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Introduction 
 

The ocean belongs to everyone. The tools to study the ocean should be accessible to anyone 

with the curiosity and motivation to pursue that inquiry.  

 

There is something radical about making and using your own scientific instruments. The 

structure of scientific inquiry has coalesced around a model that is both expensive and exclusive. 

This centralizes knowledge production within a circle of individuals, organizations, and 

institutions that rarely reflect the breadth of identities, experiences, and ways of knowing of 

those most directly connected to the places being explored. 

 

By building your own instruments to study and understand the natural world, by taking 

ownership over the tools of scientific inquiry, you contribute to expanding this circle of 

knowledge production. A scientist who can make their own instruments is not beholden to the 

cycles of funding and access that pervade formal inquiry. A researcher who can repair their own 

equipment is not dependent on the ever-changing winds of academic sentiment to decide what is 

and is not worthy of study. A community leader who has the tools to generate their own data 

does not have to wait for institutions to prioritize an emerging crisis before taking action.  

 

You donôt need to ask for permission to understand your world.   

 

Nowhere is this inequality of access more pronounced than in the ocean sciences, where all but a 

few entities have the capital to mount major oceanographic research campaigns. Even localized 

coastal research can be stymied by the need for vessels, equipment, and instruments, access to 

which is often controlled by research institutions. As the need to understand the dramatic 

changes happening both at the surface and beneath the waves accelerates, barriers that preclude 

the participation of ocean stakeholders further erodes our potential to understand, anticipate, and 

adapt to those changes.  

 

The ocean is not uniform, it its filled with swirling eddies, temperature boundaries, layers of high 

and low salinity, changing densities, and other physical characteristics invisible to surface 

observers (Sverdrup et al., 1942). By measuring salinity, temperature, and depth, knowledge 

seekers can unlock ocean patterns hidden beneath the sea's surface. To reveal these patterns, 

oceanographers use a CTDðan instrument that measures conductivity (used to calculate 

salinity), temperature, and absolute pressure (used to determine water depth; Thomson and 

Emery, 2014).  
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Figure 1. A selection of various CTDs used for field work. Top left: A CTD and rosette deployed from a NOAA boat (WHOI); top 

center: A CTD and rosette deployed by IFREMER; top right: a student deploys a CTD (MIT); bottom left: an 80s era ME 

GRISARD CTD; bottom center: the CTDizzle open-source CTD by Ian Black; bottom right: a YSI Castaway affixed to an 

OpenROV 2.3 (Sofar Ocean).  

 

CTDs come in a variety of shapes, sizes, and applications. Most oceanographic research vessels 

have a CTD connected to a rosette platform, which houses other instruments and collects water 

samples in parallel with real-time data. CTDs are also commonly attached to fixed moorings, 

autonomous underwater vehicles (AUVs), remote-operated vehicles (ROVs), and, on occasion, 

marine animals (Hooker and Boyd, 2003).   

 

Commercial CTDs are expensive, with even the most affordable models costing several thousand 

dollars. Many contemporary instrumentation companies now use a subscription model, locking 

data analysis and support behind a paywall, adding yet another cost. For near-shore 

oceanographic research on the continental shelf, where the water depth rarely exceeds 200 

meters, this cost can be prohibitive. The expense of the CTD is a barrier-to-entry for formal and 

informal researchers working with limited budgets, including scientists from low- and middle-

income countries and small island states, as well as citizen oceanographers, environmental 

educators, conservation and management practitioners, and students of all levels interested in 

understanding their local coasts and waterways.  

 

Climate change, ocean acidification, and sea level rise create an urgent need for extensive 

measurements of oceanographic conditions both globally and locally (Stammer et al., 2016; 
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Stephen et al., 2016). At the same time, government funding at both state and federal levels for 

climate change research can be unreliable, if not wholly non-existent. This creates a pressing 

demand for low-cost alternatives to common scientific instruments that allow formal researchers 

to stretch the impact of extant funding while simultaneously enabling informal researchers (such 

as environmental monitoring organizations and non-governmental organizations, as well as 

concerned community members) to contribute water-quality measurements. 

 

The OpenCTD is a low-cost, open-source CTD designed intentionally for budget-restricted 

scientists, educators, and researchers working in nearshore coastal ecosystems, where entire 

research projects can be conducted for less than the cost of a commercial CTD (Thaler et al., 

2024). It was developed by a core team of marine ecologists in collaboration with a distributed 

community of scientists, engineers, makers, and conservation practitioners. It is assembled from 

components commonly available at large hardware stores or through major online retailers.  

 

The OpenCTD is built by the end-user, providing both access to the tools of oceanography as 

well as the skills to maintain, calibrate, repair, and replace OpenCTDs. For scientists working in 

remote settings, where commercial maintenance solutions may be non-existent, the capacity to 

repair the OpenCTD in-house provides an extra buffer against equipment failure. For educators 

looking for novel, hands-on STEM experience for advanced students, building an OpenCTD 

offers an introduction to coding, 3D-printing, hardware prototyping, and electronics. 

Construction of an OpenCTD provides a practical foundation for courses in oceanography and 

marine or environmental science.  

 

Skill Building 

 

Though building an OpenCTD requires a variety of skills, you donôt need any background in 

soldering, electronics, or coding. Constructing an OpenCTD provides the foundation for 

developing these hardware and software skills. With a few hours of practice, you can learn the 

techniques necessary to build and operate your own OpenCTD.  

 

For absolute beginners, I recommend working through Soldering is Easy: Hereôs How To Do I t 

by Mitch Altman, Andie Nordgren, and Jeff Keyzer, which is an accessible and approachable 

introduction to soldering fundamentals: 

 

¶ Soldering is Easy: Hereôs How To Do It:   

mightyohm.com/files/soldercomic/FullSolderComic_EN.pdf  

 

Arduino is a coding environment built on C/C++ and designed for flexibility and ease of use, but 

it can seem daunting to first-time users. Practically, the OpenCTD source code is complete, and 

most users will only need to make small alterations to 3 lines of code during assembly and 

testing, but it is helpful to understand what the software is doing. Calibration and troubleshooting 

will require users to load different programs onto the completed OpenCTD. If you want to add 

https://mightyohm.com/files/soldercomic/FullSolderComic_EN.pdf


OpenCTD: Construction and Operation - 8 

new sensors, change the sampling rate, or simply alter the format for the data file, youôll need to 

be comfortable making modifications to the source code. 

 

Basic familiarity with the Arduino Integrated Development Environment (IDE) is essential. 

Environmental Monitoring with Arduino: Building Simple Devices to Collect Data About 

the World Around Us is a short, easy to understand, though dated, introduction to the Arduino 

ecosystem, and will provide you with many ideas for expanding your toolbox of open-source 

environmental sensors. 

 

¶ Environmental Monitoring with Arduino: https://amzn.to/32myCR3  

 

Project Status and Compatibility 

 

OpenCTD is stable (as of 6/21/2023) on the ATSAMD21G18 ARM Cortex M0 processor. 

Construction workflow, as well as pinouts, bills of material, and operation are designed around 

the Adafruit Adalogger M0. Adjustments may need to be made to adapt to other M0-based 

microcontrollers. 

 

An older version of OpenCTD is stable on the ATMEGA32U4 processor common to many 

Arduino systems. Construction workflow, as well as pinouts, bill of materials, and operation 

were designed around the Qduino Mini. Adjustments may need to be made to adapt to other 

ATMEGA32U4-based microcontrollers. This version is no longer supported, but is archived 

here: https://github.com/OceanographyforEveryone/OpenCTD/tree/main/Retired.   
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Materials, Tools, and Consumables 
 

The approach to designing the OpenCTD focuses on accessibilityðboth accessibility of the 

components and the relative ease of construction. The goal is that any user should be able to 

source the parts and tools necessary to build their own OpenCTD without needing to rely on 

custom manufacturing or highly volatile small-batch producers. The number of non-standard 

parts are kept to a minimum and, when unavoidable, sourced from manufacturers with a long 

history of consistent quality who will continue to manufacture and support these components 

into the foreseeable future. 

 

The OpenCTD can be assembled entirely from components available from large online 

electronics vendors such as Adafruit, Sparkfun, DigiKey, Amazon, or AliExpress as well as local 

hardware stores, with the exception of the OpenCTD Carrier Board. Many components can also 

be purchased directly through their supplier or sourced through auction sites at lower cost. 

Quality across suppliers for most components is generally consistent. 

 

Some parts, such as resistors and capacitors, are cheap but hard to source individually. 

ñIntroduction to electronics"-type kits, which include many standard resistors and capacitors in 

small batches tend to be the most economical choice. 

 

Raw, calibrated absolute pressure sensors are available in both 14-Bar and 30-Bar modules from 

several vendors. Pressure sensor breakout boards are available from a variety of manufacturers 

and instructions for building your own pressure sensor from principal components is provided in 

Appendix A.  

 

While a Bill of Materials with recommended parts and their suppliers is provided, these are not 

necessarily the least expensive options and prices can vary significantly depending on local 

availability and the number of units being built. Part availability varies from month to month, 

and some components may become permanently unavailable or listed under a new manufacturer 

and product name. We do our best to keep the bill of materials up-to-date. If you find any 

discrepancies, please contact the OpenCTD team through oceanographyforeveryone.com.  

 

When available, an Amazon Affiliate link is provided to purchase components. The OpenCTD 

project gets a small kickback when you buy a component through those links, which helps offset 

the cost of development and testing for the OpenCTD. This is, however, not an endorsement of 

Amazon and users are encouraged to seek out local suppliers and small businesses wherever 

possible.   

http://oceanographyforeveryone.com/
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OpenCTD Rev8 Parts Checklist 

 

Here you will find everything you need to build an OpenCTD. Weôve broken this checklist out 

into each section of the manual and list each component where it appears in the build process for 

the first time. We have intentionally put the Bill of Materials at the end of thew manual to 

encourage you to read the whole document before buying parts. OpenCTD Rev8 kits are 

available through our online store at https://oceanographyforeveryone.bigcartel.com/.  

Prepare the Adalogger M0 

o Adalogger M0 (with male headers) 

o MicroSD Card 

o USB (micro) cable 

Prepare the Carrier Board 

o OpenROV Rev8 Carrier Board 

o Female headers for Adalogger M0 (12-pin and 16-pin) 

o Female headers for DS3231 RTC (8-pin) 

o Male headers for Electrically Isolated EZO Carrier Board (5-pin) 

o 2-position switch 

o Female headers for MAX31865 PT1000 temperature amplifier (8-pin) 

o 10 kOhm resistor (2) 

o 4-pin JST header 

Prepare the Real-Time Clock 

o DS3231 Real-Time Clock (with male headers) 

o CR1220 coin cell battery 

Prepare the MAX31865  PT1000 Temperature Amplifier  

o MAX31865 PT1000 temperature amplifier (with male headers) 

o 3-pin JST SM connector (male) 

Assemble the Control Unit 

o 10mm standoff (3) 

o 2.5mm nylon screws (6) 

o Atlas Ezo Conductivity Circuit 

o Electrically Isolated EZO Carrier Board (with metal standoffs and screws) 

o 5-pin female-to-female jumper wire 

Powering the OpenCTD 

o 3.7v 400mAh lithium-ion battery 

Prepare the PT1000 Temperature Probe 

https://oceanographyforeveryone.bigcartel.com/
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o PT1000 temperature probe 

o 3-pin JST SM connector (female) 

o Solder seal wire connectors (3) 

Prepare the Sparkfun Pressure Sensor 

o Sparkfun Pressure Sensor Breakout Board 

o 20-cm long 22-gauge stranded wire (4) 

o 4-pin JST connector 

o Solder seal wire connectors (4) 

Prepare the Atlas Conductivity Sensor 

o Atlas K1.0 Conductivity Probe 

3D-printing  (these are the parts you will 3D print yourself) 

o Sensor Baseplate 

o Electronic Chassis Bottom 

o Electronic Chassis Top 

o Electronic Chassis Cap 

o Router Jig 1 

o Router Jig 2 

o Test Cap Tightening Handle 

Cutting the PVC Housing 

o 12ò schedule 40 PVC Pipe 

Pot the Pressure Sensor 

o 2-ton instant epoxy 

Potting the OpenCTD 

o E/A120-HP 2-part epoxy 

o Long Taper Tip Nozzle with Bayonet Connection for Two-Part Cartridge 

Final Preparation and First Deployment 

o 2ò hose clamp (2) 

o Short length of Polypro rope (2) 

o 2ò plumbers test cap 

Calibration  

o K 1.0 Calibration Standard 
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Tools and Consumables 

 

A basic soldering kit is sufficient for assembly. Several components require a 3D printer. 

 

Tools for general electronics work: flush cutters, wire strippers, soldering iron, solder tip 

cleaner, helping hands, needle-nosed pliers, utility knife, heat gun, precision screwdrivers.  

Consumables for general electronics work: lead-free solder, electrical tape. 

 

Tools for 3D printing:  3D printer, deburring tool or utility knife. 

Consumables for 3D printing: PLA Filament.  

 

Tools for housing and adhesion: Hand saw or PVC pipe cutter, drill with 1ò bit or router and 

jig, Epoxy gun for 50ml cartridges. 

Consumables for housing and adhesion: sandpaper.  

 

Tools for Arduino programming : Computer capable of running Arduino IDE.  

 

 
 

Andrewôs Toolkit 

 

Sometimes it is nice to have a list of tried and tested tools rather sourcing everything yourself.  

 

The following are the tools in Andrew Thalerôs personal OpenCTD toolkit and his preferred 

consumables. Though these may not represent the best tools for your needs, this kit has been 

used to reliably develop and construct hundred of OpenCTDs at workshops around the world. 

A note on Epoxies and Glues:  

 

We recommend Loctite Hysol E-120HP. Epoxies with similar characteristics may be 

acceptable replacements. We have tested several different epoxies and glues to ensure a 

generally wide variety of options for sourcing. For smaller applications, such as potting 

the pressure sensor, we use a standard 5-minute marine epoxy. 

  

Hysol EA-90FL and EA E-120HP have been extensively tested in OpenCTDs as well as 

in other marine hardware, however it is not always easy to source. Other two-part 

epoxies can also be used for building the sensor pass-though, provided they have a 

minimum sheer strength of 900 PSI and a medium viscosity rating. Tests with Hysol E-

60HP resulted in consistent failures and E-60HP as well as epoxies with similar 

characteristics, particularly those with high viscosity, should be avoided.  

 

Any 5-minute marine-grade epoxy is acceptable for sealing the pressure sensor.  
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Since Andrew runs a fabrication studio involved in multiple projects, in several cases these tools 

may be excessive. 

 

Soldering Irons (Yes, he has three irons, each of which is useful in different circumstances. Any 

of them can be used to complete the entire assembly. The PINECIL is the best soldering iron for 

most applications):  

 

¶ For benchtop work with reliable power: Hakko FX888D-23BY Digital Soldering 

Station (https://amzn.to/3vCWNuj)  

¶ For field work with limited power access: Hakko FX-901/P Cordless Soldering Iron 

(https://amzn.to/30Uz62r)  

¶ For workshops, small spaces, or where USB-C power supplies are preferable:  

PINECIL ï Smart Mini Portable Soldering Iron (https://pine64.com/product/pinecil-

smart-mini-portable-soldering-iron/). Requires a high wattage USB power supply like 

this one: Anker Nano USB C Charger (https://amzn.to/4oIBm7d). 

¶ Solder Tip Cleaner: Hakko 599B-02 Wire-type soldering iron tip cleaner 

(https://amzn.to/38RF08S)  

¶ Helping Hands: KOTTO Helping Hands Soldering Stand (https://amzn.to/38PSeD6)  

 

Hand Tools (for both electronics and housing assembly): 

 

¶ Flush cut pliers: 170-II Micro-Shear Flush Cutter (https://amzn.to/3bYQPMp)  

¶ Wire strippers:  Stanley Hand Tools 84-213 Wire Stripper (https://amzn.to/30URW9D)  

¶ Needle-nosed pliers: Stanley 84-096 5-Inch Needle Nose Plier 

(https://amzn.to/3eS8cAD)  

¶ Utility knife:  OLFA 1075449 XA-1 9mm Fiberglass Rubber Grip Utility Knife 

(https://amzn.to/3cOIxpw)  

¶ Epoxy gun: 3M 08190 Performance Manual Applicator for 50 ml Cartridges 

(https://amzn.to/3twpOWG) Note: when Andrew bought this applicator, it was still under 

patent and the only version available. Itôs worked reliably for 10+ years, but there are 

now several much less expensive clones on the market that all look perfectly fine.  

 

Power Tools (these are all overpowered for the job, but are common in most machine shops, 

maker spaces, and maintenance facilities and will make housing assembly faster and more 

consistent): 

 

¶ Drill:  DEWALT 20V MAX Cordless Drill / Driver (https://amzn.to/2Qajoy0)  

¶ 1-inch spade bit: Irwin Tools 1764345 Short Spade Bit 1" (https://amzn.to/3tuSdwn)  

¶ Router: PORTER-CABLE 690Lr Router 1-3/4Hp (https://amzn.to/3eNjAO6)  

¶ Milwaukee M12 12-Volt Cordless PVC Shear: (https://amzn.to/44eDxFG) If youôre 

planning on making several dozen OpenCTDs, this pipe shear, while expensive, will save 

you significant time and reduce PVC waste.   

https://amzn.to/3vCWNuj
https://amzn.to/30Uz62r
https://pine64.com/product/pinecil-smart-mini-portable-soldering-iron/
https://pine64.com/product/pinecil-smart-mini-portable-soldering-iron/
https://amzn.to/4oIBm7d
https://amzn.to/38RF08S
https://amzn.to/38PSeD6
https://amzn.to/3bYQPMp
https://amzn.to/30URW9D
https://amzn.to/3eS8cAD
https://amzn.to/3cOIxpw
https://amzn.to/3twpOWG
https://amzn.to/2Qajoy0
https://amzn.to/3tuSdwn
https://amzn.to/3eNjAO6
https://amzn.to/44eDxFG
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¶ Chop saw: The sliding compound miter saw Andrew uses is no longer in production, but 

pretty much any standard chop/miter saw will do and, in a pinch, a handsaw works just 

fine.  

 

3D Printing  (Pretty much any 3D printer will work, however, Andrew conducted a review of 

low-cost printers to determine the best 3D printer for field work, using the OpenCTD parts as 

one of the test standards. You may find the results of that project helpful in determining the best 

printer for you: http://www.southernfriedscience.com/the-quest-for-the-best-tough-3d-printer-

for-under-200-our-final-recommendations/):  

 

¶ 3D Printer: Creality Ender-3 3D Printer (https://amzn.to/2QdtIFr)  

¶ Deburring tool: General Tools 484 Swivel Head Deburring Tool Kit 

(https://amzn.to/3eThJY8)  

 

Programming: 

 

¶ Computer: Any modern PC, Mac, or Chromebook can run the Arduino IDE. For users 

who may not be able to install software on their computer, Arduino also provides a web-

based IDE.  

 

Consumables:  

 

¶ PLA Filament:  PolyTerraÊ PLA (https://us.polymaker.com/products/polyterra-pla) 

¶ Lead-free solder: Lead Free Solder Wire (https://amzn.to/4oCo63K)  

¶ Electrical tape: 3M Scotch #35 Electrical Tape (https://amzn.to/2QeA9rS)  

¶ 22-gauge silicone wire: 22 Gauge Silicone Wire Kit (https://amzn.to/3CN0F0z) 

¶ Sandpaper: 3M Garnet Sandpaper, 9-Inch by 11-Inch, Assorted-Grit 

(https://amzn.to/3vCfaQ9)  

¶ 2-part adhesive epoxy: Loctite E-120FL Hysol Epoxy (https://amzn.to/315kQ6V)  

¶ Five-minute epoxy: Loctite Epoxy Five Minute Instant Mix (https://amzn.to/3tuKM8q)   

http://www.southernfriedscience.com/the-quest-for-the-best-tough-3d-printer-for-under-200-our-final-recommendations/
http://www.southernfriedscience.com/the-quest-for-the-best-tough-3d-printer-for-under-200-our-final-recommendations/
https://amzn.to/2QdtIFr
https://amzn.to/3eThJY8
https://us.polymaker.com/products/polyterra-pla
https://amzn.to/4oCo63K
https://amzn.to/2QeA9rS
https://amzn.to/3CN0F0z
https://amzn.to/3vCfaQ9
https://amzn.to/315kQ6V
https://amzn.to/3tuKM8q
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Safety 
 

 

ñThere is no more important rule than to wear safety glasses.ò  

Norm Abrams 

 

There are only a few potential hazards while working on the OpenCTD. Soldering involves both 

a hot soldering iron and fumes produced from burning solder. Potting the sensors involves the 

use of a 2-part chemical epoxy which can bond with skin. Trimming wires may produce small 

metal projectiles which can damage the eye. Working near water presents a drowning risk. All of 

these hazards can be mitigated with basic safety protocols and proper protective equipment.  

 

What tools will  I encounter? 

 

Construction of the OpenCTD requires only basic hand tools, as well as electronic tools 

associated with soldering. If you are constructing a PVC housing, you might also use power 

tools, including a miter saw, a jig saw, a drill, a PVC cutter, or a router. For workshops with 

primary school students, we recommend that the instructor prepare the PVC housing in advance, 

as this process is messy, requires the use of power tools, and adds additional time to the build 

process.  

  

Whenever you are working with tools, you should wear safety glasses to protect your eyes. 

When working with power tools, what you arenôt wearing is as important as what you are 

wearing. Avoid gloves or neckties, as well as anything with long cords, especially hoodies with 

drawstrings. These cords can become trapped in the tool and pull the user towards a spinning 

blade.  

 

When soldering, be aware that the iron is extremely hot. Contact with a soldering iron will result 

in immediate 2nd degree burns. Only hold the soldering iron by the insulated grip and stow it in a 

secure soldering iron holder. Never leave a hot iron unattended. Always turn off and unplug the 

iron when not in use. Whenever hot irons are in use, other participants should take extra care not 

to jostle the table or the person holding the iron and avoid any distractions. Safety glasses should 

be worn when soldering.  

 

The heat gun used for melting heat shrink tubing can also get very hot. Be aware of its location 

and never touch the exposed metal portion.  
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Soldering produces fumes. We recommend using a lead-free solder to dramatically reduce the 

presence of harmful fumes. In a well-ventilated environment using lead-free solder, the fumes 

produced from soldering should pose no health hazard. However, for added safety, a small fume 

extractor can be used to draw the fumes away from your person.  

 

When trimming pins on the control board or other components, the snipped ends tend to fly off. 

This can be avoided by placing a finger over the end about the be snipped to prevent it from 

launching into the air. Some high-end flush cutters have a small magnet to prevent fly aways. 

When trimming pins, wear safety glasses and be aware of who is around you. 

 

What chemicals will I encounter? 

 

The OpenCTD is potted using two different kinds of 2-stage epoxy. The epoxy used to seal the 

pressure sensor into the baseplate is an off-the-shelf 2-ton epoxy commonly found in hardware 

stores. The high-strength epoxy used to seal the sensors into the housing is a specialized epoxy 

available from most major adhesives distributors. Both epoxies are safe when handled properly.  

Always wear safety gloves and safety glasses when handling epoxy. Read the warning labels on 

the packaging before use. If epoxy gets on your skin or clothes, immediately flush with warm 

water.   

 

General Safety 

 

You will use sharp tools during the build process. Always be aware of any blades or cutting 

implements and store them appropriately. Pliers and flush cutters can pinch and break the skin. 

Always treat your tools with respect.  

 

When working on the water, wear a US Coast Guard (or other relevant agency) approved life 

jacket.  

 

Lithium Polymer Batteries 

 

The lithium polymer pouch batteries used in the OpenCTD are generally safe and stable when 

stored and handled appropriately. In the event that a battery is punctured by a tool or 

inadvertently heated to extreme temperatures by a soldering iron, remove the battery from the 

classroom immediately and place outside on a concrete surface or fire-resistant container. The 

battery cannot be recovered and must be disposed of appropriately.   
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Electronics 
 

The control unit is the brain of the OpenCTD. At its core is an Adalogger M0, an SAMD-based 

microcontroller with a built in SD card reader. When paired with a Real-Time Clock (RTC), this 

will allow the user to log timestamped data that can be extracted by any microSD card reader. 

The Adalogger M0 is connected to a conductivity circuit and temperature amplifier through the 

custom carrier board.  

 

Before beginning, familiarize yourself with the electrical components as well as the Arduino 

Integrated Development Environment (IDE). By ensuring that the software is running and the 

base components have been assembled and tested, you can save yourself significant frustration 

down the road. Setting up Arduino from scratch can be a challenging and unintuitive process the 

first time you do it, so it is a good idea to invest an hour or two into making sure you have 

compatible, up-to-date libraries and that the OpenCTD code compiles on your computer.  

 

Arduino provides an online development environment if you cannot install software on your 

personal computer: https://create.arduino.cc/.  

 

Adalogger M0 Software and Libraries 

 

The Adafruit M0 Adalogger acts as both the main computer for the OpenCTD and writes data to 

the onboard SD Card drive. Before you begin soldering hardware, flash the software to the 

Adalogger M0 to confirm that the microcontroller is functioning and your Arduino IDE is set-up 

correctly. Ensuring that the microcontroller works with the OpenCTD firmware first will 

dramatically simplify any troubleshooting, later.  

 

To prepare your computer to talk to the M0 Adalogger, download and install Arduino IDE 

(https://www.arduino.cc/en/Main/Software). You will need to install additional boards so that 

Arduino IDE will be able to recognize the Adalogger. For a detailed walkthrough of this process, 

with screenshots included, please visit: https://learn.adafruit.com/adafruit-feather-m0-

adalogger/setup. Please be aware that the Arduino, Adafruit, and GitHub Software may have 

been updated more recently than this manual and that the location of certain tools and functions 

may differ from the instructions.  

 

All OpenCTD software and documentation are hosted on GitHub. GitHub can seem daunting to 

new users. At its core, GitHub is a tool to organize and coordinate files and maintain version 

control (multiple people can edit the same file, while keeping everything in sync). Projects are 

organized into repositories (óreposô) that contain the source code, supporting documents, data 

files, and other materials needed for each project. When you visit a repo, check the 

README.md, this will generally describe the project (including the current status), contain 

necessary guides, and let you know how to contribute. 

 

1. Launch Arduino IDE.  

https://create.arduino.cc/
https://www.arduino.cc/en/Main/Software
https://learn.adafruit.com/adafruit-feather-m0-adalogger/setup
https://learn.adafruit.com/adafruit-feather-m0-adalogger/setup


OpenCTD: Construction and Operation - 19 

 

2. Under preferences, in the File menu (on Apple Computers, this in under the 

Arduino menu), add the following URL to the ñAdditional Boards Manager 

URLsò field:  

https://adafruit.github.io/arduino-board-index/package_adafruit_index.json 

 

3. Click ñOkò and then navigate to Tools > Board > Boards Manager.  

 

4. In Boards Manager, search for ñAdafruit SAMD Boardsò and install the 

library. Now search for ñArduino SAMD Boardsò and install this library as 

well. This may take a while. 

 

5. Restart Arduino IDE. 

 

6. Install the required libraries listed below (Sketch > Include Library > Add 

.ZIP Library) and update Arduino IDE as needed. 

 

7. Restart Arduino IDE.  

 

Required Arduino Libraries 

 

The following Arduino libraries are required for the OpenCTD Rev8 and come packaged with 

Arduino IDE by default: 

 

Wire. For communicating with I2C devices like the pressure sensor. 

SPI. Serial Peripheral Interface for communicating with a standard SD card reader. 

SD. For reading and writing to a standard SD card reader.  

 

You will need to download and install the remaining libraries manually. Please refer to 

https://www.arduino.cc/en/Guide/Libraries for detailed instructions for installing libraries.  

 

MS5803_14. For the MS5803 14-Bar pressure sensor.  

Adafruit_MAX31865.h . Allows you to communicate with the PT1000 temperature 

amplifier and probe.  

RTClib.  For controlling and reading the Real-time Clock 

SoftwareSerial. A modified version of the standard serial monitoring program that works 

with SAMD microcontrollers like the Adafruit Feather M0.  

 

These libraries can be downloaded as compressed .zip files from the OpenCTD GitHub 

Repository:  

 

https://github.com/OceanographyforEveryone/OpenCTD/tree/main/Software/Support 

 

https://adafruit.github.io/arduino-board-index/package_adafruit_index.json
https://www.arduino.cc/en/Guide/Libraries
https://github.com/OceanographyforEveryone/OpenCTD/tree/main/Software/Support
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Flash the OpenCTD software to the Adalogger 

 

Install the OpenCTD software on the Adafruit Adalogger M0. On some Adaloggers, Adafruit 

ships the microcontroller preloaded with both Arduino and Circuit Python, with Circuit Python 

being the default. When you plug your Adalogger in for the first time, it will open into the 

Circuit Python boot drive. You can ignore this. After you flash the OpenCTD software, the 

Adalogger will default to Arduino.  

 

1. Restart Arduino IDE. You should see several new Adafruit options in the 

Board menu. The Adalogger is an Adafruit Feather M0 with an embedded SD 

card reader. 

  

2. Select ñAdafruit Feather M0ò from the Board menu.  

 

3. Connect your Adalogger to your laptop using a micro-USB cable. The 

necessary drivers should automatically install. 

  

4. Open the OpenCTD_M0_R8.ino source code in Arduino IDE. 

 

5. Under Tools > Port, select the COM port that reads ñAdafruit Feather M0ò (it 

should autodetect, but doesnôt always).  

 

6. Click Upload (either the right pointing arrow on the main interface or under 

Sketch > Upload). The code will compile and upload to the Adalogger.  

 

Once the OpenCTD firmware is flashed to the Adalogger M0, use the serial monitor in Arduino 

IDE to verify that it is working correctly. With the Adalogger connected to your computer via 

USB, open the Serial Monitor by clicking the magnifying glass in the upper righthand corner of 

Arduino IDE or through Tools > Serial Monitor. The software will initialize the SD card reader.  

 

The serial monitor should say ñCard failed, or not presentò. Insert an SD card. The Adalogger 

will  initialize and then attempt to read the Real-Time Clock and sensors, which will fail. Unplug 

the control unit, remove the SD card, and confirm via SD card reader that an empty file was 

created on the SD card. 

 

Prepare the Adalogger M0 

 

The Adalogger M0 needs headers. Headers are the male or female pin assemblies that allow you 

to connect and disconnect electronic components from a PCB. Headers make come pre-cut or in 

long strips that need to be cut to length to align with the correct pins on the carrier board. A 

ñpinò refers to any electrical contact point and will generally be used in this guide to refer to the 

holes in circuit boards through which wires, headers, and other components will be soldered. 
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When placing headers for soldering, the short pins go through the holes in the printed circuit 

board and are soldered on the opposite side.  

 
 Figure 2. Adalogger M0 without headers. Left: topside of the board. Right: bottom of the board. 

 

1. Slot male headers into the through-holes on the underside of the Adalogger 

M0, ensuring that the number of headers matches the number of available pins 

(16 on one side, 12 on the other). The long header pins should point down. If 

you are using generic headers, cut them to length with flush cutters so that the 

number of posts matches the number of pins on each side.  

 

2. Confirm that the headers are straight and perpendicular to the face of the 

Adalogger.  

 

3. On the top of the Adalogger, solder the four corner pins, double check that the 

headers are straight, and then solder the remaining pins. 

 

4. Using the flush cutters to clean up any protruding solder joints.  

 

5. Insert a microSD card into the SD card reader.  

 

 
Figure 3: Adafruit M0 Adalogger with male headers (SD card not shown).  
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Prepare the Carrier Board 

 

The carrier board allows for rapid and accurate assembly of the OpenCTD control unit. Your 

carrier board should be labeled OpenCTD rev8. The color of the board may vary. Some early 

boards may be labeled ñOpenCTD 8xò.  

 

 

 
Figure 4: OpenCTD Carrier Board. Topside of the board above, underside of board below.  

 

1. Slot female headers on the topside of the carrier board in the pins in the box 

labeled Adalogger. You may need to trim the strip of female headers down to 

size using flush cutters so that the number of posts match the number of pins 

in the carrier board.  

 

2. Solder female headers for the Adalogger M0 to the carrier board, starting with the 

four corners to hold them in place.  

 

3. Slot female headers on the underside of the carrier board in in the box labeled 

DS3231 and solder them into place.  

 

4. Slot male headers for the Atlas Electrically Isolated EZO Carrier Board on the 

underside of the carrier board in the box labeled J5 and solder them into place. 
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5. Slot the 2-position switch on the topside of the carrier board in the box labeled  

J1 and solder them into place. The pins will be extra long and need to be 

trimmed.  

 

6. Slot female headers for the MAX31865 temperature amplifier on the topside 

of the carrier board in the box labeled J4 and solder them into place.  

 

7. Solder 2 10kOhm resistors into the slots on the topside of the carrier board 

reserved for resistors inside the box labeled MAX31865. The pins will be 

extra long and need to be trimmed. The resistors are bidirectional and 

orientation does not matter.  

 

8. Slot the 4 pin JST connectors on the topside of the carrier board in the box 

labeled  J3 and solder into place. 

 

9. Optional Step: To use the two moisture sensors embedded in the control 

board, lightly solder to small blobs onto each of the four pads labeled 

Moisture Cutoff, making sure the two adject pads do not connect. This 

will cause the device to power down if the pads are short-circuited by 

seawater, hopefully preserving the electronics in even of a housing failure. 

 

10. Using the flush cutters, snip down any protruding pins so that they sit flush 

with the solder joint.  
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Figure 5: Fully populated OpenCTD control board. Topside of the board above, underside of board below 

 

 

Prepare the Real-Time Clock 

 

The Real-Time Clock (RTC) sets its time based on the time displayed on the computer 

when the code is compiled. Should the RTC ever lose time, you can use the program 

RTC_Reset in the OpenCTD GitHub repository under Support to reset the clock to the 

system time on a connected PC. Make sure you have the orientation of the pins 

correct before soldering or youôre going to have a bad time! 

 
Figure 6. Real-Time Clock module without headers. Left: chip side of the board. Right: battery side of the board. 
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1. Slot the male header pins into the RTC module on the chip side of the board 

such that the battery is facing up and the header pins extend from the opposite 

side of the module. Do not solder with the battery installed in the RTC.  

 

2. Solder the male header pins into the RTC module. 

 

3. Using the flush cutters, snip down any protruding pins so that they sit flush 

with the solder joint. 

 

4. Insert the CR1220 battery into the RTC, positive side facing out.  

 

 
Figure 7.Real-Time Clock module with male headers soldered to the chip side of the board. 

 

 

Prepare the MAX31865 PT1000 Temperature Amplifier 

 

The PT1000 resistance temperature detector (RTD) amplifier is designed to read the low 

resistance of a platinum temperature resistor. This MAX31865 amplifier can read 2-, 3-, or 4-

wire sensors. For the OpenCTD, we use a 3-wire platinum temperature sensor. You will have to 

set the amplifier to 3-wire by soldering two pads and breaking one jump pad, as described in the 

Adafruit instructions for 3-wire sensors here: https://learn.adafruit.com/adafruit-max31865-rtd-

pt100-amplifier/rtd-wiring-config or in steps 1 ï 3, below. Please note, the temperature 

amplifier will be mounted upside-down on the control board, and the header pins will point 

up from the same side as the screw-block terminals. Make sure you have the orientation of 

the pins correct before soldering or youôre going to have a bad time! 

1. Locate the pads labeled 2/3 Wire and 24 3 on your MAX31865 amplifier. 

 

2. Using a utility knife, break the small copper trace connecting the rectangular 

pads labeled 2 and 4. By carefully applying a small blob of solder, connect the 

middle rectangular pad labeled 4 to the rectangular pad labeled 3.  

https://learn.adafruit.com/adafruit-max31865-rtd-pt100-amplifier/rtd-wiring-config
https://learn.adafruit.com/adafruit-max31865-rtd-pt100-amplifier/rtd-wiring-config
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Figure 8. MAX31865 amplifier for PT1000 resistance temperature detector (RTD), as it arrives from the manufacturer.  

 

3. By carefully applying a small blob of solder, connect the triangular pad 

labeled 2/3 wire to the chevron-shaped pad, also labeled 2/3 Wire. By creating 

these connections, you are telling the amplifier to look for 3 wires coming 

from the temperature probe.  

 

4. Solder the male headers so that the long pins are pointing up, on the same side 

as the large screw terminals.  

 

Figure 9. MAX31865 amplifier with pads 2 and 4 connected and the male headers installed. Note: pads labeled 2/3 Wire are not 

connected in this image.  
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5. Insert the male side of the 3-pin connector cable into the screw terminals 

labeled F+, RTD+, and RTD-. Tighten the screw terminals so that the bare 

wires make contact with the metal pad inside the screw terminals and do not 

pull out with a light tug. If necessary, you can shorten the wires on the 3-pin 

connector cable.  

 

 

Figure 10. Completed MAX31865 amplifier with 3-pin connector cable installed. 

 

Assemble the Control Unit 

 

You will not need to solder anything during this section.  

 

1. Slot the RTC into the RTC headers on the underside of the carrier board and 

ensure that the RTC board is parallel with the carrier board. Secure the RTC 

to the board using the 10mm standoff and 2.5mm nylon screws.  

 

2. Insert the Atlas Ezo Conductivity Circuit into the headers on the Electrically 

Isolated EZO Carrier Board. The pins labeled PRB and VCC should face 

towards the BNC connector. Using the metal standoffs provided, mount the 

EZO Carrier Board to the OpenCTD Control Board upside down, so that the 

EZO conductivity circuit is sandwiched between the two boards. You may 

need to use the flush cutters to trim down any sharp pins which might press 

against the EZO Conductivity Circuit.  

 

3. Use the included 5-pin female-to-female jumper wire to connect the headers 

on the Electrically Isolated EZO Carrier Board to the headers labeled J5 on 

the OpenCTD Carrier Board, making sure that you match the header labels for 

each pin.   

 

4. Slot the Adalogger M0 on top of the custom carrier board by lining up the 

male, downward-facing header pins on the Adalogger with the female, upward 

facing header pins on the carrier board.  
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5. Slot the MAX31865 amplifier into the MAX31865 amplifier headers on the 

topside of the carrier board and ensure that the MAX31865 amplifier board is 

parallel with the carrier board. Secure the MAX31865 amplifier to the board 

using 2 10mm standoffs and 2.5mm nylon screws. This board should also be 

upside down.  

 

 

 

 
Figure 11. Topside and underside of completed OpenCTD Rev8 Control Unit.  

 

Powering the OpenCTD 

 

The Adalogger has an internal 100mA charging unit, which means a standard 400mAh battery 

will take 4 hours to charge. Using an external lithium polymer battery charger with higher 

amperage can dramatically speed up the charging process. For charging, we use this 500-mA 

charger (https://www.adafruit.com/product/1904) which cuts the charging time on a 400mAh 

battery down from 4 hours to less than 1 hour.  

 

1. Plug in the battery and ensure that the switch functions correctly. 

  

2. The 3.7v 400mAh is ideal for the OpenCTD. It fits snugly between the carrier board and 

the Adalogger M0 and lasts for roughly 18 hours of continuous use. If you need more 

https://www.adafruit.com/product/1904
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power, larger batteries that use a JST connector can be used. Make sure that the positive 

and negative leads on batteries from other supplier correspond to the positive and 

negative terminals on the Adalogger M0. There is a small notch in the carrier board that 

allows a larger battery to mounted to the underside of the carrier board or anywhere else 

within the housing.  

 

Note: Depending on the amperage of the USB power supply that youôre connected to, there may 

not be enough power to drive the EZO EC chip from USB power. You may also need to plug the 

battery into the 2-pin battery JST connector. 

 

If the EZO conductivity circuit blinks red, it is not receiving enough power.  

 

Prepare the PT1000 Temperature Probe 

 

The PT1000 temperature probe connects to the 3-pin connector that you installed on the 

MAX31865 amplifier.  

1. Remove the spade terminals and strip ¼ cm off the end of each of the three wires.  

  

2. Solder the female end of the 3-pin lead to the exposed wires, either using solder shrink 

tubing or solder and heat shrink. Make sure that the two red wires correspond to the pin 

labeled F+ and RTD+, and the clear wire aligns with the pin labeled RDT-.  

 

3. Plug the temperature probe into the MAX31865 amplifier.  

 

 

Figure 12. PT1000 Temperate Probe.  
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Prepare the Sparkfun Pressure Sensor 

  

Please note: An alternative to the Sparkfun Pressure Sensor Breakout Board is available 

from Oceanography for Everyone, however, it requires surface mounted soldering and 

may be difficult for inexperienced builders. See Appendix A.  

 

For the Sparkfun Pressure Sensor Breakout Board: 

 

1. Strip ½ cm off the end of 4 different colored 20-cm lengths of 22-gauge stranded wire. 

We recommend red for VCC; black for GND; yellow for SCL; and white for SDA. 

 

2. Solder those wires to the GND, 3.3v (or VCC), SDA, and SCL pins on the back of the 

Sparkfun Pressure Sensor Breakout Board. Keep track of which wire goes to which pin. 

Note that the wires must extend from the side opposite the pressure sensor. 

 

 
Figure 13. Sparkfun Pressure Sensor Breakout with soldered pins. 

 

3. Solder the female end of the 4-pin JST connector to the exposed wires, either using solder 

shrink tubing or solder and heat shrink. Make sure that the wires from the breakout board 

correspond to the labels on the carrier board.  

 

4. Connect the 4-wire JST connector to the 4-wire JST headers on the carrier board.  

 

Prepare the Atlas Conductivity Probe 

 

The Atlas Scientific conductivity probe comes in both long and short varieties, with paired leads 

that terminate at a large BNC connector. You will not need to cut or modify this probe in any 

way.  
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1. Plug the BNC connector into the BNC threaded header on the Electrically Isolated 

EZO Carrier Board 

 

  

 

While you can cut this wire to size for ease of use, Atlas Scientific advises customers to 

test their conductivity probe before cutting any wire, as cutting the wire will void the 

warranty. Atlas also provides a much more detailed step-by-step guide to cleanly and 

accurately cutting the conductivity sensor wire here: https://files.atlas-

scientific.com/how-to-properly-cut-probe-cables.pdf  

 

If you do not have access to a coax cable stripper tool, you can carefully strip these cable 

using your flush cutters. It helps to cut them long and use the extra tail for practice before 

cutting to final length. Atlas also advise to clean any soldered leads in isopropyl alcohol 

to remove any flux residue which may cause resistance in the system.  

 

https://files.atlas-scientific.com/how-to-properly-cut-probe-cables.pdf
https://files.atlas-scientific.com/how-to-properly-cut-probe-cables.pdf
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Test All Components 

 

With all the components connected to you control board, itôs time to test your soldering skills. 

Connect your control board to your computer using a USB cable, open Arduino IDE, and turn on 

the OpenCTD. Select the correct board and open the serial monitor. You should see a data stream 

that looks like this: 

 

 
Figure 14. Arduino IDE and Serial Monitor readout of functioning OpenCTD.  

  

 



OpenCTD: Construction and Operation - 33 

After the bootup and diagnostic information, you should see a continuously updating line of 

numbers. These values are, from left to right, the date (in MM/DD/YYY format), The time (in 

HH:MM:SS), the pressure (mbar), temperature (oC), and conductivity (mS). Outside of the 

water, at sea level, in a comfortable room, Pressure should read around 1012 mbar, temperature 

around 21oC, and conductivity at 0 mS.  

 

Congratulations! If everything looks normal, youôre CTD is working! If not, double check all 

your solder connections, make sure the wires have good contact, and check that nothing is 

reversed.  

 

Now all you have to do is make you OpenCTD waterproof!  
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Housing 
 

3D-printing 

 

It may seem counterintuitive to rely on a technology like 3D-printing in designing a low-cost and 

accessible oceanographic instrument but 3D-printing has matured to the point where the most 

affordable and widely available printers are more than sufficient for the production of these 

parts. This technology dramatically reduces the cost for manufacturing small and bespoke plastic 

components. 3D-printing plays a central role in the conservation technology movement.  

 

The main chassis of the OpenCTD, which protects the control unit, and the sensor baseplate, 

which aligns the sensors and creates a bulkhead for the sensor passthrough, are 3D-printable 

objects. While it is possible to construct a fully functional OpenCTD without these parts, they 

are designed to make building and operating the device simpler and more intuitive.  

 

¶ The Sensor Baseplate provides a foundation and template for arranging the 

sensors prior to potting in epoxy.  

 

¶ The Electronics Chassis holds the Adalogger and other electronic components, 

allowing users to easily access the SD card while minimizing strain on the wiring 

and protecting and isolating the battery. The chassis is printed in three parts which 

fit snugly together and are held in place with electrical tape.  

 

¶ The Router Jig is a set of jigs designed to fit inside a clean PVC pipe that allow 

you to cut 3 clean, consistent notches on the bottom of the CTD to protect the 

sensors while allowing water to flow through.  

 

¶ The Cap Wrench is a small wrench that fits over the wingnut of the Plumberôs 

Test Cap, making it easier to tighten and loosen.  

 

All parts are designed to be printed in PLA at 200-micron resolution with 50% to 100% infill. 

We recommend PLA over other plastics as it is Generally Regarded As Safe, theoretically 

compostable (but only in a commercial composter), and has not been shown to be harmful to the 

marine environment. ABS, in contrast, has been shown to cause developmental abnormalities in 

fish exposed to ABS particulates (Oskui et al., 2016). Other materials, like PETG and Nylon may 

be preferable but require more experience and a more advanced printer.  

 

Andrewôs personal preference is for Polymaker Panchroma PLA, which has been optimized for 

strength and compostability.  

 

o PanchromaÊ PLA (https://shop.polymaker.com/) 

 

https://shop.polymaker.com/
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All 3D printer files are available in the OpenCTD GitHub repository: 

https://github.com/OceanographyforEveryone/OpenCTD/tree/main/Hardware/3DPrints  

 

Once the sensor baseplate is printed, use a deburring tool or some sandpaper to round off all the 

edges on both top and bottom as well as inside of each hole. Test fit each sensor. Sensors, 

especially the pressure sensor, should fit snuggly inside of their respective hole and the entire 

baseplate should fit tightly into a 2ò PVC pipe. 

 

The electronics chassis can be printed without supports. Test fit the two halves of the main body 

to ensure that they slot together firmly. Test fit the cap of the electronics chassis to ensure that it 

fits snugly.  

 

 
Figure 15: 3D-Printed chassis for OpenCTD. 

 

Assemble the PowerSquid 

 

PowerSquid is our name for the OpenCTD Rev8 control unit once it is housed in its protective 

chassis. The chassis comes in three parts, two long body pieces and one cap. This chassis will 

protect the control unit from drips, bumps, and knocks, but not from full submersion in seawater. 

A small notch in the cap allows you to access the power switch to turn the OpenCTD on and off.  

1. Reconnect all cables leading to the sensor package. 

 

https://github.com/OceanographyforEveryone/OpenCTD/tree/main/Hardware/3DPrints
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2. Fold the extra wiring from the Atlas EZO Carrier Board and place the control unit in 

the bottom chassis piece so that the excess cable rest in the long, rectangular slot. The 

sensors should exit from the end with the large oval hole.  

 

3. Place the top chassis piece on top of the control unit, making sure that the edges align. 

Use electrical tape or rubber bands to secure the two pieces. 

 

4. Place the cap on the open end of the chassis assembly. It should fit snugly and remain 

in place.  

 

5. Turn on the OpenCTD and confirm that it is reading all sensors.  
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Cutting the PVC Housing 

 

The OpenCTD housing is comprised of a single piece of schedule-40 2ò PVC pipe. Notches or 

holes cut in the bottom allow water to flow over the sensors while protecting them from impacts 

and entanglement. The sensor end will be sealed with high sheer-strength epoxy, allowing 

sensors to pass through the housing while preventing water from entering and damaging the 

electronics. The open end is sealed with an off-the-shelf pressure test cap designed for plumbers. 

When cutting and preparing the PVC, take care not to damage the inner surface where the test 

cap O-ring will seat against the PVC wall. (Note: because US-based plumbing supplies are 

generally measured in Imperial units, where off-the-shelf parts are used, we will use the 

measurement standard provided by the manufacturer.) 

 

Using the router jig 

 

The router jigs are designed to be used with a c-clamp and small bench router. We do not 

recommend attempting to route the housing notches freehand. We recommend using a ıò 

compression cut template bit.  

 
Figure 16. Bench router with PVC pipes and router jig.  
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1. Cut a 12ò section of PVC pipe. Deburr the edges around each cut with a knife, 

sandpaper, or deburring tool.  

 

2. Insert the router jig labeled RouterJigForHousing1.3mf into one end of the clean and 

evenly cut PVC pipe. Secure with a c-clamp. Make sure that c-clamp doesnôt come in 

contact with the router bit during routing.  

 

 
Figure 17. Router jig inserted into PVC piope and secured with c-clamp.  
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3. Route the first of three notches in the PCV pipe, going slowly. Make sure that the router 

bit does not contact the c-clamp.  

 

 
Figure 18. The first notch routed into the PCV pipe.  

 

4. Clean up your work surface. Remove the first router jig and insert the jig labelled 

RouterJigForHousing2.3mf int the base of the PVC pipe such that the notch projection 

slides into the notch that you just routed. Secure with a c-clamp and route the notch, 

taking care to go slowly and not let the route bit contact the c-clamp.   
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Figure 19. The second router jig inserted into the PVC pipe and secured with a c-clamp.  

5. Route the third notch using the same jig with the notch projection slotted into the second 

notch. Secure with a c-clamp and route the notch, taking care to go slowly and not let the 

route bit contact the c-clamp.   

 

6. Remove the jig and clean up your workspace. You should now have an OpenCTD 

housing with three clean notches routed into the base. With a vacuum or blower, collect 

any stray pieces of PVC and dispose of safely.  

 

7. Lightly sand the inside bottom of the tube, just above where you cut the slots or 

holes. This will provide a good surface for the epoxy to adhere to.  
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Figure 20. Completed PVC housing made on a router table.  

 

If you donôt have a router table 

 

If you donôt have access to a router table, you can cut notches using a drill with a 1ò bit 

and a jigsaw or handsaw. It wonôt look as pretty, but it will work just fine. Depending on 

how you intend to use your OpenCTD, you may not need notches at all, or you can 

simply drill holes in the base to allow water flow without cutting full notches.  
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Figure 21. 12" PVC pipe (A) with notches cut at the base (B). 

 

Though seemingly simple, this set-up has several advantages. Underwater housings are 

notoriously expensive. Using a PVC pipe instead of a conventional housing with sealed 

mechanical pass-throughs is the single largest cost-saving step in the entire CTD construction 

process. This allows us to keep costs down without compromising on sensor quality.  

For instruments that are deployed in high-traffic areas long-term, there is also a benefit in having 

an oceanographic instrument that appears ñcheapò. It will be far less likely to be interfered with 

by curious passersby.  
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Building the Sensor Package 

 

Itôs time to create a waterproof pass through for all of your OpenCTD probes. To build the 

sensor package, first disconnect the temperature, pressure, and conductivity sensors from the 

carrier board.  

 

Pot the Pressure Sensor 

 

The 3D printed baseplate provides a template for accurately aligning all five sensors as well as 

an end-stop to prevent epoxy from leaking out during potting. The pressure sensor sits in the 

center of the template and fits snuggly into the central hole. This sensor will be potted first with 

2-ton instant epoxy to protect the circuits before the full sensor assembly is sealed. Be extremely 

careful not to get any epoxy on the gel of the pressure sensor.  

 

1. Seat the pressure sensor into the central hole on the side with the large square 

indentation and ensure that the actual sensor sits flush with the bottom face of 

the baseplate. Do not apply too much pressure to the sensor housing or the 

metal ring that contains the gel cap can become detached. If this happens, 

the sensor cannot be repaired. If the sensor will not seat into the baseplate, use 

a knife, deburring tool, or other cutting instrument to slightly widen the 

opening until the sensor seats. Do not force it in, it should be a snug but 

comfortable fit that will hold in the epoxy applied in step 2.   

 

2. Once the sensor is correctly seated, apply enough instant epoxy to fill the 

entire central rectangular indentation. The epoxy will settle during pouring as 

it flows under the circuit board.  

 

3. Carefully check that no epoxy is leaking out through the central hole.  

 

 
Figure 22: SparkFun MS5803-14BA Pressure Sensor Breakout potted in Epoxy. Topside view on right, underside on left. Note, 

image from Rev7 OpenCTD, baseplate for Rev8 OpenCTD only has 3 through-holes. 
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4. Let the assembly sit for a 10 to 20 minutes to allow the epoxy to set. 

 

5. Once the epoxy has set, insert the PT1000 temperature probe into the smaller 

of the two holes such that 1.5 to 2 cm extends out of the bottom of the 

baseplate.  

 

6. Insert the conductivity probe into the large hole such that 1.5 to 2 cm extends 

out of the bottom of the baseplate. If the probe will not seat into the baseplate, 

use a knife, deburring tool, or other cutting instrument to slightly widen the 

opening until the sensor seats. It will be a very snug fit.  

 

Pot the OpenCTD 

 

It is time to permanently seal the base of the OpenCTD. Once the epoxy has been mixed and 

injected, it is essential that you do not move or disturb the housing until the E/A120-HP epoxy 

cures. Within the first 20 minutes, you may gently lift the housing vertically to check that no 

epoxy is leaking out the bottom. Do not submerge the OpenCTD until the epoxy has cured for at 

least 24 hours.  

 

1. Ensure that you can slide the sensor baseplate up into the bottom of the CTD 

so that it sits just above the flow-through holes or notches with the sensors 

protruding out the bottom but protected by the housing. If the fit is too tight, 

use a deburring tool to knock down the edges of the 3D-printed parts.  

 

2. Push the baseplate into the housing such that the sensors sit slightly back from 

the rim of the PVC pipe and baseplate clears any notches cut in the sides of 

the pipe.  

 

3. Reconnect all the sensors to the carrier board and double check that all three 

probes are still reading.  

 

4. Ensure that the inside of the PVC pipe is clean and free of obstruction.  

 

ENSURE EVERYTHING IS SET CORRECTLY 

BEFORE PROCEEDING TO THE NEXT STEP.  

 

5. Using the 50mL cartridge gun and venturi mixing nozzle, inject the full 50mL 

of 2-part epoxy into the OpenCTD housing.  

 

6. Check to ensure that nothing is leaking and let the epoxy cure undisturbed for 

up to 24 hours. We have generally found that an overnight cure is sufficient 

for testing at the surface.  
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Figure 23. A clear OpenCTD showing the thick epoxy potting layer.  
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Calibration and Data Management 
 

One of the most significant challenges with any open-source science hardware is calibration. 

Commercial CTDs often require expensive service contracts in order to maintain data quality. 

The OpenCTD is designed to ensure that the end user is capable of calibrating and maintaining 

their own equipment, independent of any manufacturer.   

 

While comprehensive validation of the OpenCTD requires access to professionally calibrated 

instruments maintained in a controlled environment, it is not necessary to do a full validation test 

for every instrument. This level of validation is for those for whom a high degree of confidence 

and extreme precision are needed. For environmental monitoring, conservation, ecology, 

management, and most other use cases, an OpenCTD calibrated against salinity standards and 

general-purpose temperature sensors is adequate.  

 

As the community grows, validated OpenCTDs can be used to benchmark newly built 

instruments. 

 

A Microsoft Excel and Google Sheet template is available in the OpenCTD GitHub repository. 

This template will take raw data from the OpenCTD and make the necessary conversions to 

create human-readable water column profiles. 

 

Pressure (Depth) 

 

The OpenCTD uses the MS5803 14-bar pressure sensitive chip from Measurement Specialties 

designed for SCUBA dive watches and depth gauges. This chip contains a pressure sensitive 

resistor embedded in a gel matrix. The pressure sensor is rated to 140 meters depth. A 30-bar 

chip, which can double the operating depth of the OpenCTD, is also available, though requires 

additional customization.  

 

 
Figure 24. Pressure sensor error versus ambient pressure and temperature for the MS5803-14BA pressure sensor. Provided by 

manufacturer. 
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The MS5803 is a factory-calibrated pressure sensor capable of outputting absolute pressure up to 

0.2 millibar resolution. No additional calibration is needed by the user. The pressure sensor 

outputs absolute pressure. At sea level, the average standard atmospheric pressure is 1013.25 

mbar, though local weather and small changes in altitude will affect this baseline. To convert 

pressure in millibars to depth in meters, use the following equation: 

 

D = (P(DEPTH) - P(SURFACE) *  100) / (G *  1000) 
 

Where D is depth in meters; P(DEPTH) is the pressure (in millibars) at depth); P(SURFACE) is the 

pressure at the surface in millibars; and G is acceleration due to gravity, which for most field 

purposes can be assumed as 9.81 m/s2 (Fofonoff and Millard Jr, 1983). For high-accuracy and 

high-resolution commercial CTDs, the latitudinal variation in gravity is considered in the 

pressure-to-depth conversion as these sensors often offer sub-centimeter accuracy. 

 

For extra accuracy, use the absolute pressure at the surface of the water at the time of 

deployment by taking the last pressure reading before the conductivity probe contacted the water 

for P(SURFACE). For deployments in alpine lakes and other high-altitude environments, be aware 

that surface pressure may be significantly less than 1013.25 mbar.  

 

Temperature 

 

The OpenCTD Rev8 uses a platinum PT1000 temperature sensor potted in a stainless-steel 

cladding. The sensor has an operating range of -50 to 280oC. It is a Class B temperature sensor 

designed for industrial use. The advertised accuracy is ±0.3oC, however, in field trials, we have 

seen accuracy consistently as low as ±0.1oC.  

 

Thermal time constant is a measurement of how quickly the thermistor responds to changes in 

ambient temperature. It is expressed as the time it takes for a thermistor to cool to 63.2% of the 

total difference between a stable high temperature and a stable low temperature. We determined 

the thermal time constant for these PT1000 temperature sensors at less than 1 second, though it 

varies depending on the length of exposed stainless steel cladding.  

 

The PT1000 temperature sensor and MAX31865 is self-calibrating based on the resistance 

between the two positive leads and the internal resistance on the amplifier.  Calibration can drift 

as the instrument ages. We recommend checking temperature calibration at the beginning of each 

expedition or once per year. When calibration drifts, a linear offset can generally be applied to 

correct for changes.  
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Conductivity (Salinity) 

 

The OpenCTD uses a graphite conductivity probe manufactured by Atlas Scientific. Electrical 

conductivity probes are relatively simple devices consisting of two electrodes of known surface 

area and known distance from each other. As conductive fluid passes between the two electrodes, 

they measure the resistance of the liquid. The Atlas probe has a response time of 90% within 1 

second, a 343-meter maximum operating depth, and a 1 to 110oC temperature range. The K 1.0 

probes can measure conductivity from 5 to 200,000 µS/cm.  

 

Salinity is derived following the formulas outlined by the 1978 Practical Salinity Scale (Lewis, 

1980). Temperature and pressure are integral parts of this calculation, and as such it is 

recommended that the user use this method for determining salinity instead of using the salinity 

value derived by the Atlas-Scientific conductivity circuit.  The accuracy of the calculated salinity 

value ultimately depends on the accuracy of each individual sensor.  

 

 
Figure 25. Accuracy of Atlas Scientific K 1.0 Conductivity Probe and EZO circuit. Data 

provided by Atlas Scientific. 

 

The conductivity circuit requires a two-point calibration using solutions with a known and 

precise conductivity. Calibration solutions can be pre-mixed or ordered from a scientific 

supplier. Atlas Scientific sells a set of calibration standards for their probes. Most calibration 

standards are designed to be used at 25oC but the Atlas EZO-EC conductivity circuit also allows 

for temperature compensation if maintaining a stable 25oC temperature is not possible. While 

any clean glass or plastic container can be used to hold the conductivity solution standards, we 

recommend a small probe storage bottle to contain the fluid and minimize waste.  

 

Do not return the conductivity solution to the original bottle once it has been used.  

 

In order to clean the conductivity probe and whatever containers you are using to hold the 

conductivity solution between steps in the calibration process, you will need a source of either 

distilled water or water filtered through reverse osmosis. Distilled water is readily available in 
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most grocery stores. Reverse osmosis is often used to purify drinking water from seawater and 

RO machines are often found on oceangoing vessels as well as ground wells. Aquafina brand 

bottled water is produced using reverse osmosis and has no added minerals, making this brand a 

cheap source of RO water.  

 

We have developed a simple system for establishing a controlled, thermally stable environment 

for the calibration process that used the hot bed of a low-cost 3D printer, coupled with a 

Styrofoam cooler, and a large ceramic thermal mass. A few hours before calibration, set the 

heated bed of the 3D printer to 25oC.  

 

Find the largest thermal mass available that the OpenCTD housing can fit inside (a heavy coffee 

mug works well) and place it on the heated bed of the printer. If you cannot maintain a 

thermostable environment, you can create a cheap isolation chamber by cutting a hole in the 

bottom of a Styrofoam cooler large enough for the OpenCTD housing to fit snuggly inside. Place 

the inverted cooler on top of the 3D printerôs heated bed such that the OpenCTD can be inserted 

through the hole and sit inside the thermal mass.  

 

 
Figure 26. OpenCTD mounted inside a Styrofoam cooler on top of a 3D printer heat bed in order to maintain an 

ambient 25oC temperature. Photo by Allie Wilkinson. 
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When you are ready to calibrate your OpenCTD, insert it into a coffee mug or other thermal 

mass, and allow it to reach equilibrium.  

 

Two-point calibration is facilitated using Serial_for_EC_Calibration_m0.ino 

(https://github.com/OceanographyforEveryone/OpenCTD/tree/main/Software/Support/Serial_for

_EC_Calibration_m0) found in the OpenCTD GitHub repository. If only a single calibration 

standard is available, one-point calibration is possible, but not recommended. You can monitor 

the temperature probe through the  calibration software. 

 

1. With the control unit powered on and connected to the sensors, upload 

Serial_for_EC_Calibration_m0.ino to the Adalogger M0. Make sure that the 

battery is on, as the voltage differential between USB and battery power may 

affect calibration.  

 

2. Open the serial monitor through the Arduino IDE. Make sure the dropdown 

menus in the serial monitor are set to ñCarriage returnò and ñ9600 baudò. You 

should see a message with EC Board Info, a note to review this guide, and a 

reference list of useful commands.  

 

3. Type k,? in the command line and hit enter. This will tell you what the K-

value of you probe is set to. It should be set to K=1.0 for most use cases. 

 

a. If the K-value is something other than 1.0 type k,x (where x is the new 

K-value of the probe) in the command line and hit enter. This is useful 

if your EZO-EC conductivity circuit reads the incorrect K-value or if 

you are building an OpenCTD for freshwater deployments using a K 

0.1 probe. If there is an error transmitting the command, the serial 

monitor will  report *ER and you should send the command again.  

 

4. To check whether the probe has been previously calibrated type cal,? in the 

command line and hit enter. If it reads ?CAL,0 the probe has not been 

calibrated.  

 

5. Type cal,clear and hit enter to clear the previous calibration. It is good 

practice to send this command even if the circuit reports back that it has not 

been calibrated. If there is an error transmitting the command, the serial 

monitor will report *ER and you should send the command again. 

 

6. With the probe dry (be sure there is absolutely no water on the electrodes) 

enter cal,dry in the command line and hit enter. This will dry calibrate the 

probe. If there is an error transmitting the command, the serial monitor will 

report *ER and you should send the command again. 

 

https://github.com/OceanographyforEveryone/OpenCTD/tree/main/Software/Support/Serial_for_EC_Calibration_m0
https://github.com/OceanographyforEveryone/OpenCTD/tree/main/Software/Support/Serial_for_EC_Calibration_m0











































