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Included with the RoCSI

A new Robotic Cartridge Sampling Instrument (RoCSl) includes a USB drive that contains the User
Manual and Benchmaps interface software.

Each RoCSI also includes a toolkit. The toolkit and contents are referred to in this User Guide, and
should remain with the instrument at all times

The toolkit pictured is only an example.

Actual toolkit contents may vary and are subject to change without notice.



Contact McLane

TELEPHONE SUPPORT

+1 508.495.4000

FAX +1 508.495.3333

SKYPE MCLANE_RESEARCH

EMAIL MCLANE@MCLANELABS.COM
WEBSITE www.mclanelabs.com

Mailing Address

McLANE RESEARCH LABS
121 Bernard E. Saint Jean Drive,
East Falmouth, MA 02536 USA

When contacting McLane for technical support, please provide the following:

e Firmware version, GUI version (Benchmaps) and instrument serial humber.

e Problem description.

Contact mclane@mclanelabs.com with questions about retrieving files.

McLane Research Laboratories is on the Web at http://www.mclanelabs.com or via email at

mclane@mclanelabs.com.

Printable User Manual

Check the RoCSI User Manual page on the McLane website for updates and a downloadable RoCSI

User Manual.



mailto:mclane@mclanelabs.com
http://www.mclanelabs.com
mailto:mclane@mclanelabs.com
https://mclanelabs.com

Serial Number

A McLane instrument serial number begins with ‘ML’ followed by five numbers and a dash (-) with
two more numbers.

Example: ML12345-01

This information is located on a label attached to the controller housing:



RoCSI General Information

General Information includes a short description of the RoCSI. A more detailed specification sheet
and selected references are available on the McLane website,RoCSI product page.

The Robotic Cartridge Sampling Instrument (RoCSl) is a field-proven in situ autonomous
oceanographic sampler that collects and preserves water samples into industry standard 0.22 and
0.45 micron Sterivex™ filter cartridges for later eDNA analysis. RoCSI has high sample count
capabilities in a compact instrument that is depth rated to 6,000 m.

RoCSlI Sterivex™ filter cartridge chains are available in 12, 24, or 48 samples.

RoCSI uses common industry preservatives such as RNAlater™.

Options

Lithium primary battery
Moored frame

Cartridge containment hopper
Acrylic bench stand


https://mclanelabs.com/rocsi-landing/

RoCSI User Manual
RoCSI Specifications

This section provides mechanical and electrical specifications for RoCSI.

Physical Specifications

Physical

For physical specifications, see the RoCSI data sheethere.

Electrical Specifications

Electrical
e Nominal: +12 Vdc (10-25Vdc) / 2 A
e Absolute Max: 25 Vdc
e Typical Pumping Current (at 12 Vdc): 0.4-0.7 A

8/ 65


https://mclanelabs.com/rocsi-landing/rocsi-data-sheet-0-2/

Communication Cable Specifications

Communication Cable

If you want to make your own lead, you will need a cable terminated with a Subconn MCIL8F plug
(to mate with the Subconn MCBH8M bulkhead connector on the sampler’s end-cap).

The pin-out of the connector is as follows:

e PIN 1 (black) 12V

e PIN 2 (white) GND

e PIN 3 (red) USB VBUS
e PIN 4 (green) USB GND
¢ PIN 5 (orange) USB DP
e PIN 6 (blue) USB DM

e PIN 7 (white & black) RS232 SAMPLER RX
e PIN 8 (red & black) R5232 SAMPLER TX

The deck lead provided with the unit has power, USB, and RS232 connections. A USB deck lead
should not exceed 2m. An RS232 graphical user interface (GUI) is available with the same
functionality as the USB GUI but you will need an RS232 port (or R5232-USB adapter) on your PC
to use it. There is also an R$232 vehicle interface available to allow a vehicle to start/stop the
sampler autonomously. An RS232 deck lead should work up to at least 7m.



RoCSI User Manual

Controller Housing End Cap Diagrams
Front End Cap:

Rear End Cap:
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Bulkhead Connectors

Bulkhead Connectors

Front End Cap:
Set Up / Data - Communication and Power Port (+12 Vdc / USB / RS232)

Flow Meter - Flow Meter Sensor

Rear End Cap:

Hall Effects A - Sample Injector Position Sensor
Hall Effects B - Stabilizer Injector Position Sensor
Hall Effects C - Cartridge Load Position Sensor

Sample Pressure Sensor - Differential Pressure Sensor

Sterivex™ Filter Cartridge Specifications

RoCSI Sterivex™ filter cartridge chains are available in 12, 24, or 48 samples. Each new sample
belt includes one set of the specified number of cartridge filters (for example, the 12 sample
chain includes 12 Sterivex™ filter cartridges), the 24 sample belt includes 24 cartridges, and so
on.



Filter cartridges are Merk Millipore Sterivex™. Additional filter cartridges can be purchased from
Merk or Sigma.

Sterivex GP - 0.22um PES membrane, p/n SVGP010 (pictured below)

Sterivex HV - 0.45um PVDF membrane, p/n SVHV010



http://www.merkmillipore.com/
http://www.merkmillipore.com/
http://www.merkmillipore.com/
http://www.merkmillipore.com/
https://www.sigmaaldrich.com/US/en
http://www.merkmillipore.com/

RoCSI User Manual

Fluidic System Schematic
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Connecting to RoCSI

RoCSl is able to communicate using either a USB connection or an RS232 serial connection. The
graphical user interface program (GUI) used to communicate with the RoCSl is called Benchmaps.
Benchmaps_usbui.exe is used to communicate via USB and benchmaps_rs232ui.exe is used
when connected via a serial port. Note that, at this time, benchmaps will only run using a
Windows operating system on the host computer.

RoCSl is supplied with a communication cable that contains both USB and serial connectors. Be
sure to always plug the communication cable into the RoCSI prior to turning on power and/or
connecting the cable to the host computer.



1. First, plug the communication cable into the Setup / Data port on the RoCSI.

2. Next, plug in the USB connection to the host PC running windows. The computer should
automatically find drivers in order to connect with RoCSI; this may take a few seconds to
complete.

3. Launch benchmaps_usbui.exe on the host computer. There should be a list of at least one

RoCSI device available to connect.



4. Click on the target device to select it, then click the Connect button.

5. Benchmaps will connect to the RoCSI and display the RUN view, which contains the sample log

and any current information about the device.



Benchmaps will display the current cartridge as "unpowered” until the 12 Vdc power supply is

connected.

Plug in the bench power supply and then connect the two banana plugs to the RoCSlI

communication cable to power the RoCSI.



8. The RoCSlI is now ready for operation on the bench top..

Communication Troubleshooting

When trying to connect to the RoCSl via RS232, there may be one or more reasons that the host
computer fails to connect. Typically, RS232 is connected to the host computer via an USB-to-
RS232 adapter. Ensure that the adapter is recognized in the Device Manager within the Windows
0sS.

If no communication ports are responding, or none are listed, check the available COM ports in
the Windows Device Manager. Device Manager can be accessed by clicking the Windows start
menu and typing “device manager”. Ensure that any drivers supporting the USB adapter are
installed and functioning correctly.

Device Manager lists the available COM ports under "Ports.” Look for "Communications Port" or
"USB Serial Port" in the Device Manager tree.



When plugging and unplugging the USB adapter to/from the computer, a port should appear
and/or disappear from the Device Manager list of ports. This indicates the COM port that should
be selected in benchmaps and that the device should communicate on.

In rare cases, some computers may have difficulty reliably recognizing the USB COM port and a
different computer may be necessary to successfully communicate with the device.

Note that when communicating to the RoCSI via RS232, the main power supply must be turned on
and supplying ~12 Vdc to the RoCSl in order to communicate. Alternately, if communicating via
USB, the sampler should respond using just USB power, but will be unable to run any peripherals in
this state.

Updating RoCSI Firmware

RoCSlI firmware can be updated using the USB deck lead and benchmaps_usbui.exe application
only (not the RS232).
A firmware file will be called benchmaps.bin.

1. To apply a firmware update, first turn off the 12V supply and disconnecting the USB,
then re-connect the USB only, do not connect the 12V supply.

2. In the Connect View of the user interface the sampler is listed with State set to
Bootloader.



3. Select (but do not double-click) the sampler and click on the Firmware Update button.

4. Browse for the new benchmaps.bin file on the PC and click OK. The update will take
several minutes. If it is interrupted for some reason just start again.

Contact McLane (mclane@mclanelabs.com) for firmware update questions.



mailto:mclane@mclanelabs.com

RoCSI Operations

This section provides guidance for operating the RoCSI.

RUN View

RoCSI User Manual

RUN View is the main interface view for RoCSI operation.

5 AT338 RoC5l Controller (16113-01)

File View Configure Help

[ RUN
Top Cartridge: 10

Sampler Clock Time Now: 01/05/2024 16:39
Contral: Manual {GUI or vehide)

Current Schedule Waypoint: not running schedule
Sampler State: Pumping Sample ID=10

Run Status: OK

Flow volume: 0.426 litre Max pressure: 0.403 bar

Connected to 16113-01

= m} X
Start Time Cartridge ID Duration (sec) | Treatment Stop Reason | Volume Pumped (itre) | Max Pressure (bar)
01/05/2024 12:18:26 1 1735 stabilized full sample complete 2,000 0.460
01/05/2024 12:18:26 2 1681 stabilized full sample complete 2.000 0.414
01/05/2024 12:18:26 3 1661 stabilized full sample complete 2.000 0.403
01/05/2024 12:18:26 4 1634 stabilized full sample complete 2.000 0.403
01/05/2024 12:18:26 5 1639 stabilized full sample complete 2,000 0.403
01/05/2024 12:18:26 6 1638 stabilized full sample complete 2,000 0.426
01/05/2024 12:18:26 7 1642 stabilized full sample complete 2.000 0.437
01/05/2024 12:18:26 8 1663 stabilized full sample complete 2.000 0.529
01/05/2024 12:18:26 9 1664 stabilized full sample complete 2.000 0.449
01/05/2024 12:18:26 10 a incomplete sample none 0,000 0,000

Real-time status of the RoCSl is displayed in the top left corner.
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u AT338 RoC5l Controller (16113-01)

File View Configure Help

RoCSI User Manual

= [m]

X

RUN

Start Time | Carirgge D | Duration (sec) | Treatment Stop Reason I Volume PumEd!ite I Max Pressura!lgar!

01/05/2024 12:18:26 1 1735 stabilized full sample complete 2,000 0.460
To Cartrld e - 1 0 01/05/2024 12:18:26 2 1691 stabilized full sample complete 2.000 0.414
p g . 01/05/2024 12:18:26 3 1661 stabilized full sample complete 2.000 0.403
01/05/2024 12:18:26 4 1634 stabilized full sample complete 2.000 0.403
01/05/2024 12:18:26 5 1639 stabilized full sample complete 2.000 0.403
Sampler Clock Time Now: 01/05/2024 16:39 01/05/2024 12:18:26 6 1638 stabilized full sample complete 2.000 0.426
Control: Manual (GUI or vehide) 01/05/2024 12:18:26 7 1642 stabilized full sample complete 2.000 0.437
a + Schedule W, int: not ing schedul 01/05/2024 12:18:26 8 1663 stabilized full sample complete 2.000 0.529
urrent schedule Waypaint: not running schedue 01/05/2024 12:18:26 9 1664 stabilized full sample complete 2,000 0.448
Sampler State: Pumping Sample ID=10 01/05/2024 12:18:26 10 ] incomplete sample none 0.000 0.000
Run Status: OK
Flow wolume: 0.426 litre Max pressure: 0.403 bar
Maode: Sample vl
Mumnber of Cartridges: 12
Sarmple Yolume (litre): 2.0
Sarnple Timeouk (mind: 0
[~ Enable Cleaning
Stark | Stop | Clear Log |
Connected to 16113-01 4
The right hand panel displays the sample log.
u AT338 RoCS| Controller (16113-01) = (m} X
File View Configure Help
[ RUN Start Time: Cartridge ID__| Duration (sec) | Treatment Stop Reason | Volume Pumped (itre) | Max Pressure (bar]
01/05/2024 12:18:26 1 1735 stabilized full sample complete 2.000 0.460
To Cartrld e - 1 0 01/05/2024 12:18:26 2 1691 stabilized full sample complete 2.000 0.414
p g = 01/05/2024 12:18:26 3 1661 stabilized full sample complete 2.000 0.403
01/05/2024 12:18:26 4 1634 stabilized full sample complete 2.000 0.403
01/05/2024 12:18:26 5 1639 stabilized full sample complete 2.000 0.403
Sampler Clock Time Now: 01/05/2024 16:39 01/05/2024 12:18:26 & 1638 stabilized full sample complete 2.000 0.426
Control: Manual (GUI or vehide) 01/05/2024 12:18:26 7 1642 stzb!l!zed full sample complete 2,000 0,437
c + Schedule W, int: not ing schedul 01/05/2024 12:18:26 8 1663 stabilized full sample complete 2.000 0.529
urrent schedule Waypaint: not running schedue 01/05/2024 12:18:26  © 1664 stabilized full sample complete 2,000 0,448
Sampler State: Pumping Sample ID=10 01/05/2024 12:18:26 10 0 incomplete sample none 0.000 0.000
Run Status: OK
Flow volume: 0.426 litre Max pressure: 0.403 bar
Mode: Sample - I
Mumber of Cartridges: 12
Sarmple Yolume (litre): 2.0
Sarmple Timeout (rind: o
[~ Enable Cleaning
Skart | Stop | Clear Log |
Connected to 16113-01 4

The sampler mode is set via the Mode drop-down box.
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E AT338 RoC5l Controller (16113-01) — [m] X

File View Configure Help

| RUN Start Time ‘ Cartridge ID | Duration (sec) | Treatment Stop Reason | Volume Pumped (litre) | Max Pressure (bar)

01/05/2024 12:18:26 1 1735 stabilized full sample complete 2.000 0.460

TO Ca r-trl d e . 1 0 01/05/2024 12:18:26 2 1691 stabilized full sample complete 2.000 0.414

p g - 01/05/2024 12:18:26 3 1661 stabilized full sample complete 2.000 0.403

01/05/2024 12:18:26 4 1634 stabilized full sample complete 2.000 0.403

01/05/2024 12:18:26 5 1639 stabilized full sample complete 2.000 0.403

Sampler Clock Time Mow: 01/05/2024 16:47 01/05/2024 12:18:26 & 1638 stabilized full sample complete 2,000 0,426

Control: Manual (GUI o vehicle) 01/05/2024 12:18:26 7 1642 stab?l?zed full sample complete 2.000 0.437

N . ing schedul 01/05/2024 12:18:26 8 1663 stabilized full sample complete 2.000 0.529

Current Schedule Waypoint: not running schedule 01/05/2024 12:18:26  © 1664 stebilized full sample complete 2,000 0,448

Sampler State: Idle 01/05/2024 12:18:26 10 594 incomplete sample cancelled 0.824 0.403

Run Status: OK

Flow volume: 0.824 litre Max pressure: 0.403 bar

Mode:
Mumber of Cartridges:

Sample Volume (itre):

Sample Timeout (min):

[ Enable Cleaning

Start | | Clear Log

Fonnected to 16113-01

Loading and unloading, sampling, priming and scheduled sampling (modes) are initiated using the
Start button. There is also a Stop button to terminate the current procedure and a Clear Log
button to clear the sampler log and Top Cartridge ID.

[ 47338 RoCSI Controller (16113-01) — m] X
File View Configure Help
RUN Start Time | Cartridge ID | Duration (sec) ‘ Treatment | Stop Reason | Wolume Pumped (litre) ‘ Max Pressure (bar)
18: 1 1735 stabilized full sample complete 2.000 0.460
To Ca rtl'l d e . 1 0 2 1691 stabilized full sample complete 2.000 0.414
p g - 3 1661 stabilized full sample complete 2,000 0.403
4 1634 stabilized full sample complete 2.000 0.403
5 1639 stabilized full sample complete 2.000 0.403
Sampler Clock Time Now: 01/05/2024 16:50 [ 1638 stabilized full sample complete 2.000 0.426
Control: Manual {GUI or vehide) ; 122% SEE?:?ZES H: samD:E EU"W:EE iggg g:g;
" stabilize sample comple . .
Current Schedule Waypaint: not running schedule a 1664 stabilized full sample complets 2.000 0,449
Sampler State: Idle 10 594 incomplete sample cancelled 0.824 0.403
Run Status: OK
Flow volume: 0.824 litre Max pressure: 0.403 bar

Made: Load/Unload |
Mumber of Cartridges: 12

2.0
0
r
Start ‘ | Clear Log |]

Connected to 16113-01

DIAGNOSTICS View

DIAGNOSTICS View is primarily used for troubleshooting; the DIAGNOSTICS View offers a
configurable task log. Internal temperature, relative humidity and system voltage are displayed in
real-time under the DIAGNOSTICS View.



RoCSI User Manual

E AT338 RoC5l Controller (16113-01) = a *
File View Configure Help
DIAGMOSTICS Counter [ Tasko [ severity | Function Line Message
412381172 09 E sample_task 796 Failed to pump fully (1)
Run State IDLE 416601279 ik} E sample_task 796 Failed to pump fully (1)
00000000 a1 I BENCHMAPS_INIT_Task 185 Restarted after reset (cause=0x1),
Voltage 1187V 00000254 01 I BENCHMAPS _INIT_Task 208 supply = unknown, power = 0->2, USB = unknown, dock=48000000
00000477 01 I SC2_RTC_Start 207 PCF2129T Status OK
Temp 27.05°C | 00000473 01 1 BENCHMAPS_CORE_StartSubsystem 223 RTC started at 2024/04/30 17:01:39 (1)
00000473 o1 I init_config 481 Detected FRAM configuration version 1
RH 13.45% 00000475 o1 I init_config 432 FRAM configuration usage: 58640,65536 bytes
07166474 [i}:] E sample_task 796 Failed to pump fully {1}
63429465 09 E sample_task 731 Failed to engage sample: waiting for next sample time
54366401 09 E sample_task 796 Failed to pump fully {1}

[ Pause Display

Save...

Clear...

Tasks...
Toggle LED

Connected to 16113-01

Clicking the Tasks button allows the user to configure the DIAGNOSTICS logging parameters.
Messages may be turned on or off depending on the Log Filters (Error, Info and Debug). Typically,
during regular operation only Errors are logged.
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Mounting the Sampler

When operating the RoCSI on the bench-top, allow the cartridge chain to hang freely over the end
of the bench, with gravity aiding the loading of the instrument. The main housing will need to be
secured to the bench or other mounting apparatus prior to installing the sample chain.

An optional bench stand is available for bench top operation.Contact McLane for details.

Assembling New Filter Cartridges

Follow the steps in this section to assemble the filter cartridges and sample chain.

Be sure to follow best practices with regard to wearing gloves, cleanliness of the work
area, and general clean handling protocols in order to reduce contamination of the
filter components during assembly.


mailto:mclane@mclanelabs.com

Please note that the direction of fluid flow will be from right to left as shown below. When
mounting cartridges onto the chain and loading into the RoCSlI, pay careful attention to direction
of flow.

1. Noting the orientation of the parts shown above, start by screwing the Luer lock male to
female connector into the sample holder using an 8 mm wrench.

2. Using (gloved) fingers, screw the needle free valve onto the Luer Lock female connection
at the outlet of the sample cartridge holder.

3. Push a Sterivex™ filter cartridge firmly into the sample holder (it will self-center), then
screw on the sample holder cap.

4. Screw the remaining needle free valve onto the cartridge inlet.



5. Use the gauge provided in the toolkit to ensure the cartridge is the correct length. The
cartridge should gently slide into the gap and remain in position without falling out.

6. To begin creating a sample chain, install a chain link onto the cartridge as shown.Please
note that in the orientation shown, water flow will be right to left.




To begin creating a sample chain, install a chain link onto the cartridge as shown. The link
is installed by firmly pushing it onto the reduced diameter section of the cartridge holder.

Prepare another sample cartridge as shown above and install another clip. Then clip the
two assemblies together as shown.



9. Continue adding cartridges until the desired sample chain length is achieved.

Note that RoCSI requires a minimum of 10 cartridges to load correctly.



Incorrect Filter Cartridge Assembly

The image shown next illustrates a cartridge that is incorrectly assembled (there is a small gap
between the needle free valve and the end of the gauge). If gaps are present when measuring
the assembled length, the cartridge assembly will need to be rebuilt, or a different sample holder
will need to be assembled. Cartridge assemblies that are too long or too short will not be loaded

correctly by RoCSI.

Loading the Cartridge Chain

The Sterivex™ filter units are loaded into the sampler on a cartridge chain as shown next.



1. Ensure the 12V supply is turned on and the software is running. The software application
should show the RUN view once you have connected to the sampler.

2. The Sampler State should be Idle. If it says Unpowered you have not connected the 12V
supply correctly.
3. Change the Mode option to Load/Unload, and set the nhumber of cartridges to 1.

E AT338 RoCSl Controller (16113-01) = a x

File View Configure Help
RUN Start Time | cartridge 10| Duration (sec) | Treatment

Top Cartridge: 1

Sampler Clock Time Now: 01/05/2024 17:15

Control: Manual {GUI or vehicle)

Current Schedule Waypeint: not running schedule
Sampler State: Idle

Run Status: OK

Flow volume: 0.000 litre Max pressure: 0.000 bar

Stop Reason | Wolume Pumped (litre) ‘ Max Pressure (bar)

p—
Mode: Load/Unload +
Mumber of Cartridges: 1
|20

r

Start Clear Log
| |

Connected to 16113-01

4. Gently hold the first cartridge (with no leading clip) against the loader wheel in the lowest
accessible cartridge slot and click the Start button in the software. The cartridge should be

pulled into position automatically.



5. Continue to advance the cartridge chain (using Load/Unload mode) until there are an even
amount of cartridges hanging below the RoCSI. This allows the chain to be completed by
linking the first and last cartridges together.



6. If not done so already, mark the first cartridge to be sampled with the number 1. Then



advance the chain until this cartridge is in the top position (in-line with the sample injectors).

7. To change the Top Cartridge ID to match what is written on the cartridge that was just
loaded, double-click Top Cartridge

8. Enter your cartridge number in the dialog box and click OK.



9. After the cartridge number is entered, RoCSI will keep track of cartridge numbers as long as
they are consecutively numbered.

10. Before a deployment, cycle the entire cartridge chain through the sampler (without sampling)
to check the cartridges are all aligned properly and do not cause any loading problems. You
can do this by using the Load/Unload mode.

11. In this example, the sample chain is 12 cartridges long, so 12 will be entered in the Number of
Cartridges box. Set the number of cartridges and click Start to cycle through the entire
sample chain.

E AT338 RoC5l Contreller (16113-01) = a *
File View Configure Help

| RUN Start Time Cartridge ID Duration (sec) | Treatment Stop Reason | Volume Pumped (litre) | Max Pressure (bar)

Top Cartridge: 1

Sampler Clock Time Mow: 01/05/2024 17:26

Control: Manual {GUI or vehide)

Current Schedule Waypoint: not running schedule
Sampler State: Idle

Run Status: OK

Flow volume: 0,000 litre Max pressure: 0,000 bar

Mode: Load/Unload =
Number of Cartridges: 14|

Start | | Clear Log |

Connected te 16113-01



12. When the cycle is complete, the Top Cartridge is indicated as number 13. However, for this
12-sample chain, the top cartridge has returned to number 1. Reset the cartridge number by
clicking on Top Cartridge and setting it back to 1.

[ 47338 RoCSI Contraller (16113-01) = a X

File View Configure Help

RUN Start Time Cartridge ID Duration (sec) | Treatment Stop Reason | Velume Pumped (litre) | Max Pressure (bar)

Top Cartridge: 13

Sampler Clock Time Mow: 01/05/2024 17:32
Control: Manual (GUI or vehide)

Current Schedule Waypoint: not running schedule
Sampler State: Idle

Run Status: OK

Flow volume: 0,000 litre Max pressure: 0,000 bar
Mode: Load/Unload -
Mumber of Cartridges: 12

2.0
0
-
Start | | Clear Log |

Connected to 16113-01

Run two complete cycles of the cartridge chain using Load/Unload mode to ensure
trouble free loading of the sampler.

Hopper

If a hopper is provided, it can optionally be fitted to house the cartridge chain. The cartridges do
not need to be arranged in the hopper.

Please note that a prototype is shown and will be subject to change.



Priming Cartridges

1. For deployments underwater, the cartridges must be pre-filled with Milli-Q water before
deployment. This can be done in the lab with a syringe, but it is also possible to use the
sampler itself by connecting the sample inlet pipe temporarily to a container filled with Milli-Q



water and running the sampler with the Mode set to Prime.

2. Priming uses parameters set under the Sample mode. Set the mode to Sample and set the
priming volume (sample volume) to 0.1 Liter (this is the minimum value allowed by the software).

E AT238 RoCSl Controller (16113-01) - a X
File View Configure Help

RUN Start Time Cartridge ID Duration (sec) | Treatment Stop Reason | Volume Pumped (litre) | Max Pressure (bar)

Top Cartridge: 1

Sampler Clock Time Mow: 01/05/2024 17:33
Control: Manual (GUI or vehide)

Current Schedule Waypeint: not running schedule
Sampler State: Idle

Run Status: OK
Flow volume: 0.000 litre Max pressure: 0.000 bar
Mode: Sample -

Mumber of Cartridges:

Sample Volume {litre):

i}

Sample Timeout {min):

™ Enable Cleaning

Start | | Clear Log |

Connected to 16113-01

3. Change the mode back to Prime and select the number of cartridges that will be primed. In this
example, all cartridges of the 12-sample chain will be primed. This means that at least 1.2 L of
priming water should be available to RoCSlI at the inlet.

E A7338 RoCS Controller (16113-01) - (m] X
File View Configure Help

[ RUMN Start Time Cariridge ID | Duration (sec) | Treatment Stop Reason | Volume Pumped (litre) ‘ Max Pressure (bar)

Top Cartridge: 1

Sampler Clock Time Now: 01/05/2024 17:33
Caontrol: Manual (GUI or vehide)

Current Schedule Waypaint: not running schedule
Sampler State: Idle

Run Status: OK
Flow volume: 0.000 litre Max pressure: 0.000 bar
Mode: =

Number of Cartridges: 12

Start | | Clear Log |

\Connected to 16113-01

4. Click Start to begin the priming sequence. If errors occur during priming, the sequence will halt in
order to troubleshoot the issue.



E AT338 RoCS5l Controller (16113-01) - m} x

File View Configure Help

RUN Start Time | Cartridge ID | Duration (sec) ‘ Treatment | Stop Reason | Volume Pumped (litre) | Max Pressure (bar)
01/01/1970 00:00:00 1 1] primed complete 0,100 0.403

Top Cartrldge 3 01/01/1970 00:00:00 2 0 primed complete 0.100 0.437

Sampler Clock Time Mow: 01052024 17:48

Control: Manual (GUI or vehide)

Current Schedule Waypeint: not running schedule
Sampler State: Pumping Sample [D=3

Run Status: OK

Flow valume: 0.074 litre Max pressure: 0.403 bar

Connected to 16113-01

5. Start time is ignored in the sample log, resulting in the generic time tag of 01/01/1970 00:00:00 for
each priming event. However, the sample log will record the volume pumped, maximum pressure
and status for each cartridge.

1

B A7338 RoCSI Controller (16113-01) — m] X
File View Configure Help
RUN Start Time | Cartridge ID | Duration (sec) ‘ Treatment | Stop Reason | Volume Pumped (litre) ‘ Max Pressure (bar)

01/01/1970 00:00:00 1 0 primed complete 0,100 0.403
To Ca rtl'l d e . 1 3 01/01/1970 00:00:00 2 0 primed complete 0.100 0.437
p g - 01/01/1970 00:00:00 3 0 primed complete 0.100 0.403
01011970 00:00:00 4 0 primed complete 0.100 0.391
01/01/1970 00:00:00 5 0 primed complete 0.100 0.403
Sampler Clock Time Now: 01/05/2024 18:48 01/01/1970 00:00:00 6 0 primed complete 0.100 0.391
Contral: Manual (GUI or vehide) 01/01/1970 00:00:00 7 0 primed complete 0.100 0.414
o 01/01/1970 00:00:00 8 0 primed complete 0.100 0.414
Current Schedule Waypaint: not running schedule 01/01/1970 00:00:00 8 9 primed complete 0.100 0.518
Sampler State: Ide 01/01/1970 00:00:00 10 0 primed complete 0.100 0.437
Run Status: QK 01/01/1970 00:00:00 11 0 primed complete 0.100 0.726
Flow velume: 0.000 litre Max pressure: 0.414 bar 01/01/1970 00:00:00 12 0 primed complete 0.100 0.414

Mode: Prime -
Mumber of Cartridges: 12

Start | Clear Log |

Connected to 16113-01

6. Once priming is complete, change the cartridge number back to 1; the RoCSI is now prepared for
sampling.



Filling Reagent Bags

RoCSI requires reagents stored in plastic IV bags. Depending on the number of samples, required
stabilizer and expected number of cleaning cycles, these bags may contain varying volumes of
stabilizer or cleaning agent. RoCSI ships with 1 L bags as default in order to cover most
deployment needs. Also supplied is a syringe with Luer Lock fittings used to fill the bags with fluid
and also to remove air after filling.



Fill each bag according to expected reagent use, and connect to the marked inlet tubes at each
end of the instrument.

e The stabilizer bag connects to the inlet of the stabilizer pump on the left hand side of the
RoCSI.

e The cleaner bag connects to the inlet of the sample injector, attached to a one-way valve on
the right hand side of the RoCSlI, near the pressure sensor.

Be careful to work in a clean area with gloves to reduce contamination risk during filling of
reagent bags. For most applications, RNAlater will be an appropriate stabilizer and 10% bleach is
an acceptable cleaning agent.



Sampling

RoCSI sampling times are variable - based on a nominal flow rate of 60 mL/minute. Depending on
the filter type (Sterivex™ 0.22 or 0.45 pm) as little as few hundred mL or as much as a couple
liters (if using the larger pore size in oligotrophic waters) can be achieved before clogging.

A serial interface allows you to start and stop sampling and perform on demand sample
preservation.

Sampling software setup consists of the following:
Setting the Flow Volume and Maximum Pressure
Setting the Real Time Clock

Configuring Stabilization & Cleaning

then;

Manually Triggered Sampling or,

Configuring the Sample Schedule

Setting the Flow Volume & Maximum Pressure

These rarely changing settings are set in the motor configuration which you can access from the
Configure/Motors menu in the application’s menu bar.

1. Change Motor to Sample Pump as indicated.



Configure Motors b

Motor: =

Manual Contral {no autostop)
Speed:

I :
0 ] MAXK
0%

Forwards | Reverse |

Saved Configuration {motor speed, direction and autostop)

Motor Speed (% MAX): &0

y’

Pumping Motor Direction Forwards -

Flow j |F‘ressure ﬂ

Autostop Sensor:

El

Maximum Pressure (bar): 2

Owerpressure Timeout (s): | 30

Save

Test Saved Configuration {(without timeouts)

T

Flow Volume {litre): o
Flow Timeout {min): o

Pump

4

2. Change the Autostop Sensor to Flow. To disable the flow meter, set this value toNone
and use Flow Timeout; be aware that the flow rate will be reduced as the Sterivex™ filter
unit clogs.

3. Set the Maximum Pressure and Overpressure Timeout (i.e. how long to let the sample
be at the over-pressure condition before stopping the pump) and click Save. Leave other
settings as configured.

4. The Flow Timeout ensures that the RoCSI doesn’t get stuck on a cartridge that is allowing
only minimal flow but not exceeding the pressure limit. The flow rate through a new filter
will be around 1 ml/s (if you leave the pump motor speed configured as 80%) but this flow
rate will drop as a filter clogs.

Setting the Real Time Clock

The sampler has a Real Time Clock to provide date/time for scheduling and for time-stamping the



samples. The clock time is set through the Configure/Real Time Clock menu.

The sampler has no concept of time zone but it is recommended that the sampler time is set to
UTC. The real time clock has its own battery to maintain time even when the 12V supply and the
USB power are turned off.

Configuring Stabilization & Cleaning

RoCSI can be configured to pump a cleaning fluid such as 10% bleach through the sample intake
periodically. The waste cleaning fluid can either be discarded to the exhaust, or pumped through
a cartridge into the waste outlet, wasting a cartridge. This option is set in the Configure
Stabilization & Cleaning menu. If waste is pumped through the cartridge this will be indicated in
the sample log.

The pumping flow time for stabilization is also set in this window. Typically a user will only need a
few seconds of pumping to fully stabilize samples in the cartridge after sampling. A setting of "0"
will disable stabilization for all samples.

Typically, a cleaning cycle will pump at 80% pump speed (the same as sampling) for 10 or more
seconds (depending on the intake tube length - allow enough time to purge the entire intake),
dwell for 1 minute and flush with sample water for an additional minute. These settings are
global and will be used any time a cleaning cycle is initiated.



Manuallly Triggered Sampling

If the graphical user interface (GUI) is available to the user for sampling, then sampling may be
performed "on-demand” using Sample mode. Set the parameters for sampling (number of
cartridges, sample volume and sample timeout) and click Start to begin one or more samples.
Enable cleaning (if checked) will initiate the cleaning protocol defined in the
Configure\Stabilization & Cleaning menu before acquiring the sample.

The current sample will run with controls previously defined in the Configure\Motors menu, and
below the mode setting. Click Stop at any time to terminate the sample; be aware that this will
halt an entire sample sequence and no stabilization will be performed on the current sample.



[ A7338 RoCSI Contraller (16113-01) - [m] X
File View Configure Help

[ RUN Start Time | Cartridge ID | Duration (sec) ‘ Treatment | Stop Reason ‘ Volume Pumped (litre) | Max Pressure {bar)
01/01/1970 00:00:00 | 1] primed complete 0.100 0.403
TO Cal'trld e: 1 01/01/1970 00:00:00 2 0 primed complete 0.100 0.437
p g - 01/01/1970 00:00:00 3 1] primed complete 0.100 0,403
01/01/1570 00:00:00 4 1] primed complete 0.100 0.391
01/01/1970 00:00:00 5 1] primed complete 0.100 0.403
Sampler Clock Time Mow: 02/05/2024 13:46 01/01/1970 00:00:00 & 1] primed complete 0.100 0.391
Contral: Manual (GUI or vehide) 01/01/1570 00:00:00 7 1] primed complete 0.100 0.414
Current Schedule Waypoint: not running schedule gi;‘fg ij:igg gggggg g g E::m:g EE;:E::E g igg g;i;
Sampler State: Ide 01/01/1970 00:00:00 10 0 primed complete 0.100 0.437
Run Status: OK 01/01/1970 00:00:00 11 1] primed complete 0.100 0.726
Flow volume: 0.000 litre Max pressure: 0.000 bar 01/01/1570 00:00:00 12 a primed complete 0.100 0.414

Mode: m
Number of Cartridges: 1

Sample Volume (itre): 0

Sample Timeout (min): 0

[ Enable Cleaning

Start | | Clear Log |

Connected to 16113-01

Configuring the Sample Schedule

In its current stage of development, the RoCSI eDNA sampler has scalable sample capacity based
on a modular, expandable sample chain. Each “link” in the chain comprises a sample cartridge
and clip, with each cartridge representing a single discrete sample. If using the RS232
communications channel to trigger samples, then capacity is only limited by available cartridges in
the chain; that is, samples are initiated “on demand” from a secondary controller and metadata
are stored for each sample locally on the RoCSI device. However, if operating autonomously,
according to a pre-defined schedule, then the RoCSlI is limited to 15 discrete sampling events, or
“waypoints.” A waypoint may be configured to collect multiple sequential samples, again limited
by available cartridges, but only 15 discrete, calendar-based events are able to be programmed in
the native scheduler

1. To schedule RoCSI to collect samples, go to the Configure menu and select Schedule...

2. The Sampling Schedule allows for 15 waypoints (or bursts) of samples. All sample times are
based on the scheduled start, either set manually via the"At or After" selection calendar,
or set to start automatically from the sample mode menu in the RUN view.

3. To schedule a waypoint, click the number on the left to activate it and then set the Start
Time Offset, number of sequential samples to run at this waypoint, the sample volume for
each sample, and the Sample Timeout for each sample. Also, click theclean checkbox to
program a cleaning cycle before this waypoint (if desired).

a. Please note that each waypoint should be scheduled with enough time to finish the
sample or sequence of samples. When the next waypoint time is reached, any
currently running samples will be terminated and stabilized immediately in order to
run the samples defined by the next waypoint.

4. Checking the Autostart checkbox will command the sampler to begin the saved schedule as



soon as power is applied, whether connected to a PC or not.

5. Click Save to save the current schedule.

Sampling Schedule x

[ Autostart

Start:  * From the next time the scheduler is started
 Ator after | 2_.-'14_.-'2024J |12:2a:nn =

Start Time Number of sample sample

WP  Offset(mins)  Samples  Volume {iitre) Timeout {mins)
M1 o E |10 | 15 V¥ dean
2 |o o 0.0 o r
3 o o 0.0 o r
a4 |0 o 0.0 o u
s |o o 0.0 E r
e |o o 0.0 o r
7 |o o 0.0 o r
s |0 o 0.0 o u
9 |o o 0.0 o r
w0 |o o 0.0 o r
M o o o0 E r
12 |0 o 0.0 o u
13 |o o 0.0 o r
RETE o 0.0 o r
15 |o o 0.0 o r

Save

6. To initiate the sample schedule, close the Schedule window and return to the RUN view.

7. Change the mode to Schedule and click Start to initiate scheduled sampling. When the
sample or burst of samples is complete, the schedule may be stopped by clicking theStop
button. The sample log will contain information on the sample including the waypoint time,
duration of sample collection, treatment status, reason for stopping a sample, the volume
pumped and the maximum pressure recorded during sampling.



E AT338 RoCS| Controller (16113-01)

File VWiew Configure Help

[m]

x

Top Cartridge: 2

Sampler Clock Time Mow: 02,05/2024 14:29
Control: Manual (GUI or vehide)

Current Schedule Waypoint: not running schedule
Sampler State: Idle

Run Status: OK

Flow volume: 0,000 litre Max pressure: 0,000 bar

Mode: [creaue

Start | Clear Log |

Connected to 16113-01

Start Time

| Cartridge ID | Duration (sec) | Treatment

| Stop Reason | Volume Pumped (litre) | Max Pressure {bar)

01/01/1370 00:00:00
01/01/1970 00:00:00
01/01/1970 00:00:00
01/01/1970 00:00:00
01/01/1970 00:00:00
01/01/1970 00:00:00
01/01/1970 00:00:00
01/01/1970 00:00:00
01/01/1970 00:00:00
01/01/1970 00:00:00
01/01/1970 00:00:00
01/01/1970 00:00:00
02/05/2024 14:10:00

Advanced Software Settings

[ IO T NI

HEB

0

moocococooooooO

primed
primed
primed
primed
primed
primed
primed
primed
primed
primed
primed
primed
stabilized full sample

complete
complete
complete
complete
complete
complete
complete
complete
complete
complete
complete
complete
complete

0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
1.000

0,403
0,437
0,403
0.391
0,403
0.391
0.414
0.414
0.518
0,437
0.726
0.414
0.876

RoCSl is shipped with Advanced Settings correctly configured at the factory and do not usually

require changes.

This section is provided to help make running repairs or alterations during a deployment if

necessary.

Calibrating the Motor's Hall Effect Sensors

RoCSI has five motors:

When a new sampler is being commissioned, each of these motors needs to be configured in the

firmware.

The Configure/Motors menu allows control of the five motors independently to set and test the

configuration for each motor.

Please note that these settings should only be adjusted if the RoCSl is not performing optimally,
or during troubleshooting. Factory settings are generally appropriate and long lasting.

Start by selecting the motor to control in the Motor drop-down list at the top.

One to rotate the cartridge magazine,

One to operate the sample engage mechanism,
One to operate the stabilizer cartridge engage mechanism, and
Two to operate the sample and stabilizer pumps.



The Manual Control simply starts and stops the requested motor. The motor will not stop
automatically and there are no interlocks, it is the user's responsibility to ensure that the
requested motor can be operated safely (for example making sure the injector nozzles are
disengaged from the cartridge before attempting to rotate the cartridge magazine).

Sample / Stabilizer Engage Motors

The motors that control the sample and stabilizer engage motors that move the nozzles
backwards and forwards use Hall Effect sensors to determine when they have reached their
engaged or disengaged position. To calibrate these two sensors, select themotor, set the speed
to 100% and select the correct Autostop Sensor (Hall1 for sampler, Hall2 for stabilizer). Drive the
motor using the manual controls to its disengaged position and stop the motor, then click Sample



to take a measurement. Then drive the motor using the manual controls to its engaged position
and click Sample to take a measurement. Finally click Save. To test the configuration you can
use the Engage/Disengage buttons at the bottom of the dialogue box which will stop the motors
automatically using your new configuration.

Cartridge Load Motor

The motor that controls the rotation of the magazine motor is set in the same way (using Hall3),
but to determine the engaged position, drive the motor until the drive pin that rotates the
magazine is in its lowest position and take a sample at that point, this is the engaged position.
The disengaged position is just very slightly (a few degrees) beyond the engaged position and it’s
easier just to type it in manually than to try to stop the motor there: just subtract about 100
from the engaged value (and don’t press Sample). Test by pressing Disengage then Engage and
check the magazine rotates by exactly one cartridge. You may need to tweak the Hall Sensor
values to get it running reliably. Click Save when you are done.

Pump Motors

The sample pump motor configuration (flow volume and max pressure) have already been
covered in the section Setting the Flow Volume and Maximum Pressure. To achieve a flow rate of
about 1ml/s the pump speed should be set to 80%. The sample pump uses Pressure Sensor 2 (and
Pressure Sensor 1 is currently unused). ClickSave when done.

The stabilizer pump motor does not have a flow meter or pressure sensor but a flow timeout
should be set to program how much stabilizer will be pumped through each cartridge to give the
required volume; assuming about 1ml/s - it will likely only be a few seconds. Click Save when
done.

Calibrating the Pressure Sensor

RoCSI has support for two pressure sensors. Pressure Sensor 1 is currently not fitted. Pressure
Sensor 2 is used to monitor the fluid pressure in the sample line. When a new sampler is being
commissioned (or a sensor is changed) this pressure sensor must be calibrated through the
Configure/Pressure Sensor menu.



The pressure sensor is rated for 2 bar. The sensor calibration is linear but the user may capture
up to five samples across this range and the software will choose the best fit.

The pressure sensor must be electrically connected to the sampler to calibrate it but you will need
to temporarily disconnect the fluid hoses from it (make a note of which is the positive side of the
sensor, i.e. the side connected to the filter input).

You will need to connect a water-filled syringe and a reference pressure sensor to the positive
side of the pressure sensor only. A handheld pressure calibration device is used at the factory.

If a retort stand is available this is a more convenient way to maintain steady pressures with the
syringe than by hand. Do not apply pressure with a syringe without the reference pressure sensor
attached because one can easily exceed 2 bar even by hand (the pressure sensor will be
damaged beyond 4 bar).

To capture the calibration points follow these steps:
1. Apply the pressure at roughly equal intervals from 0 to 2 bar.

2. Press Sample to capture each point in turn from the sampler’s pressure sensor and type in
the corresponding reference pressure manually.

3. Click Calculate then Save when you are done.

4. Test the calibration by applying a pressure, clicking on Test and comparing it with the



reference sensor.

Calibrating the Flow Meter

The micro-count DC gear flow meter (in the sample line only) outputs pulses that are counted by
the sampler’s electronics to determine the amount of sample that has passed through it.
Nominally it flows ~0.111mL/pulse but this will need to calibrated on a new sampler. Go to
Configure/Flow Meter. Set a value of 10000 initially and click Save. In the Motors Configuration
make sure the Sample Pump is configured to use the Flow sensor and set the Required Flow to
one litre. From the Run view, run a single sample and catch the exhaust in a measuring cylinder.
When the sample is complete check the actual volume and adjust the calibration value as
necessary.

Configuring the RS232 Interface

RoCSI has an RS232 interface which is configured through the Configure/RS232 menu. At present
there are three RS232 interface protocol options:

Py 13 None ”»
“RS232U1”
e “IATLANTIC”

The RS232UI protocol option supports the R5232 graphical user interface application
(benchmaps_rs232ui.exe). If you choose to use that application instead of the USB one (e.g. on



an ROV) you will need to provide your own deck lead that connects to the RS232 RX & TX pins
instead of the USB pins in the sampler’s connector (see Deck Lead in RoCSI specifications).

You will also need an RS232 port (or R$232-USB adapter) on your computer and to know which
COM port it is using so you can connect to the right port when you run benchmaps_rs232ui.exe.
The required serial port settings are shown above (the software will set these by default).You can
only change the RS232 configuration using the USB application.

The IATLANTIC option is provided for communications integration with vehicles or secondary
controllers. It allows the sampler to be started and stopped by sending the text commands
START<CR><NL> or STOP<CR><NL> (where <CR> and <NL> are the ASCII carriage-return and new-
line characters) to the RS232 interface. There is no response. These very basic commands have
the same effect as pressing Start and Stop in the Run View in the graphical interface. You can
configure any serial settings you like but 9600 baud, 8 data bits, 1 stop bit and no parity are the
defaults. See the appendix RoCSI-Autosub5 RS232 Comm Protocol for details.

Pre-Deployment Checklist

Prior to the sampler being deployed or operated a few pre-flight checks should be made.
e Ensure all plumbing connections are secure.
e Apply WD40 or a light grease to the pumps (this is not always required).

e Check that any electrical connections are secure and replace the protection cap on the
Subconn MCBH8M sampler to PC bulkhead connector.

e Ensure that the cartridge chain and filter cartridges are seated correctly.
e Run through 2 complete cycles of the cartridge chain before taking any samples.

e Make sure the sample inlet is submerged in ‘sample’, and that the stabilizer and cleaner
containers are filled.

e For deployments at depth, check Sterivex™ filters are all primed with Milli-Q before taking
samples.

Start up Procedure

RoCSI start up procedures consist of the following:
e Assemble cartridges with new Sterivex™ filter units.
o Check each cartridge is assembled correctly using guage.
e Load cartridge chain with all cartridges.

e Connect RoCSI to 12V power supply and laptop using USB deck lead.

e Turn on power supply and open the benchmaps usbui software.

e Load the cartridge chain and run load/unload mode.

o Configure the sample schedule.

e Change mode to SAMPLE after checking mission parameters (volume and max pressure).



Troubleshooting Guide

RoCSI troubleshooting tips can assist with unexpected sampler performance. For technical
support, contact McLane for assistance.

Cartridges not loading

From time to time the cartridges may appear to stall and not load. RoCSI has been designed to
try to load and will eventually do so provided the cartridges have been assembled into the
cartridge chain correctly.

If the sampler fails to load it is most likely due to one or more cartridges not being assembled as
per instructions. Review Assembling New Filter Cartridges.

Pumps

Periodically the pumps may start to “squeak” if this happens, apply a little WD40 or grease into a
small lubrication hole in the pump casing.



Pressure Sensor

If there are problems with the pressure sensor, firstly check the diagnostics, then check the
plumbing of the lines and ensure that the sample line is going into the pressure sensor (see the
schematic of RoCSI fluidic system).

Check that there are no disruptions to the flow (i.e. no pressure on the tubing or blockages). If
the problem is not solved, check the configuration under Configure/Motors then Sample Pump.

Flow Meter

The flow meter does not function well if there are bubbles in the system as it is a gear flow
meter. Therefore, for accurate volume readings, it is important to avoid air in the system.

Check that the sample inlet is drawing in sample when running a sample. If bubbles do get in the
system, these might be removed by gently flicking the tubing until they disappear but it may take
a bit before the flow meter works again.

Sample Injectors

If the needle free valves on each end of the cartridge are not sufficiently engaged (or over
engaged) then they will not allow flow. If the injectors need adjustment, see the section on
calibrating motors hall effect sensors.

Sample Time Outs

A sample timeout allows for an "emergency stop” of the sample if it has not terminated under
normal conditions and is running longer than expected. Even if a sample times out, stabilization
will still be attempted on that sample.



RoCSI Maintenance & Storage

Proper maintenance after every deployment is critical for ensuring smooth operation and long
instrument life. This section provides guidance on the maintenance recommendations
immediately following the recovery, when the instrument is back from sea, and when preparing
for long-term storage or transport.

Steps may include:

e Thoroughly rinse the instrument.
e Reuse the shipping crate for storage and transport.

RoCSI Maintenance & Storage topics
Storage and Transport

Storage and Transport

The shipping case is a reusable international container. Always use the original shipping case for
transporting the RoCSI or when storing long term.

It is advisable to clear out any water from the RoCSI plumbing before long term
storage of the instrument. This may be achieved by using clean, lab-grade compressed
air or nitrogen to clear out all sample lines.



Appendix

RoCSI-Autosub5 RS232 Comm Protocol

RoCSI-Autosub5 RS232 Interface

Purpose

This document defines a basic RS232 interface between the RoCSI particle sampler and the Autosub5

vehicle.
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1 Common Message Protocol
In what follows, the VEHICLE is assumed to be Autosub5 and the SAMPLER is RoCSl.

1.1 RoCSI setup

1.1 RS232 Configuration
Using the USB version of Benchmaps, select Configure > R$232. Set the RS232 settings to



The RS232 connection protocol and settings are:

e 9600 bps
e 8 Data bits
e 1 Stop bit
e No Parity
e AUTOSUBS

Note: TX (from the SAMPLER) voltage levels will be around £5V

Select Save to store these settings.

IMPORTANT — a power reset is necessary before attempting to communicate.
Be sure to remove the external power source and the USB connection for a

full power cycle. Wait at least 1 minute before reconnecting power.

1.2 Protocol

All communication between the VEHICLE and the SAMPLER consists of a command sent by the VEHICLE to
the SAMPLER followed by a response sent by the SAMPLER to the VEHICLE.

The SAMPLER never transmits to the VEHICLE except in response to a command. On power-up, the
SAMPLER will be ready to communicate with the VEHICLE within 500ms. After that, the SAMPLER will
respond to all commands within 500ms and if it fails to do so, the VEHICLE should either retry the
command, or power-cycle the SAMPLER.

All command packets from the VEHICLE to the SAMPLER and response packets from the SAMPLER to the
VEHICLE consist of a binary packet of size 32 bytes. Unused bytes after the packet CRC (see below) will be
set to zero in command and response packets.



The SAMPLER will allow the VEHICLE 100ms to transmit a complete command packet from receipt of its first
byte to receipt of its command terminator. If this limit is exceeded, the SAMPLER will discard the packet
without responding. This is to reduce the likelihood of responding to noise on the RS232 RX line. The
VEHICLE is expected to do the same with response packets.

The SAMPLER will only respond to valid command packets.

1.3 Data Types

All command and response packets contain packed binary data. All multi-byte numeric parameters in the
packets are little-endian. The following data types may be used in this document:

uint8 Unsigned 8-bit integer

int8 Two’s complement signed 8-bit integer

uintl6 Unsigned 16-bit integer

intl6 Two’s complement signed 16-bit integer

uint32 Unsigned 32-bit integer

int32 Two’s complement signed 32-bit integer

float IEEE 754 32-bit floating point number

double IEEE 754 64-bit floating point number
1.4 Version

All commands described in this document are currently at version 1.

1.5 Sequence Number

All command and response packets contain a sequence number parameter. This is an arbitrary integer in
the range 0-255 that must match between a command packet and its corresponding response packet to
ensure that the response packet received is for the command packet just sent (e.g. following a timeout).
The sequence number is generated by the VEHICLE and will typically start at zero, increment with each
command sent and wrap back to zero after reaching 255.

1.6 CRC (checksum)

All command and response packets also contain a CRC (checksum) parameter. This is an unsigned 16-bit
value calculated using the CRC16 CCITT algorithm (with initial value 0x0000) from all bytes in the command
or response packet preceding (and excluding) the CRC parameter itself. Example code for this algorithm is
given below but libraries for SD card drivers or XMODEM protocol drivers would also include a reliable
implementation. Beware that not all implementations available on the Internet are reliable.

1.6.1 Function

uintl6_t crcl6_ccitt(const uint8_t *data, uint32_t data_length)
{




uint32_ti;

uintl6_tcrc;

crc=0;

for (i = 0U; i < data_length; i++)

{

crc = (crc << 8) ” crcl6_ccitt_table[(crc >> 8) * datali]];
}

return (crc);

}

1.6.2  Lookup-table

static const uintl6_t crcl6 ccitt_table[] =

{

0x0000,
0x8108,
0x1231,
0x9339,
0x2462,
Oxabba,
0x3653,
0xb75b,
0x48c4,
0Oxc9cc,
Ox5af 5,
Oxdbf d,
Ox6cab,
Oxedae,
0x7e97,
Oxf f 9f ,
0x9188,
0x1080,
0x83b9,
0x02b1,
Oxbb5ea,
0x34e2,
Oxa7db,
0x26d3,
0xd94c,
0x5844,
Oxcb7d,
0x4a75,
Oxf d2e,
0x7c26,

0x1021,
0x9129,
0x0210,
0x8318,
0x3443,
0xb54b,
0x2672,
Oxa77a,
0x58e5,
Oxd9ed,
Ox4ad4,
Oxcbdc,
0x7c87,
Oxf d8f ,
0x6ebb,
Oxef be,
0x81a9,
0x00al,
0x9398,
0x1290,
Oxabchb,
0x24c3,
Oxb7f a,
0x36f 2,
0xc96d,
0x4865,
Oxdb5c,
0Ox5a54,
OxedOf ,
0x6¢07,

0x2042,
Oxalda,
0x3273,
0xb37b,
0x0420,
0x8528,
0x1611,
0x9719,
0x6886,
Oxe98e,
Ox7ab7,
Oxf bbf,
Ox4ce4,
Oxcdec,
0Ox5ed>5,
Oxdf dd,
Oxblca,
0x30c2,
Oxa3f b,
0x22f 3,
0x95a8,
0x14a0,
0x8799,
0x0691,
0xf 90e,
0x7806,
Oxeb3f,
0Ox6a37,
Oxddéc,
0x5c64,

0x3063,
Oxb16b,
0x2252,
Oxa35a,
0x1401,
0x9509,
0x0630,
0x8738,
0x78a7,
Oxf 9af ,
0x6a96,
Oxeb9e,
0Ox5cc5,
Oxddcd,
Ox4ef 4,
Oxcffc,
Oxaleb,
0x20e3,
0Oxb3da,
0x32d2,
0x8589,
0x0481,
0x97b8,
0x16b0,
0xe92f,
0x6827,
Oxfble,
Ox7als6,
Oxcd4d,
0x4c45,

0x4084,
Oxc18c,
0x52b5,
0xd3bd,
0x64e6,
Oxebee,
0x76d7,
Oxf 7df,
0x0840,
0x8948,
Oxla71l,
0x9b79,
0x2c22,
Oxad2a,
0x3e1l3,
Oxbf 1b,
0xd10c,
0x5004,
0xc33d,
0x4235,
Oxf 56e,
0x7466,
Oxe75f,
0x6657,
0x99c8,
0x18cO0,
0x8bf 9,
Ox0af 1,
Oxbdaa,
Ox3caZ2,

0x50a5,
Oxdlad,
0x4294,
0xc39c,
Ox74c7,
Oxf 5cf ,
0x66f 6,
Oxe7fe,
0x1861,
0x9969,
0x0ab0,
0x8b58,
0x3c03,
0xbdOb,
0x2e32,
Oxaf 3a,
Oxcl2d,
0x4025,
0Oxd31c,
0x5214,
Oxeb54f ,
0x6447,
Oxf 77e,
0x7676,
0x89e9,
0x08e1l,
0x9bd8,
OxladoO,
Oxad8b,
0x2c83,

0x60c6,
Oxelce,
Ox72f7,
Oxf 3ff,
0x44a4,
Oxcbac,
0x5695,
0xd79d,
0x2802,
0xa90a,
0x3a33,
Oxbb3b,
0x0c60,
0x8d68,
0Ox1e51,
0x9f 59,
Oxf 14e,
0x7046,
Oxe37f,
0x6277,
0Oxd52c,
0x5424,
Oxc71d,
0x4615,
0xb98a,
0x3882,
Oxabbb,
0x2ab3,
0x9de8,
Ox1ceO,

0x70e7,
Oxf lef,
0x62d6,
Oxe3de,
0x5485,
0xd58d,
0x46b4,
0Oxc7bc,
0x3823,
0xb92b,
Ox2al2,
Oxabla,
Ox1c41,
0x9d49,
0x0e70,
0x8f 78,
Oxelé6f,
0x6067,
0Oxf 35e,
0x7256,
0Oxc50d
0x4405,
0xd73c,
0x5634,
Oxa9ab,
0x28a3,
0Oxbb9a,
0x3a92,
0x8dc9,
0Ox0ccl,




Oxef 1f, Oxff3e, Oxcfbd, Oxdf7c, Oxaf9b, Oxbfba, 0x8fd9, O0x9ff 8,
Ox6el7, Ox7e36, 0x4eb55, 0x5e74, 0x2e93, 0x3eb2, 0x0edl, OxlefO

s

See example message and CRC result in Section 3.

2 SAMPLER Commands
2.1 START (1)

Requests the SAMPLER to start taking a number of samples each from a specified flow volume. If any
given sample doesn’t process the required volume within the timeout, it should be terminated early
and preserved and any remaining samples should be processed as normal. The SAMPLER will return

a response if and only if the command packet is valid. If the SAMPLER is already running or there is
insufficient supply voltage to run the sampler this command will return an error. The START
operation itself is asynchronous and the VEHICLE should use the STATUS command to monitor

progress if this command returns successfully.

Command packet format:

Parameter Description Type

<CMD> Command ID uint8 (1)

<SEQ> Sequence number (see above) | uint8 (0-255)

<CLEAN> Cleaning flag: if true (1) clean uint8 (0-1)
before sampling

<COUNT> Number of samples to collect uint8 (0-255)
(i.e. cartridges to process)

<VOoL> Volume to process per sample | uint16 (0-65535)
(ml)

<TIMEOUT> Timeout (min) per sample if uint16 (0-65535)

flow volume isn’t reached

<TSTAMP> Timestamp (VEHICLE time as uint32
seconds since Unix epoch)

<CRC> CRC checksum (see above) uintl16

padding zero-valued bytes to end of packet




Response packet format:

Parameter Description Type

<CMD> Command ID (same as in uint8 (as command)
command packet)

<SEQ> Sequence number (same asin | uint8 (as command)
command packet)

<STATUS> Command exit status (0 = uint8 (0-255)
command succeeded, 1 =
command failed, other values
reserved)

<CRC> CRC checksum (see above) uintl6

padding zero-valued bytes to end of packet

2.2 STOP (2)

Requests the SAMPLER to stop sampling and preserve the current sample (if any). The SAMPLER will
return a response if and only if the command packet is valid —the STOP operation itself is
asynchronous and the VEHICLE should use the STATUS command to monitor progress if this
command returns successfully. The sampler may take up to 180 [TBC] seconds to complete the

asynchronous STOP operation.

Command packet format:

Parameter Description Type

<CMD> Command ID uint8 (2)
<SEQ> Sequence number (see above) | uint8 (0-255)
<CRC> CRC checksum (see above) uintl16
padding zero-valued bytes to end of packet

Response packet format:




Parameter Description Type

<CMD> Command ID (same as in uint8 (as command)
command packet)

<SEQ> Sequence number (same asin | uint8 (as command)
command packet)

<STATUS> Command exit status (0 = uint8 (0-255)
command succeeded, 1 =
command failed, other values
reserved)

<CRC> CRC checksum (see above) uintl16

padding zero-valued bytes to end of packet

2.3 STATUS (3)

Requests the current operational status of the sampler. The SAMPLER will return a response if and

only if the command packet is valid.

Command packet format:

Parameter Description Type

<CMD> Command ID uint8 (3)
<SEQ> Sequence number (see above) | uint8 (0-255)
<CRC> CRC checksum (see above) uintl6
padding zero-valued bytes to end of packet

Response packet format:

Parameter Description Type

<CMD> Command ID (same as in uint8 (as command)
command packet)

<SEQ> Sequence number (see above) | uint8 (as command)

<STATE> Run state of sampler (see uint8 (0-255)

below)

<CARTRIDGE> Cartridge ID currently in (0-65535)
sample slot uint16

<VOLTS> Supply voltage (volts) float

<TEMP> Housing temperature (degrees | float
celsius)

<RH> Housing relative humidity Float

(percent)




<CRC> CRC checksum (see above) uintl6

padding zero-valued bytes to end of packet

Sample run states currently defined are shown below (others may be added in future). The sampler
will enter Idle state on power-up (i.e. when 12V supply enabled) and on completion of START or

STOP commands only.

0 Unknown

1 USB power only (i.e. supply less than 6V, enough to give status info but not
run)

Idle

Loading a cartridge

Engaging a cartridge for sampling

Disengaging a sampled cartridge

Engaging a cartridge for preservation

Disengaging a preserved cartridge

Pumping sample through a cartridge

O| 0| N| Ol L] ]l W N

Pumping preservative through a cartridge

[EEY
o

Cleaning the sample lines

[EEN
[EEN

Waiting for next sample time

3 Example message and CRC results

3.1 Status Message

Parameters:
<ID> 3
<SEQ> 0

uint8 byte array (hex)
0x03 0x00
Resulting CRC = 0x53 0x55

Message to send (Hex)



0300 5355 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000

3.2 Start Message

Parameters:
<ID> 1
<SEQ> 0
<CLEAN> 1
<COUNT> 12
<VoL> 1000
<TIMEOUT> 30
<TSTAMP> 1706782210 (01-FEB-2024 10:00:00 GMT)

uint8 byte array (hex)

0x01 0x00 0x01 0xOC OxE8 0x03 Ox1E 0x00 0x02 Ox6E OxBB
Resulting CRC = 0x90 0x66

Message to send (Hex)

0100 010C E803 1E00 026E BB65 9066 0000 0000 0000 0000 0000 0000 0000 0000 0000

3.3 Stop Message

Parameters:
<ID> 2
<SEQ> 0

uint8 byte array (hex)
0x02 0x00

Resulting CRC = 0x62 0x66
Message to send (Hex)

0200 6266 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000
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