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Instructions for installing the software: Arduino IDE

If you have not done so yet, download and install the latest Arduino IDE from
https://www.arduino.cc/en/Main/Software,
it should look like this:

Download the Arduino IDE

Windows Installer, for Windows 7 and up
Windows /P file for non admin install

ARDUINO 1.8.13 Windows app Requires Win 8.10r 10
The open-source Arduino Software (IDE) makes it easy to

write code and upload it to the board. It runs on Mac OS X100 or newer

Windows, Mac OS X, and Linux. The environment is

written in Java and based on Processing and ather open- .

This software can be used with any Arduino board. Linux 64 bits

Refer to the Getting Started page for Installation Linux ARM 32 bits

(RS Linux ARM 64 bits

Release Notes
Source Code
Checksums (shaS12)

Note that you might get a “Windows Security” message asking whether you would like
to install the “Adafruit Industries LLC Ports” and “Arduino USB Driver” software too.
In this case, install that as well.


https://www.arduino.cc/en/Main/Software

Instructions for installing the software: Balancing Robot Project Software

Go to https://github.com/justinlsquire/BalancingRobotsProject,
it should look like this:

) justinlsquire/BalancingRobotsPrc X 4 -

<« C O @ github.comyjustinisquire/BalancingRobotsProject Q % ocEAw @ :
O Pull requests Issues Marketplace Explore o +- g’ -
1 justinlsquire / BalancingRobotsProject @uUnwatch~ 2| Yestar 0 Yok 0
<> Code Issues 0 Pull requests 0 Actions Projects 0 Wiki Security 0 Insights

Repository to hold all of the files for the balancing robots project

-0- 45 commits ¥ 2 branches @ 0 packages © 0 releases A 3 contributors

Branch: master v New pull request Create new file ~ Upload files  Find file Clone or download v



https://github.com/justinlsquire/BalancingRobotsProject

Instructions for installing the software: Balancing Robot Project Software

Download the software by clicking the “clone or download” button:

) justinlsquire/BalancingRobotsPrc X 4 [a]
<« C O @ githubcom/justinlsquire/BalancingRobotsProject Q % ceRAw @ :
O Pull requests Issues Marketplace Explore Q +- g’ v
(1 justinlsquire / BalancingRobotsProject @uUnwatch~ | 2| Yestar 0 YFork 0
<> Code Issues 0 Pull requests 0 Actions Projects 0 Wiki Security 0 Insights

Repository to hold all of the files for the balancing robots project

-O- 45 commits ¥ 2 branches @ 0 packages © 0 releases A 3 contributors

Branch: master v New pull request Create new file ~ Upload files = Find file Clone or download v

in any folder you prefer. Then unzip the downloaded file.



Instructions for installing the software: Balancing Robot Project Software

Open the unzipped file (sometimes called also “repository”) in your file explorer:

=3 [ Copy path o v e B S Easy access T = A Edit Select none
iste Move Copy Delete Rename Mew Properties —,
[2] Paste shorteut ta ta - folder - \#0 History nl:| Invert selection

Clipboard Organize Mew Open Select

* P 0 » ThisPC » Documents » GitHub » BalancingRobotsProject

-

rites ~ MName Date modified Type Size
sktop .git 2/9/2020 5:20 PM File folder
whnloads . Archive-OLD 7/28/2019 7:37 PM File folder
cent places . Arduing 10/12/2019 3:00 PM  File folder
Hub . Balance_Code_Simulink_M2V3 1/18/2020 3:31 PM File folder
zative Cloud Files .. IntendedlearningQutcomes 7/5/20199:19 AM File folder
. MinSeg 7/28/2019 T:38 PM  File folder
1egroup . Photos_and_Videos 10/12/2019 419 PM  File folder
. Pololu_Balboa 8/11/2019 7:23 PM File folder
PC

cktnn



Instructions for installing the software: Balancing Robot Project Libraries

Go to the “Arduino” folder inside this just downloaded repository, then the “libraries”
folder, then highlight and copy the two folders called "MINSEG_V2" and

“SEG_CONTROL":

J [] Copy path w P-'E‘ (\ =X L‘l :aEasyaccess' M 2~ Edit Select none

Faste ﬂ Paste shortcut I\:g\:e Ct(;p'y Delvete Rename f:ed‘:r Prop'ert\es 0 History nnlmrertselection
Clipboard Organize Mew Open Select
* 4 ., v ThisPC » Documents » GitHub » BalancingRobotsProject » Arduine » libraries

vorites L Mame : Date modified Type Size

Desktop . BALBOA File folder

Downloads . MINSEG File folder

Recent places . MINSEG_V2 File folder

GitHub . SEG_CONTROL 2/9/2020 5:15 PM File folder

Creative Cloud Files



Instructions for installing the software: Balancing Robot Project Libraries

Go to your Arduino Libraries folder (note that the default location for Windows is
Documents ~ Arduino — Libraries. Sometimes is also C:\Program Files
(x86) \Arduino \libraries) and paste the two folders there:

_E- j ¥ Cut l@ IH% x @ l_j 5 New item ~ . 7 Open = HH Select all

[#] Copy path —’aEasyaccess' £ Edit Select none
Copy | Paste _ Move Copy Delete Rename New Properties
(2] Paste shorteut ta- to- - folder - 0 History uﬂ Invert selection
Clipboard QOrganize MNew Open Select
C(—) * 1 . ¥ ThisPC » Documents » Arduino » libraries
¢ Favorites ~ Name : Date modified Type Size
Bl Decktop ./ Bolder_Flight_Systems_MPLU3250 File folder
& Downloads L HXT711_Arduine_Library File folder
] Recent places . LIS3amDL File folder
. GitHub . LSME File folder
@) Creative Cloud Files . MINSEG_V2 File folder
. SEG_CONTROL File folder
& Homegroup . TimerOne File folder
L WiR101 File folder
8 This PC | readmetxt Text Document 1KB
m Desktop

| Documents

covacAnian



Table of contents

© Installing the software

© Connecting the robot

© Calibrating the sensors



Connecting the robot: Connect the hardware

@ Add six AA batteries to the back of the robot.

@ Use the usb cable to connect the robot to your computer.

@ Switch the "Driver Enable” switch in the top left corner of the robot to “off".
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Connecting the robot: Open the file
Go back to the GitHub repository folder BalancingRobotsProject + Arduino ~
Minseg_test_M2V5, and then open the “Minseg_test_ M2V5.ino" file in Arduino (it
should be fine to just double click on it, since the extension “.ino” should now be
associated to the Arduino IDE program)

— 0
o e T
Home Share View
., [ Wew item - y open - B selectall
s P 5 Easy access = ad Edit Select none
Copy Delete Rename New Properties o
to - folder - 0 History g5 Invert selection
* T v ThisPC » Documents » GitHub » BalancingRobotsProject » Arduino » Minseg_test_M2V5
-
~ - - -
Favorites Name Date medified Type Size
B Desktop @ Minseg_test_ M2V5.ino 2/9/2020 5:16 PM Arduino file 16 KB
& Downloads

£ Recent places
. GitHub
) Creative Cloud Files

If it is the first time that you open this type of file you may get some firewall alerts

about javaw.exe. Allow access
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Connecting the robot: Select the board

Go to Tools ~ Board and select “Arduino/Genuino Mega or Mega 2560"
(sometimes one may have only “Arduino Mega or Mega 2560"; that is ok too!)

le_Edit Sketch | Tools Help
Auto Format e

ArchiveSketch
Mins0_ S i Encoding & Reload
7 NOTE: vord | Manage ibrarie.. CulsShiftel [TazaL - font "Big - default sectings
Seial Moritor CoaShitet
el Ploter Cooshitel

WIFHO1 / WFININA Firmware Updater

| Boara:
1 | Pprocessor "ATmega2s60 (Mega 2560)" A

B Arduino SAMD (32-bits ARM Cortex-M0+) Boards
EAEdD Arduino/Genuino Zero (Programming Port)
Programmer: "AVRISP mkl" Arduino/Genuino Zero (Native USB Port)
Burn Boctloader Arduino/Genuino MKR1000

/#iaciuge <MINSES.h> (Ol TEED

/ MinSeg M2vS Arduino MKR FOX 1200

include <MINSEG V2.h> Arduino MKR GSM 1400

/ platforn-independent control and estimation library
Anclude <SEG_CONTROL.h>

Arduino MKR WAN 1300
Adafrt Ciruit Playground Express

/ create cbject for the robo Minseg or Balboa) ‘Arduino MO Pro (Programming Port)

. a1z mae be called 'somot for the oot 10 vtk OETECEIY | g GaseuSa e
Joatbon robots
linseg robot: Arduino MO

Avduino Tin
/ cxease bsece 7or the comcretier (smiversal) P yr-re—
S

Avcuino Vi
gned o escUpdaceiiozosni: Avcuine Gensino Uno

Aving Dueianove o Dicimia
R —— -

1] Avcuin/Gemuine Mg o ega 2560

Ao Mega ADK

Avuino Leonardo

Avino Leonardo ETH

Arduino/Genuino Micro

Arduino Esplora
— - - - Arduino Mini
Arduino Ethernet
Arcino Fio




Connecting the robot: Select the port

Go to Tools ~— Port and select the COM port associated with the MinSeg you
plugged in via the USB port. (If you unplug the MinSeg and check this Port field
again, you should see one missing. .. This is the port that you should select when you
plug back in the MinSeg.)

oo

File Edit Sketch Tools| Help
Auto Format CtrlT
Archive Sketch

Minseg_testh g encoding & Reload
/1 WOTE: word| Manage Libraries... Ctrl+Shifts| ~ [t22a/ - font 'Big' - defaulc

Serial Monitor Ctrl+Shift+M
Serial Plotter Ctrl+Shift+L

WIFi101 / WIFININA Firmware Updater

Board: *Arduino/Genvino Mega or Mega 2560" »
Processor: "ATmega2360 (Mega 2560)" v
Port | Serial ports
Get Board Info coMmt

// hardware-d Pragrammer: “AVRISP mkil" >

/7 Choose il L L

//#1include<sal um Bootloader

//#include CMINSEG.h>
// winseg Mavs

#include <MINSEG_V2.h>

// platform-independent control and estimation library
#include <SEG CONTROL.h>

// create object for the robot (either Minseg or Balboa)
/7 but it must be called 'robot’ for the code to work correctly
//RaTban robnt:
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Calibrating the sensors: Open the code

Find the right part of code for the calibration of the robot entitled Sensor
calibration steps

// Sensor calibration steps
/

// 1) Raw average gyro values - leave robot untouched on any surface,

/7 uncomment the line below, upload code, and watch serial monitor

//  to see the output - use this value to set robot.gx_ram_offset (in setup)
//serial.printinCrobot.getGyroXavg());

// comment the line out again before moving on

// you can confirm that the gyro offset worked by uncommenting this line
//Serial .println(robot.gx*57.4);

// (it should be around @ when the robot is sitting still on any surface)

// 2) Vertical orientation offset

uncomment the line below, upload code, and watch serial monitor while trying to
carefully hold the robot vertically balanced (gently using your fingers to maintain it
/7 around the balance point)

use the value to set robot.orientation0ffsetX (in setup)

//Serial .println(robot. getOrientation0ffset()*100);

// comment the line out again before moving on

The calibration routine is written out / explained in the code as well. So, we are
basically going to follow these instructions step by step.
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Calibrating the sensors: First step: raw offset

Uncomment line 224 (or search for the line in case it has moved) so that it reads
Serial.println(robot.getGyroXAvg()); (without // !I)

217 //*AKAN!A*A*A*A&.i\ﬁ!.i\*.i\tA*A*A*A*Aa.ﬂ\*.ﬂ\*i\ti\*.ﬁ.*&*i\

218 // Sensor calibration steps

219 JAEAEARAEAEAEATARAENAEARATAEATARAEATARAEARNEN

220

221 // 1) Raw average gyro values - leave robot untouched on any surface,

222 I uncomment the line below, upleoad code, and watch serial monitor

223 N/ to see the output - use this value to set robot.gx_raw_offset (in setup)
224 Serial.println(robot.getGyroXAvg());

775

This will ensure that the raw data of the gyroscope can be read.
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Calibrating the sensors: Put the Minseg down

Put the Minseg onto a flat surface and let it lay absolutely still.
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Calibrating the sensors: Upload the code

Click the “Upload” button to load the code to the MinSeg

File Edit Sketch Teools Help

g_test_M2VE

: word art generated from here: ]

______________________________________
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Calibrating the sensors: Open the Serial plotter

Open the serial plotter by selecting the appropriate item in Tools.

@ Arduino File Edit Sketch RCECH Help
[ =N ) Auto Format BT
Archive Sketch
Fix Encoding & Reload
Minseg_test_M2V5 § Manage Libraries... 1r el

Serial Monitor 1r38M

1 0TE: word art generated from here default settings
2z Serial Plotter {+¥#L

i 'WIFi101 / WIiFININA Firmware Updater

z N e 7 Board: "Arduino Mega or Mega 2560" >

7| 1 Processor: "ATmega2560 (Mega 2560)" >

3 A Port >

oL /11 GetBoard Info

G S |

g " Programmer: "AVRISP mkll" > “

Burn Bootloader
13 ardware-dependent library for rob.

14 hoose which library to use, based on the hardware
15 nclude<RAI ROA _hs.




Calibrating the sensors: Observe the raw measurement

Observe the values / the curve and note down the average value. (Here: roughly 372)

Hr

H”

\‘”

\H

\( i @4 I

Make sure to select “115200 baud” in the box at the bottom left of the plot window!
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Calibrating the sensors: Set the raw offset

Comment line 224 again so that it reads
//Serial.println(robot.getGyroXAvg()) ;.

Find the line of code setting the gyro offset, which reads
robot.gx_raw_offset = 373; // gyro offset in raw units
and replace the offset value with the average that you observed above.

73 // set these based on the true observed values from the sensors

74 // instructions will be done soon

75 robot.gx_raw_offset = 37Z; // gyro offset in raw units

76 controller.orientationOffsetX = -1.62; // vertical (balancing) orientation offset in radians

21



Calibrating the sensors: Test the raw offset

Test whether the setting of the raw offset is correct by uncommenting line 229 so that
it reads Serial.println(robot.gx*57.4);

228 // you can confirm that the gyro offset worked by uncommenting this line
229 Serial.printlnCrobot.gx*57.4);

238 /7 (it should be around @ when the robot is sitting still on any surface)
21

upload the code to the Minseg, place it still on a flat surface and observe the values in
the serial plotter.

If the calibration was successful, the plotted values should be around 0. Comment line
229 afterwards again.
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Calibrating the sensors: Second step: orientation offset

Uncomment line 238 (or search for the line in case it has moved) so that it reads
Serial.println(robot.getOrientation0ffset ()*100); (without // !I)

233 // 2) Vertical orientation offset

234 S/ uncomment the line below, upload code, and watch serial monitor while trying to

235 A/ carefully hold the robot vertically balanced (gently using your fingers to maintain it
236 A/ around the balance point)

237 A use the value to set robot.orientationOffsetX (in setup)

238 Serial.println(robot.getOrientation0ffset()*108);

NOTE: This plots the value times a factor of 100 (!!) to allow to see the usually small
value in more detail / higher resolution.
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Calibrating the sensors: Observe the orientation offset

Similar to observing the raw offset,

save the code (ctrl-S)

Upload the code to the Minseg.

Open the serial plotter.
@ Hold the Minseg carefully between your finger tips so that it balances!!

@ Observe the value when the robot is still and balances and note the average value.

In line 76, set controller.orientation0ffsetX to the value you observed
divided by 100 (!!) .

Comment line 238 again.

@ Save the code again (ctrl-S)
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Calibrating the sensors: Test the orientation offset

Test whether the setting of the orientation offset is correct by uncommenting line 243
so that it reads Serial.println(controller.ex*57.4);

242/ you can confirm that the offset worked by uncommenting this line
243 perial.println{controller.ex*57.4);

244 4/ (it should be around @ when the robot is vertical)

245

upload the code to the Minseg, hold it carefully so that it balances and observe the
values in the serial plotter.

If the calibration was successful, the plotted values should be around 0. Comment line
243 afterwards again and save the code.
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