝐷𝐷𝑊𝑊𝐷𝐷𝑊𝑊 =
𝜋𝜋
4

(𝑎𝑎𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷2 𝐿𝐿𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 + 4𝑎𝑎𝑚𝑚𝑚𝑚𝑊𝑊𝑚𝑚𝑊𝑊𝐷𝐷
2 𝐿𝐿𝑚𝑚𝑚𝑚𝑊𝑊𝑚𝑚𝑊𝑊𝐷𝐷)𝜌𝜌𝑤𝑤𝐷𝐷𝑊𝑊𝐷𝐷𝑊𝑊 

𝑀𝑀𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑊𝑊𝐷𝐷𝑊𝑊𝐷𝐷𝑊𝑊 =
𝜋𝜋
4

((0.0899)2(0.55) + 4(0.065)2(0.08))(998) 

𝑀𝑀𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑊𝑊𝐷𝐷𝑊𝑊𝐷𝐷𝑊𝑊 = 4.544 𝑘𝑘𝑘𝑘 

𝑀𝑀𝑊𝑊𝐷𝐷𝑟𝑟𝑟𝑟𝐷𝐷𝑊𝑊𝐷𝐷𝐷𝐷 = 𝑀𝑀𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑊𝑊𝐷𝐷𝑊𝑊𝐷𝐷𝑊𝑊 − 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 

𝑀𝑀𝑊𝑊𝐷𝐷𝑟𝑟𝑟𝑟𝐷𝐷𝑊𝑊𝐷𝐷𝐷𝐷 = 4.544− 3.152 

𝑀𝑀𝑊𝑊𝐷𝐷𝑟𝑟𝑟𝑟𝐷𝐷𝑊𝑊𝐷𝐷𝐷𝐷 = 1.392 𝑘𝑘𝑘𝑘 

3. Control Systems Arduino Code 

//TEST MOTOR CONTROL - TURNING READ VALUES INTO SCHMOVEMENT 
 
//MOTOR 1 -> PORTSIDE HORIZONTAL || CW = FORWARD 
//MOTOR 2 -> STARBOARD SIDE HORIZONTAL || CCW = FORWARD 
 
//MOTOR 3 -> PORTSIDE VERTICAL || CW = UP 
//MOTOR 4 -> STARBOARD VERTICAL || CCW = UP 
 
#define RCPinUD 2 //ch.2 U/D (f/b on left stick) 
#define RCPinFB 3 //ch.3 F/B (f/b on right stick) 
#define RCPinLR 4 //ch.4 L/R (l/r on left stick) 
 

//MOTOR 1 (4 for first test) 
#define MPinPF 6 //MotorPin Portside Forward Run (CW) [RPWM] 
#define MPinPR 7 //MotorPin Portside Reverse Run (CCW) [LPWM] 
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//MOTOR 2 (1 for first test) 
#define MPinSF 8 //MotorPin Starboardside Forward Run (CCW) [LPWM] 
#define MPinSR 9 //MotorPin Starboardside Reverse Run (CW) [RPWM] 
 
//MOTOR 3 (3 for first test) 
#define MPinPU 10 //MotorPin Portside Upwards Run (CW) [RPWM] 
#define MPinPD 11 //MotorPin Portside Downwards Run (CCW) [LPWM] 
 
//MOTOR 4 (2 for first test) 
#define MPinSU 12 //MotorPin Starboardside Upwards Run (CCW) [LPWM] 
#define MPinSD 13 //MotorPin Starboardside Downwards Run (CW) [RPWM] 
 
//Channel 2 -> UD RC parameters 
#define UDhigh 1990 
#define UDmid  1490 
#define UDlow  980 
 
//Channel 3 -> FB RC Parameters 
#define FBhigh 1980 
#define FBmid  1490 
#define FBlow  968 
 
//Channel 4 -> LR RC Parameters 
#define LRhigh 1998 
#define LRmid  1500 
#define LRlow  1015 
 
//Let RPWM on each board be CW and LPWM drive CCW, will change if needed. 
 
 

volatile long StartTimeUD = 0; 
volatile long CurrentTimeUD = 0; 
volatile long PulsesUD = 0; 
int PulseWidthUD = 0; 
 
volatile long StartTimeFB = 0; 
volatile long CurrentTimeFB = 0; 
volatile long PulsesFB = 0; 
int PulseWidthFB = 0; 
 
int LROut; 
 
//variables for measuring acceleration 
long accelX, accelY, accelZ;     
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//variables for storing g-forces  
float gForceX, gForceY, gForceZ;  
 
float rotX, rotY, rotZ; 
 
float pitch, roll, prevP, prevR; 
float errorP, errorR; 
 
int writeVal1, writeVal2, i=0; 
int *pitchCorrect, *rollCorrect; 
 
 
 

void setup() { 
  Serial.begin(9600); 
 
  Wire.begin(); 
  setupMPU(); 
 
  pinMode(RCPinUD, INPUT_PULLUP); 
  pinMode(RCPinFB, INPUT_PULLUP); 
  pinMode(RCPinLR, INPUT_PULLUP); 
 
  pinMode(MPinPF, OUTPUT); 
  pinMode(MPinPR, OUTPUT); 
  pinMode(MPinSF, OUTPUT); 
  pinMode(MPinSR, OUTPUT); 
  pinMode(MPinPU, OUTPUT); 
  pinMode(MPinPD, OUTPUT); 
  pinMode(MPinSU, OUTPUT); 
  pinMode(MPinSD, OUTPUT); 
 
  attachInterrupt(digitalPinToInterrupt(RCPinUD),PulseTimerUD,CHANGE); 
  attachInterrupt(digitalPinToInterrupt(RCPinFB),PulseTimerFB,CHANGE); 
 
} 
 
void loop() { 
  //only save pulse lengths that are less than 2000 microseconds 
  if (PulsesUD < 2000){ 
    PulseWidthUD = PulsesUD; 
  }  
  if (PulsesFB < 2000){ 
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    PulseWidthFB = PulsesFB; 
  }  
   LROut = pulseIn(RCPinLR, HIGH); 
 
  Serial.print(PulseWidthUD); 
  Serial.print("    "); 
  Serial.print(PulseWidthFB); 
  Serial.print("    "); 
  Serial.print(LROut); 
  Serial.print("    "); 
  Serial.print("accel X ="); 
  Serial.print(gForceX); 
  Serial.print("g "); 
  Serial.print(" accel Y ="); 
  Serial.print(gForceY); 
  Serial.print("g "); 
  Serial.print(" accel Z ="); 
  Serial.print(gForceZ); 
  Serial.print("g "); 
  Serial.print("pitch = "); 
  Serial.print(pitch); 
  Serial.print(" roll = "); 
  Serial.print(roll); 
  Serial.println(""); 
 
  RunUD(PulseWidthUD); 
  if(LROut < (LRmid - 30) || LROut > (LRmid + 30)){ 
    RunLR(LROut); 
  }else{ 
  RunFB(PulseWidthFB); 
  } 
} 
 
//function for setting up MPU6050 i2c communication 
void setupMPU(){ 
  Wire.beginTransmission(0b1101000); 
  Wire.write(0x6B); 
  Wire.write(0b00000000); 
  Wire.endTransmission(); 
  Wire.beginTransmission(0b1101000); 
  Wire.write(0x1B); 
  Wire.write(0x00000000); 
  Wire.endTransmission(); 
  Wire.beginTransmission(0x1C); 
  Wire.write(0b00000000); 
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  Wire.endTransmission(); 
} 
 
//function for reading acceleration data 
void recordAccelRegisters(){ 
  Wire.beginTransmission(0b1101000); 
  Wire.write(0x3B); 
  Wire.endTransmission(); 
  Wire.requestFrom(0b1101000, 6); 
  while(Wire.available()<6); 
  accelX = Wire.read()<<8|Wire.read(); 
  accelY = Wire.read()<<8|Wire.read(); 
  accelZ = Wire.read()<<8|Wire.read(); 
  processAccelData(); 
} 
 
//function for processing acceleration data 
//pitch & roll found here along with acceleration in g's 
void processAccelData(){ 
  gForceX = accelX/16384.0; 
  gForceY = accelY/16384.0; 
  gForceZ = accelZ/16384.0; 
  pitch = (atan(gForceX/(sqrt(pow(gForceY, 2)+pow(gForceZ, 
2)))))*(2000.0/PI)+1500; 
  roll = (atan(-gForceY/gForceZ))*(2000.0/PI)+1500; 
} 
 
void PulseTimerUD(){ 
  //measure the time between interrupts 
  CurrentTimeUD = micros(); 
  if (CurrentTimeUD > StartTimeUD){ 
    PulsesUD = CurrentTimeUD - StartTimeUD; 
    StartTimeUD = CurrentTimeUD; 
  } 
} 
 
void PulseTimerFB(){ 
  //measure the time between interrupts 
  CurrentTimeFB = micros(); 
  if (CurrentTimeFB > StartTimeFB){ 
    PulsesFB = CurrentTimeFB - StartTimeFB; 
    StartTimeFB = CurrentTimeFB; 
  } 
} 
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void RunUD(int UDdata){ //noise control is at 60 
if(UDdata > (UDmid - 30) && UDdata < (UDmid + 30)){ 
  analogWrite(MPinPU,0); 
  analogWrite(MPinPD,0); 
  analogWrite(MPinSU,0); 
  analogWrite(MPinSD,0); 
}if(UDdata < (UDmid - 30) && UDdata > 800){ 
  analogWrite(MPinPU,0); 
  analogWrite(MPinSU,0); 
  analogWrite(MPinPD,abs(map(UDdata,UDlow,UDmid,0,255) -255)); 
  analogWrite(MPinSD,abs(map(UDdata,UDlow,UDmid,0,255) -255)); 
}if(UDdata > (UDmid + 30) && UDdata < 2000){ 
  analogWrite(MPinPU, map(UDdata,UDmid,UDhigh,0,255)); 
  analogWrite(MPinSU, map(UDdata,UDmid,UDhigh,0,255)); 
  analogWrite(MPinPD,0); 
  analogWrite(MPinSD,0); 
} 
} 
 
void RunFB(int FBdata){ 
if(FBdata > (FBmid - 60) && FBdata < (FBmid + 60)){ 
  analogWrite(MPinPF,0); 
  analogWrite(MPinPR,0); 
  analogWrite(MPinSF,0); 
  analogWrite(MPinSR,0); 
}if(FBdata < (FBmid - 60) && FBdata > 900){ 
  analogWrite(MPinPF,0); 
  analogWrite(MPinSF,0); 
  analogWrite(MPinPR,abs(map(FBdata,FBlow,FBmid,0,255) -255)); 
  analogWrite(MPinSR,abs(map(FBdata,FBlow,FBmid,0,255) -255)); 
}if(FBdata > (FBmid + 60) && FBdata < 2000){ 
  analogWrite(MPinPF, map(FBdata,FBmid,FBhigh,0,255)); 
  analogWrite(MPinSF, map(FBdata,FBmid,FBhigh,0,255)); 
  analogWrite(MPinPR,0); 
  analogWrite(MPinSR,0); 
}if(FBdata < 900){ 
  analogWrite(MPinPF,0); 
  analogWrite(MPinSF,0); 
  analogWrite(MPinPR,0); 
  analogWrite(MPinSR,0); 
} 
} 
 
void RunLR(int LRdata){ 
if(LRdata < (LRmid - 60) && LRdata > 800){ //left turn 
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  analogWrite(MPinPF,0); 
  analogWrite(MPinSF,abs(map(LRdata,LRmid,LRhigh,0,255) -255)); 
  analogWrite(MPinPR,abs(map(LRdata,LRmid,LRhigh,0,255) -255)); 
  analogWrite(MPinSR,0); 
}if(LRdata > (LRmid + 60) && LRdata < 2000){ //right turn 
  analogWrite(MPinPF,map(LRdata,LRmid,LRhigh,0,255)); 
  analogWrite(MPinSF,0); 
  analogWrite(MPinPR,0); 
  analogWrite(MPinSR,map(LRdata,LRmid,LRhigh,0,255)); 
} 
} 
 
void rollCor(float pitch){ 
  if(pitch < 1300){ //add a degree of leeway so it doesn't correct too frequently 
  analogWrite(MPinPU,40); //run slowly so that it can correct gently. 
  analogWrite(MPinSU,0); 
  }else if(pitch > 1700){ 
  analogWrite(MPinPU,0); 
  analogWrite(MPinSU,40); 
  } 
 
} 
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