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Abstract

This protocol contains instructions for setting up and running the RootBot system.
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Software Set Up

1

Installation: Go to https://software.farm.bot/v12/FarmBot-OS/farmbot-
os.html#installation for instructions on how to install FarmBot OS

Configuration: Go to https://software.farm.bot/v12/FarmBot-OS/farmbot-
os/configurator.html for instructions on how to configure FarmBot for specific needs

Using the Farm Bot Web app: In the installation and configuration process, you will have
created a web app account for FarmBot with credentials that you can use to login into
the site

L

Building Commands (For first time setup only)

4

Once the FarmBot software is setup and running with your RootBot you will need to
create the basic commands needed for the RootBot to pickup, move, image, and replace
the soil plates. These commands will be slightly different depending on the
customization of your rootbot and require some trial and error to determine the exact
X,Y, and Z coordinates based on your machine.

After logging in, there is a main interface showing the manual controls for the robot and a
representative image that corresponds to the inside of the machine

To build the sequence needed to move the plates and take photos of the roots, click on
the ‘sequence’ tab on the topmost toolbar pictured with the numbered boxes.
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HO®VEEEQIRTEOOR

6 The choice to add sequences should show up as a plus button

BO®IVTEEHHOIBORTE
| Q Search sequences.. \ |

MY SEQUENCES (> Q=] a |

7 The sequence of commands for each slot you desire to use in the rootbot will consist of
six main steps: 1) a MOVE TO command directing the gantry to the specific slot in the
rootbot, 2) a PICK UP PLATE (RELATIVE VERSION) command instructing the RootBot on
how to pick up the plate from the slot, 3) a TAKE PHOTO OF ROOTS command moving
the plate to the camera and cueing the camera Pi to take the image, 4) a second MOVE
TO command moving the plate back to the slot it came from, 5) a RETURN PLATE TO
SLOT (RELATIVE VERSION) command putting the plate back in its slot, and 6) and SEND
MESSAGE command, which is optional but recommended for monitoring and
troubleshooting purposes.
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€ [A9] Pick up, Photo, Return oI =

~ o o & T [EN
DESCRIPTION -
VARIABLES (0) -
SEQUENCE STEPS (6) a

49 (348,0,-314) ~  Options H
e e
10 F 42 100

A9 (348, 0,-314) ~  Options [
20 3 310 &0

RootBot has just finished photographing the plate in slot position A9,

‘Succass — EMAII.

Example Pick up, Photo, Return command
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7.1  The MOVE TO commands consist of a number values directing the RootBot gantry to a
specific location. An example can be seen in the image above but the exact values will
very depending on the design of the system.

7.2 The PICK UP PLATE (RELATIVE VERSION) command is a custom command consisting of
a series of MOVE RELATIVE commands. This command can be created and saved once
and then re-used for each new slot you program.
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€ Pick up plate (relative version)

~ B ¢ o N S

DESCRIPTION -
VARIABLES (0) B -
SEQUENCE STEPS (8) a

X (MM) ¥ (MM) Z (MM) SPEED (%)

0 a -4z 100

X (MM) ¥ (M) Z (MM) SPEED (%)

<12 0] 0 100

X (MM) Y (MM) Z (MM) SPEED (%)
0 a 20 100

X (MM) ¥ (MM) Z (MM) SPEED (%)
2 i 0 100

X (MM) Y (MM) Z (MM) SPEED (%)

=2 a ] 100

X (MM) ¥ (MM) Z (MM) SPEED (%)
0 0 215 100

X (MM) ¥ (MM) Z (MM) SPEED (%)
-18 0 0 100
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X (MM) Y (MM) Z (MM) SPEED (%)
o a 65 100

Example plate pickup command

7.3  The TAKE PHOTO OF ROOTS command is another complex command that consists of
moving the plate to the photo position, sending and audio signal to the camera Pi, waiting

for 18,000 milliseconds to ensure enough time for the image to be taken, and moving the
plate back to its slot position.

DESCRIPTION -
VARIABLES (0) 4 e
SEQUENCE STEPS (4)
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SRR 1

DESCRIPTION -
VARIABLES (0) -
SEQUENCE STEPS (3) a

weo e wmi D

‘Plate b6 (photo slet) (230, 290, -314)

Plate b {phioto siot} (230, 290, -314) -
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A o N D

DESCRIPTION v
VARIABLES (0) -
SEQUENCE STEPS (1) -

Trigger image capture..

= ..-. T ﬂ

TEE ‘ToasTPoPUP M
Info - EMAIL [
s ._- ol -n'
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€ Move plate out of photo position d 7
~ T s v
DESCRIPTION -
VARIABLES (0) B -
SEQUENCE STEPS (2) A
MOVETO e o O! ©
Piate b6 (photo'siot) (230, 290,-314) ~  Options H
X-OFFSET Y-OFFSET Z-OFFSET SPEED (%)
20 0 256 100

L+

MOVE TO e o O !
Plate bé (photo stot) (230, 290_-314) - {}ptions =

X-OFFSET Y-OFFSET Z-OFFSET SPEED (%)
-20 0 310 100

7.4  The RETURN PLATE TO SLOTE (RELATIVE VERSION) command is the last complex
command of the series and consists of several relative move commands bring the plate
back to it original location.

protocols.io | https://dx.doi.org/10.17504/protocols.io.x54v9d76zg3e/v1 January 23, 2023 11/18



https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.x54v9d76zg3e/v1

€3 protocols.io Part of SPRINGERNATURE

— PR AR IS

DESCRIPTION -
VARIABLES (0) -
SEQUENCE STEPS (5) -

W e s@mt

X (MM) Y (MM) Z (MM) SPEED (%)
0 0 54 100

X (MM) Y (MM) Z (MM) SPEED (%)

22 0 0 100

X (MM) Y (MM) Z (MM) SPEED (%)

[H] 0 -256 100

X (MM) Y (MM) Z (MM) SPEED (%)

1a 0 o 100

X (MM) Y (MM) Z (MM) SPEED (%)

0 a 42 100
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8 These commands need to be setup for each slot in the RootBot, however once they are

setup and saved they can be easily used through the scheduling interface described
next.

Scheduling Image Times

9 Before starting an experiment, check the connectivity of the FarmBot web app to ensure
it is online. You can look at this by clicking on the button that says connectivity

DEC 15, 6:27AM

(1083.6, 6,-271.9) ‘ NO ACTIVE JOBS ‘ ‘ CONNECTIVITY @ ‘ E-STOP SVEN ~

9.1 This should bring up a diagram showing the status of your computer’s connection and
FarmBot's connection to the Raspberry Pi in the gantry system. Every part of the chain
should have a green checkmark by it meaning it's connected. if there are connectivity
issues, it'll show up red with an 'x’ instead.
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" — -
e L
This computer . fram 10 last message seen
/ \ o This Intermed aTew secontds ago.
I computer
Web App  Message Broker o This Message a few seconds ago.
l compter Broker
\ / Q FarmBat Messags afew seconds ago.
FarmBot I Broker
. O FarmBot Web a few seconds ago.
Raspberry Pl e Arduino l App
o Ragpberry  Arduing Connectad
FARMBOT INFO Pi
Device ID: 2/09
i Version: v15.3.4 }
Model: Ganesis v1.2 i i
Firmware: v6.6.22 Arduinc/RAMPS DTagnOSIS
(GenesiavlZ) o Always Upgrade FarmBaol OS before froubleshogting
CPU temperature: 419°C
Memory usage: 60MB : All systems nominal. {code 31)
::é’;:’m" :‘é':,» R [# Click here 1o learn more ahout connectivity codes
bl [#' Click here for document ta show to your IT
Local IP: fe80:ba27:ebif.fe95:1bfe pricaeds 1
Voltage @ good ® epartment.
Camera: unknown o]
Raspberry Pi. 3
Connectivity code: 31
NETWORK QUALITY
Percent OK: 93 % ®
Pings sent: 376
Pings recelved: 350
Best time: 115 ms
Worst time: 41243 ms

10 After connectivity has been ensured, go back to the manual controls on the main
interface. At the beginning of each experiment, the ‘find home’ button needs to be
pressed so the gentry has a home point to orient itself.
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Lo
MOVE AMOUNT (MM)
1 19 “ 1000 10000
+Y +7
[+
X AXIS i i ZAXIS
10B3.6 -] -271.9 GUERENT
POSITION (MM)

PERIPHERALS ©

—I8

11 Once the gantry has found the homepoint, it's time to start scheduling events for when
the plates should be picked up and photographed. At the top, there's a long toolbar with
many tabs. The one pictured with a mini calendar is the ‘events’ tab.

BHO®TEERNSIORTEOCR

12 Pressing on the events tab will bring up a menu with a plus button that when clicked
allows the user to add events.
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13 Once the plus button is clicked, another menu pops up where specifications of the

seqguence to run on the plates in each slot and when are chosen

BO®TVEBEHOCIBOGET

SEQUENCE OR REGIMEN

None -
STARTS
12/15/2022 10:17 AM
REPEATS?

13.1 Here's an example of what an event could look like:
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BO®7VEEBEROIBLETI

SEQUENCE OR REGIMEN

[A28] Pick up, Photo, Return -

STARTS

12/15/2022 (m] 10:23 AM [0
REPEATS?
EVERY

[ Hours -
UNTIL

12417/2022 2 11:23 AM @

13.2 Once the time specifications are correct, the event can be saved and will be added to the
list of upcoming events that can be seen whenever the events tab is opened.
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BEO®VEER® IOETH

Hq_
i 3
Hx2

Dec 11440 arr i81] Pick g, Plots, Reltiim

15
11-4T7am | Pick g, Photo, Returr
11 S (A5 Pick ipy Phota; Retwrr
11-83am VAR Prachoup, Phodo, Return
11-57am [21.4] Fick up, Pholg, Return
120 pr 1416 Pick up, Phote, Return
12:08pm | AT Pk up, Phale, Return ooy 1
12 09 (220 Plek up, Photn, Ritur copy 1
12:13pm AL ok up, Phota, Return copy 1

1A24] Fick up, Pholo, Return oopy 1

1217 pm

Loading plates into the RootBot

14

15

Since the soil plats have live emerging roots in them care must be taken to prevent light
exposure. The plates can be kept under a think dark cloth, box or other means while
being transported to the RootBot and carefully places into their slot while still covered.

It is important that the plates line up exactly with the RootBot Gantry system's hock to
ensure successful pickup. We have found that the best way to do this is to run the initial
scheduled pickup and photo of the roots right after placing them in the RootBot and
monitor/guide the first pickup of each plate. This can be done by opening the RootBot
door and making sure the hocks line up at the beginning of each pickup, then closing the
door quickly before the plate comes out of the slot to minimize any light exposure. Once
each plate has been successfully picked up once the RootBot will place it back in the
exact spot so that it is picked up correctly the next time automatically.
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