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Warning
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Warning!  All readers, or users, of this PDF do so with the clear 
understanding and warning that they do so at their own risk! The 

author of this PDF cannot assume any responsibility for injuries, 
damages, or loss of life that may occur while following the supplied 

instructions. By reading or following this PDF you hereby release the 
author from any and all responsibility and liability. Always read, 

understand, and follow the instructions or warnings that come with 
all electronic or mechanical components.



Rationale

While teaching technology education in Newfoundland, Canada, I was shown 

how to design and build a do-it-yourself underwater remotely operated vehicle 

(ROV). An ROV can be made in a few hours using PVC, and/or Lexan, and a few  

easily acquired off-the-shelf components. Similar designs have successfully 

competed in the annual Regional MATE ROV Competition organized by the 

Marine Institute (MI) in St. John’s, NL. This PDF is targeted towards anyone 

interested in DIY robotics or who would like to build a fun underwater exploration 

device with their own hands.
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Design Problem
How do I build a functional do-it-yourself remotely operated vehicle using off-the-

shelf parts and a limited amount of electrical or soldering experience?
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Design Brief
The ROV should be:

Affordable

Built using off-the-shelf parts

Easy to assemble

Educational

Have a camera and a monitor

Be controllable

Waterproof  / Water Resistant

Neutrally buoyant

Fun!
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Materials 

Qty Part Distributor

15 ft 3/4” PVC Pipe Rona, or most building or 
supply stores

10 3/4” ‘T’ Connectors Rona, or most building or 
supply stores

8 3/4” 90 o ‘Corner’ Connector Rona, or most building or 
supply stores

3 1 1/4” PVC Conduit “C” Clamp Rona, or most building or 
supply stores

18 1”- 2” Stainless Steel Bolts with Locking Nuts 
(any size)

Rona, or most building or 
supply stores

Bulk Additional Locking Stainless Steal Nuts 
(Optional)

Rona, or most building or 
supply stores

Bulk Small (5/64”) Stainless Steel Screws Rona, or most building or 
supply stores

15 Small (5/64”) Stainless Steel Bolts Rona, or most building or 
supply stores

1 12 x 12 piece of 1/4” Lexan (Optional) Home Hardware, or most 
building or supply stores

50 M 1C 18 AWG Wire Addison Electronics, or 
building or supply stores

Bulk 18 AWG Flat Female Connectors Addison Electronics, or 
building or supply stores

Bulk 18 AWG Round Connectors Addison Electronics, or 
building or supply stores

1 Large Waterproof/Resistant Project Box 
(Controller)

Addison Electronics, or 
building or supply stores

1 Wire Crimper (Tool) Addison Electronics, or 
building or supply stores

1 Wire Stripper (Tool) Addison Electronics, or 
building or supply stores
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Qty Part Distributor

1 Wire Cutter and/or Needle Nose Pliers (Tool) Addison Electronics, or 
building or supply stores

1 Soldering Iron and solder (optional) Addison Electronics, or 
building or supply stores

Bulk Wire Nuts Addison Electronics, or 
building or supply stores

2 Electrical Tape Addison Electronics, or 
building or supply stores

1 3-4” Electrical Bus Bar Addison Electronics, or 
building or supply stores

2 1/8”  Shrink Tubing (Single Wall) Canadian Tire, or building or 
supply stores

3 DPDT Momentary Toggle or Rocker Switch
(ON)/OFF/(ON) 6 pins 15 A 125 VAC

Addison Electronics, or 
building or supply stores

1 SPST Toggle or Rocker Switch 
(On)/(OFF) 2 pins 15 A 125 VAC

Addison Electronics, or 
building or supply stores

3 Johnson 750GPH Bilge Pump Motor 
Cartridges

Entrepot Marine, or building 
or supply stores

3 Propellers - 65mm with 4mm threading John’s Hobbies, any R/C 
Hobby Store Location

3 Graupner no. 3346 Couplers John’s Hobbies, any R/C 
Hobby Store Location

3 4mm Thread Stainless Steel Screws or 
Threaded Blank (cut off the head)

Canadian Tire, or building or 
supply stores

1 Underwater Camera with RCA Out Panvigor CCTV, or similar

1 LCD TV or Monitor with RCA Video-In Canadian Tire, or building or 
supply stores

1 Screw Driver (assorted bits) Canadian Tire, or building or 
supply stores

1 Drill (assorted bits) Canadian Tire, or building or 
supply stores
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Qty Part Distributor

1 Multi-Meter Canadian Tire, or building or 
supply stores

Bulk Zipties Canadian Tire, or building or 
supply stores

1 Hacksaw Canadian Tire, or building or 
supply stores

1 Handsaw Canadian Tire, or building or 
supply stores

1 Round Grinder/Cutter for Hacksaw Canadian Tire, or building or 
supply stores

1 Clamp Canadian Tire, or building or 
supply stores

1 Set of Allen Wrenches Canadian Tire, or building or 
supply stores

1 Pipe Cutting Jig 
(2x4 wood with a ‘V’ notch cut into it to hold 

the pipe in place)

Do-it-yourself

1 1/2” Waterproof Wire Conduit/Gland Canadian Tire, or building or 
supply stores

1 Foam Wall Insulation or Foam Pipe Insulation Home Hardware, or building 
or supply stores

1 12v Rechargeable Marine Battery Addison Electronics, or 
building or supply stores
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Build it
Step 1: Build the ROV’s Basic Framework

ROV framework assembled (without top support beam)

First, determine the exterior dimensions of your ROV (ex. 16” x 16” x 16”). 

Second, cut your pipe to match these dimensions. At this time you will need to 

prepare 12 pieces of pipe.

Third, take this time to roughly assemble the top and bottom of your ROV using 

the 90o corner connectors. 
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Fourth, locate an appropriate location for your support, or vertical, pipes that will 

complete your ROV’s framework. Also determine a support beam, or additional 

horizontal pipe, in the center of your ROV’s top. Make all your markings clearly 

using a felt marker or a pen.

Fifth, cut your pipe using your handsaw, your pipe-cutting jig and your table 

clamp.

Sixth, re-assemble your ROV while adding your ‘T’ connectors (hopefully you 

marked everything clearly) and make sure the ROV’s body is square.
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Step 2: Assemble the ROV’s Thrusters
First, make sure you have the following: bilge pump motors, plastic propellers, 

couplers, stainless steel threaded bolt (without head), PVC conduit clamps, and 

small and large stainless bolts.

Second, if you (like me) had to buy a bilge pump to get the motor remove it from 

its housing. Then remove the small propeller-like attachment from the drive shaft 

of the motor.

Bilge pump with housing Bilge pump without its housing

Third, remove the coupler and propeller from their packaging (don’t lose the 

coupler’s small screws) and using your allen wrench attach a coupler to the drive 

shaft. 

Fourth, attach a threaded bolt into the open end of the coupler and tighten. 
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Fifth, attach a plastic propeller to the available end of the  threaded bolt.

Propellers and Coupler Completed Thruster

Sixth, repeat parts 1-5 three times.

Seventh, attach the thrusters (the ‘three thruster’ positioning shown below) 

directly to the PVC pipes using a ‘C’ shaped PVC conduit clamp and two large 

stainless steel bolts (with locking nuts). Then use three small stainless steel 

bolts, drilled through the conduit clamp, to hold the thruster motor in place. 

http://i.cmpnet.com/industrialcontroldesignline/2008/1/ROV_manual_fig3.3.jpg
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Safety: you can protect children from the propeller by adding a larger PVC pipe 

segment over the propeller, but you will need to engineer a mechanism to hold it 

in place.

http://img.nauticexpo.com/images_ne/photo-m/auv-and-rov-thruster-27362-427617.jpg

Optional: if you would like to use Lexan to hold your thrusters in place please 

attach it now. Warning, this method requires more engineering, time, and you will 

need additional spacers to make everything fit tightly. You can reverse engineer 

my process, but I highly recommend attaching the conduit clamps directly to the 

PVC (as described) for the simplest and most reliable ROV.
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Step 3: Build the ROV’s Controller

The ROV’s Controller

First, you will need your thrusters, the project box, three momentary DPDT 

switches, a single SPST switch, 18 AWG wire, 18 AWG flat connectors, 18 AWG 

round connectors, wire stripper, wire crimper, wire cutters and/or pliers, wire-nuts, 

waterproof wire gland, electronic bus bar, and a 12 v battery.

Second, open your project box and fit your bus bar inside. I recommend taping 

the bar in place with electrical tape. Take a minute to look at the ROV circuit 

diagram provided below.

Third, drill a hole in the box (not seen above) to pass two wires for the battery 

connection. Attach a round connector to one end of each of these wires and strip 

the other end bare. One wire will be positive (mark red or white) one wire will be 

negative (don’t mark).
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The ROV’s circuit diagram (ignore the camera)

Fourth, completely strip 7” of wire and cut it into two halves. Create a ‘+” side of 

the board by joining 6 screws on the bus bar together, and create a “-” side of the 

board by joining the remaining screws on the bus bar together (as shown).  

Warning: don’t connect the ‘+’ side of the bus bar directly to the ‘-’ side.
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Project box with bus bar (ignore the extra wire). 

Note: I switch the battery leads on the side with the bare wire

Fifth, drill a larger hole for the waterproof wire gland (visible in the first image of 

the controller box above) and then install the gland.

Sixth, please note that your thrusters each have a brown and a black wire. For 

now the brown will be “red” or positive and the black will remain unmarked. 

Note: The brown/red wires will be attached to our tether later so don’t be too 

fussy about them now.
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Seventh, We will now attach the momentary DPDT switches: 

Guide for wiring the momentary DPDT switches

Using flat connectors join ports A and F and the bus bar’s ‘+’ side (an additional 

wire with a round connector), ports B and E and the bus bar’s ‘-’ side (an 

additional wire with a round connector), connect port C to the thrusters black/

unmarked wire (using a wire-nut for now), and connect port D to the thrusters 

brown/red wire (using a wire-nut for now). 

 
Momentary DPDT shown installed with wire-nuts (this is optional for testing)
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Note: Crimp the connectors on to the wires tightly (this will take some muscle).

Controller with one DPDT switch for testing.

Eighth, repeat step seven three times. 

Note: Leave yourself enough wire to pull the project box’s top off, but not so 

much that you can’t close it. Take your time later to fix your wires.

Ninth, drill or cut three holes in the lid of the controller to fit your DPDT switches. 

Note: Toggle switches require a hole to be drilled (easy) and the square 

momentary rocker switches (shown above) require a lot more work (hard). I used 

a mixture of drilling holes and cutting the squares out using a hacksaw equipped 

with a round file/cutting wire. The momentary rocker switches are quite nice when 

actually driving the ROV.
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All three DPDT switches installed in the project box.

Eighth, you can test the wiring and wire-nuts. 

Safety: Check your wiring to be sure there is no point in which there could be a 

short-circuit. Attach the red wire leading from the project box (now the controller) 

to the ‘+’ of the battery. Connect the unmarked wire to the ‘-’ side. You should 

now be able to safely test your switches. If there is smoke or the motors just don’t 

work, check your wiring against the ROV’s circuit diagram.
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Testing the circuit using wire-nuts. 
Note: I advise you learn from my mistakes and complete the steps as listed.
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Step 3: Attach the Camera
By now you should have:

1. Built your ROV’s PVC framework
2. Assembled and attached your thrusters
3. Wired and tested your controller, your battery, and your motors

 After all that hard work, attaching your camera will be pretty easy and painless.

First, unbox your camera and verify the contents of the box.

Panvigor underwater camera. 

Second, plug in your camera’s power supply and connect the camera’s RCA 

video-out line into your LCD TV’s RCA video-in port. If both are getting power you 

should see the LCDs light up on the camera and a picture should appear on the 
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TV.

Note: I used an additional 12v power supply (plug) not provided in the kit. You 

can attach the camera into your circuit and connect to your battery as shown in 

the circuit diagram. Be sure to read all the related safety materials first. Proceed 

at your own risk.

Third, attach your camera to the additional PVC pipe installed on the ROV earlier. 

I kept mine in place using small stainless steel screws. Note: My camera was 

installed upside down for aesthetic reasons. As a result my TV’s image needs to 

be flipped.

Panvigor underwater CCTV camera installed on the ROV 
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Step 4: Attach your tether and waterproof
Right now you should have a completed ROV body, a working controller and 

motors (attached directly to the controller), and an underwater camera. In this 

step we will disconnect the motors, add 10-50 ft of wire (soldering the 

connections), and waterproofing the soldered connection using shrink tubing.

First, you will disconnect your switches from your motors on ports C and D. You 

may want to clearly identify the ‘+’ and ‘-’ ports.

Second, for each of your now disconnected wires add a longer ‘tether’ wire (I 

used 10ft lengths of a flexible 18AWG wire). I recommend that you connect your 

tether directly to your switch inside your controller using a well crimped flat wire 

connector. On the other end of your tether you will simply use a wire-nut for now 

to allow for testing. You could, if you trusted your abilities, solder and shrink tube 

them first.  If you, as I did, simply extend the wires on the outside of your 

controller make sure to protect your connections with shrink tubing later. 

Clearly identified wires (I recommend making direct connections to the switches)
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Third, your tether should now look something like the image below. Feel free to 

zip-tie your tether (which now includes your underwater camera’s cable) at a few 

intervals to make it more manageable. 

ROV with tether temporarily connected with wire-nuts
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Fourth, test your new wiring. Do the motors still work? If yes, continue. If no, 

troubleshoot.

Fifth, clearly mark your connections and disconnect your wire-nuts.  

 
Wires should be clearly marked

Sixth, Soldering: (not complete steps, if need Google ‘soldering’).

1. Plug in your soldering iron and let it heat up (approx. 5 minutes)

2. Identify two paired wires

3. Add shrink tubing on one end (not too close or it will melt in place)

4. Twist the wires together as shown)

5. Heat the wire with your hot iron and touch and melt the solder 

onto the hot wire. The connection should be shiny.

 
Twist the wires together
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Seventh, shrink tubing:

1. Once cooled, pull the shrink tubing over the soldered joint. If you 

used too much this will be difficult.

2. Heat the tubing with your soldering iron. It will shrink. Make sure 

to get all the air and bubbles out.

3. The connection should now be watertight. 

Eighth, repeat parts six and seven as needed. If you have wire-nuts visible 

outside of your controller please repeat six-seven to clean them up.

Note: I would highly recommend that you screw, or adhere, all your PVC 

connections together then tighten all of your your bolts and then drill draining 

holes in your PVC pipes. I would also add as many additional zip-ties as you feel 

is needed.
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Step 5: Neutral Buoyancy
Your ROV is finished, but we need to make it usable and to assure that you have 
complete control you will need to complete this step.

First, randomly attach some foam insulation (pipe or wall) using zip-ties. 

Second, unplug the ROV and submerge the PVC section completely in water (ex. 
pool, tank, aquarium, etc). Add foam anywhere that the ROV is sinking. Remove 
it from places that are floating above the water. The ROV should become 
neutrally buoyant, neither sinking nor floating, just inches under the water’s 
surface. 

Third, once this is achieved try reconnecting your ROV to the battery and try 
driving it around. Troubleshoot as needed. 

CONGRATULATIONS you should now have a working underwater ROV!!!

Extras: 

• You can now drill another hole in your controller box and add your spare SPST 

switch. To install it, repeat the steps from earlier and then wire it to your ‘+’ bar 

at two points. Warning, do not wire your switch from you ‘+’ to your ‘-’ or it will 

short. When this switch is ‘turned off’ it will power down your ROV. 

• You can also add a circuit breaker or a fuse in the same way for additional 

safety. 
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Licensing

Do-It-Yourself Underwater Remotely Operated Vehicle by Philip N. Robbins is 

licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 

Unported License. 
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