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Introduction

The ocean belongs to everyon&he tools to study the ocean should be accessible to anyone
with the curiosity and motivation to pursue that inquiry.

There is something radicabout making and using your own scientific instrumente
structure of scientific inquiry has coales@dund a model that isoth expensive and exclusive
This centralizes knowledge production viitla circle of individuals, organizations, and
institutionsthatrarelyreflectthe breadtlof identities, experiences, amdys of knowingof

those most directly connected to filacesbeing explored

By building your owninstrumentgo study and understand the natural wollg taking

ownership over the tools stientific inquiry you contribute to expandirtis circle of

knowledge productiorA scientist who can make their own instruments is not beholden to the
cycles of fundingand access that pervade fornmgjuiry. A researchewho canrepair their own
equipmenis not dependent on the exgranging wing of academic sentiment to decide what is
and is not worthy of studyA community leader who has the toolsgenerateheir own data

does not have to wait fanstitutions toprioritize an emergingrisis beforgaking action

You dondét need to ask for permission to under

Nowhere is thisnequality of access more pronounced than in the ocean sciences, where all but a
few entities have the capital to moumé&jor oceanographic research campaigwenlocalized

coastal research can be stymied by the need for vessels, equipmémtrantens, access to

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

changes happening both at the surface and beneath theagagbsatedarries that preclude

the participation of ocean stakeholdfmther erods our potential to understand, anticipate, and
adapt tahose 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
observergSverdrup et al., 1942By measuring salinity, temperature, and dektiowledge
seekersanunlock ocean patterns hidden beneath the sea's surface. To reveal these patterns,
oceanographers use a Cd [an instrument that measuramnductivity (Used to calculate

salinity), temperature, and absolute pressure (useéterminevaterdepth; 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 ctar: the CTDizzle opesource CTD by lan Black; bottom right: a YSI Castaway affixed to an
OpenROV 2.3 (Sofddcean).

CTDs come in a variety of shapes, sizes, and applications. Most oceanogeapaictvessels
have a CTD connected to a rosgt&tform whichhousesther instruments and collsavater
samples in parallel with reéime data. CTDs are also commonly attachefikexl moorings,
autonomous underwater vehicles (AUVs), remaperated vehicles (ROVs), arah occasion
marine animalg¢Hooker and Boyd, 2003)

Commercial CTDs are expensive, wihenthe most affordablenodels costingeveral thousand
dollars Many contemporarinstrumentatiorcompanies nowisea subscriptioomodel,locking

data analgis and support behind a paylvadding yetanother cost-or nearshore
oceanographic research on the continental shelf, where the water depth rarely exceeds 200
meters thiscostcan be prohibitiveThe expense of the CTi® a barriefto-entry for formal and
informal researchers working with limited budgets, including scientists lfsamand middle
income countries and small island states, as welitiden oceanographers, environmental
educatorsgonservation and management practitionens, students of all levels interested in
understanding their local coasts and waterways.

Climate change, ocean acidification, and sea levetrestean urgent need for extensive
measurements of oceanographic conditions both globally and I¢8&immmer et al., 2016;
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Stephen et al., 2016t the same time, government funding at both state and federal levels for
climate change research can be unreliable, if not whollyexastent. This creates a pressing
demandor low-cost alternatives to common scientific instruments that allow formal researchers
to stretch the impact of extant funding while simultaneoasbblinginformal researchers (such

as environmental monitoring organizations and-gonernmental organizations, as well as
concerned community members) to contribute watelity measurements

The OpenCTD is a lowost, opersource CTDdesignedntentionallyfor budgetrestricted

scientists, educators, and researchenking in nearshore coastal ecosystems, where entire
research projects can be conducted for less than the cost of a commerc{dh@lED 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 throughanke retailers.

The OpenCTD iduilt by the eneuser, providing both access to the tools of oceanography
well asthe skills to maintaincalibrate repair, and replace OpenCTD=r scientists working in
remote settings, where commeraigintenanceolutions may be neaxistentthe capacity to
repair the OpenCTIh-house provides an extra buffer against equipment fafiareeducators
looking for nove] handson STEM experience for advantstudents, building an OpenCTD
offers an introduction to coding3D-printing, hardware prototypingnd electronics
Construction of an OpenCTprovides a practicalfoundation for courses in oceanogramyl
marine orenvironmental science

Skill Building

Though building an OpenCTDrequsre a vari ety of skills, you don
soldering electronics or coding Constructing an OpenCTprovidesthefoundation for
developingthesehardware and software skillg/ith a fewhours of practice, you calearnthe
technguesnecessaryo build andoperateyour ownOpenCTD.

For absolute beginnerlsrecommendvorking throughSo | der i ng | BlowHaDBoyt: Her e
by Mitch Altman, Andie Nordgren, and Jeff Keyzaihich is an accessible and approachable
introduction tosoldering fundamentals

1T Sol dering is Easy: Herebdbs How To Do I1t:
mightyohm.com/files/soldercomic/FullSolderComic_EN.pdf

Arduino is a coding environmebtilt on C/C++ and designed for flexibility and ease of, loss
it canseem daunting to firdtme users. Practicallyhe OpenCTD source codeasmplete and
most users wilbnly need to makemallalterations t@® lines of code during assembly and
testing but it ishelpfulto understand what the software is doi@glibrationandtroubleshooting
will require users to load different programs onto the completed Openi€y&u want to add
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new sensors, changethea mp|l i ng rate, or simply alter the

be comfortablenaking modifications to the source code.

Basic familiarity with the ArduindntegratedDevelopment EnvironmertDE) is essential.
Environmental Monitoring with Arduino: Building Simple Devices to Collect Data About
the World Around Us is ashort, easy to understaritdough datedntroduction to the Arduino
ecosystemand will provide you withmanyideas for expanding youoolboxof opensource
environmental sensors.

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

Project Statuand Compatibility

OpenCTDis stablgas 0f6/21/2023) on theATSAMD21G18 ARM Cortex MO processor
Constructiorworkflow, as well as pinouts, bdbf material, anaperation are designed around
the Adafruit Adalogger MO. Adjustments may need to be made to asaftter MGbased
microcontrollers.

An older version of OpenCTI3 stable on thATMEGA32U4processor common to many
Arduino systemsConstruction workflow, as well as pinouts, bill of materials, and operation
weredesigned around thH@duino Mini. Adjustments may need to be made to adapt to other
ATMEGA32U4-based microcontroller3his version is no longer supportdalit is archived
here:https://github.com/OceanographyforEveryone/OpenCTD/tree/main/Retired
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Materials Tools, and Consumables

Theapproach to designing the OpenCTD focuses on accessibidth accessibility of the
components and the relative ease of construciibagoal is that any user should be able to
source the parts and tools necessary to build their own OpenCTD witreding to rely on
custom manufacturing or highly volatile smb#tch producerd’he number ohonstandard
partsare kepto a minimum and, when unavoidabdéeurced frommanufacturers with a long
history of consistent qualityvho 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, SparkiigjKey, Amazon, or AliExpresas well as local
hardware storesvith the exception of the OpenCTD Carrier Bodény components can also
be purchased directly through theupplieror sourced through auction sit@slower cost
Quiality across suppliers for masimponentss generally consistent

Some parts, such as resistors and capacitorshaggbut hard to source individually.
A ntroductionto electronics'type kits, which include many standard resistors and capacitors in
smallbatchedend to be the most economical choice

Raw, calibratecbsolutepressure senseare availablen both 14Bar and 3éBar modulesrom
several vendor$’ressuresensor breakout boardseavailable from a variety of manufacturers
andinstructions for building your own pressure sensor from principalponentss provided in
AppendixA.

While a Bill of Materials withrecommended partsd their suppliers provided these are not
necessarily the least expensive opiand prics can vary significantly depending docal

availability andthe numbepf units being builtPart 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 matepab-date. If you find any
discrepancies, please conttet OpenCTD team througiteanographfpreveryone.co.

When availablean AmazonAffiliate link is providedto purchase&eomponentsThe OpenCTD
project ges a small kickback when you buy a component through those links, whichdffset
the cost of development and testing for the OpenOTixs is,however, noan endorsement of
Amazonand usersire encouragei seek out locaduppliers and small businesseserever
possible.
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OpenCTD Rev8 Parts Checklist

Hereyou willfindev er yt hi ng you need to build an OpenCT

into each sectionf the manual and list each componehereit appears in the build process for
the first time We have intentionally put the Bill of Merials at the end of thew manutal
encourage you tread the whole document before buying p@senCTD Rev8 kits are
available through our online store attps://oceanographyforeveryone.bigcartel.com/

Prepare the Adalogger MO

o Adalogger MO (with male headers)
o MicroSD Card
o USB (micro) cable

Prepare the Carrier Board

o0 OpenROV Rev8 Carrier Board

Female headers for Adalogger MO {fid and 16pin)

Female headers for DS3231 RTCpi8)

Male headers for Electrically Isolated EZO Carrier Boar@i(B
2-position switch

Female headers for MAX31865T 1000temperature amplifier (®in)
10 kOhm resistor (2)

4-pin JST header

O OO0 OO0 O0Oo

Prepare the RealTime Clock

0 DS3231 Reallime Clock (with male headers)
o CR1220 coin cell battery

Prepare the MAX31865 PT1000Temperature Amplifier

0 MAX31865PT1000temperature amplifier (with male headers)
0 3-pin JST SM connector (male)

Assemble the Control Unit

10mm standoff (3)

2.5mm nylon screws (6)

Atlas Ezo Conductivity Circuit

Electrically Isolated EZO Carrier Board (with metal standoffs and screws)
5-pin femaleto-female jumper wire

O OO O0oOo

Powering the OpenCTD
0 3.7v 400mAnh lithiurmmion battery
Prepare thePT1000Temperature Probe
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o PT1000temperature probe
0 3-pin JST SM connector (female)
0 Solder seal wire connectors (3)

Prepare the Sparkfun Pressure Sensor

o Sparkfun Pressure Sensor Breakout Board
o0 20-cm long 22gauge stranded wire (4)

0 4-pin JST connector

0 Solder seal wire connectai4)

Prepare the Atlas Conductivity Sensor
o0 Atlas K1.0 Conductivity Probe
3D-printing (these are the parts you will 3D print yourself)

0 Sensor Baseplate
Electronic Chassis Bottom
Electronic Chassis Top
Electronic Chassis Cap
Router Jig 1

Router Jig 2

o Test Cap Tightening Handle

O OO OO

Cutting the PVC Housing

0 120 schedule 40 PVC Pipe
Pot the Pressure Sensor

0 2-ton instant epoxy
Potting the OpenCTD

o E/A120HP 2part epoxy
0 Long Taper Tip Nozzle with Bayonet Connection for TRart Cartridge

Final Preparation and First Deployment

0 20 hose clamp (2)
o Short length of Polypro rope (2)
0 20 plumbers test <cap

Calibration

o0 K 1.0 Calibration Standard

OpenCTD Construction and Operatieri2



Toolsand Consumables

A basic soldering kits sufficient for assemblySeveral components require a 3D printer

Tools for general electronics workflush cuttersyire strippes, soldering ironsolder tip
cleanerhelping handsneedlenosed pliers, utility knife, heat guprecision screwdrivers
Consumables for general electronics workleadfree solder, electrical tape

Tools for 3D printing: 3D printer, deburring toadr utility knife.
Consumables for 3D printing: PLA Filament.

Tools for housing and adhesionHand saw or PVC pipe cuttet,r i | | wi t h 10
jig, Epoxy gunfor 50ml cartridges
Consumables for housing and adhesiorsandpaper

Tools for Arduino programming : Computer capable of running Arduino IDE

A note on Epoxies and Glues:

We recommend Loctite Hysol E120HP.Epoxies with similacharacteristicenay be
acceptable replacemen®e have tested several different epoxies and glues to ensu
generally wide variety of options for sourcirkigr smaller pplications, such gsotting
the pressure sensove use atandardb-minutemarineepoxy.

Hysol EA-9OFL and EAE-120HPhave been extensively tested in OpenCTDs as well

in other marine hardware, however it is not always easy to source. Othpativo
epoxies can also be used for building the sensortpasgh, provided they have a
minimum sheer strength of 900 PSI and a medium viscosity rating. Tests with Hysc
60HPresulted in consistent failures aBebOHP as well agpoxieswith similar
characteristics, particulgrthose with highviscosity, should be avoided.

Any 5-minute maringgradeepoxy is acceptable for sealing the pressure sensor.

Andrewbs Tool kit
Sometimes it is nice to have a list of tried and tested tools isthecingeverything yourself.
The following are the toolsiAn d r e w  Ppensanial ©peaGTD toolkéndhis preferred

consumablesThoughthesemay notrepresenthe best tools for youneedsthis kit has been
used tareliably develop and construbundredof OpenCTDsat workshops around the world
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Since Andrewruns a fabrication studiinvolved in multiple projects, in several cases these tools
may beexcessive

Soldering Irons (Y es,he haghree ironseach of which is useful in different circumstanoksy
of them can be used to complete ¢mtire assemblyThe PINECIL is the best soldering iron for
most applications

T

T

l

T

For benchtop work with reliable power: Hakko FX888D23BY Digital Soldering

Station(https://amzn.to/3vCWNJj

For field work with limited power accessHakko FX-901/P Cordless Soldering Iron

(https://amzn.to/30Uz62Pr

For workshops, small spaces, or wherdSB-C power supplies are preferable
PINECILT Smart Mini Portable Soldering Irqhttps://pine64.com/product/pinecil
smartmini-portablesolderingiron/). Requires a high wattage USB power supply like
this one:Anker Nano USB C Chargénttps://amzn.to/4o0lBm7d

Solder Tip Cleaner: Hakko 599B02 Wiretype soldering iron tip cleaner

(https://amzn.to/38RF0§S

Helping Hands. KOTTO Helping Hands Solderingtand(https://amzn.to/38PSel)6

Hand Tools (for both electronics and housing assembly):

=

Flush cut pliers: 17011 Micro-Shear Flush Cuttdnhttps://amzn.to/3bYQPMp
Wire strippers: Stanley Hand Tools 8213 Wire Stripperl{ttps://amzn.to/30URWID
Needlenosed pliers:Stanley 84096 5Inch Needle Nose Plier

(https://amzn.to/3eS8cAD

Utility knife: OLFA 1075449 XAl 9mm Fiberglass Rubber Grip Utility Knife

(https://amzn.to/3cOIxpv

Epoxy gun: 3M 08190 Performance Manual Applicator for 50 ml Cartridges
(https://amzn.to/3twpOWJNote: whenAndrewbought thisapplicator,it was still under
patent and the only version availabl e. It
now several much less expensive clones on the market that ghdidektlyfine.

Power Tools(these are albverpoweredor the job, but are common in most machine shops,
maker spacesind maintenance facilities and will make housing assembly faster and more
consistent):

= =4 -4 A

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

1-inch spade bit:Irwin Tools 1764345 Short SpadetBI' (https://amzn.to/3tuSdwn

Router: PORTERCABLE 690Lr Router 13/4Hp (https://amzn.to/3eNJAOK

Milwaukee M12 12Volt Cordless PVC Shear (hitps://amzn.to/44eDxFc 1 f youbr e
planning on making several dozen OpenCTDs, this pipe shear, while expensive, will save

you significant time and reduce P\Waste
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1 Chop saw:The sliding compound miter safandrewuses is no longer in production, but
pretty much any standard chop/miter saw willeshal, in a pinch, a handsaw works just
fine.

3D Printing (Pretty much any 3D printer will work, howevémdrewconduceda review of

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

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/thaestfor-the-besttough3d-printer
for-under200-our-final-recommendation}/

1 3D Printer: Creality Ender3 3D Printer(https://amzn.to/2QdtIfyr
1 Deburring tool: General Tools 484 Swivel Head Deburring Tool Kit
(https://amzn.to/3eThJY8

Programming:

1 Computer: Any modern PC, Mac, or Chromebook can run the Arduino IDE. For users
who may not be able fastall software on their computer, Arduino also provides aweb
based IDE.

Consumables:

PLA Filament: PolyTerr& PLA (https://us.polymaker.com/products/polytepia)

L eadfree solder. Lead Free Solder Wirgattps://amzn.to/40Co63K

Electrical tape: 3M Scotch #35 Electrical Tagettps://amzn.to/20eA9)S
22-gaugesilicone wire 22 Gauge Silicone Wire K{tttps://amzn.to/3CNOF)z
Sandpaper 3M Garnet Sandpaper;l8ch by 1%inch, AssorteeGrit
(https://amzn.to/3vCfaQ)9

2-part adhesive epoxy Loctite E120FL Hysol Epoxy(https://amzn.to/315kQ6NV
Five-minute epoxy. Loctite Epoxy Five Minute Instant Migttps://amzn.to/3tuKM8)p

= =2 =4 A -1

=

=
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Safety

ATher enoreismmpmor t ant rule than to wear saf

Norm Abrams

There are only fewpotential hazards while workinan the OpenCTD. Soldering involves both
a hot soldering iron anfdimes produced from burning solder. Potting the sensors involves the
use of a Zoart chemical epoxy whiatan bond with skinTrimming wires may produce small
metalprojectiles which cadamage the ey&Vorking near water presents a drowning .risk of
these hazards can be mitigated with basic safety protocols and proper protective equipment.

Whattoolswill | encounter?

Construction of the OpenCTD requires only basic hand tools, aasvelectronic tools
associated with soldering. If you are constructing a PVC housingnight also use power

tools, including a miter saw, a jig saw, a drill, a PVC cutteg muter.For workshopsvith
primary school studentsve recommend that the instrucpepare the PVC housing in advance,
as this process is messgquireshe 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 toolsyh at you arendt wearing is as 1in
wearing. Avoid glovesr neckties, as well as anything with long cords, especially hoodies with
drawstrings. Theseords 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 2 degree burngnly 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 usaVhenever hot irons are in us#her 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 soldag.

The heat gun used for melting heat shrink tubing can also get very hot. Be aislecation
and never touch the exposed metal portion.
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Soldering produces fumes. We recommend using afteadsolder talramatically reduce the
presence of harmful fumes. In a wedintilated environment using leéke 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 afnay your person.

When trimming pin®n the control boardr othercomponentsthe snipped ends tend to fhyf.

This can be avoided by placing a finger over the end about the be snipped to prevent it from
launching into the air. Some higdmd flush cutters have a small magnet to prevent fly aways.
When trimming pins, wear safety glasses and be awarbofs around you.

Whatchemicals will | encounter?

TheOpenCTD is potted using two different kinds e$tage epoxy. The epoxy usedstal the
pressure sensor into the baseplate is athef§helf 2ton epoxy commonly found in hardware

stores. Thénigh-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 clathesdiately flush with warm

water.

General Safety

You will use sharp tools during the build process. Always be aware diladgs or cutting
implements and store them appropriateher® andflush cutters can pinchnd break the skin
Always treat youtools with respect.

Whenworking on the watenyvear a US Coast Gua(dr other relevant agenapproved life
jacket.

Lithium Polymer Batteries

The lithium polymer pouch batteries used in the OpenCTD are generally safe and stable when
stored and handled appropriatdlythe event that a battery is punctulgda tool or

inadvertently heated to extreme temperatures by a soldering iron, remove the battery from the
classroom immediately and place outside on a concrete sorféiceresistant 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 OpenCTAL.its core is arAdalogger MQ an SAMD-based
microcontroller with a built in SD card reader. When paired with a-Riea¢ Clock (RTC), this

will allow the user to log timestamped data that can be extracted by any microSD card reader.
The Adalogger MO is connected to a conductivity ciremid temperature amplifier through the
custom carrier board.

Before beginningfamiliarize 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 significaon frustrat
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, ugo-date libraries and thatefOpenCTD code compiles on your computer.

Arduino provides an online development environment if you cannot install software on your
personal computehttps://create.arduino.cc/

Adalogger MQOSoftware and Libraries

The Adafruit MO 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 M0Oto confirm thathe microcontroller is functioning and your Arduino IDE is-8pt
correctly. Ensuringha the microcontroller works with the OpenCTD firmwdirst will

dramatically simplify any troubleshooting, later.

To prepare your computer to talk to the MO Adalogger, download and install Arduino IDE
(https://www.arduino.cc/en/Main/Softwgreyou 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 visitps://learn.adafruit.com/adafrifgatherm0-
adalogger/setufPlease 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 documentatiare hosted on GitHulésitHub can seem daunting

new usersAt 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
organi zed into repositories (réngdopuments)data hat co
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 coute.

1. Launch Arduino IDE.
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2. Underpreferencesin theFile menu(on AppleComputersthis in under the
Arduinomenu) add the following URL to the AAdc
URLso field:
https://adafruit.github.io/arduinboardindex/package adafruit_index.json

3. Click AOkO an doolshRoard >nBaards Nlandager t o

4. InBoardsManaget sear ch for
l'i brary. Now search f
well. This may take a while.

o

Ad
r

ot

fruit SAMD Board
Ardui no SAMD Boa
5. Restart Arduino IDE.

6. Install the required libraries listed beld®ketch> 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 OpenCR&8and come packaged with
Arduino IDE by default:

Wire. For communicating with 12C 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/Librarifer detailed instructions for installing libraries.

MS5803_14For the MS5803 14Bar pressure sensor.

Adafruit_ MAX31865.h. Allows you to communicate with tHeT1000temperature
amplifier and probe

RTClib. For controlling and reading the Raahe Clock

SoftwareSerial. A modified version of the standard serial monitoring program that works
with SAMD microcontrollers like the Adafruit Feather MO.

Thesedibraries can be downloaded as compressed .zip files from the OpenCTD GitHub
Repository:

https://github.com/OceanographyforEveryone/OpenCTD/tree/main/Software/Support
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Flash the OpenCTD software to the Adalogger

Installthe OpenCTD software on the Adafruit Adalogger @d. someAdaloggers, Adafruit
ships the microcontroller preloaded with both Arduino and Circuit Pythioin 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 thidter you flash the OpenCTD software, the
Adalogger will default to Arduino.

1. Restart Arduino IDEYou should see several new Adafruit options in the
Boardmenu. The Adalogger is an Adafruit Feather MO with an embedded SD
card reader.

2. Sel ect ifAdafr ui t BoRrénsehuh e r MOO from the

3. Connect your Adalogger to your laptop using a mid®B cable. The
necessary drivers should automatically install.

4. Open the OpenCTD_M@R8ino source code in Arduino IDE.

5. UnderTools>Port sel ect the COM port that reads
should autodetect, but doesnét al ways).

6. Click Upload (either the right pointing arrow on the main interface or under
Sketch > Uploa§l The code will compile and upload to the Adalogger.

Once the OpenCTD firmware is flashed to the Adaloggerug®the serial monitom Arduino

IDE to verify thatit is working correctlyWith 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 throughlools > Serial Monitor The software will initialize the SD card reader.

The seri al m oQCuaiid faited, or s1dt prasdnthses anysD ¢ardhe Adalogger
will initialize and then attempt teadthe RealTime Clock and sensors, which will falinplug
the control unit, remove the SD card, and confirm via SD card readantleatpty filewas
createdbn the SD card.

Prepae the AdaloggeMO

The AdaloggeMO0 needsheaders. Headers are the male or female pin assemblies that allow you

to connect and disconnect electroomnponents from a PCBleaders make conpge-cut orin

long strips that need to be cut to length to align with the correct pins cartrexboard. A

Apino refers to any electrical contact point
holes in circuit boards through which wires, headers, and other components will be soldered.
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When placing headers for soldering, the stigins go through the holés the printed circuit
boardand are soldereai the opposite side.

e 2ecececcecoee @

S A
0 HE o]

8$2%000060006066600 &

0000000000000000T

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

1. Slotmaleheaders into the througdtoles on theinderside of thé&dalogger
MO, ensuring that the number of headers matches the number of available pins
(16 on one side, 12 on the oth@Me long header pins should point down
you are using generfleaders, cut them to length with flush cutters so that the
number of posts matches the number of pins on each side.

2. Confirm that theheaderare straight angerpendicular to the face of the
Adalogger.

3. On the top of the Adaloggemlsler the four corner pins, double check that the
headers are straight, and then solder the remaining pins.

4. Using the flush cutter® clean up any protruding solder joints

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

Figure 3: Adafruit MO 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 OpenCTCBréwhe color of the board may va§omeearly

boards may be labelé®penCTD 8x.

EC EC
RX _TX CLK SDOSDI CS SCL SDA

+BATT
000000000000

Hoyiy
aime oy
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MAX31865
Temperature Amplifier
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DOoO00000000000000 /
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Figure4: OpenCTD Carrier Board. Topside of the boaddove, underside of board below

1. Slot female headers on thapsideof 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 MO 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
DS3231and solder thermto place.

4. Slot male headers for th&tlas Electrically Isolated EZO Carrier Boaoh the
undersideof the carrier board in the box labdll5 and solder them into place
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5. Slot the2-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 thdAX31865temperature amplifier on the topside
of the carrier board in the box labeldland solder them into place.

7. Solder 2 10kOhm resistors into the slots on the topside of the carrier board
reservd 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 twanoisture sensors embedded in the control
board, lightly solder to smallblobs onto each of the four pads labeled
Moisture Cutoff, making sure the two adject pads do not connecihis
will cause the device to power down if the pads are shecircuited 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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Figure5: Fully populated OpenCTD control boar@lopside of the board above, underside of board below

Prepare th&ealTime Clock

The RealTime 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 ysedhsamn
RTC_Reset in the OpenCTD GitHub repository under Support to reset the clock to the
system time on a connected RCake sure you have the orientation of the pins
correct before soldering or youdre going

R

00000000 00000000

Figure 6. ReatTime 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 madule

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 RTgositive side facing out.

Figure 7.RealTime Clock module with male headers soldered to the chip side of the board.

Prepare tht1AX31865PT1000Temperature Amplifier

ThePT1000resistance temperature deted®i’D) amplifier is designed to read the low

resistance of a platinum temperattgsistor. ThisMAX31865 amplifier can read-2 3-, or 4

wire sensors. For the OpenCTD, we usewii® platinum temperature sens¥ou will have to

set the amplifier to-3vire by soldering two pads and breaking one jump pad, as described in the
Adafruit instructions for 3vire sensors heréittps://learn.adafruit.com/adafruitax31865rtd-
ptl0Gamplifier/rtdwiring-config or in steps 1 3, below Please notethe temperature

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

up from the same side as the screblock terminals. Make sure you have the orientation of

the pins correct before soldering or youbre g

1. Locate the pads label@d3 Wire and24 3on yourMAX31865 amplifier.
2. Using a utility knife, break the small copper trace connectingettengular

padslabeled 2 and 4. By carefully applying a small blob of solder, connect the
middlerectangular pad labeled 4 to tteetangular pad labeled 3.
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Figure 8. MAX31865amplifier for PT1000resistance temperature detector (RTBS it arrives from the manufacturer.

3. By carefully applying a small blob of solder, connect the triangular pad
labeled 2/3 wire to the chevrathaped 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 headess that the long pins are pointing up, on the same side
as the large screw terminals.

Figure 9. MAX31865amplifier 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 thef@n connector cable into the screw terminals
labeled F+, RTD+, and RTDTighten the screw terminad® that the bare
wires make contact with the metal pad inside the screw ternaindldo not
pull out with a light tuglf necessaryyou can shorten the wires on th@i8
connector cable.

Figure 10. CompletedVIAX31865amplifier with3-pin connector cablstalled.

Assemble the Control Unit
You will not need tesolder anything during th 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 b&acure the RTC
to the board using the 10mm standoff and 2.5myfan screws.

2. Insert the Atlas Ezo Conductivity Circuit into the headers orcthetrically
Isolated EZO Carrier Board he pins labeled PRB and VCC should face
towards theBNC connectorUsing the metal standoffgovided,mount the
EZO Carrier Board to the OpenCTD Control Board upside down asthi
EZO conductivity circuit is sandwiched between the two boafds.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-pin femaleto-female jumpewvire to connect the headers
on theElectrically Isolated EZO Carrier Boatd the headers labeled J5 on
the OpenCTD Carrier Boardhaking sure that you match the header labels for
each pin

4. Slotthe Adalogger MOon top of thecustom carrier boariy lining up the

male, downwardacing header pins on tifedaloggermwith the female, upward
facing header pins on tlarrier board
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5. Slot theMAX31865 amplifierinto theMAX31865 amplifierheaders on the
topside of the carrier board and ensure thaMhA&31865 amplifierboard is
parallel with the carrier board. Secure MAX31865 amplifierto the board
using2 10mm standofand 2.5mm nylon screw$his board should also be
upside down.
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Figure11. Topside and underside of completed OpenCTD Rev8 Control Unit.

Powering the OpenCTD

The Adalogger has an internal 200mA charging unit, which means a std0Qandh battery
will take 4 hours to charge. Using an exterhiddium polymerbattery charger with higher
amperage can dramatically speed up the charging process. For charging, we usentiAis 500
charger littps://www.adafruit.com/product/19Pwhich cuts the charging time o@0mAh
battery down from hours toless than hour.

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

2. The 3.7v 40@hAh is ideal for the OpenCTD. It fits snugly between the carrier board and
the Adalogger M@nd lasts for roughly 18 hours of continuous use. If you need more
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power, larger batteriesdahuse a JST connector canumed Make sure that thegsitive

and negativedad on batteries from other supplier corraspto theposiive and

negdive terminals on the Adalogger MUhere is a small notch in the carrier board that
allows alargerbattery tomounted to the underside of the carrier board or anywhere else
within the housing.

Note Depending on the amperage of the USB powe
not be enough power to drive the EZO EC chip from USB power. You may also need to plug the
battery into the 2in battery JST connector.

If the EZO conductivity circuit blinks red, it is not receiving enough power.
Prepare th&T1000Temperaturé’robe

ThePT1000temperaturgorobeconnecs to the 3pin connectotthat you installed on the
MAX31865 amplifier.

1. Remove the spade terminals and strip Yofinthe end of each of the three wires.
2. Solder the female end of theph lead to the exposed wires, either using solder shrink

tubing or solder and heat shrirMake sure that the two red wires correspond to the pin
labeled F+ and RTD+, and the clear watgns with the pin labeled RDT

3. Plug the temperature probe into 1&X31865 amplifier.

Figure 12. PT1000Temperate Probe.
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Prepare the SparkfuPressure 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 Apendix A.

Forthe Sparkfun Pressure Sensor Breakout Board

1. Strip %2 cm off the end of different colored20-cm lengtls of 22-gauge stranded wire.
We recommend red for VCC; black for GND; yellow for SCL; avfdte for SDA.

2. Solder those wireto the GND, 3.3v (orVCC), 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 tlHepin JST connectato the exposed wires, either using solder
shrink tubing or solder and heat shrink. Make sure that the fuin@sthebreakout board
correspond to thiabels on the carrier board.

4. Connect the 4vire JST connector to thewlire JST headers on the carrier board.
Prepare the Atla€onductivityProbe
The Atlas Scientific conductivity probe comes in both long and short varieties, with paired leads

that terminate at a large BNC connectéou will not need to cut or modify this probe in any
way.
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While you can cut this wire to size for ease of #glgs Scientific advises customers to
test thé& conductivity probe before cutting any wire, as cutting the wire will void the
warranty. Atlas also provides a much more detailedIsyegtep guide to cleanly and
accurately cutting the conductivity sensor wire hatias://files.atlas
scientific.com/howto-properlycut-probecables.pdf

If you do not have access to a coax cable stripper tool, you can carefully strip thesé
using your flush cutters. It helps to cut them long and use the extra tail for practice
cutting to final lengthAtlas also advise to clean any soldered leads in isopropyl alco
to remove any flux residue which may cause resistance in the system.

1. Plug the BNC connector into the BNC threaded header oBléutrically Isolated
EZO Carrier Board
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Test All Components

With all the components connected to you cont
Connect your control board y@ur 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:

enCTD_m0 | rduing .3 =
) OpenCTD_m0 _R& | Arduino IDE 2.3.6 O *

File Edit Sketch Tools Help i

EI OpenCTD_mO_R&.ino

3 1 Date and time functions using a D53231 RTC connected via I2C and Wire lib
1 2 #include <Wire.h>
3 #include <RTClib.h>
4
5 serial peripheral interfa sD d reader
i 6 #include <SPI.h> seria ce for 5D card reader
| 7 #include <SD.h» //library for SD eader
- 2
a communication protocols for temperature sensors
1 1@ #include <Adafruit_MAX31865.h>
11 '
12 Software libary for the pressure sensor
! 13 #include <MS5803 14.h>» 1
14 4
i 15 EC Circuit uses software serial !
| 16 #include <SoftwareSerial.h:
17
iy _ 1
Output  Serial Monitor X v 0=
1 Carriage Return * | 115200 baud - |f
i Cs = )
! o I
] C7 =1
p_crc: 1
i n_crc: 1
EC Board Firmwiare Version]) -» ?I,EC,2.1
g EC Freque

--- Starting D=

Adafruit Feather MO (SAMD21)onCOM3 0 B

Figure 14. Arduino IDE and Serial Monitoreadout of functioning OpenT.
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After the bootup and diagnostic information, you should see a continuously udarediog
numbers. These values are, from left to right, the date (in MM/DD/YYY fgrriae time (in
HH:MM:SS), the pressurembal), temperature®C), and conductivityr(S). Outside of the
water, at sea level, in a comfortable room, Pressure should read arounddbd,l&2mperature
around 22C, and conductivity at 0 mS.

Congratul ati ons! | f everyt hi ifgot doabtekreckallo r mal |
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 likepBbting in designing a lowcost and
accessible oceanographic instrumamt3D-printing has matured to the point whéine most
affordable and widely available printeage more than sufficient for the production of these
parts.This technology dramatically reduces the cosnianufacturingsmall and bespoke plastic
components3D-printing playsa central role inhe conservation technologyovement.

The mainchassiof the OpenCTDwhich protects the control upandthe sensor baseplate
which aligns the sensors and creates a bulkhead for the sensor passtrefHprintable
objects. While it is possible to construct a fully functional OpenCTD without these parts, they
are designed to make building and operating the deinggler andnore intuitive.

1 TheSensor Baseplat@rovides a foundation and template for arranging the
sensors prior to potting in epoxy.

1 ThekElectronics Chassisholds theAdalogger and other electronic components,
allowing users to easily access &2 card while minimizing strain on the wiring
andprotecting and isolating the battefhe chassis is printed threepartswhich
fit snugly together and are held in place veatlctrical tape

1 TheRouter Jig is a set of jigs designed to fit inside a clean PVC thpéallow
you to cut 3 clean, consistent notches on the bottom of the CTD to protect the
sensors while allowing water to flow through.

1 TheCap Wrenchis a snall wrench that fits over th@ingnut of the Plumbés
Test Capmaking it easier to tighten and loosen.

All parts are designed to be printed in PLA@0-micron resolution witfb0% to100% infill.

We recommend PLA over other plastics as it is Generally Regarsi&afe, theoretically
compostable (but onlyn a commercial composter), and has not been showeaharnful to the
marine environment. ABS, in contrast, has been shown to cause develo@heatatalitiesn

fish exposedo ABS particulate$Oskui et al., 2016 0ther materials, like PETG and Nylon may
be preferable but require more experieand a more advanced printer

An d r eersdbral preference is for PolymalkkanchromdLA, which has been optimized for
strength and compostability.

o Panchrom& PLA (https://shop.polymaker.con/
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All 3D printer files are available in the OpenCTD GitHub repository
https://qgithub.com/OceanographyforEveryone/OpenCTD/tree/main/Hardware/3DPrints

Once the sensor baseplat@iigted use a deburring took some sandpap#r round df all the

edges on both top and bottom as well as ingfdmch holeTest fit eactsensorSensors,

especially the pressure sensor, should fit snuggly irditteeir respective holand the entire
baseplate should fit tightly into a 20 PVC pi

The electronics chasstanbe printed witlout supportsTest fit the two halvesf the main body
to ensure that they slot togetliemly. Test fit the capf the electronics chassis to ensure that it
fits snugly

Figure 15: 3D-Printed chassifor OpenCTD.

Assemble the PowerSquid

PowerSquids our name for the OpenCTD Rev8 control unit once it is housed in its protective
chassisThe chassis comes in three parts, two long body pieces and ofidisaghassis will

protect the control unit from drips, bumps, and knpbks 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. Reconnecdll cables leading to the sensor package.
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. Fold the extra wiring from the Atlas EZO Carrier Board plate the control unit in
the bottom chassis piece so tti@excess cable rest in the long, rectangular slot. The
sensors should exit from the end with the large oval hole.

. Place the top chassis piece on top of the control unit, making sure that the edges align.
Use electrical taper rubberbandsto secure the two pieces.

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

. Turn on theOpenCTD and confirm that it is reading all sensors.
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Cutting thePVC Housing

The OpenCTD housing is comprised of a single pieceloéduled 0 2 0 P No&hepoi p e
holescutin the bottomallow water to flow over the sensors while protecting them from impacts
and entanglementhe sensoend will be sealewith high sheerstrength epoxy, allowing

sensors to pass throutite housingvhile preventing water from entering and damaging the
electronics. The open emisealedvith an off-the-shelfpressure test cagesigned for plumbers
When cutting and preparing the PVC, take care not to damage the inner surface where the test
capO-ring will seat against the PVC wa(Note: becauseUS-based pumbing suppliesare

generally measurel in Imperial units, where oftthe-shelf parts are used, we will usthe
measurement standardprovided by the manufacturer.)

Using the router jig

The router jigs are designed to be used witkclamp and smalbench router. We do not
recommend attempting to route the housing not
compression cut template bit.

&

Figure 16. Bench router with PVC pipes and router jig.
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1. Cut a 120 s e cbebunthe edgesrdand €actpcutpvich a knife,
sandpaper, or deburring tool.

2. Insert the roter jig labeéd RouterJigForHousingl.3mf into one end of the clean and
evenly cut PVC pipe. Secure with &lamp.Make surethatc | amp doesndt com
contact with the router bit during routing.

T

xR ¥ o Bkt i
Figure 17. Router jig inserted int®VC piope and secured withotamp.
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3. Route the first of three notchesthe PCV pipe, going slowlyake sure that the router
bit does not contact theatamp.

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

4. Clean up your work surfac®emove the first router jig and insert the jig labelled
RouterJigForHousirng3mf int the base of the PVC pipe such tina&t notch projection
slides into thenotch that you just route@ecure with a-clampand route the notch,
taking care to go slowly and not let the route bit contact-tiarap.
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Figure 19. The second router jig inserted into the PVCepgmd secured with &

5. Route the thid notch using the same jig with the notch projection slotted into the second
notch Secure with a-clamp and route the notch, taking care to go slowly and not let the
route bit contact the-clamp.

6. Remove thgig and clean up your workspace. You should now have an OpenCTD
housing with three clean notches routed into the bagh.a vacuum pblower,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.

OpenCTD Construction and Operatior®0



Figure 20. Completed PVC housing made on a router table.
I f you dondét have a router table

|l f you donét have access to a router table, vy
and ajigsaw orhandsaw I't wondét | ook as pretty, but it wi

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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Figure21. 12" PVC pipe (A) with notches cut at the base (B).

Though seemingly simple, this agb has several advantages. Underwater housings are
notoriously expensive. Using a PVC pipe instead of a conventional housing with sealed
mechanical pasthroughs is the single largest castving step in the entire CTD ciruction
process. This allows us to keep costs down without compromising on sensor quality.

For instruments that are deployed in highific areas longerm, there is also a benefit in having
an oceanographic instrument that appears
by curious passersby.
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Building the Sensor Package

|l tds time to create a waterproofToluiédshe t hr ough
sensor packagérst 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 endstop to prevent epoxy from leaking out during potting. The pressure sensor sits in the
center of the template and fits snuggly into the central hols.Semisor will be potted first with
2-toninstant epoxy to protect the circuits before the full sensor assentdgled 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 baseplatdo not apply too much pressure to the sensor housirg the
metal ring that contains the gel capcan become detachedf this happens,
the sensor cannot be repairddhe sensor will not seat into the baseplate, use
a knife deburring toolpr othercutting instrument to slightly widen the
opening until the sensor seats. Do notéoit in, it should be a snug but
comfortable fitthat will hold in the epoxy applied in step 2.

2. Once the sensor is correctly seated, apply enough instant epoxy to fill the
entirecentral rectangulandentation. 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: SparkFunMS580314BAPressure Sensor Breakout potted in Epoxy. Topside view on right, underside ldat&eft.
image from Rev7 OpenCTD, baseplate for Rev8 OpenCTD only has 3 talegh
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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, insiie PT1000temperature probe into tisenaller
of the two holesuch 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 baseplaliethe probe will not seat into the baseplate,
use a knifedeburring toolpr 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 dot move or disturb the housing until te¢A120-HP epoxy

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

epoxy is leaking out the botto@o 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 jusabovethe flowthrough holes or notches with the sensors
protruding out the bottornut protected by the housin§the fit is too tight,
use a deburring tool to knock down the edges of th@idiled parts.

2. Push the baseplate intbe housinguch that the sensors siightly back from
the rim of the PVC pipand 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-partepoxy into the OpenCTD housing.

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

up to24 hoursWe have generallfoundthat an overnight cure is sufficient
for testingat the surface
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Figure 23. A clear OpenCTD showing the ¢kiepoxy potting layer.
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Calibration and Data Management

One of the most significant challenges with any epeunrce science hardware is calibration.
Commercial CTDs often require expensive service contracts in order to maintain data quality
The OpenCTD is designéd ensurghat 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 environméns$ 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 ethuse cases, an OpenCTD calibrated against salinity standards and
generalpurpose temperature sensors is adequate.

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

A Microsoft Exceland Google She#¢mplateis available in the OpenCTD GitHub repository
This template wilkake raw data from the OpenCTD and m#ienecessargonversiongo
create humaneadablevater column profiles

Pressureepth

The OpenCTD usabe MS580314-barpressure sensitive chip from Measurement Specialties
designedor SCUBA dive watcheand depth gauge3his chip contains a pressure sensitive
resistor embedded in a gel matibhe pressure sensor is rated to 140 meters dé@b-bar

chip, which can double the operating depth of the Open@J &lso available, though requires
additional customization.

PRESSURE ERROR VS PRESSURE AND TEMPERATURE

Pressure accuracy vs temperature
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Absolute pressure accuracy with 2nd order compensation R

Typical 180.0 R E—
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Figure 24. Pressure sensor error versus ambient pressure and temperature MS8889314BA pressure sensor. Provided by
manufacturer.
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The MS5803 is a factorgalibrated pressure sensor capable of outputting absolute pressure up to
0.2 millibar resolutionNo additional calibration is needed by the u3éwe pressure sensor

outputs absolute pressure. At sea lethad,averagstandard atmospheric pressig@013.25

mbar, though local weather and small changes in altitude will affect this baseline. To convert
pressuren millibarsto depthin metersuse the following equation:

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

WhereD is depth in meter2eerrh) is the pressure (in millibars) at deptR)urrace) is the
pressure at the surface in millibars; &ds acceleration due to gravjtwhich for mosfield
purposes can bassumeds 9.81 mA(Fofonoff and Millard Jr, 1983For highaccuracy and
high-resolution commercial CTDs, the latitudinal variation in gravity is considered in the
pressurgo-depth conversion as these sensors often offecentimeter accuracy.

For extraaccuracyuse the absolute pressure at the surface of the water at the time of
deploymenby taking the last pressure reading before the conductivity probe contacteaté¢ne
for Psurrace). FOr deployments in alpine lakes and othgh-altitudeenvironments, be aware
that surface pressure may be significantly less 11@dr3.25 mbar.

Temperature

The OpenCTLRev8uses glatinum PT100@emperature sensor fed in a stainlessteel
cladding The sensohas an operating range 50 to 280°C. It is a Class Bemperature sensor
designed for industrial us&€he advertised accuracy46.3°C, however, in field trials, we have
seen accuracgonsistentlyas low & +0.PC.

Thermaltime constant is a measurentof how quickly thehermistorresponds 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 temp&vatdetermined

the thermal time constafdr these PT1000 temperature sessiess than 1 seconithough it

varies depending on thength of exposed stainless steel cladding

ThePT1000temperature sensandMAX31865is self-calibrating based on the resistance
between the two positive leads and the internal resistance on the amgldldaration can drift
as the instrument agea/e recommenaheckingtemperaturealibrationat the beginning of each
expeditionor once per yealWhen 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 pnotaaufactured by Atlas ScientifiElectrical
conductivity probesre relatively simple devices consisting of two electradésiown surface

area and known distance from each other. As conductive fluid passes between the two electrodes,
they measure the resistance of the liqliite Atlasprobehas a response time of 90% within 1
seconda 343meter maximum operating deptmdsa 1 to 110C temperature rangé&he K 1.0

probes can measucenductivity from 5 to 200,000 uS/cm

Salinity is derived following the formulas outlined by the 1978 Practical Salinity Scalas,

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 AtlaScientific conductivity circuit. The accuracy thie calculated salinity
value ultimately depends on the accuracy of each individual sensor.

(%) 40443 Juadiad

10,0000 10000000 EESEESEE

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

The conductivity circuit requires a tamoint calibration using solutions with a known and
precise conductivity. Calibration solutions can bermpmeed or ordered from a scientific
supplier.Atlas Scientific sellsa set of calibration standards for their proldésst calibration
standards are designed to be used 4 B&t the Atlas EZCEC conductivity circuit also allows
for temperature compensatiomifintaining a stable 26 temperature is not possibWhile

any clean glass or plastic contaian beused to hold the conductivity solution standawis
recommend a small probe storage bdtileontain 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 probed whatever containers you are using to hold the

conductivity solutiorbetweersteps in the calibration process, you will need a source of either
distilled water or water filtered through reverse osmdisstilled water is readily available in
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most grocery stores. Reverse osmosadtesn used to purifgrinking waterfrom seawater and
RO machines are often found on oceangoing vessels as well as ground wells. Amaaftina
bottled water is producaging reverse osmosis aris no addenhinerals making this brand a
cheapsource of RQwater.

We have developed a sim@gstenmfor establishinga controlled, thermally stable environment
for the calibratiorprocess that used the hot bed of a-lowgt3D printer, coupled with a
Styrofoam coolerand a large ceramic thermal ma&dew hours before calibration, set the
heated bed of the 3D printer 26°C.

Find the largest thermal mass available that the OpenCTD housing can fit inside (a heavy coffee
mug works well) and place it on theated bed of the printdf.you cannotmaintain a
thermostablenvironmentyou can create aheap isolation chamber loytting a hole in the

bottom of a Styrofoam cooler large enough for the OpenCTD housing to fit snuggly Pisicke

the inverted cool er on duchphatthé OpenCeD canbe ipsertecht er 6
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 ontgEntain an
ambient 28C temperaturePhoto by Allie Wilkinson.
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When you are ready to calibrate your OpenCTD, iriserto a coffee mug or other thermal
mass and allow it to reach equilibrium

Two-point calibration is facilitated usirgerial_for_EC Calibration mQ.ino

(https://github.com/OceanographyforEveryone/OpenCTD/tree/main/Software/Support/Serial_for
EC_Calibration_mpfound in the OpenCTD GitHub repositotyonly a single calibration

standard is availablenepoint calibration is possible, but not recommendézl can mortor

thetemperatur@robe through thecalibration software

1. With the control unit powered on and connected to the sgngdoad
Serial_for_EC_Calibration_mo0.ino to the Adalogiy#3. Make sure that the
battery ison, as the voltage differential between USB and battery pamagr
affect calibration.

2. Open the serial monitor through the Arduino IDEake sure the dropdown
menus i n the serdaarlr inaognei troert uarriveu saentd tfo9 6A0
should see a message with EC Board Info, a note to review this guide, and a
referencdist of useful commands.

3. Typek,?in the command line and hit entehi¥ will tell you what the K
value of you probe is set to. It sholie set to K=1.0 for most use cases.

a. If the K-value is something other than 1ypek,x (where x is the new
K-value of the proben the command line and hit ent&his is useful
if your EZO-EC conductivity circuit reads the incorrectMélue or if
you are building an OpenCTD for freshwater deployments using a K
0.1 probelf thereis an errortransmitting the commanthe serial
monitor wil report *ERand you shouldend the command again.

4. To check whether the probe has been previously calibtggestal,?in the
command line andit enter.If it reads ?CAL,O the probe has not been
calibrated.

5. Typecal,clear andhit enterto clear the previous calibratiok is good
practice to send this command even if ¢ireuit reports back that it has not
been calibratedf 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 thereaissolutelyno water on the electrodes)
entercal,dry in the command line and hit ent&ihis 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.
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