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1 The physics

DST CTD online is a submersible sensor measuring conductivity/salinity, temperature and
pressure/depth. It is designed for sending the measurements into user’'s own embedded
system for real-time viewing or for later time data retrieval. The sensor is fitted with a
connector and is supplied with a subsea cable that comes with a matching connector for
threading on the sensor’s connector. Cable length is customer defined. The subsea cable
and connector are submersible for pressure up to a few km but the limiting factor on the
pressure tolerance is the membrane on the sensor end, which can be equipped with a
max. 2400 m pressure sensor. The depth calibration range is customer defined.

Figure 1: DST CTD online with subsea cable

The conductivity, temperature and pressure/depth (optional) sensors are located on the
opposite end of the connector end as can be seen in figure 2. The two electrodes
conductivity cells are visible inside the wall of the small cup at the end of the housing.
Pressure sensor is located at the membrane end and temperature sensor is just behind. It
is important that seawater freely flows to the area where the sensors are located.
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Sensors location

Figure 2: DST CTD online sensor with subsea cable (male) and a counterpart cable (female)

The connector end has four pins connection as depicted in figure 3.

The counterpart cable is delivered with a StarCom cable (see figure 5) counterpart
connector. The subsea (female) connector is intended to be fitted to a AUV or another
embedded system.
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The subsea cable of the DST CTD-online has four wires.

Green +V

Black: Gnd

Red: TX CTD side
White: Rx CTD side

———

Figure 3. Picture shows solder side (back side) of the subsea cable connector

Figure 3a: Shows frontend of the StarCom counterpart connector

The StarCom connector has the same pin arrangement and wire colours as the subsea
cable connected to the DST CTD-online.
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The four communication pins/wires

e Power, +V (Green) = 3.3V to 3.6V DC supply from user’s system.
The CTD online has two batteries inside, only necessary for off-line calibration, and
can thus operate without the external +V supply; this will though quickly drain the
batteries.
The DST CTD microprocessor operates at Vcc = 2.9V (under normal conditions).
If there is no voltage on the +V line, then voltage on the embedded-Tx should not
exceed 3.6V.
Inside the DST CTD +V connection goes through diode with a 0.2V drop and then
connects directly to the microprocessor Vcc.
Please note: +V = 3.3V to 3.6V is the desired voltage level, as at higher level like
5V the pressure measurements may have an offset, due to regulator “leakage”.

e GND (black) = Signal Ground and -V.

e TX (Red): = DST CTD online Transmit line ( = user's Rx line)
Inside the DST CTD the Tx has a weak pull-up (1MQ).
Note:

o External voltages on the Tx line, higher than the +V may damage the DST
CTD.
o Also, short circuiting the Tx line may damage the DST CTD.

e RX (white): = DST CTD Receive line ( = user’s Tx line)
Inside the DST CTD the Rx has a 20kQ pull-down.
Note: The Rx must not be subjected to higher voltages than +V.

Or if no +V is supplied then not higher than 3.6V

Common ground

The signal ground of the computer/embedded system and the conducting media must not
share a common ground. Tests have shown that common ground will result in shifted
measurements. The user must make sure that common ground is avoided.

Communication cable

The subsea counterpart cable is delivered with a special connector on its end, which a
supplied PC communication cable (called Starcom) can be connected to. The purpose of
this connector is for connection and testing with online measurements using Star-Oddi’s
SeaStar software or user’s own software.

This connector is not waterproof.

The subsea (female) connector is intended to be fitted to the embedded system.

The supplied PC StarCom cable converts standard RS232 signal £12V DC / £5 signals, on
the PC side, to 0-4V on the recorder side, and vice versa. A USB serial converter is
supplied with the Starcom cable for PC connection.
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Figure 4: CTD online sensor+cables, Starcom communication cable and USB serial converter

Figure 5: Starcom RS232 communication cable
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Embedded system hardware connection

There are (at least) two ways of wire connection to the CTD.

1. Direct to a microprocessor UART, with a microprocessor Vcc = 3.3V to 3.6V.
Where the UART operates at 0-Vcc.
The Vcc should connect to the V+
The UART Tx resting voltage should be high, pulled to the Vcc and to Gnd.
See figure 6 below.
Inside the DST CTD the Rx line is pulled to Gnd (20 kQ) and has a 1 kQ series
resistance.

2. With an embedded system that comes with an (external) USART chip, with -Vp to +Vp.
The Vp can range from 5 to 12V.
Then a transceiver chip is needed for voltage level adjustment and signals inversion.
See figure 5 schematic from the Starcom cable, where such an RS232 transceiver chip
is used.
The Vcc should be 3.3V to 3.6V but can be max 5V and is connected as shown below.

N\

Figure 6: StarCom cable connection
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Power draw

Typically the power draw is 3.5 mA when taking a measurement. The measurements of
the sensor’s parameters take 0.4 sec. Power draw between measurements ranges
between 0.8-1.2 mA. Therefore the faster the measurements are taken the higher the
energy consumption.

Resetting the DST CTD-online

An upgraded DST CTD online sensor was introduced in November 2022.

This sensor has an improved circuitry so it can be reset (MCLR-ed) with the SeaStar
software and the Starcom cable, or from/with an embedded system.

Please note that this is a pure HW change and thus the firmware version was not
changed. The new DST CTD online sensor can be identified by its serial number.
The first serial number of this upgraded CTD online sensor is S12284.

Normally the CTD online is awakened by an Rx-line interrupt, but on very rare occasions a
reset is needed to awake the microprocessor in the CTD online.

Thus, the reason for enabling the reset function was that if the microprocessor in the CTD
online was exposed to extreme conditions, it could become unresponsive.

These extreme conditions could be due to too high voltage supply, communication lines
overvoltage or a current surge causing Vcc voltage drop but not a clean dVcc/dt rise.

If using an embedded system, the reset (MCLR) can be done by switching the +V source
line to GND for 100ms up to several seconds. Leaving the line switched to GND for a very
long time should be avoided as it will eventually drain the internal batteries. Empty battery
life is not a problem when connected to the user's embedded system.
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2 Start-up suggestions

The following are some suggestions on how to start using your DST CTD online

Installing SeaStar

To view online measurements from DST CTD in SeaStar install the latest version of
SeaStar. If SeaStar has been previously installed, make sure the latest version is being
used. It's possible to check for updates under the Help menu in SeaStar.

Get acquainted with SeaStar
Please familiarise yourself with various options available in SeaStar, by reading the user’s
manual accessible under the Help menu. Especially about data file options.
When analysing DST CTD data there are several graphically viewable files, for example:
e DAB
Raw data
e BPD
Raw pressure data temperature corrected
e BCD
Raw conductivity data temperature corrected
o DAT
Unit value data

Connect via SeaStar to the DST CTD-online

Connect to the DST CTD-online using the StarCom cable and the USB-RS232 converter.
This way the RCI file and the CAT file are available.

The CAT file is especially made for 3-party/embedded programs.

Please note: There is a new version of the StarCom cable labelled V2.2.
This cable has a higher supply voltage +V than the previous StarCom version, thus
elimination draining of the battery.

Make online test measurements via SeaStar
You can test your DST CTD by making online measurements via SeaStar.
It"s difficult to test pressure but placing the DST CTD in a known salinity solution is an
option.
Still there are many things that can influence the conductivity measurements.
e The salinity solution should be in a nonconducting container, glass or plastic.
e Make sure not to touch the conductivity cells with bare fingers as that can introduce
fat/oil on them.
e When the DST CTD is placed in the solution, please use a cotton swab to insure
there are no air bubbles on the conductivity cells.
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e Conductivity measurements are highly temperature dependent, so make sure the
ambient temperature is stable. The salinity values are calculated from the
conductivity and temperature. As the temperature sensor is inside the DST CTD
housing, please give the DST CTD time to stabilize so the measurements present
the temperature of the solution.

e The DST CTD conductivity measurements are highly sensitive to EMI (Electro
Magnetic Interference) so please make sure the saltwater container is as fare way
from electrical appliances as possible, power cables and power supplies especially.
The 50/60Hz will appear in the measurements as measurement-aliasing
signal/noise.

e By placing your hand in the solution, you can create a “current loop effect” that will
offset the measurements.

e Placing a grounded wire in the solution will create a strong “current loop effect” that
will saturate the measurements.

Electro Magnetic Interference - EMI

Assuming that other electrical devices are connected to the subsea system, an important
awareness is that the conductivity measurements are highly sensitive to EMI (Electro
Magnetic Interference). Therefore make sure the sensor is kept as far away as possible
from electrical appliances, power cables and power supplies, but also other AC-sources
with a frequency in the range from Hz to MHz.

The EMI can be reduced by using a communication and power isolator.

The “MCP2200 isolated USB to UART” unit has been tested at Star-Oddi.

https://www.microchip.com/en-us/development-tool/ADM00276

This unit halved the noise amplitude.

By placing a grounded wire in the water or by placing the solution container

(a glass bowl in our experiments) on a grounded metallic plate, the EMI noise
disappeared.

Please note:

The DC power supplied to the “backend” of MCP2200 and the DST-CTD-online unit

should be floating, like an isolated DC-DC 3.5V or a separate battery.

The +V and -V should not be connected to the embedded system and make sure the -V

does not have any (ground) connection, except to the MCP2200 and DST CTD-online

units.

SeaStar online measurements procedure

To make online measurements in SeaStar perform the following steps:
e Connect the StarCom cable to the PC and the DST CTD cable
e Make sure the right port is selected.
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e Define that a StarCom cable is used, under <Settings\Connection>

Connection Options X

v Perform CRC test when retrieving RID

v Check Data Echoin SHS

v Automatic data retrieval upon connection

[v Uzing a StarCom cable

] Cancel

Figure 7: Using a StarCom cable as a connection with a DST

These above steps are important as otherwise no connection will be established.
Then do the following:

e Connectto the DST CTD via <Recorder\Connect>

e Perform online measurements via <Recorder\Online measurements>

¢ When finished use the Exit button to exit the Online measurement.

e Finally disconnect the recorder via <Recorder\Disconnect>
The online measurements produce 2 files (text format), a ONL = unit values and a ONB =
raw data.
These files can be viewed any time in a text editor like notepad++
The ONL file is available for viewing in SeaStar after the online session is ended via :
<View\Online measurements>

Testing communication with a terminal program.

In Appendix A7 there is a description of how test the communication commands,
described in chapter 3, with the terminal program Termite.

Using the same cable connection as when communicating with the DST CTD-online via
SeaStar.

Make a cable for your embedded system
Follow the description in chapter 1 in this document to make the cable connection.

Connect to the DST CTD with your embedded system
Follow the guidelines in chapter 3 in this document.
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Make online test measurements with your embedded system

Make the same measurements as you made with SeaStar and compare the results by:

-Convert raw data directly in the embedded system and compare to SeaStar's ONL file.
Results should be very similar, change in temperature could give some small variations.

Make an embedded conversion test using ONB data.

SeaStar online measurements produce two matching files, the ONB that is raw data and
an ONL that is unit data. Raw data in ONB match the ONL unit data, line for line.

In the debug mode in the embedded system use raw data from the ONB file and convert
to unit values. Results from this conversion can then be compared to the ONL (matching
line)

©Star-Oddi 2024. All Rights Reserved 11



3 Communication

DST CTD operation modes
The DST CTD has two modes of operation:
e Measurement-mode (using the SeaStar software only)
The CTD operates as an offline data logger, logging measurements in the memory.
e PC-mode (using SeaStar or user’s own software)
In this mode the DST CTD will communicate via the RS232, and can act as an
online measuring device.

As a part of the start-up routine streaming data online, the DST CTD should always be
placed in PC-mode as described in this chapter.

Communication is via a RS232 port/asynchronous
Baud rate: 4800

Data bits: 8
Parity: None
Stop bits: 1

Flow control: None

With revision 8, new DST CTD V20 procedures.
See Appendix Al, for more detailed description.

V20-1: Make a V20 variable
Make a ThislsVV20 Boolean variable.
Default value must be false.

Star Oddi protocol

The DST CTD only reacts to commands from the user’'s embedded system.
Commands are numbered 0, 1 etc, and the DST CTD echoes commands back.
Please note all commands are single byte, 0 = 0x00 (hex), 1 = 0x01 (hex)

ACK is defined as 85 (decimal value) = 0x55 (hex)

NAK is defined as 51 (decimal value) = 0x33 (hex)
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Awakening the DST CTD

The user must make sure that the embedded system’s Rx line/Tx line is normally high.
As the DST CTD has batteries it will lay dormant (sleeping) until it is interrupted, i.e. when
a voltage is applied to the Rx wire. When interrupted the DST CTD is ready to
communicate and awaits instruction from the PC/Embedded system.

As long as the Rx is high, the DST CTD awaits to be polled for data.

If the Rx goes low, the DST CTD will wait 2 sec. to see if communication is permanently
disengaged and then goes to sleep.

Test the connection
To see if the DST CTD is awake, issue the Test-Com command:
The embedded system sends out: 0x00
The DST CTD echoes the command: 0x00 and (a delayed) 0x55 (=ACK)

Set the DST CTD in PC-mode
Just in case the DST CTD is not in PC-mode, issue the PC-mode command.
NB: This is only necessary to execute once, after awakening the DST CTD
The embedded system sends out: 0x0C (decimal 12)
The DST CTD echoes the command: 0x0C and a delayed 0x02
The DST CTD is now in PC-mode.

V20-2: Make a Version Check
Retrieve the DST CTD’s version by:

The embedded system sends command 4: 0x04
The DST CTD echoes the command: 0x04
The user's embedded system sends an ACK: 0x55

The DST CTD replies with 2 bytes:
The first byte = Type and the second is Version
If Version >= 20 then ThislsV20 = true

Polling the CTD-online for raw data
This is the actual measurement procedure, which needs to be repeated at a constant rate.

The embedded system sends out: 0x01
The DST CTD replies with: 0x01
The user's embedded system sends an ACK: 0x55

The DST CTD replies with 6 byte: Tl, Th,PI,Ph,CI,Ch (the measurement raw data)
Each measurement is low and high byte, temperature (TI,Th), pressure (Pl,Ph) and
conductivity (Cl,Ch). These are raw decimal value data.
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Please note a DST CT-online will also respond with 6 byte.
Then the Pl and Ph are not real measurement values.
Later in the calculations the Pressure value should be set to zero.

Demo program

Feel free to use the source code in Appendix A5.

This is a Python demo program/script that can be run under Python.exe, used as is or
converted to C in an embedded system.

Working with the embedded online raw data

Storing raw data

We recommend always to store raw data in the embedded system, if possible.

This is for later use, could be for comparison purposes, testing or to be converted later in
another system/application like SeaStar.

Working/transferring the data
Besides storing the raw data the user can choose to:
e Transfer the raw data directly to another system for processing.
e Convert the raw data to unit values, see chapter 4, and:
o Store in the embedded system
o Transfer directly to another system.
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4 Converting measurements

In case the user wants to work with the measurements in the embedded system, the
following conversion methods can be used.

Converting to raw decimal values: TI,Th ->T, PI,Ph -> P and CI,Ch ->C
When data is received online from the DST CTD, the values are transmitted as 6 byte

Tl = Temp Low byte
Th = Temp High byte

Pl = Pressure Low byte
Ph = Pressure High byte

Cl = Conductivity Low byte
Ch = Conductivity High byte

The “raw” decimal values are calculated from these low and high bytes as:

Temperature:
(Q): T =TI + (Th*256)

Pressure:
(2): P = Pl + (Ph*256)
Please note:

If working with a DST CT-online the Pl and Ph are not real measurement values.

The P value should be set to zero here.

Conductivity:
(3): C =Cl + (Ch*256)

The decimal value range, for T, P and C is [0-4095]

For example if the online values are:
TI=120
Th =10
Pl=77
Ph=4
Cl =100
Ch=2

Then the decimal values are calculated as:
T =120 + (10*256) = 2680
P =77 + (4*256) = 1101
C =100 +(2*256) = 612

©Star-Oddi 2024. All Rights Reserved
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When working with SeaStar the raw decimal values T, P and C are listed in the *.DAB file.

V20-3: If V20 invert raw conductivity value

If ThislsV20 then
C=4095-C

Converting decimal values to unit values

To convert the decimal values to unit values the calibration polynomials are used.

All these constants, and ranges are listed in the *.RCI file. These same polynomial
constants are listed in the *.CAT file as floating-point values. The CAT is easier to read
directly and thus recommended to use when converting decimal values to unit values
outside SeaStar.

Temperature

The temperature polynomial constants are:
T.CO, T.C1, T.C3, T.C4 and T.C5
The native calibration unit is (°C)
Defining:
T = Temperature measured raw decimal value
Tv = Temperature unit value (°C)
Tf = Temperature unit value (°F)

The temperature (in °C) is calculated as:
(4): Tv=T.CO + (T.C1*T) + (T.C2*T"2) + (T.C3*T"3) + (T.C4*T"4) + (T.C5*T"5)

Temperature in Fahrenheit:
To convert °C to °F use:
(5): Tf := 32+Tv*(9/5)

Pressure

The pressure polynomial constants are:
P.CO, P.C1, P.C3, P.C4 and P.C5
The native calibration unit is (Bar)

The pressure decimal value need to be temperature corrected
The pressure temperature correction polynomial constants are:
Ptc.C1, Ptc.C3, Ptc.C4 and Ptc.C5
Defining
P = Pressure measured raw decimal value
Pc = temperature corrected pressure decimal value
Pv = Pressure in unit value (Bar)
Tpr = Reference temperature (°C) found in CAT file
Tv = measured temperature (°C) (calculated from T)
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(6): Pc = P + (Ptc.C1*Tpr) + (Ptc.C2*Tpr~2) + (Ptc.C3*Tpr"3) + (Ptc.C4*Tpr4) +
(Ptc.C5*Tpr"5) - ((Ptc.C1*Tv) + (Ptc.C2*Tv"2) + (Ptc.C3*Tv/"3) +
(Ptc.C4*Tv"4) + (Ptc.C5*Tv/5))

The pressure (in BAR) is then calculated as:
(7): Pv=P.CO + (P.C1*Pc) + (P.C2*Pc”2) + (P.C3*Pc"3) + (P.C4*PcM4) + (P.C5*Pc"b)

Depth:

If depth is the desired parameter, then the pressure (Bar) can be converted to meters (m)
as follows:

D = Depth in unit value (m)

g = standard acceleration of gravity = 9.80665 (m/s”2)

Sd = Seawater density = 1.026

gc = gravity conversion constant = 100/g = 10.19716

If measurements are performed in seawater then
(8): D = Pv*gc/Sd

Else:

(9): D = Pv*gc

Conductivity

The polynomia that defines the conductivity can varie from 5° to 11° in the DST CTD.
In the DST CTD-online it’s restricted to a 7° polynomia, a degree that seems to give the
best result.
The conductivity calibration constants are.

Cond.C0, Cond.C1, Cond.C2, Cond.C3, Cond.C4, Cond.C5, Cond.C6 and
Cond.C7.
The conductivity measurement circuitry temperature correction constants in each end oft
the load range are:

Low end: Ctc.C1, Ctc.C2, Ctc.C3, Ctc.C4 and Ctc.C5

High end: Ctc1.C1, Ctc1.C2, Ctcl1l.C3, Ctcl.C4 and Ctcl1l.C5

As with pressure, the decimal values are correct with the difference between the actual
temperature and the conductivity calibration reference temperature.
Basically this is done by calculating a temperature corrected decimal value for both low
and high load correction polynomials. Then a linear equation is created from both the
calculated values and the inner range points of the two equations.
This equation is then used to find the corrected decimal value, which agin can be used in
the Conduc-polynomial to find the conductivity value.
Defining:
C: Conductivity measured raw decimal value
CcO0: Conductivity tempemperature corrected decimal value from Ctc-polynomial
Cc1: Conductivity tempemperature corrected decimal value from Ctcl-polynomial
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Cc: Conductivity temp corrected decimal value

Cv: Conductivity in unit value (mS/cm)

Tv: Temperature (°C)

Tcr: Temperature ref. value (°C) shown in the RCI file (often 24°C)
L: Conductivity Low load inner range value

H: Conductivity High load inner range value

A: lin. equation constant

B: lin. equation constant

Correction for low load:

(10): Cc0 = C+(Ctc.C1*Tcr) + (Ctc.C2*Tcr™2) + (Ctc.C3*Tcr*3) + (Ctc.C4*TcrM4) +
(Ctc.C5*Tcr5) - ((Ctc.C1*Tv) + (Ctc.C2*Tv/2) + (Ctc.C3*Tv/3) +
(Ctc.C4*Tv"4) + (Ctc.C5*Tv"5))

Correction for high load:

(11): Ccl = C+(Ctcl.C1*Tcr) + (Ctcl.C2*Tcr2) + (Ctcl.C3*Tcr3) + (Ctcl.C4*Tcr™M4) +
(Ctc1.C5*Tcrb) - ((Ctcl.C1*Tv) + (Ctcl.C2*Tv"2) + (Ctcl.C3*Tv/3) +
(Ctcl.C4*Tv"4) + (Ctcl.C5*Tv b))

Combining high and low correction ina linear equation:
(22): A = (Ccl-Cc0)/(H-L)

(13): B = CcO-A*L

(14): Cc= B+A*C

The conductivity unit value (mS/cm):
(15): Cv = Cond.CO + (Cond.C1*Cc) + (Cond.C2*Cc”2) + (Cond.C3*Cc"3) +
(Cond.C4*Cc"4) + (Cond.C5*Cc”"5) + (Cond.C6*Cc”6) + (Cond.C7*Cc"7)

Salinity
Conductivity is based on
e The amount of salt/minerals (ions) in the water
e Water temperature
e Depth.
To calculate salinity, conductivity, temperature and depth need to be known.
Depth plays a minor role, it’s only when down to several hundred meaters it starts to have
effect.

In SeaStar salinity is calculated in PSU according to Unesco formulas. (Practical Salinity
Scale 1978 (PSS-78))
To calculate salinity please use the formulas stipulated in that paper.

Included in Appendix A4 there is a copy of the “core” part of the PSS-78 that defines these
calculations.

For reference purposes the equations have been prefixed with an equation number
(PSSeq-x), were x=11t0 6
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5 Calculation example

All Star-Oddi recorders are post tested after having passed calibration.

This example is based on actual DST CTD calibration post-tests, using the calibration
constants in the CAT file (and RCI file) listed in this document.

Reference to equations is by “(x)” were x is the equation number.

Graphical presentations are from SeaStar.

Pressure test
The recorder is placed in a pressure chamber monitored with an accurate reference
pressure meter.

() Chart "0$8422,DAB (EADST CTD ONLINE\8213_02\ST)" [f=iE =
ﬁﬁ H = & Ao @0 | ChartEdit | Templates # [a
058422DAB MNumber Time |Temp|Press| -
2180 1250 25 21.3.2016 15:5500 | 1933 254
2160 ﬁﬁ ] 26 21.3.2016 15:54.00 1929 310
2.440 1100 ] 27| 21.3.2016 15:55:00 | 1923 1254
2120 ULED T 26 21.3.2016 15:56:00 | 1920 1233
1,000 _
2.100 950 23 21.3.2016 155700 1918 1231
200 -
- a0 21.3.2016 15:56:00 | 1916 1229
2000 e o |
o080 B lswo B 31 21.3.2016 15:5%:00 | 1914 1228
g | 750 £ -
= a 32| 21.3.2016 16:00:00 | 1913 1226
2040 3 700 _
2020 850 33 21.3.2016 16:01:00 | 1912 1224
0| 1911 1223
2,000 ity |
1980 500 35 21.3.2016 16:0500 | 1911 1222
1960 < | 3 21.3.2016 16:04:00 | 1911 1221
\ 400 _
LW 1,840 350 37| 21.3.2016 16:05:00| 1911 282
-
T i T 38| 21.3.2016 16:06:00 1911 285
e fe0 > ] k3 06:
39| 21.3.2016 16:07:00 | 1933 279
15:55 16:00 18:05 — —
Measurement time: 21.3.2018 40 21.3.2016 16:08:00 1910 286 _
Time-Window Statistics for Temperature
Maxc: 1939 ab 15:52 Min: 1911 ak 16:02 Average: 1919 H 4 = M

Figure 8: Pressure test. Recorder raw pressure and temperature data

In the pressure post-test point 34 was used.

Converting to raw values from “high/low” values

1) T=1911
(2) P=1223
Temperature:

(4) Tv = 21,297 (°C)

©Star-Oddi 2024. All Rights Reserved



Pressure temperature correction:
The pressure reference temperature Tpr = 22,44 (°C)
(6) Pc = 1228

() Chart "058422.EPD (EADST CTD ONLINEY213_0ASTY" o= S
EEEHE S8 & » < Ot ® o
42 urnber ime chin i -
058422BPD by T Pebin [Pdiff
1.250 42 26 21.3.2016 15:54:00 317,0 7,0
1.200 D | 27| 21.3.2016 15:55:001270,0 6,0
1.150 &l —
T = 25 21.3.2016 15:56:001239,0 6,0
1.050 34 b 29 21.3.72016 15:57:00 1257,0 6,0
;:(?O ::'f) | 30| 21.3.2016 15:56:001235,0 6,0
200 % 3 31| £1.3.2016 15:5%:001233,0 5,0
o ™ =3
&= 228 gz 32| 21.3.2016 16:00:00 1231,0 5,0
800 2|22 I
750 = = 50
2 5
600 1 =0
16 —
550 4 36| 21.3.2016 1&:04:00 1226,0 5,0
600 —
450 12 37 21.3.2016 16:05:00 287,0 5,0
400 Tu 1 38 21.3.2016 16:06:00 290,0 5,0
350 8 -
o 5 30| 21.3.2016 16:07:00 287,0 8,0
250 4 b 40 21.3.Z2016 16:08:00  291,0 5,0
1555 16:00 16:06 =
Measurement time: 21.3.2016 =
Time-Window Statistics For Prarbin
Max: 1270,0 3t 15:55 Min: 287,0 at 16:05 Average: 1079,9 - - L ]

Figure 9: Pressure temperature correction

The raw pressure data has been increased by 5, as can be seen in the BPD file.

Pressure:

(7) Pv = 5,255 (Bar)

The reference value from the pressure chamber meter was 5,249 (Bar)
The difference is 6 (mBar) = 0,058% FS (Full Scale)

The accuracy for this pressure sensor is 0,6% FS = 0,06 (Bar)

Depth
Calculating depth (in meters) in the ocean one should use:
(8) D =52,23 (m)
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Temperature and salinity test
Temperature and salinity were tested at the same time in a salinity bath.
Both salinity and temperature were accurately monitored.

) Chart "0S8422.DAB (EADST CTD OMLINEVSZ13_024ST (= e =]
gEI=EE A = @ # ~o @ [ ChartEdt |[ Templates ? b
0S8422DAB Mumber | Time |Temp |C0nduct | -
2.080 2.800 z| 21.3.2016 15:30:00 2054 432
2.080 m
. 3 21.3.2016 15:31:00 2054 433
2,070 2000 —
gt 5 400 _ 4 21.3.2016 15:32:00 2054 433
""""""" " | 2050 5| 21.3.2016 15:33:00 2054 432
2040 2200 m
6 21.3.2016 15:34:00 2054 433
2.030 2.000 -
2020 & g 7| 21.3.2016 15:35:00 2054 432
2010 3§ [1800 B & 2152016 15:536:00 | 2054 452
8 |-
2.000 E‘ 1600 3= 9 21.3.2016 15:37:00 2054 432
1980 © = =
10| 21.3.2016 15:36:00 2054 432
1.980 1400 |
1970 1200 1] 21.3.2016 15:39:00 2054 433
1.960 12| 21.3.2016 15:40:00 2054 432
1950 1.000 —
: 13| 21.3.2016 15:41:00 2054 432
1.940 77 —
e 14| 21.3.2016 15:42:00 2054 432
1.820 o 2
""""""" | | IEFID 400 16| 21,3.2016 15:44:00 2054 432
15:30 15:35 15:40 1545 —
Measurement time: 21.3.2016 17 21.3.2018 15:45:00 2054 RECIE
Time-YWindow Statistics For Temperature
Max: 2054 ak 15:29 Min: 2054 at 15:29 Average: 2054 4 [ ]

Figure 10: Recorder raw temperature and salinity data.

In the temperature and salinity post-test point 15 was used.

Converting to raw values from “high/low” values

(1) T =2054
(3)C =432
Temperature

(4) Tv=17,070 (°C)

The salinity bath temperature reference value was 17,103 (°C)

The difference is 0,033(°C) or 33(m°C)

The specified accuracy for the temperature sensor is +/-0,1(°C) or +/-100(m°C)

Pressure

Pressure is calculated as in the previous example using (6), (7) and then depth via

(7) Pv =-0,00233 (BAR)

In this example there is no pressure exerted on sensor and thus outside calibration range,
first pressure calibration point was 0,02 (BAR) (see RCI file).
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Conductivity temperature correction

The conductivity temperature reference value is Tcr = 23,88 (°C)
The conductivity low load range inner value is L = 549

The conductivity high load range inner value is H = 3149

(10) Cc0 = 427,074

(11) Ccl = 417,494

(12) A =-0,0036890564167

(13) B =429,0993313

() Chart "058422.BCD (EADST CTD ONLINEVSZ13_01STY" [=REcR
EElll=E8 3 & & ® x5 @ | chatedk ][ Templates | Y
0S8422BCD Number Tirne: ‘Ccnr |Cdiff‘ -
" 2| 21.3.2016 13:30:00 426 -4
4,000 -
3800 5 3| 21.3.2016 1:31:00 429 -4
3800 . 4| 21,3.2016 19:32:00 429 -4
3400 | 5| 21.3.2016 1333200 426 -4
3200 10 Ml
3000 6 21.3.2006 133000 429 -4
2800 12 o 7 2132016 15:35:00 428 4
- ® g |4
280 glas g 8 71.3.2016 15:36:00 426 -4
2400 g Ea
2000 S [-8 g 9 21.3.2016 15:37:00 4268 -4
5 |4
2000 18 10| 21.3.2016 19:35:00 428 -4
1.500 -
11 21.3.2016 19:39:00 429 -4
1.600 &l -
1.400 2 12| 21.3.2006 15:40:00 426 -4
1200 N 13| 21.3.2016 15:41:00 428 -4
24 —
100 14| 21,3.2006 15:42:00 428 -4
800 -
26 ;
600 016 15 -+
IIIIIIIIIIIIII - 400 28 16 3.2016 15:44:00 426 -4
15:30 15:36 15:40 — e
Measurement time: 21.3.2018 17| 21.3.2016 15:45:00 428) 4| .
Time-4indow Statistics For Ccorbin
Mazx: 429 ab 15:31 Min: 425 at 15:29 Average: 425 H o4 = »

Figure 11: Conductivity temperature correction

The raw conductivity data has been decreased by 4, as can be seen in the BCD file.

Conductivity

(15) Cv = 34,4198 (mS/cm)

The reference value from the salinity bath meter was 34,4013 (mS/cm)

The difference is 18.5(uS/cm) = 0,05% FS (Full Scale)

The accuracy for this conductivity sensor type is specified +/-4% FS = +/-1,4 (mS/cm)
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Salinity

Salinity is found by using/inserting Cv, Tv and Pvda in the UNESCO formulas.
See Appendix A4.

Pvda is the absolute value of Pv in (desi meters)

Pvda = ABS(Pv*10) = 0,0233 (dBAR)

The following insertion is used:
e Cv->C
e Pvda->p

o Tv->T

Calculation should be carried out in the following order.

(PSSeq-3) R = 0,80260375311
(PSSeq-5) Rp= 1,0000000824
(PSSeq-6) rr= 1,0477628031
(PSSeq-4) Rt = 0,76550108289

Thus the salinity is found to be in (PSU):
(PSSeq-2) S = 25,9938 (PSU)

The reference value from the salinity bath meter was 25,957 (PSU)
The difference is 37 (mPSU) = 0,13% FS (Full Scale)
The specified accuracy for salinity at this temperature is +/-4% FS = 1,1 (PSU).
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Appendix

Al. New DST CTD-online V20 introduction.
A new DST CTD-online V20 was introduced in November 2021.
There are two V20 conductivity ranges available, a wide 3-68mS/cm range and a low 0.1-
6mS/cm range.
Both these V20 types have an inverted conductivity raw-data gradient compared to
previous DST CTD versions.
To maintain the proven “old conversion system” it was decided by Star-Oddi that all
production programs and the application program SeaStar would revert the raw
conductivity data back to match the old conversion system.
Thus, SeaStar recognizes V20 and reverts the raw conductivity data to the old raw
conductivity data format.
The reversion function is simple: Cb = 4095 — Chv20.
The variables used here are:

= Cb: Conductivity binary old-style value.

= Cbv20: New version 20 conductivity binary value

The embedded code needs to be updated in a similar manner as the SeaStar application
program.
This manual, starting with revision 6, has now been updated with V20-procedures that
must be added to the embedded program.
There are 3 programming operations:
1. Before the initiation phase:
Make a ThislsV20 Boolean variable, default false.
2. After the initiation phase and before starting the polling:
Make a Version Check:

1. The embedded system sends command 4: 0x04
2. The DST CTD echoes the command: 0x04
3. The user’'s embedded system sends an ACK: 0x55
4. The DST CTD replies with 2 bytes:

The first byte = Type and the second is Version
If Version >= 20 then ThislsV20 = true
3. After each polling and before converting
In the polling loop, check if DST CTD-online is V20:
1. If ThislsV20 then rawC = 4095-rawC
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A2. The RCl file

SeaStar creates a Recorder Calibration Information file (*.RCI), each time you connect to
a recorder and each time you select a recorder.
Below is a copy of a RCI file.

Filename: E:\DST CTD ONLINE\8213_02\ST\S8422.RCI
SeaStar 7.24
File creation Date & Time: 24.3.2016 13:35:33

Recorder type :DSTCTD
Recorder number 1 S8422
Production number 182138422
Production date [dd:mm:yy] : 16:03:16
Calibration number 01

Calibration date[dd:mm:yy] : 16:03:16

Temperature Calibration constants:

Temp.CO: 122,622785746828
Temp.C1: -0,138854530877331
Temp.C2: 0,000108169890868935
Temp.C3: -5,58470579894668E-8
Temp.C4: 1,53702000127998E-11
Temp.C5: -1,81435671827578E-15

Temperature Calibration range:
Decimal Temp.(°C)/(°F)
Min: 2586 -1/ 30
Max: 1286 40/ 104
Ave.resol.: 31(m°C) / 88(m°F)

Temperature sensor: Thermistor

Pressure Calibration constants:

Pres.C0: -1,61597635237222
Pres.C1: 0,00565052106231862
Pres.C2: -9,09681400791005E-8
Pres.C3: 4,90908801913798E-11
Pres.C4: -8,71492645777175E-15
Pres.C5: -4,81753801054678E-19

Pressure Temperature Regulation constants

TPR.C1: 7,02439662414173
TPR.C2: -0,21053250673308
TPR.C3: 0,00980786039230989
TPR.C4: -0,000240862172070564
TPR.C5: 2,17405487656103E-6

Ambient pressure (mBar): 1003
Pressure Calibration Temperature reference (°C): 22,44

Pressure Sensor Type: 1
Max pressure tolerance(Bar):0 - 30

Pressure Calibration range:
Decimal (Bar)/(m)
Min: 290 0.02 0.2
Max: 2105 10.1 103
Ave.resol.: 6(mbar) 61(mm)
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Conduct Calibration constants:

Conduc.CO0: 98,0544546827358
Conduc.C1: -0,263561387205901
Conduc.C2: 0,000376092808984272
Conduc.C3: -3,09143413610036E-7
Conduc.C4: 1,50598310444937E-10
Conduc.C5: -4,27928881371478E-14
Conduc.C6: 6,5323443704887E-18
Conduc.C7: -4,12913234939624E-22

Conductivity Calibration Temperature reference (°C): 23,88
Conductivity Cell Type: 1
Conductivity Cell Range (mS/cm): 3 - 37

Conductivity Calibration range:
Decimal Conduc.(mS/cm)
Min: 3867 2
Max: 365 39
Ave.resol.(uS/cm): 10

Conductivity Temperature Regulation constants

TCR.C1: -0,398142680468083
TCR.C2: -0,00259321862905614
TCR.C3: -0,000684962594896168
TCR.C4: 2,30924943510067E-5
TCR.C5: -1,76713340491716E-7

TCR1.C1: -0,276279974677843
TCR1.C2: -0,0925221052164181
TCR1.C3: 0,00180276949585506
TCR1.C4: -1,54831091575708E-5
TCR1.C5: 2,09671367968997E-7

TCR Decimal Value Range : 526 - 549
TCR1 Decimal Value Range : 3146 - 3208
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A3. The CAT file.

SeaStar creates a *.CAT text file, each time you connect to a recorder and each time you
select a recorder. The CAT files can be viewed in SeaStar via <View\Text files>
The CAT file contains the calibration constants as floating-point values, previously only for

temperature and pressure but to accommodate the user’s conversion of on-line data,
calibration constants for conductivity have been added to the DST CTD xxSyyyy.CAT files.

The *.CAT is a text file, where floating point numbers are listed one number pr. line.
Below is a list from a CAT file. Note # marked lines are normally NOT included.

# Temperature: T.CO-T.C5
122,622785746828
-0,138854530877331
0,000108169890868935
-5,58470579894668E-8
1,53702000127998E-11
-1,81435671827578E-15

#

# Pressure: P.CO -P.C5
-1,61597635237222
0,00565052106231862
-9,09681400791005E-8
4,90908801913798E-11
-8,71492645777175E-15
-4,81753801054678E-19

#

# Pressure Temp. Corr.: Ptc.C1 - Ptc.C5
7,02439662414173
-0,21053250673308
0,00980786039230989
-0,000240862172070564
2,17405487656103E-6

#

# Pressure temperature calibration reference: Tpr
22,4427798102788

#

# Conductivity: Cond.C0 - Cond.C7
98,0544546827358
-0,263561387205901
0,000376092808984272
-3,09143413610036E-7
1,50598310444937E-10
-4,27928881371478E-14
6,5323443704887E-18
-4,12913234939624E-22

#
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# Conductivity Temperature Correction low: Ctc.C1-Ctc.C5
-0,398142680468083

-0,00259321862905614

-0,000684962594896168

2,30924943510067E-5

-1,76713340491716E-7

#

# Conductivity Temperature Correction high: Ctc1.C1-Ctc1.C5
-0,276279974677843

-0,0925221052164181

0,00180276949585506

-1,54831091575708E-5

2,09671367968997E-7

#

# Conductivity temperature calibration reference: Tcr
23,88

#

# Conductivity Low load range inner value: L

549

#

# Conductivity High load range inner value: H

3146

As can be seen here, the numbers are written European style with a decimal separator =

This is because the CAT file is written according to regional settings.
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A4. PSU Calculations
The Practical Salinity Scale 1978 (PSS-78)

The Practical Salinity Scale 1978 (PSS-78) has been considered by the Joint Panel
on

Oceanographic Tables and Standards and recommended by all oceanographic
organizations as the scale in which to report future salinity data.

Definition of the practical salinity

Practical salinity, symbol S, of a sample of seawater, is defined in terms of the ratio
Kis of the electrical conductivity of the seawater sample at the temperature of 15°C
and the pressure of one standard atmosphere, to that of a potassium chloride (KCI)
solution, in which the mass fraction of KCl is 32.4356E-3, at the same temperature
and pressure.

The Kis value exactly equal to 1 corresponds, by definition, to a practical salinity
exactly equal to 35.

The practical salinity is defined in terms of ratio Kis by the following equation:

L 1/2 3in 2 in
S=a,+a K;" +a, K+, K;" +a, K[ +a; K,

(PSSeqg-1)

Formulated and adopted by the UNESCO/ICES/SCOR/IAPSO Joint Panel on
Oceanographic tables and Standards, Sidney, BC, Canada, 1-5 September 1980.
PSS-78 is based on an equation relating salinity to the ratio of the electrical
conductivity of seawater at 15°C to that of a standard potassium chloride solution
(KCI). It has already been pointed out that a "conductivity ratio" defined salinity
scale is better than a "chlorinity" scale for density determination; and added to this
is the study of Farland showing that in the hands of average observers, titration is a
less precise than is conductivity measurement.

In order to eliminate the ambiguity exhibited by (1) and (2) under conditions of ionic
ratio variation, the Practical Salinity Scale 1978 breaks the existing chlorinity-salinity
tie in favor of a definite salinity-conductivity ratio relationship; all waters of the same
conductivity ratio then have the same salinity.

A standard seawater of 35 has by definition a conductivity ratio of unity at 15°C with
a KCI solution containing a mass of 32.4356 g KCI in a mass of 1 kg of solution.

In practice Merk "Suprapur” KCI has been found to be of adequate purity being
consistent within a bath and between batches. It is worth nothing that the major
impurity is NaCl, and at the level of interest the molal conductivities of the two salts
are sufficiently near to minimize the effect of the impurity. From measurements on
weight diluted (with pure water) or weight evaporated North Atlantic surface water,
the following relationship was established:
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(T-15

112 31 1 il 11 31 2 12K
S=a, +a R+, R +a, R+ K +a,R7 + {bnwl}?r +0, K +0, R +5, K +0, K ]

(PSSeq-2) 1+ KT-15)
where:

ao = 0.008
a1 =-0.1692
a2 = 25.3851
az = 14.0941
as =-7.0261
as = 2.7081
bo = 0.0005
b1 =-0.0056
b2 = -0.0066
bz =-0.0375
bs = 0.0636
bs =-0.0144

k=0.0162 -2°C < T < 35°C

In all cases temperatures are measured according to the International Practical
Temperature Scale (1968).

The values of coefficients in PSS-78 are based on experiments carried out on
existing standard seawaters that were diluted and evaporated by weight. This
ensures the conservatism of a salinity so defined and its local reproducibility. The
standard deviation was 0.0013 in salinity. This equation is used for calculation of the
practical salinity measured only by laboratory salinometers, where Rt is a measured
value.

A supplementary equation was also established for converting conductivity ratios
measured at pressure greater then one atmosphere (i.e. for CTD-measurements).
Given in situ measurements of conductivity ratio:

g G675, P)

(Psseq3)  CG15.0)

where:
C(35,1568,0) = 42.914 mS/cm = 4.2914 S/m
Tes = 1.00024%Tgo
Tes - temperature IPTS-68, C
Too - temperature 1TS-90,°C

(PSseq-4)  rHe
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where:

Ap+4p’ +4p°
1+ BT+ 8,T* + B,R+B,TR

Rp =1+
(PSSeq-5)

where
A1=2.070x10"°
A2=-6.370x1010
Asz= 3.989x101°
Bs=-3.107x1073
B1=3.426x102
B2 = 4.464x10*
B3 =4.215x101

The standard deviation was 1.3 ppm in salinity. Given R, T, and p, a may be
computed and the factor rt, the temperature coefficient of standard seawater, may
be obtained from the polynomial equation:

(PSSeq-6) v,=¢o+e T+, T +0,7° +¢, T
where:

c= 6.766097 X 107!

c1=2.00564 X 107

c;=1.104259 X 107

c3=-6.9608 X 107

ce=10031X 107°

These equations enable the practical salinity S in a range 2 to 42 to be calculated
from conductivity C (mS/cm or S/m) measured at temperature T (°C) and
hydrostatic pressure p(dBar) and is valid in the temperature range -2°C to +35°C
and hydrostatic pressure 0-10000 dBar.

Practical salinity should be expressed by dimensionless number only and should be
written as, e.g. S = 35.034.
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A5. Working with SeaStar

Transferring stored data to afile

The embedded system can transfer the raw data, at some point to another system to be
stored in a file. As the embedded system defines the measurement frequency, information
about start time and measurement frequency should be stored with the file.

Then this raw data file can be taken and converted to a SeaStar DAD-file format.
Later to be converted to unit values and viewed graphically in SeaStar.

Converting embedded raw data to a DAD file
The SeaStar DAD format is defined as 9 byte for two consecutive CTD measurements:
For two measurement transferred as 2 x 6byte from the DST CTD, described above as
T1,T1h,P1l,P1h,C1l,C1h and T2I,T2h,P2I,P2h,C2I,C2h.
The values compacted in the following way.
B1=Til
B2=P1I
B3= P1h (high nibble)+T1h (low nibble)
B4= T2l
B5= P2I
B6= P2h (high nibble)+T2h (low nibble)
B7=Cl1lI
B8= C2l
B9= C2h (high nibble)+C1h (low nibble)
For example if the values received are:
120, 10, 77, 4, 100, 2 and 130, 10, 90, 4, 110, 2
They should be compacted and stored in a text file, one decimal value per line, as:
120
77
74
130
90
74
100
110
34
The name of the DAD text file should be xxSyyyy.DAD, for example: 1S5000.DAD
XX: Last sequence number in DST CTD, usually 1
yyyy: Recorder number, fx 5000
Place the file in an appropriate DST CTD folder under SeaStar.
For example: C:\SeaStar\DST CTD\S5000\
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Converting the *.DAD file to unit values in SeaStar

As described previously in the raw data should reside in a DAD file.

Converting the DAD file to unit requires the measurement sequence (measurement
frequency) and the calibration constants, which are kept in the MID file.

Conversion: DAD + MID - DAT
Star-Oddi will supply the user with RID and MID files, in folders, one for each recorder,

that can be copied to the SeaStar\DST CTD\ folder. For example, for serial no. S5000 the
following files would be included:

S5000\ S5000.RID Recorder Information Data file
0S5000.MID Sequence 0 Measurement Information file
Used for SeaStar online measurement conversion
1S5000.MID Sequence 1 Measurement Information file

Used for user’s online measurement conversion

Meas. Freq. defined as 1 sec.
Normally all the information about the measurement sequence is in the MID file, but as the
user defines the start time and measurement frequency, this must be punched in when
reconverting the data. For detailed information on converting the data to unit values,
please refer to the SeaStar User Manual, Chapter 10.

The data conversion procedure is as follows: (example for S5000)

1) Place a 0S5000.DAD data file in C:\SeaStar\DST CTD\S5000\

2) In SeaStar select the S5000 recorder.

3) Select the 0 data sequence via <File\Select measurement>
Select the 0S5000.MID measurement file.

4) Using a single interval definition, in <Edit\New Measurement Def.>
Define the measurement interval.

5) In <Edit\Reconvert Definitions>
Set the start time.
In the “In reconversion use measurement intervals from” select
“Current new measurement sequence definition”

6) Convert the DAD to DAT via <File\Reconvert data>
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A6. Python demo program

Here is a python script that can be run with Python.exe
The 10 first lines in the script describe how to do.

The py-code itself can be imported to an embedded system or converted to another
language like C.

# Start by connecting the DST CTD-online to the PC via StarCom cable and USB-RS232
converter.

# Check the COM number.

# If you don’t have Python please download and install it

# Place this file in the python root directory

# In the python folder open PowerShell (in File Explorer shift+right-click)

# In PowerShell write .\Python.exe .\DST_CTD_Online_Measurement.py COM1

# Here the COML1 is a parameter, replace the "1" by your COM number.

import time
import sys
try:
import serial
except ImportError as e:
print("couldn't find pyserial™)
print("install pyserial by running command: .\python.exe -m pip install pyserial™)
exit()

COM_TEST = 0x00
COM_VERSION = 0x04
COM_PCMODE = 0x0C
COM_ONLINE_MEAS = 0x01
ACK = 0x55

NAK = 0x33

PC_MODE_RET =2
TIMEOUT =2
def ti(byte):
return int.from_bytes(byte, 'big’)

def th(int_):
return bytes([int_])

def test_connection():
ret =]
ser.write(bytes([COM_TEST]))
ret.append(ti(ser.read()))
ret.append(ti(ser.read()))

if ret[0] == COM_TEST and ret[1] == ACK:
return O

else:
return -1
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def send_command(command):
ser.write(tb(command))
echo = ti(ser.read())
if echo == command:
ser.write(tb(ACK))
else:
return -1
ret = [(ti(ser.read()))]
time.sleep(.25)
while True:
if ser.inWaiting():
ret.append(ti(ser.read()))
else:
break
return ret

def set_to_pc_mode():
ret =]
ser.write(bytes({COM_PCMODE]))
ret.append(ti(ser.read()))
ret.append(ti(ser.read()))

if ret[0] == COM_PCMODE and ret[1] == PC_MODE_RET:
return 0

else:
return -1

if _name__=='_main__"

if len(sys.argv) < 2:
print("Usage: python3 DST_CTD_Online_Measurement.py [DST COM PORT]")
print("Example: python3 DST_CTD_Online_Measurement.py COM1")
exit()

else:
com_port = sys.argv[1]
print(com_port)

ser = serial.Serial(com_port, baudrate=4800, timeout=TIMEOUT)

time.sleep(.5)

if ser.inWaiting(): # throw away response if logger sent 0 and ack when it woke up
ser.read()
ser.read()

print("Testing connection™)

if not test_connection():
print("communication in order")

else:
exit("logger didn't respond, check connections™)

print("Setting logger to PC-Mode")
if not set_to_pc_mode():
print("DST now in pc-mode")
else:
exit("logger didn't respond, check connections")

ret = send_command(COM_VERSION)
if ret 1= -1:

logger_type = ret[0]

logger_version = ret[1]

print("logger type: ", ret[0])
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print("logger version: ", ret[1])
else:
exit("logger didn't respond, check connections")
measurement_interval = 1
t0 = time.time()
while True:
try:
ret = send_command(COM_ONLINE_MEAS)
# TI,Th,PI,Ph,CI,Ch
if ret 1= -1:
if logger_type == 82:
temperature_binary = ret[0] + (ret[1] << 8)
pressure_binary = ret[2] + (ret[3] << 8)
if logger_version >= 20:
salinity_binary = 4096 - (ret[4] + (ret[5] << 8))
else:
salinity_binary = ret[4] + (ret[5] << 8)
print(f*{temperature_binary=}", end=", ")
print(f*{pressure_binary=}", end=", ")
print(f*{salinity_binary=}")
else:
exit("Lost connection to logger")
except KeyboardInterrupt:
exit("Exiting normally")
except:
exit("Lost connection to logger")

while time.time() - tO < measurement_interval:
time.sleep(0.1)
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A6. Arduino C demo program

SO_CTD.h

ifndef SO_CTD_H
#define SO_CTD_H
#include "Arduino.h"

class SO_CTD {
public:

double ctd_c;
double ctd_t;
double ctd_p;
double ctd_d;
double T;
double D;
double C;
uint8_t data[6];

uint8_t connected=false;
uint8_t logger_id;

uint8_t logger_sw_version=0;
HardwareSerial* _ser;

void init();
void end();
uint8_t sample();
void compute(double T, double D, double C);
uint8_t send_command(uint8_t command);
uint8_t set_to_pc_mode();
uint8_t test_connection();
uint8_t get_version(uint8_t *ret);
SO_CTD(HardwareSerial* ser) {
4 _ser=ser,

}

private:
const uint8_t COM_TEST = 0x00;
const uint8_t COM_VERSION = 0x04;
const uint8_t COM_PCMODE = 0x0C;
const uint8_t COM_ONLINE_MEAS = 0x01;
const uint8_t ACK = 0x55;
const uint8_t NAK = OxAA;
const uint8_t PC_MODE_RET = 2;
const uint8_t TIMEOUT = 2;

%

#endif
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SO_CTG.cpp

#include "SO_CTD.h"

/ICTD constants get from the manufacturer's software
double CTD_T_CONST[6] ={127.591955414083, -0.155237906125259, 0.000125928851231767,
-6.51467703150436E-8, 1.77323910640494E-11, -2.05096020129225E-15};
double CTD_P_CONSTI[6] = {-1.75588402229783, 0.00618784663445961, -2.54023958228173E-7,
2.66882499489739E-10, -1.33378750878793E-13, 2.4908880704237E-17};
double CTD_TPR_CONST[6] = {0, 1.07211421332684, -0.134204369507488,
0.00575444523649455, -0.000124016402112995, 1.02345529263655E-6};
double CTD_PT_REF = 23.4;
double CTD_CT_REF = 23.89;
double CTD_C_CONST[8] = {229.446747318228, -0.557216750268832, 0.000717099369071441, -
5.43319110004576E-7,
2.50724992446364E-10, -6.9294488914069E-14, 1.05372484421625E-17, -
6.77531167756794E-22};

double CTD_TCR_CONSTI[6] = {0, -1.48459286240236, -0.0754428918620321,
0.00295724664548353, -4.61025296619404E-5, 2.74922913062834E-7};
double CTD_TCR1_CONSTI6] = {0, -2.23099074034967, -0.0711269768763526,

0.00266149638586683, -5.35984601912397E-5, 4.62458574102615E-7};
double CTD_TCR_L=1115.0;
double CTD_TCR_H=2814.0;
double CTD_G = 9.80665;
double CTD_SWD = 1.026;
I

/linitialize the serial port
void SO_CTD::init() {
uint8_t ret[2];

_ser->hegin(4800);
_ser->setTimeout(100); //setting timeout to 100ms
delay(100);

uint8_t timeout = 3;
while(timeout) {
if(test_connection()) {
Serial.printin("CTD test_connection failed");
delay(1000);
timeout--;
connected = false;
continue;
}
delay(100);
/l'It's not strictly necessary to verify that it's in pc-mode
if(set_to_pc_mode()) {
Serial.printin("CTD set_to_pc_mode failed");
delay(1000);
timeout--;
connected = false;
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continue;

}

if(lget_version(ret)) {
Serial.printin("CTD get_version failed");
delay(1000);
timeout--;
connected = false;
continue;
}
else {
logger_id = ret[0];
logger_sw_version = ret[1];
Serial.printin("logger id: " + String(logger_id) + " sw version: " + String(logger_sw_version));
}
connected = true;
break; // should only reach here if ctd was connected
}
if(timeout){
Serial.printin("CTD ready!");
}
else {
Serial.printin("CTD unresponsive!");
}
}

void SO_CTD::end() {
_ser->end();

}

uint8_t SO_CTD::set_to_pc_mode()}{

uint8_t ret[2];

_ser->write(SO_CTD::COM_PCMODE);

_ser->readBytes(ret, 2);

if(ret[0] == COM_PCMODE && ret[1] == PC_MODE_RET) {
return 1;

}

else{
return O;

}

}

uint8_t SO_CTD::test_connection(){
uint8_t ret[2];
while(_ser->available())_ser->read(); // always make sure buffer is clear
_ser->write(SO_CTD::COM_TEST);
_ser->readBytes(ret, 2);
if(ret[0] == SO_CTD::COM_TEST && ret[1] == SO_CTD::ACK) {
return 1,

}
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else {
return O;

}
}

uint8_t SO_CTD::get_version(uint8_t *ret){
uint8_t echo;
while(_ser->available())_ser->read(); // always make sure buffer is clear
_ser->write(SO_CTD::COM_VERSION);

uint8_t count = _ser->readBytes(&echo, 1); // readBytes because we want it to block

if(count && echo == SO_CTD::COM_VERSION) {
_ser->write(ACK);
}
else {
_ser->write(NAK);
return O;
}
count = _ser->readBytes(ret, 2);
if(count == 2) {
return 1,
}
else {
return O;

}
}

/lsample
uint8_t SO_CTD::sample(){
uint8_t timeout=2;
uint8_t echo;
size_t count;
while(_ser->available())_ser->read(), // always make sure buffer is clear
do {
_ser->write(SO_CTD::COM_ONLINE_MEAS);
_ser->readBytes(&echo, 1);
iflecho == SO_CTD::COM_ONLINE_MEAS) {
_ser->write(0x55);
break;
}
else {
/[clear buffer
while(_ser->available()) {
_ser->read();
}

timeout--;

}

} while(timeout > 1);

delay(380); //need to wait ~380ms for data, readBytes waits 100ms
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count = _ser->readBytes(data, 6);
if(count == 6) {
T = data[0] + ((uintl6_t)(data[1])<<8);
D = data[2] + ((uint16_t)(data[3])<<8);
C = data[4] + ((uint16_t)(data[5])<<8);
SO_CTD::compute(T,D,C);
return 1;
}
else {
return O;

}
}

/lconvert dec to actual ctd measurement.
void SO_CTD::compute(double T, double D, double C)
{
if(logger_sw_version >= 20) { // salinity was inverted in version 20
C =4096-C;
}
ctd_ t= CTD_T_CONST[0] + CTD_T_CONST[1]*T
+ CTD_T_CONST[2]*pow(T,2)
+ CTD_T_CONST[3]*pow(T,3)
+ CTD_T_CONST[4]*pow(T,4)
+ CTD_T_CONST[5]*pow(T,5);
double Pc =D + CTD_TPR_CONST[1]* (CTD_PT_REF-ctd_t)
+ CTD_TPR_CONST[2]* (pow(CTD_PT_REF,2)- pow(ctd_t,2))
+ CTD_TPR_CONST[3]* (pow(CTD_PT_REF,3)- pow(ctd_t,3))
+ CTD_TPR_CONST[4]* (pow(CTD_PT_REF,4)- pow(ctd_t,4))
+ CTD_TPR_CONSTI[5]* (pow(CTD_PT_REF,5)- pow(ctd_t,5));
ctd p=CTD_P_CONST[0] + CTD_P_CONST[1] *Pc
+ CTD_P_CONST[2] *pow(Pc,2)
+ CTD_P_CONST[3] *pow(Pc,3)
+ CTD_P_CONST[4] *pow(Pc,4)
+ CTD_P_CONST[5] *pow(Pc,5);
ctd_d = ctd_p*CTD_G/CTD_SWD;

double CcO=C + CTD_TCR_CONST[1] * (CTD_CT_REF -ctd_t)
+ CTD_TCR_CONSTI[2] * (pow(CTD_CT_REF,2)- pow(ctd_t,2))
+ CTD_TCR_CONST]I3] * (pow(CTD_CT_REF,3)- pow(ctd_t,3))
+ CTD_TCR_CONSTI[4] * (pow(CTD_CT_REF,4)- pow(ctd_t,4))
+ CTD_TCR_CONST[5] * (pow(CTD_CT_REF,5)- pow(ctd_t,5));

double Ccl =C + CTD_TCR1_CONST[1] * (CTD_CT_REF -ctd_t)
+ CTD_TCR1_CONST[2] * (pow(CTD_CT_REF,2)- pow(ctd_t,2))
+ CTD_TCR1_CONST[3] * (pow(CTD_CT_REF,3)- pow(ctd_t,3))
+ CTD_TCR1_CONST[4] * (pow(CTD_CT_REF,4)- pow(ctd_t,4))
+ CTD_TCR1_CONST[5] * (pow(CTD_CT_REF,5)- pow(ctd_t,5));

double A = (Cc1-Cc0)/(CTD_TCR_H-CTD_TCR_L);

double B = CcO0-A* CTD_TCR_L;

double Cc = B + A*C;
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ctd_c = CTD_C_CONST[0] + CTD_C_CONST[1]*Cc
+ CTD_C_CONST[2]*pow(Cc,2)
+ CTD_C_CONST[3]*pow(Cc,3)
+ CTD_C_CONST[4]*pow(Cc,4)
+ CTD_C_CONST[5]*pow(Cc,5)
+ CTD_C_CONST[6]*pow(Cc,6)
+ CTD_C_CONST[7]*pow(Cc,7);

Main

# include "SO_CTD.h"

String CTD_data="";

String CTD_raw ="";

SO_CTD ctd_sensor(&Serial2);

unsigned long previousMillis_ctd=0;

unsigned long ctd_inter=1000; //ctd sensor reading takes around 380ms from when it has received ack until
it transmits data

unsigned long long currentMillis;

uint8_t ctd_fail_counter = 0;

void connect_ctd() {

}
void setup() {

currentMillis = millis();
Serial.begin(115200);
ctd_sensor.init(); //ctd port

}
void loop() {

/llctd sensor stuff

currentMillis = millis(); //get current time
if(currentMillis-previousMillis_ctd>= ctd_inter) // if time out
{
previousMillis_ctd = currentMillis;
if(ctd_fail_counter > 5) {
/I try to reset ctd
ctd_sensor.end();
delay(2500); // ctd takes 2 seconds to timeout
ctd_sensor.init();
ctd_fail_counter = 0;
}

if(ctd_sensor.sample() && ctd_sensor.logger_sw_version) { // need to make sure sw version is set
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CTD_data = "$CTD," + String(millis()*0.001) + "," + String(ctd_sensor.C) +""
+ String(ctd_sensor.T) +"," + String(ctd_sensor.D) +","
+ String(ctd_sensor.ctd_c,4) +"," + String(ctd_sensor.ctd_t,4) +","
+ String(ctd_sensor.ctd_d,4) + "\r\n";
CTD_raw = "$CTDR," + String(millis()*0.001) + ","
+ String(ctd_sensor.data[0]) + "," + String(ctd_sensor.data[1]) + ","
+ String(ctd_sensor.data[2]) + "," + String(ctd_sensor.data[3]) + ","
+ String(ctd_sensor.data[4]) + "," + String(ctd_sensor.data[5]) + ","
+"\r\n";
Serial.print(CTD_data);
ctd_fail_counter = 0;
}
else {
ctd_fail_counter++;
}

}
delay(10); //
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A7. Testing communication with Termite

Here is a description of how test the communication commands, described in chapter 3,
with the terminal program Termite (V3.4). One can download the Termite for free.

Please use the same cable connection as when communicating with the DST CTD-online
via SeaStar, i.e. using the StarCom cable and the USB-RS232 converter.

Termite setup
Start by configuring Termite via Settings.

Serial port settings

Port configuration Transmitted text Options

Port COM& v | {®) Append nothing | [ stay on top
L_J Append CH Quit on Escape

Baud rate 4300 il () Append LF [] Autocomplete edit line

Append CR-LF | Keep histor

etk B » O App R p v
[Local echo [JClose port when inactive

Stop bits 1 = Received text Plug-ns

Parity none e Folling 100 me Hex View -
Max. lines L_| Highlight

Elow contral | none o ]
Fant | default e

Forward [Jword wrap

User interface language | English {en)

Please set Termite up as seen in the figure above, except the COM port number is
something the user must find, in SeaStar or Device Manager.
Please note in the Plug-ins the Hex View and Status LEDs

Click on RTS and DTR
After clicking on RTS and DTR, then the DST CTD-online is awakened via power on.

1.1 Termite 3.4 (by CompuPhase)

| COMBE 4800 bps, 8M1, no handshake | Settings Clear About Close
- | | | | (| | | | - ]
Local RTS DTR Remote CTS DSR Rl CD ERR BRIEAK

Termite is initialized and ready.
Twpe a string in the edit line (below) and press <Enter>»
[or wait far the remote dewvice to send data).

| [+1
Termite and the CTD are now ready for communication.
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Communication sequence.
Follow the command sequence described in chapter 3.
1. Write 0x00
This is the connection test
The CTD will respond (green) with a: 00 55
This is the ccommand echo and ACK
2. Write Ox0C
This is the PC-mode command
The respond should be: 0C 02
A ccommand echo and a 0x02 that indicates the CTD is in PC-mode.
3. Write 0x01
This is the polling for data command.
The CTD responds with a: 01
That is the command echo.
Now the user must respond immediately with an ACK *
Write 0x55
The CTD will now measure and send back 6 byte
For example: B1 06 A3 01 D5 OE
There are two byte per parameter
Temp L, Temp_H, Press L,Press H Conduc_ L, Conduc H

* If using a script, not writing manually, then do a 50ms delay before sending ACK
The polling can be repeated over and over.
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