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Robot demonstration at YouTube: https://youtu.be/dEOLhvVSBCg and https://youtu.be/YV-g 3STsBo

DETECTS
THE CUBE
STATUS

This is an autonomous Rubik’s cube solver robot, the “Top version” of CUBOTino series.
(Cubotino Base version can be seen at: https://youtu.be/ZVbVmCKwYnQ)

It uses the same mechanical solutions of the Base version: It is rather simple, very small (the base is
about 160 x 110mm) and it does not require any special gripping for the cube.

As average it takes 90 seconds for scanning and solving a scrambled cube; this is for sure not a fast
robot, yet it is rather simple, small, and fully autonomous.

This is one of the smallest autonomous robots, for normal size and unchanged Rubik’s cube; From
February 2023 there is a smaller robot version, CUBOTino micro, for Rubik’s cube sizing 30mm:
https://youtu.be/EbOHhvg2tJE.
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https://github.com/AndreaFavero71/cubotino
https://youtu.be/dEOLhvVSBCg
https://youtu.be/YV-g_3STsBo
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1. Instructions: Order and organization

This document is organized in about 40 chapters, divided into 5 main sections:
e Sections 1to 4 to make the robot.
e Section 5 providing useful (or interesting) info.

Sections:

1. Supplies:

2. Connections_board & Raspberry Pi setup:
a. Make the Connections_board.
b. Setup the Raspberry Pi.
c. Test the servos rotation range.
d. Set the servos to mid position.

3. 3D print and assembly:
a. Print the parts.
b. Assemble the robot.
c. Incase of a Raspberry Pi 2, 3 or 4.

4. Tuning and robot operation:
a. Robot tuning.
b. Troubleshooting.
c. How to operate the robot.
d. Automatic start and Rpi shut-off by the robot.

5. Info (my preferred part @, yet not strictly needed to build the robot):
a. Project background.

High level information.

Robot solver algorithm.

Computer vision.

Colour detection strategy.

....and much more.

m o o T

Use the Summary links to quickly reach the chapters.



2.

Safety

Energize the robot only via USB ports having a class 2 insulation from the power supply net; Raspberry Pi
power supply and phone charger normally have this safety feature: Check it for your own safety.

Despite the robot mechanical force is limited, it must be operated only under adult supervision.

If you build and use a robot, based on this information, you are accepting it is on your own risk.

3.

Manage expectations

Be prepared the robot won't magically work right after assembling it: Tuning is simply expected!
This has to do with differences between each robot, in particular:

Servos.

servo arm positioning to the servo.
cube dimensions.

print quality.

Assembly.

But hey, don’t worry .... Other makers have successfully tuned their own Cubotino, and you will too @

... and now, let’s start!



Summary
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4.

Supplies

Sectionl: Supplies

Regulator

asin_title o000 s00?ie=
UTF8&psc=1

Q.ty Part link to the shop | used Cost (€) Notes
o 180 Degree Servo 2PCS + 25T Arm 2PCS
Servos | used in first place: W —
TD-8325MG (180deg 25Kg _ .
metal, Pulse width 1to2ms) https://www.aliexpress.com/i 55
and metal arm “25T” tem/32298149426.html?gate
2 wayAdapt=glo2ita&spm=a2g | (2 servos +
00.9042311.0.0.5d1e4c4d14
Check the (better) Qjaz 2 arms)
alternative servos on next
pages before ordering
Raspberry Pi Zero2W 19
(H needed, yet the header 2W
: (

1 can be bought at side) https://www.sossolutions.nl/ | version
Raspberry Pi ZeroW works o5 : : | !
too, see performances lanuary
notes on next pages 24)

https://www.dataio.nl/sandis

1 microSDHC 16GB k-ultra-micro-sdhc-16gb-uhs- | 8

i-al-met-adapter/
PiCamera V1.3
https://www.amazon.nl/gp/p
. roduct/BO1M6UCEMS5 /ref=pp

1 PiCamera V2 (and V3) can X vo dt b asin title 005 s0 7.5
be used. Check next pages 0%ie=UTF8&th=1
for the camera versions.

https://www.amazon.nl/gp/p

1 30cm cable Raspberry Pi roduct/B079H33VCM/ref=pp 5

Zero/Camera x_yo dt b asin title 005 sO
1?ie=UTF8&th=1
SPI TFT 128x160 Pixels https://www.amazon.nl/gp/p

1 Display (1.77 inch) with roduct/B078IBBPXK/ref=ppx 3
ST7735 driver. Check yo dt b asin title 003 s00?
alternative on next pages le=UTF8&th=1

https://www.aliexpress.com/i
tem/1005001984730729.htm | 2.6
1 Led module 3W [’spm=a2g0o.cart.0.0.58be3c | (4 pcs)
00SgxRBT&mp=1
2.5-5.5V TTP223 https://www.amazon.nl/-

1 capacitive touch switch /en/gp/product/BO7BVN4CN | 4
button self-locking H/ref=ppx_od dt b asin titl | (5 pcs)
module for Arduino e s017ie=UTF8&psc=1

https://www.amazon.nl
AMS1117-3.3 DC4.75V- | /gp/product/BO7MY2N 6
1 12V to 3.3V Voltage MQ6/ref=ppx_yo dt b (5 pcs)



https://www.aliexpress.com/item/32298149426.html?gatewayAdapt=glo2ita&spm=a2g0o.9042311.0.0.5d1e4c4d14Qjaz
https://www.aliexpress.com/item/32298149426.html?gatewayAdapt=glo2ita&spm=a2g0o.9042311.0.0.5d1e4c4d14Qjaz
https://www.aliexpress.com/item/32298149426.html?gatewayAdapt=glo2ita&spm=a2g0o.9042311.0.0.5d1e4c4d14Qjaz
https://www.aliexpress.com/item/32298149426.html?gatewayAdapt=glo2ita&spm=a2g0o.9042311.0.0.5d1e4c4d14Qjaz
https://www.aliexpress.com/item/32298149426.html?gatewayAdapt=glo2ita&spm=a2g0o.9042311.0.0.5d1e4c4d14Qjaz
https://www.sossolutions.nl/
https://www.dataio.nl/sandisk-ultra-micro-sdhc-16gb-uhs-i-a1-met-adapter/
https://www.dataio.nl/sandisk-ultra-micro-sdhc-16gb-uhs-i-a1-met-adapter/
https://www.dataio.nl/sandisk-ultra-micro-sdhc-16gb-uhs-i-a1-met-adapter/
https://www.amazon.nl/gp/product/B01M6UCEM5/ref=ppx_yo_dt_b_asin_title_o05_s00?ie=UTF8&th=1
https://www.amazon.nl/gp/product/B01M6UCEM5/ref=ppx_yo_dt_b_asin_title_o05_s00?ie=UTF8&th=1
https://www.amazon.nl/gp/product/B01M6UCEM5/ref=ppx_yo_dt_b_asin_title_o05_s00?ie=UTF8&th=1
https://www.amazon.nl/gp/product/B01M6UCEM5/ref=ppx_yo_dt_b_asin_title_o05_s00?ie=UTF8&th=1
https://www.amazon.nl/gp/product/B079H33VCM/ref=ppx_yo_dt_b_asin_title_o05_s01?ie=UTF8&th=1
https://www.amazon.nl/gp/product/B079H33VCM/ref=ppx_yo_dt_b_asin_title_o05_s01?ie=UTF8&th=1
https://www.amazon.nl/gp/product/B079H33VCM/ref=ppx_yo_dt_b_asin_title_o05_s01?ie=UTF8&th=1
https://www.amazon.nl/gp/product/B079H33VCM/ref=ppx_yo_dt_b_asin_title_o05_s01?ie=UTF8&th=1
https://www.amazon.nl/gp/product/B078JBBPXK/ref=ppx_yo_dt_b_asin_title_o03_s00?ie=UTF8&th=1
https://www.amazon.nl/gp/product/B078JBBPXK/ref=ppx_yo_dt_b_asin_title_o03_s00?ie=UTF8&th=1
https://www.amazon.nl/gp/product/B078JBBPXK/ref=ppx_yo_dt_b_asin_title_o03_s00?ie=UTF8&th=1
https://www.amazon.nl/gp/product/B078JBBPXK/ref=ppx_yo_dt_b_asin_title_o03_s00?ie=UTF8&th=1
https://www.aliexpress.com/item/1005001984730729.html?spm=a2g0o.cart.0.0.58be3c00SgxRBT&mp=1
https://www.aliexpress.com/item/1005001984730729.html?spm=a2g0o.cart.0.0.58be3c00SgxRBT&mp=1
https://www.aliexpress.com/item/1005001984730729.html?spm=a2g0o.cart.0.0.58be3c00SgxRBT&mp=1
https://www.aliexpress.com/item/1005001984730729.html?spm=a2g0o.cart.0.0.58be3c00SgxRBT&mp=1
https://www.amazon.nl/-/en/gp/product/B07BVN4CNH/ref=ppx_od_dt_b_asin_title_s01?ie=UTF8&psc=1
https://www.amazon.nl/-/en/gp/product/B07BVN4CNH/ref=ppx_od_dt_b_asin_title_s01?ie=UTF8&psc=1
https://www.amazon.nl/-/en/gp/product/B07BVN4CNH/ref=ppx_od_dt_b_asin_title_s01?ie=UTF8&psc=1
https://www.amazon.nl/-/en/gp/product/B07BVN4CNH/ref=ppx_od_dt_b_asin_title_s01?ie=UTF8&psc=1
https://www.amazon.nl/gp/product/B07MY2NMQ6/ref=ppx_yo_dt_b_asin_title_o00_s00?ie=UTF8&psc=1
https://www.amazon.nl/gp/product/B07MY2NMQ6/ref=ppx_yo_dt_b_asin_title_o00_s00?ie=UTF8&psc=1
https://www.amazon.nl/gp/product/B07MY2NMQ6/ref=ppx_yo_dt_b_asin_title_o00_s00?ie=UTF8&psc=1
https://www.amazon.nl/gp/product/B07MY2NMQ6/ref=ppx_yo_dt_b_asin_title_o00_s00?ie=UTF8&psc=1
https://www.amazon.nl/gp/product/B07MY2NMQ6/ref=ppx_yo_dt_b_asin_title_o00_s00?ie=UTF8&psc=1

Sectionl: Supplies

Q.ty Part link to the shop | used Cost (€)
USB MICRO-B BREAKOUT | https://www.kiwi-
5 BOARD electronics.nl/nl/usb- 38
Not suitable for micro-b-breakout- )
Raspberry Pi3 or 4 board-3908
Alternative solution: . =
1 | USB Type-C BREAKOUT 2:]‘;‘;{ é ;"ﬁgfg;gr”'t'c 35 =
BOARD 53
~500g | Filament 1.75mm ~10 Sgggested I?ETG, yet other material
will do the job
Electrical small parts:
Q.ty Part Notes
1 Prototype board To connect all the parts
1 40pin (2x20) GPIO male header In case you could not get the WH version of Raspberry Pi
1 ?ng;:iézgjg\)/(Izzilghiecn;asli:gjd:ni;) To connect the Connections board to Raspberry Pi Zero 2
1x8 Female Header (plastic height ca 8.5mm) | To connect the display to the Connections board
4x3 Male Headers 90deg To connect the servos, touch pads, Led module
2x3 Female Headers To connect the touch pads, Led module
3 Capacitor 16V 220uF To limit voltage-drop when servos are activated
1 Heat sink for Raspberry Pi
Screws:
Quantity | Dimension Head type Info
1 M4x20 Cylindrical Pivot for Top_cover
~20 M3x12 Cylindrical
~30 M3x12 Conical
4 M2.5x10 Cylindrical Rpi to Structure (can be used L=6mm or L=x8mm)
8 M2.5x4 Cylindrical Micro-usb break-out boards to PCB cover
1 M2.5x20 + 4 nuts Cylindrical Used on the Connections_board as spacer for the display

Power supply:

e If micro-USB: 2x 2A phone charger with micro-USB cable

e IfUSBtype C: 1x 3A

Other:

Off course some other common materials are needed (wires, solder and solder device, tire wraps, self-adhesive
rubber feet, hot glue, etc).

Do not forget a Rubik’s Cube @

The cube size (side) should be between 56.0 and 57.5 mm.
Please give a look to suggested cube, described in the “A convenient cube” chapter, later in these instructions.



https://www.kiwi-electronics.nl/nl/usb-micro-b-breakout-board-3908
https://www.kiwi-electronics.nl/nl/usb-micro-b-breakout-board-3908
https://www.kiwi-electronics.nl/nl/usb-micro-b-breakout-board-3908
https://www.kiwi-electronics.nl/nl/usb-micro-b-breakout-board-3908
https://www.adafruit.com/product/4090
https://www.adafruit.com/product/4090

Sectionl: Supplies
Alternative servos

Option 1:

It is possible to use servos having 270deg rotation combined with an extended Pulse Width (500pus to 2500 us,
instead of 1000 us to 2000 ps).
When | started this project, | didn’t know about the extended pulse width... a missed opportunity | would call it now!
Rotation and Pulse Width ranges makes this servo a much better choice for this robot:

e Servo rotation range will always be sufficient, preventing from soldering resistors into the servo to enlarge

the range.

e The resolution is higher, making easier the servo angle setting process.

This model isn’t cheap, yet it seems widely available.

As reference this servo has these characteristics:

Q.ty | Part link to the shop | used Cost (euro) | Notes
Servo DS3225MG https://www.amazon.co
(270deg 25Kg metal, m/ANNIMOS-Digital- 38
) Pulse width 500 pus to Waterproof-Crawler- (2 servos + . > B
2500us) Control/dp/BO07GK1G5FV 2 arms) » —“G“"TR::—
and metal arm “25T” / ‘
P —
S =
Z_Z!,,% 1]
<
= ~
<
¥
-+ 40 = 7‘
Measurement Unit:(mm)
Operating Voltage 5v 6.8V
Idle current(at stopped) 4mA 5mA
Operating speed (at no load) 0.15 sec/60° 0.13sec/60°
Stall torque (at locked) 21 kg-cm 24.5 kg-cm
Stall current (at locked) 1.9A 2.3A
Control System PWM(Pulse width modification)
Pulse width range | 500<2500usec o _
Neutral position 1500usec
Rotating direction Counterclockwise (when 500~2500 psec)

For the tests I've ordered the 180° version from Amazon Netherlands:
https://www.amazon.nl/gp/product/B01MU78A29/ref=ppx yo dt b asin title 002 s01?ie=UTF8&psc=1

On the received servo, the real rotation range is about 192°, therefore still ok for the robot.
I’'ve measured a resolution <1° (vs 1.8 of the servos I've initially used, and suggested), making easier the angles

settings.
When moving from a 180° to a 270° version, the angle resolution should still be around 1.4°: Again, better than the

servo | initially used and suggested.

7


https://www.amazon.com/ANNIMOS-Digital-Waterproof-Crawler-Control/dp/B07GK1G5FV/ref=sr_1_2_sspa?keywords=ANNIMOS&qid=1658930597&sr=8-2-spons&psc=1&spLa=ZW5jcnlwdGVkUXVhbGlmaWVyPUEzSDY4SUs4TTVTOUIxJmVuY3J5cHRlZElkPUEwMTQyODc5TEtUNklETDRXNlhGJmVuY3J5cHRlZEFkSWQ9QTAzMDA2MjMxVVRFVFpCUDZZSTc3JndpZGdldE5hbWU9c3BfYXRmJmFjdGlvbj1jbGlja1JlZGlyZWN0JmRvTm90TG9nQ2xpY2s9dHJ1ZQ==
https://www.amazon.com/ANNIMOS-Digital-Waterproof-Crawler-Control/dp/B07GK1G5FV/ref=sr_1_2_sspa?keywords=ANNIMOS&qid=1658930597&sr=8-2-spons&psc=1&spLa=ZW5jcnlwdGVkUXVhbGlmaWVyPUEzSDY4SUs4TTVTOUIxJmVuY3J5cHRlZElkPUEwMTQyODc5TEtUNklETDRXNlhGJmVuY3J5cHRlZEFkSWQ9QTAzMDA2MjMxVVRFVFpCUDZZSTc3JndpZGdldE5hbWU9c3BfYXRmJmFjdGlvbj1jbGlja1JlZGlyZWN0JmRvTm90TG9nQ2xpY2s9dHJ1ZQ==
https://www.amazon.com/ANNIMOS-Digital-Waterproof-Crawler-Control/dp/B07GK1G5FV/ref=sr_1_2_sspa?keywords=ANNIMOS&qid=1658930597&sr=8-2-spons&psc=1&spLa=ZW5jcnlwdGVkUXVhbGlmaWVyPUEzSDY4SUs4TTVTOUIxJmVuY3J5cHRlZElkPUEwMTQyODc5TEtUNklETDRXNlhGJmVuY3J5cHRlZEFkSWQ9QTAzMDA2MjMxVVRFVFpCUDZZSTc3JndpZGdldE5hbWU9c3BfYXRmJmFjdGlvbj1jbGlja1JlZGlyZWN0JmRvTm90TG9nQ2xpY2s9dHJ1ZQ==
https://www.amazon.com/ANNIMOS-Digital-Waterproof-Crawler-Control/dp/B07GK1G5FV/ref=sr_1_2_sspa?keywords=ANNIMOS&qid=1658930597&sr=8-2-spons&psc=1&spLa=ZW5jcnlwdGVkUXVhbGlmaWVyPUEzSDY4SUs4TTVTOUIxJmVuY3J5cHRlZElkPUEwMTQyODc5TEtUNklETDRXNlhGJmVuY3J5cHRlZEFkSWQ9QTAzMDA2MjMxVVRFVFpCUDZZSTc3JndpZGdldE5hbWU9c3BfYXRmJmFjdGlvbj1jbGlja1JlZGlyZWN0JmRvTm90TG9nQ2xpY2s9dHJ1ZQ==
https://www.amazon.com/ANNIMOS-Digital-Waterproof-Crawler-Control/dp/B07GK1G5FV/ref=sr_1_2_sspa?keywords=ANNIMOS&qid=1658930597&sr=8-2-spons&psc=1&spLa=ZW5jcnlwdGVkUXVhbGlmaWVyPUEzSDY4SUs4TTVTOUIxJmVuY3J5cHRlZElkPUEwMTQyODc5TEtUNklETDRXNlhGJmVuY3J5cHRlZEFkSWQ9QTAzMDA2MjMxVVRFVFpCUDZZSTc3JndpZGdldE5hbWU9c3BfYXRmJmFjdGlvbj1jbGlja1JlZGlyZWN0JmRvTm90TG9nQ2xpY2s9dHJ1ZQ==
https://www.amazon.nl/gp/product/B01MU78A29/ref=ppx_yo_dt_b_asin_title_o02_s01?ie=UTF8&psc=1

Sectionl: Supplies

Option 2 (a cheaper servo model):

Notes:

The MG996R servo is enclosure in a plastic body, while having the reduction gears made by metal (MG might
mean Metal Gear) as well as a metal bush at the outlet gear.

Torque is ca 10Kg*cm, therefore much lower than the metal version I've initially used.

It looks like this model is rather common for 180° rotation range, and rather rare for the 270°.

The several online shops I've verified don’t specify the PWM range.

| ordered them to Amazon Netherland https://www.amazon.nl/AZDelivery-Versnellingsbak-
Helikoptervliegtuigen-compatibel-Inclusief/dp/B07H88DB8R/ref=asc_df BO7H88DB8R/?tag=nlshogostdde-
21&linkCode=df0&hvadid=594732236372&hvpos=&hvnetw=g&hvrand=8695186734418167946&hvpone=&
hvptwo=&hvgmt=&hvdev=c&hvdvcmd|=&hvlocint=&hvlocphy=9103947&hvtargid=pla-653808722062&th=1
The servos | got have a Pulse Width ranging from 500us to 2500 us.

Because of the lower rated torque, and less metal parts, these servos are cheaper, and apparently widely
available; It is typically sold width a set of plastic arms.

I’'ve assembled two of these servos on my second robot.

22/10/2022: One of these servos (motor) broke after a few months of working; | don’t know if it was because of
excess of load or because production quality, yet | hadn’t any rupture with more powerful servos so far.

Bottom servo:

The servo connected to the Cube_holder has sufficient torque to also solve an old and rather hard to turn
cube.

The servo tuning has been rather easy to, because of the angle resolution and because the servo accepted
pulse width min and max well behind the 500 and 2500 us.

Vibrations make the servo to swap back and forward of one resolution angle; This doesn’t affect the cube
status reading neither the cube solving process.

Top servo:

The Top_cover stopping position is slightly less repetitive than those achieved with the more powerful
servos. Anyhow, if the image cropping leaves some margin (upper and lower), it isn’t of an issue for the robot
to recognize the facelets and to perform all the other actions. The unfolded cube status pictures don’t suffer
from this position repeatability issue, as each face is cropped based on the detected facelets.

Despite I've done about 100 successful cycles with this servo, by considering the rated torque and the torque
dissipated on friction between the Top_cover and the Hinge, the usage of this servo might be challenged for
the Top_cover.

As reference:

Q.ty | Part link to the shop | used Cost (euro) Notes
| assume these should be like
those I've ordered in
amazon.nl.
https://www.amazon.com/Servo-
Servo MG996R Torque-Metal-Robot- 8
1 (180deg 10Kg metal, | Helicopter/dp/B08T7M8S42/ref= (1 servo)
metal gears) sr 1 22?crid=36VLOCM478RT0&

keywords=mg996R&qid=1660395
026&sprefix=mg996r%2Caps%2C
186&sr=8-22



https://www.amazon.nl/AZDelivery-Versnellingsbak-Helikoptervliegtuigen-compatibel-Inclusief/dp/B07H88DB8R/ref=asc_df_B07H88DB8R/?tag=nlshogostdde-21&linkCode=df0&hvadid=594732236372&hvpos=&hvnetw=g&hvrand=8695186734418167946&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=9103947&hvtargid=pla-653808722062&th=1
https://www.amazon.nl/AZDelivery-Versnellingsbak-Helikoptervliegtuigen-compatibel-Inclusief/dp/B07H88DB8R/ref=asc_df_B07H88DB8R/?tag=nlshogostdde-21&linkCode=df0&hvadid=594732236372&hvpos=&hvnetw=g&hvrand=8695186734418167946&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=9103947&hvtargid=pla-653808722062&th=1
https://www.amazon.nl/AZDelivery-Versnellingsbak-Helikoptervliegtuigen-compatibel-Inclusief/dp/B07H88DB8R/ref=asc_df_B07H88DB8R/?tag=nlshogostdde-21&linkCode=df0&hvadid=594732236372&hvpos=&hvnetw=g&hvrand=8695186734418167946&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=9103947&hvtargid=pla-653808722062&th=1
https://www.amazon.nl/AZDelivery-Versnellingsbak-Helikoptervliegtuigen-compatibel-Inclusief/dp/B07H88DB8R/ref=asc_df_B07H88DB8R/?tag=nlshogostdde-21&linkCode=df0&hvadid=594732236372&hvpos=&hvnetw=g&hvrand=8695186734418167946&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=9103947&hvtargid=pla-653808722062&th=1
https://www.amazon.com/Servo-Torque-Metal-Robot-Helicopter/dp/B08T7M8S42/ref=sr_1_22?crid=36VL0CM478RT0&keywords=mg996R&qid=1660395026&sprefix=mg996r%2Caps%2C186&sr=8-22
https://www.amazon.com/Servo-Torque-Metal-Robot-Helicopter/dp/B08T7M8S42/ref=sr_1_22?crid=36VL0CM478RT0&keywords=mg996R&qid=1660395026&sprefix=mg996r%2Caps%2C186&sr=8-22
https://www.amazon.com/Servo-Torque-Metal-Robot-Helicopter/dp/B08T7M8S42/ref=sr_1_22?crid=36VL0CM478RT0&keywords=mg996R&qid=1660395026&sprefix=mg996r%2Caps%2C186&sr=8-22
https://www.amazon.com/Servo-Torque-Metal-Robot-Helicopter/dp/B08T7M8S42/ref=sr_1_22?crid=36VL0CM478RT0&keywords=mg996R&qid=1660395026&sprefix=mg996r%2Caps%2C186&sr=8-22
https://www.amazon.com/Servo-Torque-Metal-Robot-Helicopter/dp/B08T7M8S42/ref=sr_1_22?crid=36VL0CM478RT0&keywords=mg996R&qid=1660395026&sprefix=mg996r%2Caps%2C186&sr=8-22
https://www.amazon.com/Servo-Torque-Metal-Robot-Helicopter/dp/B08T7M8S42/ref=sr_1_22?crid=36VL0CM478RT0&keywords=mg996R&qid=1660395026&sprefix=mg996r%2Caps%2C186&sr=8-22
https://www.amazon.com/Servo-Torque-Metal-Robot-Helicopter/dp/B08T7M8S42/ref=sr_1_22?crid=36VL0CM478RT0&keywords=mg996R&qid=1660395026&sprefix=mg996r%2Caps%2C186&sr=8-22

Sectionl: Supplies
Raspberry Pi ZeroW (instead of Zero2W)

By considering the severe chip shortage situation of 2022, Raspberry Pi Zero board is a valid alternative for this

project:
Pro:
1. Availability, see notes below.
2. Hardware and Software compatibility.
3. Size.
4. Price.
Cons:

1. Performances:
a. Boot with script loading takes about 120secs, roughly double the time of Zero2W.
b. Cube status detection takes about 10 to 15 seconds more than Zero2W.
c. Solving time takes about 10% more than Zero2W.

OS 10 (Buster): As average the cube detection and solving is reached in 110 seconds vs 90 seconds of a Zero2W
0S 11 (Bullseyes): The ZeroW performance are further impacted. It works yet doubling the time of a Zero2W.

Purchasing a Raspberry pi Zero2W or ZeroW (Info updated o January 2024)

The Raspberry Zero2 and Zero have suffered for severe shortage in 2022; Starting from December 2022, Raspberry Pi
ZeroW is back available on selected shops.
Starting from the summer 2023, also the Zero2 is coming back to market too.

From the Raspberry Pi official site (https://www.raspberrypi.com/products/raspberry-pi-zero-w/ or
https://www.raspberrypi.com/products/raspberry-pi-zero-2-w/) select Buy now, enter your Country and check one
by one the proposed shops for availability.



https://www.raspberrypi.com/products/raspberry-pi-zero-w/
https://www.raspberrypi.com/products/raspberry-pi-zero-2-w/

Sectionl: Supplies
Alternative displays

In March 2024, Paul has reported difficulties to find the original screen:

SPI TFT 128x160 Pixels Display | https://www.amazon.nl/gp/product/B078JBBPXK/ref=ppx yo dt b asin title o0
(1.77 inch) with ST7735 driver | 3 s00?ie=UTF8&th=1

He has developed the complete solution (code, models, information) for below alternative displays:

Option | Resolution | Info Link

1 128x160 128x160, General 1.8inch LCD display Module, https://www.waveshare.com/1.8inch-
ISP, st7735 driver cd-module.htm

5 240x320 2inch LCD Display Module, IPS Screen, 240x320 | https://www.waveshare.com/2inch-lcd-
Resolution, SPI Interface, st7789 driver module.htm

Notes for these alternative displays:
e Assemble directly to the PCB_cover, via specific models. Files at :
o https://github.com/AndreaFavero71/cubotino/blob/main/personalizations/waveshare displays/PCB
covers_waveshare models.zip

e Display connection to the Connections_board:

o If you use the Connections_board described in this document, you might consider soldering a male
header at H1 (connector for the display) to connect the individual cables from the display as
delivered with Dupont female connectors (pay attention to the different pinout order).

o Paul has used the Connections_board designed by Gerald Maurer, having a good match for the
display connection:
https://www.pcbway.com/project/shareproject/W88385ASJ23 CUBOQOTino2 ea8e6776.html
Some notes about the board designed by Gerald Maurer:

= |t uses SMD components and specific connectors.

= |fyou aren’t equipped for SMD soldering, you might consider ordering the complete board
(assembled with the component).

= [|timplies the usage of specific connectors.

e When the 240x320 display is used:
o It must be specified at the Cubotino_settings.txt, parameter ("disp_type": "st7789")
o Cubotino code automatically resizes the displayed content.

For more info: https://github.com/AndreaFavero71/cubotino/tree/main/personalizations/waveshare displays
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https://www.amazon.nl/gp/product/B078JBBPXK/ref=ppx_yo_dt_b_asin_title_o03_s00?ie=UTF8&th=1
https://www.amazon.nl/gp/product/B078JBBPXK/ref=ppx_yo_dt_b_asin_title_o03_s00?ie=UTF8&th=1
https://www.waveshare.com/1.8inch-lcd-module.htm
https://www.waveshare.com/1.8inch-lcd-module.htm
https://www.waveshare.com/2inch-lcd-module.htm
https://www.waveshare.com/2inch-lcd-module.htm
https://github.com/AndreaFavero71/cubotino/blob/main/personalizations/waveshare_displays/PCB_covers_waveshare_models.zip
https://github.com/AndreaFavero71/cubotino/blob/main/personalizations/waveshare_displays/PCB_covers_waveshare_models.zip
https://www.pcbway.com/project/shareproject/W88385ASJ23_CUBOTino2_ea8e6776.html
https://github.com/AndreaFavero71/cubotino/tree/main/personalizations/waveshare_displays

Sectionl: Supplies

Alternative PiCamera versions

Starting from 31/05/2024 the code has been adapted to (properly) work with PiCamera V2 and V3.
For V3 camera, please note it’s necessary to uncomment a few rows of the code, info below.

PiCamera V1.3:

It is the cheapest.

In some Country it is not anymore easy to find.

It has more enough resolution for this application.

It has fix focus, and | always got it with glued lens: This makes possible, yet difficult, to adjust the focus
(search for focus at troubleshooting chapter, to learn how to adjust it).

Set the camera mode parameter s_mode to 7 (Cubotino_settings.txt).

PiCamera V2:

Compatible with CUBOTino code, on both OS10 (Buster) and OS11 (Bullseye).

It is easier than V1.3 to purchase.

It has better resolution than V1.3, but this is not a real benefit for this application.
It has fix focus, nut it looks like the lens is not glued: Very easy to adjust the focus.
It does not really affect the robot timing.

Set the camera mode parameter s_mode to 5 (Cubotino_settings.txt).

PiCamera V3:

11

Compatible with Cubotino code only when using 0S11 (Bullseye).

It is rather expensive, and clearly overperforming for this application.

It only makes sense if you have one spare available, or you cannot find the cheaper versions.

It has the autofocus version: For time reason, the autofocus is not convenient but it makes possible adjust
the focus via one line of code (already into the code) and use it with the correct focus distance for Cubotino.
It is faster than V2, yet not really affecting the robot timing.

Set the camera mode parameter s_mode to 1 (Cubotino_settings.txt).

Uncomment a few lines of code at Cubotino_T_camera_0OS11.py

U

From:
"""Sets 0.07 meter (1/0.07 = 14). Minimim focus distance (datasheet) is 0.5m for V3 wide a
focus dist m = 0.07
focus_dist = 1/focus_dist m if focus dist m > 0 else 14
self.cam.set controls({"AfMode": controls.AfModeEnum.Manual, "LensPosition": focus dist})
To:



5.
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Rasperry Pi Zero 2 GPIO pinout

GPIO 2 Serial Data (IZC)|
)

3.3v 5V

S5V

(OM©)
® &
GPI03 serial Clock (12¢)| @ @) |Ground
e ‘ ‘
=4 N ) GPIO 4 GPIO 14 (UART TX)
bl Ground . . GPIO 15 (UART RX)
i : : : 6P10 17 chip Enable-ce1 (spi1)| @ @ |6Pio 18 chip Enable-ceo (sp1) (Pwm)
® e GPIO 27 . . Ground
oo GPIO 22 ‘ ‘ GPIO 23
L N
o0 3.3v O . GPIO 24
[ K J GPIO 10 MOSI (SP10) ‘ . Ground
L ario oamiso (sp1o)| @) @ |crio2s
®e
e GPIO 11 SCLK (SP10) . . GPIO 8 Chip Enable-CEO (SPI0)
LA cround| @ @ |crio 7 chip Enable-ce1(spio)
o . . ]
oe® GPIO 0 EEPROM Serial DATA (12C)] . . GPIO 1 EEPROM Serial Clock (12C)
X ) GPIO S Ground
LA GPIO 6 ‘ ’ GPIO 12 (PWM)
: : GPIO 13 (PWM) . . Ground
[PWM] GPIO 19 MISO (sP1 1) @ @ |croi6chipenablece2(spiy)
orio 26| @ @ | 020 miso (spi 1)
Ground | @ @ |oPro 21 scux(seia)
Used pins:
Pin Label/GPIO Purpose
2,4 5V Energize the SBC board
Energize the SBC board.
25,6 GND (Note: GND continuity between pins 25 and 6 is made
by the Raspberry Pi board)
8 GPIO 14 (UART TX) Led of Rpi ON status
7 GPIO 4 8 Display backlight
13 GPIO 27 6 Display RS (Register select)
15 GPIO 22 5 Display reset
24 GPIO 8 (CHIP ENABLE SPI1 0) | 7 Display CS (Chip select)
19 GPIO 10 MQOSI (SPI1 0) 4 Display SDA (Serial Data Pin)
23 GPIO 11 SCLK (SP1 0) 3 Display SCK (Serial Clock)
12 GPIO 18 [PWM] PWM Led at Top_cover
32 GPIO 12 (PWM) PWM servo Top_cover
33 GPIO 13 (PWM) PWM servo Cube_holder
37 GPIO 26 Touch button
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Section2: Connections_board & Raspberry Pi setup

There are some options for the Connections board:

A) Chad (Vanblokland) has drawn and made available the Gerber files to order the pcb to a pcb manufactures;
On the received board you’ll ‘just’ solder the few components needed.

B) You can make it by your own via a (perfboard) prototyping board.

C) You can energize it via 2 x 2A microUSB power supply, or via a single 3A USB type-C power supply.

A) Notes for the printed circuit board:
1. This cover the V1.1 and V1.6 revision, that have been positively tested; V1.6 replaces the V1.1
2. Gerber files are available at
https://github.com/AndreaFavero71/cubotino/tree/main/connections board/gerber
To download the Gerber files folder from GitHub:

1. Via this link a helpful online tool opens: https://download-directory.github.io/.

2. Paste the address of the Gerber folder.

3. Click Download, and a zip file of the folder will be downloaded into your download folder.
3. For the pcb order check: https://docs.easyeda.com/en/PCB/Order-PCB
4. The boards | got from Chad, have been ordered at: http://jlcpcb.com/

0000000000000 0C0OCD0ODO0CO0OO0OCO
Q0000000000000 00O0C0OORN

C2

R N N N N N

on
H3 um,
| KX N POONE 96 400
o — USB-C

. 9 4
PSS eRS80Ca080509983
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PWM | =
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https://github.com/AndreaFavero71/cubotino/tree/main/connections_board/gerber
https://download-directory.github.io/
https://docs.easyeda.com/en/PCB/Order-PCB
http://jlcpcb.com/
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B) Notes for the prototyped board:

W NV A WDNPRE

12.

13.

The prototype board should be of a double face type.

Cut the board, and the “top right” corner.

Start by positioning the 2x20 header, at 3" hole from the corner.

Count the holes for the other parts positioning.

Dashed lines for parts/wires on the opposite side.

Blue lines are wires without insulation.

Red, Brown, Orange and Green lines are insulated wires.

Use insulated wires when crossing other lines, also when these are on the board opposite side.

For the power lines, toward the servos and the Raspberry Pi, preferably use 20AWG solid wire; Thick power
lines are especially needed when using a Raspberry Pi model 3 or 4.

. Filled dots are connections.
11.

15mm is the max height for the 3V3 voltage regulator board, and the capacitor close to the display
connector.

@2,5mm hole is for a M2,5mm bolt (and 3 nuts) to support the display. The highest nut should be at
~10.5mm from the board surface.

Add the last 2 capacitors, close to the servo connectors, once the board has been tested.
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Front view (the 2x20 header is on the opposite side):

~73mm (~ 28 holes)
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Female header for Display: height of ca 8.5mm (plastic part)

17
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Female header for Rpi: height of ca 8.5mm (plastic part)
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“oooooooooooJfr
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OOO@OOCOCH»F (j sl

microUSB breakout board:
Wire soldering orientation

T Y
300000ALAO0.

SR P2 ‘
& »
®iviele -
@1V eole
oo
.. Wire length MIN Wire size (see next page)
Wiring - .
(cm) Rpi Zero, 2 and 3 Rpi 4
USB breakout board ~18 20AWG or 0.5mm? 18AWG
Touch sensor breakout board ~18
3W Led breakout board ~35
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Section2: Connections_board & Raspberry Pi setup

Power supply for the Raspberry Pi boards model 3 and 4.
According to official Raspberry Pi documentation, the model 4b requires a power supply of 5Vdc 3A (or 2.5A of good
quality) at the GPIO pins (https://www.raspberrypi.com/products/raspberry-pi-4-model-b/specifications/)

For the Raspberry Pi 3 Model B+, it is required a power supply of 5Vdc 2.5A
(https://www.raspberrypi.com/products/raspberry-pi-3-model-b-plus/).

Official Raspberry Pi documentations does not provide information about the wire size.
Perhaps good to notice a few aspects:
1. Official Raspberry Pi power supply, with the USB Type-C connector, delivers 5.1V and it uses 1.5meter of
cable 18AWG (https://datasheets.raspberrypi.com/power-supply/usb-c-power-supply-product-brief.pdf);
This is the power supply intended for the model 4b
2. Similarly, the Official Raspberry Pi power supply, with the micro USB connector, delivers 5.1V and it uses
1.5meter of cable 18AWG (https://datasheets.raspberrypi.com/power-supply/micro-usb-power-supply-
product-brief.pdf).

“Power Supply Warnings”
(https://www.raspberrypi.com/documentation/computers/raspberry-pi.html#power-supply)

On all models of Raspberry Pi since the Raspberry Pi B+ (2014) except the Zero range, there is low-voltage detection
circuitry that will detect if the supply voltage drops below 4.63V (+/- 5%). This will result in a warning icon being
displayed on all attached displays and an entry being added to the kernel log.

If you are seeing warnings, you should improve the power supply and/or cable, as low power can cause problems
with corruption of SD cards, or erratic behaviour of the Raspberry Pi itself, for example, unexplained crashes.
Voltages can drop for a variety of reasons, for example if the power supply itself is inadequate, the power supply
cable is made of too thin wires, or you have plugged in high demand USB devices.

Some of the Makers have reported issues with the power supply (Low Voltage Warning) when using the Rpi 4b.
Kevin has solved by using 18AWG wires for the Rpi power lines, further than using two independent USB connectors.

In case you’re going to use Rpi model 4b, you’re encouraged to use thick wires.
In case of Low Voltage Throttle check the tips at troubleshooting.
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https://www.raspberrypi.com/products/raspberry-pi-4-model-b/specifications/
https://www.raspberrypi.com/products/raspberry-pi-3-model-b-plus/
https://datasheets.raspberrypi.com/power-supply/usb-c-power-supply-product-brief.pdf
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https://www.raspberrypi.com/documentation/computers/raspberry-pi.html#power-supply

Section2: Connections_board & Raspberry Pi setup

Connecting a single power supply input (board V1.6):

USB type-C connector is rated 3A, therefore possible to use a single power supply connections for the robot.

The V1.6 PCB Connections_board drawn by Chad is prepared for this situation:
1. Connect the USB-C breakout board to either H2 or H3
2. Connect the “Jump USB-C” pads.

 E NN N NNENI] O O

3

Connect Jump USB-C GND +5Vdc

20



' 3 . . . ad be d R——— ; }_‘vJ =
A h B
ST IMDOROEPOAD
V3
V s e ——
PWM (o4 i (o
5V ;:i: i 1 |
ONC g™ o805 05t
' €2 o+ cca  ueus ,
nNo : + ;
\ i 2 1
| |
n X Z IR 9
0= > > S
- 5 “a - ’
OQ 29 — \/ r < \ L )
/ Gdoﬁzs::., O \ P B VN
/ U's ®eripn,, fj Hiv o] X +l_lg_d] N
- 8 ¢ B'OOkom e f' o O - ?"‘\ ;._q Féy 1.‘\
OO0
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Testing the Connections_board before connecting it to the Raspberry Pi:
Before connecting the Connections_board to the Raspberry Pi there are a couple of tests that can be done:

1. Connect the Touch_sensor breakout board.

2. Energize the board, via the USB type-C break out board or via the micro-USB breakout board connected to
H2.

3. Touch the Touch_sensor pad and check if the breakout board Led goes on.

Note the sensor sets its level ‘off’ right after being energized: It is suggested to prevent the sensor from touching

the table or your hands when you energize the board, so you can later touch it or drop it to the table to see if it

detects the variation.

1. (Not necessary with V1.6 board version) Place a jumper wire between the pins 6 and 25 of the ‘Pi’ connector
(at the Connections_board !).

2. Energize the board, via the USB type-C breakout board or via the micro-USB breakout board connected to
H2.
3. Checkif the 3V3

S MG S

voltage regulator Led goes on.
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7. Setting up Raspberry Pi

Notes:
1. Starting from 30" June 2022 only the simplified installation (via GitHub repository) is described in this
document.
2. Starting from 12th October 2023:
o The manual installation method in not anymore maintained.
o Cubotino code is updated for “Bullseye” OS while keeping compatibility with “Buster” OS.

This simplified installation method isn’t just easier and faster, but it makes very easy to update your robot in case
newer updates will be made available at GitHub.

In case of:
e Raspberry Pi Zero2W, or more performant boards, the OS 11 (Bullseye) is suggested.
e Raspberry Pi ZeroW, or similar boards, the OS 10 (Buster) is suggested.

Step 1: Download the Raspberry Pi Imager, from https://www.raspberrypi.com/software/

Step2: Flash the OS to the microSD:

a. Select CHOOSE DEVICE
B, Raspberry i Imager v1.84 - a x

' Raspberry Pi

CHOOEE STORAGE

and select the board type you are using:
L 3

' Raspberry Pi

Oparating System

RASPEERRYPI ZERD 2'W
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b. Select CHOOSE OS:

®, Raspberry Pi Imager v1.84 - O x

‘ Raspberry Pi

Raspberry Pi Device Operating System Storage

RASPBERRY PI ZERO2 W CHOOSE 0S CHOOSE STORAGE

c. Selection of Raspberry Pi OS: under the “Raspberry Pi OS (other)”.

8, Raspberry Pi Imager v1.84 = =] X

Operating System X

Raspberry Pi OS (Legacy, 32-bit)
A port of Debian Bullseye with secunty updates and deskiop environment (Recommended)
Released: 2023-12-05

Online - 0.9 GB downioad

Raspberry Pi OS (other) >
Other Raspberry P OS based images

Other general-purpose 0S )
Other general-purpase operating systems

Media player OS >
Medka player opersting systems

Emudation and game 05 >

Emedators for running retro-computing platforms

Other specific-purpose 0S )
Thin clionts, digtal signage and 30 printing operating systems

BB & @&

d. Scroll down, and select Raspberry Pi OS (legacy, 32-bit) Full

B, Raspberry Pl imager v184 0 X

00 hack 1 makn mery

Raspberry W 0% (Legecy 32-b0) Lie
A port of Debian Bllswpe with sacurty gxiates anc 00 Sethiop smvrcrement

Rasgberry M 0% (Legecy 12-tat) It
' A port of Detaan Sflsaye with securty Jaiates. Mk D erwronment and recamymended sppic snons

L

ached)

Rasgberry ™ 0% (Lagacy S4-tet)
A port of Debsan Blarye wih Sacumty e 800 Ceking eOWTrFment

x
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Double check it mentions “A port of Debian BU"Seye" and “Desktop environment’.

Raspberry Pi OS (Legacy, 32-bit) Full
A port of Debian Bullseye with security updates, desktop environment and recommended applications
Released: 2023-12-05

Step2d alternative.

In alternative to the previsous step, or as nedeed approach once Bullseye won’t be listed into the
Imager, or when the Buster OS is a preferred choice. In this case the OS image needs to be first
downloaded in your PC; The official image for the Bullseye OS is:
https://downloads.raspberrypi.org/raspios oldstable armhf/images/raspios oldstable armhf-2023-
10-10/2023-05-03-raspios-bullseye-armhf.img.xz

Scroll completely down and select Use custom:
' Raspberry Pi Imager v1.7.4 i ()} X

Operating System X

Other specific-purpose 0S )
Thin clients, digital signage and 3D printing operating systems

Freemium and paid-for 0S >
Freemium and paid-for operating systems

Misc utility images
Bootloader EEPROM con] tion, etc

Erase
Format card a

Use custom

DO £ [ [

Select a custom .img from your computer

Navigate on your PC and select the downloaded Image (2023-05-03-raspios-buster-armhf.img.xz),
confirm with Open.

Operating System x

Other specific-purpose 05 >
Thin clients, digital signage and 3D printing operating systems

Freemium and paid-for 0S ' Select image ? %
Freemium and paid-for operating systems

| Lookin: St — ster05_10_Legacy O O © @ @ [(E
Misc utility images =

D a2 [ E

Bootloader EEPROM config - = my Com... Name Size Type  Dat
EC ¥ 2023-05-03-raspios-buster-armhfimg.z 788,03 MiB xz File  14/1
Erase
Format card as FAT32 < >
Use custom File name: Open
8 CREOND R O YOI oM Files of type: |Image files (*.img =.zip “.is0 *.gz "z *.zst) ~ Cancel

From here onward, the remaining steps are the same.



https://downloads.raspberrypi.org/raspios_oldstable_armhf/images/raspios_oldstable_armhf-2023-10-10/2023-05-03-raspios-bullseye-armhf.img.xz
https://downloads.raspberrypi.org/raspios_oldstable_armhf/images/raspios_oldstable_armhf-2023-10-10/2023-05-03-raspios-bullseye-armhf.img.xz
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e. Select the CHOOSE STORAGE disk (microSD card):

¥, Raspberry Pi Imager v1.8.4

' Raspberry Pi

Raspberry Pi Device Operating System

ASPBERRY P1 ZER. Jll 2023-05-03-RASPIOS-BUSTER-AR

f. Select NEXT:

8, Raspberry Pi Imager v1.8.4

‘ Raspberry Pi

Raspberry Pi Device

RASPBERRY Pl ZER_Jl12023-05-03-RASPI0S-BUSTER-AR

g. Select EDIT SETTINGS:

Use OS customisation?

- O X

CHOOSE STORAGE

Storage

ULTIPLE CARD READER USB _|

Would you like to apply OS customisation settings?

EDIT SETTINGS NO, CLEAR SETTINGS
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On settings, GENERAL tab, enter:

8, OS Customisation -

GENERAL SERVICES OPTIONS

Set hostname: CUbO“”"l Jocal
Set username and password
Username: Pi
Password: ®®eessssssssssssssss
Configure wireless LAN
SsID: IR
Password: sssssssssssssssssnss
D Show password D Hidden SSID
Wireless LAN country:  NL -
Set locale settings

Time zone: Europe/Amsterdam -

Keyboard layout: S -

SAVE

a. cubotino.local

b. enter p/ as username.
c. enter a password (my choice has been

enter your SSID.

enter your network password.
enter your Country code.

set your local settings.

O

raspberry, as no sensitive data, but you are
encouraged to use a more secure password).

On settings SERVICES and OPTIONS tabs, leaves the default values.

Double check Enable SSH is selected

®, 05 Customisation

GENERAL SERVICES OPTIONS

®, OS Customisation — x

GENERAL SERVICES OPTIONS

Enable SSH
@ Use password authentication

O Allow public-key authentication only
Set authorized_keys for "pi':

RUN SSH-KEYGEN

Play sound when finished
Eject media when finished

Enable telemetry

SAVE

Press SAVE to store these settings (these settings will also be available the next time).
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h. Select YES to use the settings:

8, Raspberry Pi Imager v1.84 - m] X

Would you like to apply OS customisation settings?

EDIT SETTINGS

i. Select YES to start flashing the OS to the microSD:

®, Raspberry Pi Imager v1.84 s o X
ag

All existing data on 'Multiple Card Reader USB Device' will be erased.
Are you sure you want to continue?

o=l

Raspberry Pi Imager starts writing the OS in the microSD, and it’s followed by a verification:

¥, Raspberry P imager v1.8.4 - O ® LA

' Raspberry Pi ' Raspberry Pi

Writing... 10% Verifying... 10%
ANCEL WRITE

Writing and verifying takes around 10 minutes.
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j- Select CONTINUE to acknowledge the process end and eject the microSD:
. o -

Note: In case you'd like to have
. multiple WiFi possibilities:

' Raspberry Pi 1) Eject the card

2) Re-insert the card

3) jump to Step15.

2023-05-03-raspios-buster-armhf.img.xz has been written to Multiple 4) Once done come back to Ste p3 .
74 Card Reader USB Device

You can now remove the SD card from the reader

CONTINUE

Step 3: Insert the SD card into the Raspberry Pi, and power it.
First boot takes longer, up to two minutes; Wait until the led stop blinking.

Step 4: from a command prompt try to connect to the Raspberry Pivia 5sh pi@cubotino.local;insert the

password and jump to Step 6. Note: exchange p/ with your username, if you used a different username when
flashing the OS to the microSD.

Step 4b: In case you cannot connect via 55/ pi@cubotino.local, search the Raspberry Pi IP address.

Different tools can be used to detect which IP address has been assigned to the Raspberry Pi; For instance,
Advanced IP Scanner (https://www.advanced-ip-scanner.com/)

Step 5: Connect to the Raspberry Pi via SSH, i.e. by using Putty: Run Putty, with the IP address of the Raspberry Pi on
the Host Name, remain settings as per Putty default. Accept the warning....

ER puTTY Configuration ? X
Category:
E)-Session Basic options for your PuTTY session
i Logging 2 o
% Terminal Specify the destination you wantto connectto
i Keyboard Host Name (or IP address) Port
el [ |[[22
éwinl-'deoa\:fures Connection type
- - Appearance (ORaw  (OIelnet (ORlogin |@ssH | O Serial
| $ehav‘riclur Load, save or delete a stored session
i~ Translation .
Selection Saved Sessions
i+~ Colours |
=) Connection [ 1
- Default Settings
- Data g Load
- Proxy
Telnet Save
-~ Rlogin Delete
[-SSH =
- Senal
Close window on exit
OAIways ONever ©0nly on clean exit
Bbou Help Canca
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Login as:

PuTTY Security Alert

'WARNING - POTENTIAL SECURITY BREACH!

The server's host key does not match the one PuTTY has
cached in the registry. This means that either the

server administrator has changed the host key, or you
have actually connected to another computer pretending
to be the server.

The new ssh-ed25519 key fingerprint is:

ssh-ed25519 255 70:92:00:11:21:02:64:0fb5:3fea:3e:10:15:4b:39
If you were expecting this change and trust the new key,
hit Yes to update PuTTY's cache and continue cannecting.
If you want to carry on connecting but without updating
the cache, hit No.

If you want to abandon the connection completely, hit
Cancel. Hitting Cancel is the ONLY guaranteed safe
choice.

Annulla

or with the

you defined when flashing the OS to the microSD card

in my case).

You'll be prompted to enter a password, “pi@xxx.xxx.x.xx’s password:” enter (

Note: You can copy the commands from this doc and press Shift + Enter to paste it in the CLI.

Step 6: Clone the repository; From the root (pi@cubotino:~ $) type (or copy -paste)

In one or a few minutes (a bit longer for Zero W), also depending on the internet connection, the
files will be cloned into Raspberry Pi:

Notes: Commands can be copied, and pasted in the shell with shift + insert @

30
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Step 7: Start the installation:

e Enter cubotino/src folder from the root type:

e Start the bash file that takes care of the installation: (attention to
the dot).

e Inabout 10 minutes, also depending on the internet connections speed, a Raspberry Pi Zero 2
will complete the setup.

e Once requested confirm the reboot with a  and press enter.

e When the Raspberry Pi boots, the additional LED powers ON.

e See Appendix 1 for terminal printout reference.

The simplified installation takes care of enabling the necessary Raspberry Pi interfaces: Camera, SPI,
Serial com.

The simplified installation takes up to 20 minutes for Rpi ZeroW, much less for a Zero 2W.

At this point the installation is pretty much completed.

The below folder structure will result at Raspberry Pi:

is the main robot folder; into

contains the gerber files.

contains the How_to_buid... .pdf file.

contains the link to the Instructables page of this robot.
contains the Cubotino logo image for the display.
contains all the robot stl files.

contains all the robot stp files.

contains all the robot specific files.

contains the lookup tables for Kociemba solver.
contains the setup.sh bash file: Do not use this file!

Notes:
e Exchange p/ with your ,if different.
e This folder structure differs from the original one used until 30%" June 2022.

After the simplified installation ends, with a Raspberry Pi reboot:

At the next connections with the Raspberry Pi, it will be more convenient using VNC Viewer,
because of the graphical support.
For VNC Viewer installation: https://www.realvnc.com/en/connect/download/viewer/
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Step 8: Updating the installation:

32

The simplified installation isn’t just easier and faster to be made, but it makes easier to keep your
robot updated, in case newer updates will be made available at GitHub:

1
2
3.
4

Notes:

Enter cubotino folder :
Type to check if there are updates.

In case there are updates available, type to receive them.
Starting from 27t January 2024, caused by a mistake of mine, the online repo is messed up.
To get the updates, it’s now necessary the below commands:

Starting from 10" March 2024, the local repository update should (finally) prevent your local
settings to be overwritten:

a. The *settings_default.txt are the tracked files by git, and never modified by the
Cubotino.

b. The *settings.txt are your local setting files, modified by the Cubotino, yet untracked
files by git.

For your information, the robot makes a backup copy of your settings every time the
Cubotino is started; This gives you one more chance to recover your previous settings in case
something goes wrong (it shouldn’t but you never know). If the Cubotino hasn’t been

started after the update, in that case remember to rename the backup files:
Cubotino_T_settings_backup.txt > Cubotino_T_settings.txt
Cubotino_T_servo_settings_backup.txt > Cubotino_T_servo_settings.txt

Eventual new parameters that are/will be added to the setting files, will be automatically
appended to your settings the first time Cubotino is started after the update.

In case ‘git pull’ returns “error: The following untracked working tree files would be
overwritten by merge:”, it means you’ve applied some changes to your local files (files not
meant to be changed, like settings files). This problem can be solved by overwriting your
local files:

a. git fetch --all

b. git reset --hard origin/main

Please bear in mind the updates are based on my robot; There might be other changes you’ve
made: Those must be handled by you another time.

| can think of the display orientation if you’ve a Raspberry Pi 3 or 4, and you’ve oriented the display
differently.

You might also have personalized some prints to the display: Recall to save notes/snippets.
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Step 9: Make a new connection at VNC Viewer
Make a new connection: File, New connections ...., insert the IP address at VNC Server, and a Name.
Note you need to add “:1” after the IP in “Bullseye” (see the note below)

33

General Options Expert

VNC Server: | oD

File View Help
connecrt Enter a VNC Server address or search ‘ ‘ Signin.. ¥
& cubotine - Properties - O x
Note:

To connect to a “Buster” based Raspberry Pi, with
the defined command at crontab -e, the VNC
Server field only needs the IP, like
XXX.YYY.ZZ.WW

To connect to a “Bullseye” based Raspberry Pi,

Name: |Cubutino

Labels

To nest labels, separate names with a forward slash (/)

| with the defined command at crontab -e, the VNC
Server field requires the “:1” after the IP, like

|Enter a label name, or press Down to apply existing labels

| XXX.YYY.ZZ.WW:1

Security
Encryption: Let VNC Server choose
[] Authenticate using single sign-on (SS0) if possible

Authenticate using a smartcard or certificate store if possible

Privacy

Update desktop preview automatically

Cancel

Confirm the warning:
Vel

N
C

Connecting to Cubotino...

m Identity Check

0 VNC Server identity check failed

VNC Server's identity has changed since you last connected to it.

VNC Server: 5000 (TCP)
New catchphrase: Stage mixer nickel. Diet flared John.
New signature:  51-c2-51-b7-54-e8-98-39

It may not be safe to connect. You won't be warned about this again if you

do.
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Insert username, pi in my case, and the password, raspberry in my case.
Check the option Remember password.

VNC Viewel - m] x
File View Help
vnc connect ‘Enter a VNC Server address or search ‘ ‘ Signin.. ¥

7"-—

192168 BB Cubotino - VNC Viewe - u] X
Authentication X
Q Authenticate to VNC Server
S 5900 (TCP)

Enter VNC Server credentials
(Hint: NOT your RealVNC account details)
Username: |pi ‘
Password: |raspherry| | ®
Remember password Forgot password?

Connecting to Cubotino...

Catchphrase: Stage mixer nickel. Diet flared John.

sonoure. - S

And you’re virtually connected to the Raspberry Pi monitor; “Buster” example:

Cubotino (raspberry) - VNC Viewer - ] X

Welcome to Raspberry Pi

Welcome to the Raspberry Pi Desktop!
Before you start using it, there are a few things to set up.

Press 'Next' to get started

SSH s enabled and the default password for the ‘pi' user
has not been changed.

This i a security risk - please login as the ‘pi’ user and
run Raspberry Pi Configuration to set a new password.

OK

Check, and accept , the warning.

Complete the settings:
e Set Country
e Change password, in my case again raspberry
e SKIP the Setup screen (see below)
e SKIP Select Wi-Fi Network
e SKIP Update Software
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“Bullseye” example:

Cubotino_T_green (cubotino:1 (pi)) - VNC Viewer — O X
D = Authentication - : [l 2 % 2104

\Wastebasket

Not yet clear to me when convenient to enter the requested password and when skipping it is just fine.

Step 10: Change the monitor size to use servos_settings GUl.py ,or in case you don’t feel comfortable with
the initial proposed resolution of 1280x720.

From the root or from the venv: sudo crontab -e
The first time you’ll be asked to choose an editor, use 1 for nano.
picubotino

The crontab content in “Buster” installation will look like:

File Edit Tabs Help

GNU nano 3.2 /tmp/crontab.Kkjq94/crontab
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The crontab content in “Bullseye” installation will look like:

File Edit Tabs Help

GNU nano 5.4

/tmp/crontab.0GNMau/crontab *

erver-virtual *1 -randr=1280x
> € VE LZOU

The crontab in Bullseye and Buster differs for the :1 instead of :0 at the vncserver command.

To tune the servos via the GUI if will be necessary to use a larger screen.

You can comment the row with the 1280x720 pixel setting and uncomment the row with the 1920x1080
pixel setting.

To save the change: Ctrl + X, then Y, then Enter

Reboot the system ( ) to get the changes effective.

Note: the username p/ should be modified with your if different.

Step 11: Make a backup image of the microSD.
This is the perfect moment to secure the stime spent to get here.....
There are many tutorials available for this task, as reference: https://howchoo.com/g/nmexndnlmdb/how-
to-back-up-a-raspberry-pi-on-windows
Once the robot will be tuned in your system (see Tuning chapter), then a final backup image will capture the
tuning part too.

Step 12: Set things to get the robot starting automatically at the Raspberry Pi boot.
See 'Automatic robot start chapter.

Step 13: Set things to get the robot starting automatically at the Raspberry Pi boot.
See 'Automatic robot start chapter.

Step14: Set Thonny to work with the virtual environment.
Thonny will be handy to eventually tune the parameters hard coded in the scripts; This shouldn’t be
necessary, as most of the parameters are into the text Json files.
See ‘Virtual solver
Starting from 1st April 2024, CUBOTino has a virtual solver: Cubotino_T_test_random.py

The virtual solver:

Uses the Kociemba solver to generate a random cube status.

The random cube status it sent to the solver to get the solution.

1. The solution is sent to the robot solver to get the necessary moves
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2. The robot moves are individually, virtually, applied.
3. After each movement the cube status is updated.
After the virtual manipulation of the cube, the final cube status is achieved: The final cube status is verified if
conforming to a solved cube.
It saves the relevant data in a text file (tab separated data).
Considers the servos’ timers to estimate the solving time.
Returns the expected servos time, servos movements, and how often the optimizations (1 and 2) are used.

L N w;

The quantity of tests can be passed with ‘- - runs’ argument (i.e., ‘-- runs 1000’), otherwise it stops after 100
tests.
10. There are other arguments available, like —plot to visualize the solving on the screen:

[T T | TEST
8

11.
12.

13. Below how the outcome looks like, after testing 1’000 random cube status:

,,,,,,,

14. .
15. The virtual solver is a tool for CUBOTino development, to verify the effectiveness of different moves strategies

.

A variant of it has been used to compare the servos’ time from Paul’s code vs the original code (180 deg. Rotation
instead of 2x90deg), by using the same random generated cube status, thus a fair comparison (Paul’s code is ca 13%
faster than the original, with standard deviation of 5.8%).
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Set Thonny IDE interpreter’ chapter.

Step15: multiple Wi-Fi settings:

38

Adding a second (or more) Wi-Fi connections, for instance to add your phone Wi-Fi___ 33 hotspot, allows you
to show the robot on different locations and still sharing the image processing part on a screen.

For instance, by adding the phone Wi-Fi___ 33 hotspot details, you can use the Real VNC app on the phone to
show the image processing part.

On September 2022 I've presented this project to the Eindhoven Maker Faire, and | used the phone hotspot
to show on a large screen what the robot’s camera sees and related image processing.

Steps:

1. inthe Boot partition of the microSD, create a text file named “wpa_supplicant.conf”, and add below
content:

ctrl_interface=DIR=/var/run/wpa_supplicant GROUP=netdev

update _config=1

country=NL (use your Country code)

network={

ssid="your SSID name” (use your SSID name; In my case this is the home Wi-Fi)
psk="your PASSWORD” (use your PASSWORD; In my case this is the home Wi-Fi password )
priority=10

}

network={

ssid="your SSID name” (use your SSID name; In my case this is the Wi-Fi hotspot of my phone)
psk="your PASSWORD” (use your PASSWORD; In my case this is the Wi-Fi hotspot password of my phone)
priority=20

}

Note: The priority command is needed when both the WIFIs are available on the same time; The higher the
value, the higher the priority.

2. inthe Boot partition of the microSD, create an empty text file named “ssh” without extension. To create
the file, you can use the command “create a new text file” and afterward you change the name and
remove the extension.
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Step 16: Rpi memory management settings:

39

(I'm not a real Raspberry Pi expert, below description might not be as precise as it should be).

In case of a Raspberry Pi with 512Mb of RAM (Rpi ZeroW, Zero2W, etc), it is convenient to increase the swap
memory size, and consequently the swappiness and cache_pressure parameters.
Starting from 12 October 2023, the SWAP memory is automatically increased during the installation phase.

Swap memory:

My overall understanding is the Kernel optimizes the RAM usage, by loading data and processes expected to
be used; When there is more RAM demand, to prevent running out of memory, the Kernel moves some of
the (less requested) processes out from the RAM and write them to the swap memory (microSD).

The out of memory problems typically arise in case of accidents, for instance when playing with the settings
in case of a syntax error: This might result in an irresponsive microprocessor.

The suggested swap size ranges from 0.5 to 2 times the RAM size, meaning from 256 to 1024Mb.

A too large swap size might reduce the speed, as the microSD I/0O access time is much lower than RAM one.
Default swap_size = 100 - suggested value 512Mb

Steps to change the swap memory, from the terminal:
1. stop the current waspping process: sudo dphys-swapfile swapoff
edit the setting file: sudo nano /etc/dphys-swapfile
modify the swap size: change from CONF_SWAPSIZE=100 to CONF_SWAPSIZE=512
save and close the file: Ctrl+x, the Y, then Enter.
initialize the swap: sudo dphys-swapfile setup

o U s wN

start the swap memory service: sudo dphys-swapfile swapon

Swappiness and cache_pressure

To minimize the swap_memory from writing too often to the microSD (performance reduction, and
potentially reducing the microSD lifespan), it is possible to reduce the swappiness parameter: This
parameter gives a balance between the memory_swapping and chaching.

Cache_pressure parameter influences the Kernel tendency to reclaim memory from the cache.
In Rpi boards with limited RAM (51Mb), and very slow swap_memory writing (microSD) it is suggested to
make more use of the cache memory than swap_memory, to maintain certain responsivity from the system.

Default swappiness = 60 = suggested value 20 (lower values reduces chances for microSD access)
Default cache_pressure = 100 - suggested value 200 (higher value increases the RAM cache

Steps to modify swappiness and cache_pressure ry, from the terminal:
1. edit the sysctl file: sudo nano /etc/sysctl.conf

add at the end: vm.swappiness=20

add at the end: vm.vfs_cache pressure=200

save and close the file: Ctrl+x, then Y, then Enter

vk W

reboot the system: sudo reboot
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Stepl17: Wi-Fi stability:

40

When the VNC connection drops for long time inactivity, it can be set again without problems.
Differently, when the connection suddenly drops, and it isn’t possible to re-establish a connection, then it’s
necessary to search for the potential cause:
1. Check if the power supply at Rpi is ok.
2. Check if the Rpi green light isn’t flashing; This indicates the Rpi processor being busy/freezing (see
out of memory info above) and not capable to handle the VNC connection.
3. Check the network at your PC is up and running.

If the problem isn’t related to the above listed causes, then you might want to try different Wi-Fi settings:
1. remove the Wi-Fi power management: sudo iwconfig wlanO power off
(to verify the Wi-Fi status: iwconfig wlanQ)

If the problem persists
2. edit the file /etc/ssh/sshd_config: sudo nano /etc/ssh/sshd_config
3. add at the end: /PQ0S ¢sO csO
Info at https://manpages.debian.org/stretch/openssh-server/sshd config.5.en.html and
https://en.wikipedia.org/wiki/Differentiated services



https://manpages.debian.org/stretch/openssh-server/sshd_config.5.en.html
https://en.wikipedia.org/wiki/Differentiated_services

Section2: Connections_board & Raspberry Pi setup

8. Files copied to Raspberry Pi

Note: The simplified installation takes care to copy these files into the Raspberry Pi

Below listed robot specific files, are copied into

folder:

File

Purpose

Notes

Cubotino_T.py

Main robot script

Cubotino_T_moves.py

Translates the cube solution
(Singmaster notation) in robot
moves

From 1°t April 2024 180deg
instead of 2 x 90deg.

Cubotino_T_servos.py

Manages the servos

Cubotino_T_set_picamera_gain.py

Manages the Camera gains settings

Used with OS 10 (Buster)

Cubotino_T_Logo_265x212_BW.jpg

Cubotino logo, plot on display

Cubotino_T_display.py

Display management

From 6™ August 2022

Cubotino_T_servos_GUl.py

GUI to help the servos and camera
settings.

From 18™ April 2023

get_macs_AF.py

Checks the Rpi mac address, to
match different settings on different
robots.

From 18™ April 2023

Cubotino_T camera_0S10.py

Camera management, OS 10
(Buster)

From 12" October 2023

Cubotino_T camera_0S11.py

Camera management, OS 11
(Bullseye)

From 12" October 2023

Cubotino_T_pigpiod.py

Stop / start pigpiod at robot start

From 12* October 2023

Cubotino_T_settings_manager.py

Class interacting with the setting
files

From 10* March 2024

Cubotino_T_settings_default.txt

Cubotino_T settings AF.txt

Json file with settings for
Cubotino_T.py script

Default values, to start the tuning

Optimized values for my robot

Cubotino_T_servo_settings_default.txt

Cubotino T servo_settings_ AF.txt

Json file with settings for
Cubotino_T_servos.py script

Default values, to start the tuning

Optimized values for my robot

Cubotino_T bash.sh

Bash file to start-up the robot script
automatically after Rpi boots

Cubotino_T test_random.py

Test the robot solver by generating
random cube to be solved by a
virtual cube handler

From 1°t April 2024
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Section2: Connections_board & Raspberry Pi setup

Kociemba solver library is necessary. Note: The simplified installation takes care to install this package, further than
to copy the lookup tables on a well-defined folder location

Library

Scope

Notes

Kociemba solver
(twophase)

Kociemba solver for the
(almost optimum) cube

solution

This is made by 20 python files and 19 Lookup tables files.
https://github.com/hkociemba/RubiksCube-TwophaseSolver

Specific python libraries (automatically installed by the simplified installation):

Library

Forced version

Scope

numpy

1214

Image array manipulation and many other functions

picameralarray]

Outputs camera images in array format

st7735 0.0.4.postl Driver for the display, used in this project

st7789 0.0.4 Driver for alternative display types.

RubikTwoPhase 1.1.1 Kociemba TwoPhase solver

getmac 0.8.3 Get MAC address (useful when more Cubotino bots with different settings)
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9. Servos test and set to mid position

Before assembling the robot, the servos rotation range must be checked:

e Check if both servos have 180° rotation.
e Check that at least one of them have about 190° rotation, to be used for the cube holder.

e Set both the servos on their mid angle position, prior to the robot assembly.

Check the servo rotation angle, and to set them to their mid position:
1. Connect a connections arm to the non-assembled servos.
2. Connect the servos to the Connections_board.
Argument set, and related value, can be passed to Cubotino T servos.py, to play with the servos angle

and specially to set them to the mid position before the assembling.

3. Enter home/pi/cubotino/src folder: cd ~“home/pi/cubotino/src

4. Activate the venv: source .virtualenvs/bin/activate

5. Set the servos to the mid position: python Cubotino T servos.py --set O (Attention to the

double ’-* without space in between, and the space before the zero).
6. To check the rotation angle of the servos, you can type a different value (float value between -1 and 1)
after the double ‘-‘; Once the script has been started with the “--set” argument, followed by a value,

further values can be entered without closing the script.

Position the servo arm as per below picture:

Repeat the test multiple times and try to estimate if one of the two servos has about 190deg rotation, or more.
The servo having the largest rotation range, and at least 190degrees, must be associated to the Cube_holder.

The angle can be evaluated by printing a protractor:

There also are online transparent protractors

\\\\“\ \\ll “ | ” ] ”]””/ i
\\\\\\\\\\\\“3\\0 ‘\00 90 8{) 7g’7/////,/////// to apply over a picture, also apps for the
NP 6o ”/y, phone.... Here it comes to your creativity!
% %,
S T2
£8 w2
£ =5
S =
o
O o
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10. 3D printed parts

See notes below for filament quantity, and printing time ...

Filament Printing Version
Ref Part . .
Meters Grams time specific parts
1 Structure 49 145 14h33m
2 Top_cover 39,5 117 12h26m
3 Hinge 17,2 51 5h37m
4 Baseplate front 12,2 36 3h33m
5 Baseplate back 12,6 37,3 3h36m
6 Cube_holder 11,6 34,4 3h36m
7 Cube_lifter 5,5 16,2 1h48m
g | >ervo_axis_sup 2,4 7,2 0h55m
(or its alternative)
g | Servo_axisinf 2,4 7 0h52m
(or its alternative)
PCB_cover_displa 4h13m -
10 (or i;s aIter_natiSe)y 14 41.4 (4h27m) Top specific
11 PiCamera holder 2.2 6.5 0Oh50m Top specific
12 PiCamera holder frame 6.1 18 2h17m Top specific
13 Personaliz_plate 1.5 5 0h30 Top specific
TOTAL 175m 692g 51h30m
Notes:
1. The biggest part is the Structure, and it easily fits on printers with plate size of 200x200mm.
2. Filament length is based on @1.75mm.
3. Filament weight is based on PETG density (1.23g/mm?3), and printing settings I’'ve use on my Ender 3 printer, for
accurate result:
1. 0.2mm layers
2. Low speed (between 25 to 40mm/s for the external parts and 1°¢ layer)
3. 4 layers on vertical walls
4. 5 layers on horizontal walls
5. 30% filling
6. 8mm brim
4. The filament quantity, and printing time, in the table should be considered as an upper limit. After printing the
parts for the base version, total weight was closer to 400grams than 466grams estimated by the slicer SW.
5. Possible to upgrade the Base version, by printing 3 (or 4) more parts, requiring ~ 8h.
6. All parts have been designed to be printed without supporting the overhangs.
7. Some parts have been split, for easier and better 3D printing.
8. The suggested part orientation for the 3D print is showed on below Table.
9. The stl files are available at
e https://www.instructables.com/CUBOTino-Autonomous-Small-3D-Printed-Rubiks-Cube-R/
e https://www.thingiverse.com/thing:5407226
e https://github.com/AndreaFavero71/cubotino/tree/main/stl
10. The step files are only available at https://github.com/AndreaFavero71/cubotino/tree/main/stp
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Part name

image

3D print orientation

Structure

Top_cover

Hinge

Baseplate front

Baseplate rear
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Cube_holder

Cube_lifter

PCB_cover_display
(or its alternative)

Servo_axis_sup (or
its alternative)

Symmetrical

Servo_axis_inf

Alternative
Servo_axis_inf
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PiCamera holder

PiCamera frame

Personaliz_plate
Or

Personaliz_plate01
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Section3: 3D print and assembly
11. Assembly steps

Before assembling the robot:
e Make the connections board.
e Setup the Raspberry Pi.
e Position the two servos output gear to their middle position (see Servos test and set to mid position chapter)

Assembly order is initially as per the Cubotino_base_version:

4. Screw the bottom servo to the structure.

5. Prepare the sandwich Servo_axis_inf / servo lever / Servo_axis_inf.

6. Assemble the Cube_holder to the Servo_axis assembly.

7. Assemble the Cube_holder assembly to the bottom servo.

8. Assemble the Hinge to the Structure.

9. Assemble the “T25” servo arm to the upper servo, only after knowing the servo is on its middle position.
10. Insert the Top_servo assembly into the Top_cover slot.

11. Assemble the Top_cover assembly to the Hinge.

12. Complete the top servo assembly to the Hinge.

13. Assemble the Lifter to the Top_cover.

Starting from here, the steps are different from the Cubotino_base_version.
14. Assemble the PiCamera holder frame to the Top_cover.
15. Assemble the LED breakout board to the Top_cover.
16. Position the cables and assemble the Baseplate_rear.
17. Connect the PiCamera flex cable to Raspberry Pi Zero2 board and fix it to the Structure.
18. Fix the Touch_sensor to the PCB cover.
19. Assemble the USB breakout board to the PCB_cover.
20. Connect the servos, LED breakout board and Touch sensor.
21. dress the cable and connect the display.
22. Assemble the PCB_cover.
23. Assemble the Baseplate_front to the Structure.
24. Stick the PiCamera to its board, via the self-adhesive tape underneath the camera.
25. Assemble the PiCamera module to the PiCamera_holder.
26. Assemble the PiCamera holder to the PiCamera holder frame.
27. Connect the flex cable to the PiCamera module.
28. Personalize the formal Stop plate, transformed to a personalization plate in this robot version.

Tools necessary: Allen keys 2mm, 2.5mm and 3mm
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Section3: 3D print and assembly
12. Assembly details

Step4 (Mount the bottom servo to the structure):
4x M3x12mm cylindrical head
Couple of washers

To reach these screws it’s necessary to use a narrow Allen key:

Couple of notes:

e Before tightening the four screws, checks if the servo output gear is well centred to the Structure hole.

e To limit the protrusion of the below two screws, add a couple of washers to these screws; This to prevent
eventual interference with the servo_axis_inf part.

o

b S

{T0-8325MG |

| L e
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Section3: 3D print and assembly

Step5 (sandwich Servo_axis_inf / servo arm / Servo_axis_inf):
4x M3x12mm conical head

Check if the supplied X arm fits with the indentation of Servo_axis_inf part:
B . S T VS S W e =

\

If you don’t have a X arm to make it fit, please print the alternative parts (Servo_axis_inf and Servo_axis_sup)
designed to fit the aluminium “T25” arm (arm must be reduced in length).

Ma‘ke‘ the sandwich

£ O B

Top side
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Section3: 3D print and assembly

Step5a Alternative servo axis assembly:

Cut the protruding part of the “T25” arm.
Adjust its screws to be able to enter the servo outlet gear.

— ST 5
e

Make the sandwich as per Step5.
4x M3x12mm conical head
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Section3: 3D print and assembly
Stepb (Assemble the Cube_holder to Servo_axis assembly):

g

Step7 (Assemble the Cube_holder assembly to the bottom servo):

Try to not rotate the Servo output gear during this step: Gently try to feel the teeth coupling, and if the Cube_holder
is not well aligned, retract it, rotate the Cube_holder by about 90 degrees and check again.

Servo output, and Servo arm, have even number of teeth: For sure there is one good coupling.

1x M3x12mm cylindrical head

Expected about 1.5 mm gap
toward the Structure
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Section3: 3D print and assembly
Step8 (Assemble the Hinge to the Structure):

6x M3x12mm conical head

Step9 (Assemble the “T25” servo arm to the upper servo):

Place the “T25” arm along the main Servo axis (Servo should be prepared upfront with the gear at middle angle).
Close the two tiny screws at the arm.

TD-8325M6
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Section3: 3D print and assembly

Step10 (Insert the Top_servo assembly into the Top_cover slot):

1x M3x12mm cylindrical head

The slot for the “T25” arm might be tight; Remove eventual excess of material if needed.

Ensure the hole for the M4 screw doesn’t not constrain the screw (it should have @4.1 to #4.3mm)

Note: The screw should not protrude from the Structure plane; Add some washers under the screw head if needed

Rotate the servo by about 45deg, to facilitate next steps.
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Section3: 3D print and assembly
Stepl1 (Assemble the Top_cover assembly to the Hinge):
1x M4x20mm cylindrical head
3x M3x12mm cylindrical head
Ensure the hole for the M4 screw doesn’t not constrain the screw (it should have @4.1 to #4.3mm)

W,

o 7 D O 0 Y I (O -

M4x20mm: Leave 1 mm gap between the
screw head and the Top_cover.
The screw acts just as pivot!

Do not fully tighten the two M3x12mm, until also the third screw is positioned.
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Section3: 3D print and assembly
Step12 (Complete the top servo assembly to the Hinge):

Rotate the Top_cover to have the hole facing the third screw accessible.

Verify the gap presence in between the Top_cover and the
Hinge, at the servo output gear side (arrow at the side).
In case there is little or no gap, unscrew the M3 screws of the
= servo, and place some little spacers (0.5 to max 1mm) in
@ O] between the servo and the Hinge (preferably close to the
screws locations).
il Tighten the M3 screws and re-check the gap between the
. i N Top_cover and the Hinge.
- -
= <>
- [
[T 1
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Section3: 3D print and assembly
Step13 (Assemble the Lifter to the Top_cover):
4x M3x12mm cylindrical head

Slide the Lifter into the Top_cover slots:
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Section3: 3D print and assembly

Step14 (Assemble the PiCamera holder frame to the Top_cover):
4x M3x12mm cylindrical head

Step15 (Assemble the LED breakout board):
Add 2x M3x12mm cylindrical head.
Because of limited space, it will be convenient to solver the wires instead of the connector at the board.

Stop screwing once the screw tip touches the board:
[ B I = e
)
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Section3: 3D print and assembly
Step17 (Position the cables, and assemble the Baseplate_rear):

6x M3x12mm conical head (4 screws at corners are sufficient)

Note: It's convenient to ‘store’ the excess of cable length as per below picture, as there is very little space left at the
board location

Dress the cables and close the Baseplate_rear.

o
lllllllll
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Section3: 3D print and assembly
Step18 (Connect the PiCamera flex cable to Raspberry Pi Zero2 board, and fix it to the Structure)
4x M2.5x4mm (or to M2.5x max 12mm) cylindrical head

''''
A & &

Step19 (Fix the Touch_sensor to the PCB cover):
Insert the board as per picture and add a couple of hot glue droplets.
If the board centre part doesn’t touch the PCB_cover, reduce the wire protrusion underneath the board.
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Section3: 3D print and assembly
Step20 (Fix the microUSB breakout board to the PCB_cover):
2x M2.5x4mm cylindrical head.
The order of the two boards is not critic, below just a proposal:

_._1

...

Step21 (Connect the servos, LED breakout board and Touch sensor):
In general, the brown wire of servo connector is the ground, therefore, to be oriented toward the bottom

e N

19400000
OG00000

)
WuOOOOOOOOOOCCm”.AJ
D0 s e MU
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Section3: 3D print and assembly
Step22 (dress the cable and connect the display):
Cables at the microUSB breakout boards must be well positioned into the groove:

5 )

=

d
D)

) L7 160(RGB)x128

Step23 (Assemble the PCB_cover):
2x M3x12mm conical head
Attention to don’t squeeze cables against the Structure:

. g v
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Section3: 3D print and assembly
Step24 (Assemble the Baseplate_front to the Structure):
6x M3x12mm conical head (at the bottom, 4 screws at corners are sufficient)
Stick self-adhesive rubber feet (or felt pads) to the baseplate; Those at the back should be placed as close as possible
to the corners:

ARSI

Step25 (Stick the PiCamera to the board):

Underneath the PiCamera there is a little piece of self-adhesive tape.

Make us of that tape to secure the camera to the board, to prevent the camera oscillating on its flexible cable
(blurred images)
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Section3: 3D print and assembly
Step26 (Assemble the PiCamera module to the PiCamera holder):

Necessary some little pieces of filament @1.75mm.
Force 4 pieces into the holder, slide the board over, deform the filament with hot blade.

-

e
4

g3 ol
PO 1Y ol

Alternatively, 4x M2x3mm screws can be used or 4x M2.5x4mm screws can be used.
In this case, first self-thread the slots via the screw without the camera.
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Step27 (Assemble the PiCamera holder to the PiCamera holder frame):
2x M3x12mm cylindrical head

Keep the PiCamera holder parallel lo the Top_cover, while tightening the screws:
Be considered this angle mlght be later adjusted, to orient the camera to the cube top face:
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Step28 (Connect the flex cable to the PiCamera module):

Step29 (Personalize the formal Stop plate):

2x M3x12mm conical head

The Structure has a recess, meant to hold a metal plate working as a Stop touch sensor on the Base version.

On this version, the stop function is available on the PCB_cover, making that recess quite useless and unesthetic.
| made available two alternative stl files of a plate to 3D printed as cover such a recess; One plate is neutral, the
second one has ‘Magic CUBE’ words engraved.

Of course, you might consider using the neutral one as baseline to personalize your own Cubotino @
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Section3: 3D print and assembly
Raspberry Pi 2,3 or 4

Cubotino_Autonomous version has been designed in late winter 2021, by considering the Raspberry Pi Zero 2 an
easy to source and relatively cheap (ca 15$) component; Unfortunately, the market situation has changed: Raspberry
Pi Zero2 boards are scarcely available and are gold priced.

If you have a Rpi 2b / 3b / 4b, a possible solution is to increase the robot height by 26mm to embed that larger SBC.
Some notes:

The Connections_board need to be slightly smaller, to prevent interference with some of the Raspberry Pi 3
or 4 connectors.

Thicker wires are needed for these SBCs, especially for Raspberry Pi 4b; See Connections_board chapter.

A 3A power supply is needed (preferably the Raspberry Pi original one for model 4b)

The height increment can be gained via 3 extension parts to be 3D printed and screwed to the other parts;
This choice allows to shrink the robot in future, in case the smaller boards will be reasonably priced again.
This approach has been already suggested with Rev. 2.2 on 18/06/2022, yet at that moment | hadn’t any
“large” Raspberry Pi board available, and | did not realize the interferences with the boards; On that period, |
had very little time to work things out, and decided to remove the proposal in less than a week.

Below a few images of how the robot will look like (And a picture from Maker nrdird ):

67

Raspberry Pi 2 / 3 and 4 have a Low Voltage detection circuitry; In case you experience erratic behaviour or
Low Voltage Throttle, check the notes | wrote at the Connection-board and Troubleshooting chapters.
Raspberry Pi 2 / 3 and 4 have “standard” CSI camera, meaning the flex cable differs from the one at supply
list for Raspberry Pi Zero (and Zero2).
Raspberry Pi 3 and 4 have the CSI camera port in a less convenient position than Raspberry Pi Zero: This
makes the 30cm flex cable just enough, meaning it might be just not enough....

o The obvious option is to buy a longer cable, meaning the commercial 450mm or 500mm.

o Incase you already have a 30cm cable that is just enough, and you’d like to reduce cable tension,

you might consider modifying a couple of parts: Structure and Hinge
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Removing that material is very laborious if you file it or cut it off, differently you might consider revising
the files and re-print.

The Hinge currently has 6 fixing screws, considering some screws might be less effective; The removal of
one screw is clearly not a problem.

As said, the suggested solution is to buy a longer cable (400 or 450mm), yet this might be a creative
solution in case.
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Stl files for the Extensions are (back) available since 22/10/2022 at Instructables and GitHub:

Filament quantity, and printing time ...

Ref Part Mete:sllamenZSrams Prtli::l':g Version specific parts
1 Extension_left 10.7 315 3h40m Top_version Rpi 2b or 3b or 4b
2 Extension_middle 10.8 32 3h50m Top_version Rpi 2b or 3b or 4b
3 Extension_right 11.7 34.6 3h20 Top_version Rpi 2b or 3b or 4b
TOTAL 33m 98g 10h50m
Notes:
1. Still valid the notes on chapter 3D printed parts (i.e. no support needed).
2. Above Filament consumption and printing time are based on a quality printing setting; If these parts are really
meant to be temporary in your case, a much lower quality could be considered.
3. The suggested part orientation for the 3D print is showed on below Table.
Part name 3D print orientation

Extension_left

Extension_middle

Extension_right
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Before starting the assembly, grind off a couple of millimetres from the protrusion highlighted below.

That space is needed for the microSD reader of Raspberry Pi 2b or 3b or 4b.

This won’t be a problem to use a Raspberry Pi Zero 2 in future, as it can be assembled with three screws instead of 4,
or by adding a spacer (plastic washer) to compensate for the removed material.

Assembly:

70

The three additional parts are connected by screws.
Use M3x12mm cylindrical, to connect the Extension_left and the Extension_middle toward the Structure.

Note: In case you don’t have Allen keys with “spherical” head, to reach the screw under an angle, it might be
necessary to use screws with conical head; M3 screws with conical head uses smaller Allen key, that can be
used through the holes straight in front.

Use M3x12mm conical head, to connect the Extension_right toward the Extension_middle.

Raspberry Pi 2b or 3b or 4b must be assembled by keeping the GPIO connector on top, like for the Raspberry
Pi Zero 2.

Do not tight much the screws of the board, as there might be small electronic parts of Rpi 3b or 3b or Rpi 4b
in contact with the second unused screw seat for Rpi Zero 2.

The bottom_servo cable must be dressed through the recess between the Extension_middle and the
Base_front.

The Extension_left and the Extension_middle parts should be assembled after Step4 (of Assembly details
chapter), therefore after assembling the bottom servo.

The Extension_right must be assembled before assembling the Base_front and before assembling the
PCB_cover_display.



Section3: 3D print and assembly
Adapting the Connections_board, to fit Raspberry Pi 2 (or 3 or 4) component layouts.

If you make the Connections_board, out of a proto board, the important changes are:
e limit the protrusion of the proto board, to the right side, to max 4 / 4.5 holes from the last used pin of the
Raspberry Pi GPIO connector.

e Solder the C3 capacitor directly to pins 1 and 2 of the (H6) header for the bottom servo.

Below an image from Maker nrdird, who had used a Raspberry Pi 3:
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The V1.6 board can also be used, in combination with Raspberry Pi 3 or 4, by cutting out part of the right side.
In case of Rpi 2b or 3b the board can have a straight cut, to reduce the board length from 74mm to ~70mm.
In case of Raspberry Pi 4b the board requires a slightly more complex cut:
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V1.6 Connections_board cut to make it fit with Raspberry Pi 4b:
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Section3: 3D print and assembly

e Solder the C3 capacitor directly to pins 1 and 2 of the (H6) header for the bottom servo.

e With reference to the PiCamera flexible cable, I'm not fully sure the 30cm version to be sufficient.

e The M3x16mm screw, meant to keep the display parallel to the Connections_board and the PCB_cover, need
to be fixed to the display hole instead of the Connections_board hole.
e Verify the absence of short circuits between the Connections_board and the Raspberry Pi 2b or 3b or 4b

connectors, in particular for the C3 positive solder pad.

e Thicker wires are needed for these SBCs, especially for Raspberry Pi 4b; See Connections_board chapter.
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14. Tuning

As anticipated, be prepared the robot won't magically work right after assembling it: Tuning is needed!
This has to do with differences between each robot, in particular:
e Servos.
e arm positioning to the servo.
e cube dimensions.
e print quality.
e Assembly.
But hey, don’t worry .... Other makers have successfully tuned their own Cubotino, and you will too @
In case things are getting too difficult, check out the Instructables chats (there are chances other people have asked
the same questions); Differently, consider dropping specific questions to that chat.

1. General:
There are parameters that are expected to be differently tuned on each robot.
These parameters are grouped into two (Json) text files: See Parameters and settings chapters.
Some of those parameters are quite likely to require tuning, because each robot will slightly differ from others:

a) Servo angles, and servo timers
b) Frame Cropping, as Top_cover angle dependent and PiCamera assembly angle dependent

Other parameters in the Json files, aren’t so likely to be tuned, but it might be something you’d like play with @

2. Setting servos angles:

The servos at supplies list have 180° of rotation, that is more than sufficient for the lifter and Top_cover angle of this
robot, and it should be right sufficient to the Cube_holder; | don’t suggest buying 270° servo as this will affect the
angle resolution.

Apart from tolerances between different servos, one variation source is the connections between the servo arms,
and the servo’s outlet gear, having many possible positions (I believe there are 25 teeth).

This means the reference angles set on Cubotino_T_servo_settings.txt working fine on my robot, are not necessarily
the best choice on other systems: These parameters must be tuned on each system!

Servos are controlled on angle, via a PWM signal (https://en.wikipedia.org/wiki/Servo control)

The servos at supplies list, accept a Pulse Width signal from 1ms to 2ms, wherein 1.5ms is the mid angle.
It is anyhow possible to use servos with different pulse width range, in that case adjust the min_pulse_width and
max_pulse_width parameters for the related servo, see Parameters and setting for more info.

The Cubotino_T_servos.py uses gpiozero library to manage the servo PWM.
This library uses a target servo position/angle with a parameter ranging from -1 to 1 (0 is the mid angle, value is a
float), based on the Pulse Width range (i.e. from 1 to 2 ms, or from 500 to 2500us).

See the specific “Tune servos via GUI” chapter.
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Detailed info on servo management:

10.

11.

On Parameters and settings chapter are listed the involved variables and the default values.

The gpiozero library is used to control the servos, with a (float) parameter ranging from -1 to 1.

The float value entered on the ‘—set’ argument (see Servos test and set to mid position chapter), represents a
normalized rotation; The applied rotation is based on the Pulse Width range. Be considered your servos
might have a different Pulse Width range...

Value -1 is the max CCW servo rotation; The library sends the minimum Pulse Width to the servo.

Value 1 is the max CW servo rotation; The library sends the maximum Pulse Width to the servo.

CW and CCW notations used in this document are from the servo point of view; When you stand in front of
the servo it will be the other way around.

Changing from a smaller value to a larger one it results to a CW rotation of the servo outlet.

On servos with a Pulse Width ranging from 1 to 2ms, every 0.02 step in the “--set” argument determines a
rotation of 1.8 degrees: -0.02 rotates the servo outlet of 1.8deg CCW, while 0.02 rotates the servo outlet of
1.8deg CW.

It is strongly suggested checking the servo rotation range before the assembly, therefore prior to have
mechanical constrains on the servo rotation.

In case your servos don’t make 180 degrees rotation, when the ‘--set’ parameter is changed from -1 to 1 (or
the other way around), it might be the case those servos have a Pulse Width ranging from 0.5ms to 2.5ms
(default range considered is from 1 to 2ms).

In this case it is necessary to change the minimum and maximum pulse width parameter at the
Cubotino_T servo_settings.txt file (t_min_pulse_with, t_max_pulse_with, b_min_pulse_with,
b_max_pulse_with) with values that best fit your servos.

Save the text file and re-launch the Cubotino_T_servo.py (pulse width parameters are uploaded when this
script is started)

Re-check the servo angle range: If 180 degrees are now covered set the servos to their mid position.

In case the servo for the Cube_holder makes less than 180° rotation, despite you've tried to enlarge the
Pulse Width range, it is necessary to increase the rotation range to slightly more than 180° to get the robot
working properly.

There are tutorials in internet on how to increase the rotation angle, by adding some resistors in series with
the servo potentiometer (servo must be opened for this eventual change).

2k2 Q resistors were used by Jonesee (reference https://www.thingiverse.com/make:1034575).

Andy (search for GZUHN at https://www.instructables.com/CUBOTino-a-Small-Simple-3D-Printed-
Inexpensive-Rub/#discuss) has reported ‘my servos had only about 90° range of motion out of the box
(despite being advertised as 180° servos) so | had to modify them, adding 3k resistors to both ends of the
internal (5k) potentiometer’.



https://www.thingiverse.com/make:1034575
https://www.instructables.com/CUBOTino-a-Small-Simple-3D-Printed-Inexpensive-Rub/#discuss
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Top_cover (t_servo) angles:
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Working angles for the servos, are set in a (Json) text file: Cubotino_T_servo_settings.txt.
There are 5 defined angles (most of time mentioned as positions):

a. Close: position to constrain the top and mid cube layers.

b. Rel: position to release tension, from cube, at Close position.

c. Open: position without interferences with the cube and Cube_holder.

d. Read: position for camera reading, with the Lifter almost touching the cube

(and unfortunately constraining the Cube_holder).
e. Flip:  position for the Lifter to flip the cube (about 2 cube layers height).

3 S

Tip: From the close position try to raise
the Top_cover, and it should be possible
to slightly lift it from the cube before
perceiving tension from servo.

Close 