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This Workshop

• Two goals:
▫ Help people move from the Arduino environment to Visual Studio Code / 

PlatformIO with GIT integration.
▫ Show a programming style that uses some best practices and makes multifile 

projects easier. 

• We have plenty of time. Everyone should achieve the goals and learn 
something. 

• Just who is this “Doug Paradis” guy? 
I have been an active member of DPRG since 2010. I really enjoy designing 
and building robots. In another life, I was an Engineer at TI for 30 years.
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Visual Studio Code by Microsoft

• Download link: https://code.visualstudio.com/ 

• We will look at two scenarios:
• Using Visual Studio Code as an external editor for the Arduino 

Environment.

• Using Visual Studio Code with PlatformIO to replace the Arduino 
Environment. 

• Before we begin you should have the Arduino environment installed.
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https://code.visualstudio.com/


In the next section it is important that
you use the right Arduino environment download

dep - 07/16/2022  Copyright © Doug Paradis • www.dprg.org
4

This works
These do not work

Arduino environment download link:
https://www.arduino.cc/en/software

https://www.arduino.cc/en/software


Change Arduino Sketchbook location for workshop
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Visual Studio Code: Installing our first extension

• Step 1, install Arduino Extension by Microsoft
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1. Select
Extension
Tab

2. Type 
Arduino in
Search Box

3. Click on Arduino Extension
By Microsoft



Visual Studio Code as an External Editor

• Step 1 continued…
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Install



Visual Studio Code

• Install set of helpful extensions
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Will use later



Visual Studio Code as an External Editor

• Step 2, open Arduino Sketchbook
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Click Open Folder navigate to your 
Arduino Sketchbook



Visual Studio Code as an External Editor

• Navigate to Arduino Sketchbook

dep - 07/16/2022  Copyright © Doug Paradis • www.dprg.org
10

Select Folder



Visual Studio Code as an External Editor

• Attach Arduino board and select serial port
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Select Serial Port

Select Board type

File

Open/Close Serial Monitor

Select file

Verify

Upload

Access to 
Examples



Visual Studio Code as an External Editor
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• Open “blink”example



Visual Studio Code as an External Editor
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• Open “blink”example

• Add Serial Commands
• Between lines 30-31 add: Serial.println(“ON”):

• Between lines 32-33 add: Serial.println(“OFF”);

• Open Serial Monitor

• Verify program

• Upload to Arduino Board

• Experiment with changing the program



Visual Studio Code: Quick tour of some features
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• Open “blink”example
• Auto Completion

• IntelliSense

• Go to Definition

• Go to Declaration

• Go to References

• Format Document

• Command Palette



Visual Studio Code

• Using the “Command Palette” to change settings
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Visual Studio Code 

• Using the “Command Palette” to change settings
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Note:
This shows the
Settings and 
Commands that
can be made for
the Arduino
Extension.

The next
Steps require
that you attach
an Arduino
board to the 
computer.



Visual Studio Code

• Using the “Command Palette” to change settings
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Here I am selecting an
Arduino Uno board from
the “Change Board” setting



Visual Studio Code

• Using the “Command Palette” to change the Ardunio Serial Port
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Visual Studio Code

• Setting serial port 
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Selecting serial port 6



----- Break -----
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Git
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• Free book “Pro Git” available on Amazon or at https://git-scm.com/book/en/v2.
• Great tutorial at https://backlog.com/git-tutorial/

• A Git repository tracks and saves the history of all changes  (by snapshots) made to the files in a project.

• Very simple view of Git for a single contributor:
• You create a repository (local) of your project in the project’s folder (forms a “.git” folder). Commands: init and clone.
• You make an initial commit of your project’s files.

 Select your files and “stage” them
 Commit files to the repository and make a commit description (i.e., comment). 
 This forms a  branch (master).

• You make changes to your project files
• Select the files that have changes (GIT extension options make this easy), stage them, and make

a new commit and comment.
• repeat…

• Works, but… It is easy to lose
track of where you did what.

Master
Branch

Init
commit Rev 1 Rev 2 Rev 3

https://git-scm.com/book/en/v2
https://backlog.com/git-tutorial/


Git - Branches
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• Branches can be used to help keep track of changes better and make working with partners 
easier. A branch is an independent line of development.

• Git workflows define a set of branch types that allow a project to advance and minimize issues 
with collaboration. 

• The Git workflow we will use in the example has 5 types of branches: Master, Hotfix, Release, 
Develop, Features.

Master -- main branch that each commit is a project release
Hotfix -- used when a quick fix in needed between releases
Release -- created when about make a release, helps allow progress on the develop 

branches without interfering with the release
Develop -- where all new features are collected before release
Features -- type branch used for new features

• After this we will look at what would be typical for a normal hobby roboticist project.



Git - Branches
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• Example robot project:

Master

Hotfix

Release

Develop

Features

Init Commit
Version 0.1 Version 1.0 Version 1.1

B  = branch
M = Merge
Checkout used to 
change branch

B

B

B

B

B

MM

B

MM

M M
Robot w/ motor funcs

Usonic &
IR added

Fixed bad
pin selection

Usonic

IR sensor

Derived from https://backlog.com/git-tutorial/branching-workflows/

Encoders

Branches are often named with 
their branch type as a prefix (ex.,
(Hotfix-Pen_selection_fix or H-Pen_Sel_fix)



Git - Branches
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• Example robot project simplified for hobbyist single contributor:

Master

Hotfix

Features

Init Commit

B  = branch
M = Merge
Checkout used to 
change branch

B

B B

B

M

M M M

Robot w/ 
motor funcs IR added

Fixed bad
pin selectionUsonic

IR sensor

Encoders

Usonic
added



Creating a web base copy of the repository
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• It is very helpful to store the repository in the web.

• It keeps the project safe in case of a problem with the local computer.

• It allows up to date copies of the project on other computers.

• It allows a central location for the project.

• It allows collaborators to join the project easily.

• A site that you can store your repository is GitHub.

• A repository stored on the web is called remote. The repository on your computer is called local.



Establishing a GitHub Account
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• GitHub link: https://github.com/ 

https://code.visualstudio.com/


Establishing a GitHub Account
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• GitHub link: https://github.com/ 

You don’t have to 
select any checkboxes.

https://code.visualstudio.com/


Establishing a GitHub Account
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• GitHub link: https://github.com/ 

Select the FREE option.

https://code.visualstudio.com/


Establishing a GitHub Account
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• GitHub link: https://github.com/ 

https://code.visualstudio.com/


How to use Git video
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• Very good beginning Git video: https://www.youtube.com/watch?v=i_23KUAEtUM 

Watch video

https://www.youtube.com/watch?v=i_23KUAEtUM


----- Break -----
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Visual Studio Code with PlatformIO

dep - 07/16/2022  Copyright © Doug Paradis • www.dprg.org
32

• We have already installed the PlatformIO extension.

Open
New Project

Click on
house icon



Visual Studio Code with PlatformIO
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• .

Select the board
That you are using

Name your 
project

Because of some
board naming 
conflicts in PIO,
for Uno, search boards
by “Uno” not
“Arduino Uno”.



Visual Studio Code with PlatformIO
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• .

PIO
Home

Verify

Upload

Clean
Project

Serial
Monitor



Visual Studio Code with PlatformIO
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Access to more
settings



Visual Studio Code with PlatformIO
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src, main.cpp Must include <Arduino.h> for boards
that use the Arduino Framework



Visual Studio Code with PlatformIO
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• Open Arduino environment
• Open Blink example
• Select all
• Copy
• Paste into main.cpp below

#include <Arduino.h>
line

• Move the Arduino.h statement
to a more normal location
below the initial comment.



Visual Studio Code with PlatformIO
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• Modify the delay statements
• Verify the code
• Upload the code

Did it work?



Visual Studio Code with PlatformIO – Using Libraries
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We are not going to show how to add libraries to  your project, however…

• PlatformIO has a mechanism for adding libraries that it has in its collection.

• Libraries can also be added by inserting them into the lib directory of the 
project. You would do this if the library is not in PlatformIO’s library manager, 
or you have modified the library for some reason.

• The advantage of the built-in library mechanism of PlatformIO is that it will 
keep the libraries updated. 

• A good link to learn about libraries in PlatformIO is:
https://www.youtube.com/watch?v=buFKeqbafDI

https://www.youtube.com/watch?v=buFKeqbafDI


----- Break -----
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Creating a repository on GitHub
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Make sure you
saved file before
proceeding.



Creating a repository on GitHub
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Select public repository



Creating a repository on GitHub
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Creating a repository on GitHub
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Add serial statements

Shows repository
on master branch

Save file



How to change baud rate on serial monitor
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Serial Monitor, default baud is 9600

Add to the platformio.ini file
to change baud rate



Creating a repository on GitHub
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If you search your 
project location, you will
see that it now has a
.git directory



Creating a repository on GitHub

dep - 07/16/2022  Copyright © Doug Paradis • www.dprg.org
47

Save your changed
file (or verify or run it)
And you will see that a
1 in a blue circle shows
up on the Git vertical tab.



Creating a repository on GitHub
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Stage the changed file
(main.cpp).



Creating a repository on GitHub
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• Add commit message
• Commit to repository



Creating a repository on GitHub
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Note that head on local
repository is one ahead 
compared to the repository
on GitHub.

Sync Changes



Creating a repository on GitHub
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After the sync the 
repository is the same 
locally and on GitHub



Creating a repository on GitHub
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Select the 
Icon to compare the 
current commit to the 
Previous commit



Creating a repository on GitHub
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Select the 
Icon to compare the 
current commit to the 
Previous commit

Previous commit Current commit



Creating a repository on GitHub
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Allows you to see
map of the branches



Creating a repository on GitHub
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Allows you to see
map of the branches

Graph of branch history (Since we 
only have 1 branch, it is a bit 
boring.)



----- Break -----
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Style – Everyone has one
• You should strive to develop your own “style” when programming unless you work for the man, then you 

do it his way.

• There are many guides to programming style on the web. You can learn a lot from them. Good style will 
help your program’s readability. Remember you are doing this for fun and don’t get caught up in the holy 
wars of different styles.  

• There are two general styles of creating variable names: camelCase and snake_case.
Examples:  leftMotorPin versus left_motor_pin. You should try to be consistent. 

• Constants should be all caps.  Examples:  int const LED = 13; or #define LED  13 .

• You should develop a set of abbreviations that you use consistently program to program. 
Examples: mtr for motor, tm for time, flg for flag, ctr for counter, fwd for forward, rev for reverse, init for 
initiate, calc for calculate, meas for measure, etc …

dep - 07/16/2022  Copyright © Doug Paradis • www.dprg.org
57



A Hobby Robot Multifile Project
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main.cpp mtr_funcs.h

mtr_funcs.cpp

u_sonic_funcs.h

u_sonic_funcs.cpp

ir_sensor_funcs.h

ir_sensor_funcs.cpp

encoder_funcs.h

encoder_funcs.cpp

nav_funcs.h

nav_funcs.cpp

wpt_funcs.h

wpt_funcs.cpp

comm_funcs.h

comm_funcs.cpp

button_funcs.h

button_funcs.cpp

PID_funcs.h

PID_funcs.cpp

IMU_funcs.h

IMU_funcs.cpp

bot_config.h

cam_funcs.h

cam_funcs.cpp

helpful_defines.h

useful_funcs.h

useful_funcs.cpp

Goal is to make 95% of the code reusable!

Note: This type of function
file division works well
with Git Feature branches. 



Making your programs consistent – use a template
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• Since the files in our program often are being used in a similar way. It make sense that they have a lot
of similarities in their structure. 

• We can reinforce this by following a similar layout of the parts of the program in the file.

• For example, the order of parts of an .h file can be made so that each .h files look alike and are easy to 
write.

• We will look at main.cpp, .h files, bot_config.h specifically, and .cpp files. 



Main.cpp template
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/*****************************************************************************

-- Nav_2016_Club_Robot  --

Nav Pgm for Doug's Club 2016 robot w/ IMU

Expected behavior:
The robot moves along a path described by a set of way points.

This program uses the Adafruit libraries: 
Adafruit BNO055
Adafruit BusIO

The Arduino libraries:
SPI
PinChangeInterrupt
PID

This program also uses the following library: 
teensy encoder library - http://www.pjrc.com/teensy/td_libs_Encoder.html

Private program (not open source)

Revision:
20220612 Doug Paradis   v0.0 - Start of project 

Notes:
1. Heading can be determined either with IMU or by odometry using encoders.

***************************************************************************/

Initial Comment 

• Project name
• Description
• Expected Behavior
• Special Requirements
• Revisions (at least the starting

date)
• Acknowledgements
• License / Copyright
• Notes



Main.cpp template
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Top of file

• Include statements
• File globals

Comment units of 
variable

Use stdint
format



Main.cpp template
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Setup()

• Setup serial ports
• Initiate all the parts of

the robot
• Set starting settings

Always have main serial 
port print a unique 
statement when 
initiated (lets you
Know what pgm is 
installed).

Loop()
• Run your loop



General .h file template
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• Initial comments
• #idndef,#define, #endif
• #includes
• Struts and enums
• Externs
• Function protypes for

functions used by other
parts of the program



General xx_funcs.cpp file template
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• Initial comment
• #includes
• File scope globals
• Globals to be made into externs
• Local function prototypes
• Functions

Typedef structure made 
into a pointer to allow 
for function calls by 
reference instead of by
Value. These are 
generally exposed 
through externs



bot_config.h template
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• Initial comment
• Set all pins names
• Set robot physical values

(such as wheelbase)
• Set robot settings (such as

speeds, slew)



bot_config.h template
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• Initial comment
• Set all pins names
• Set robot physical values

(such as wheelbase)
• Set robot settings (such as

speeds, slew)



Additional Rules
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• No magic numbers
• No globals in functions
• No numbers representing true/false
• Every variable initiated to a value
• Use const instead of define
• All const/defines uppercase
• Always use #ifndef, #define, and #endif 

in .h files and around #defines
• Know the difference between a function

passing by reference and passing
by value
https://www.educative.io/answers/call-by-value-vs-call-by-reference-in-c

• Keep functions short and single purposed
• Make comments

Clone the repository that is at 
https://github.com/paradug/Vendor_Provided_Robot_Code
Following example is from this program.

https://www.educative.io/answers/call-by-value-vs-call-by-reference-in-c
https://github.com/paradug/Vendor_Provided_Robot_Code


void ask_pin_F() // Measure the distance ahead
{

myservo.write(90);

digitalWrite(outputPin, LOW); // For low voltage 2 us ultrasonic launch
delayMicroseconds(2);
digitalWrite(outputPin, HIGH); // ultrasonic launch 10 us high voltage
delayMicroseconds(10);
digitalWrite(outputPin, LOW); // Maintaining low voltage usonic launch

float Fdistance = pulseIn(inputPin, HIGH); // Read the time difference
Fdistance= Fdistance/5.8/10; // A time to distance distance (unit: cm)

Serial.print("F distance:"); //The output distance (unit: cm)
Serial.println(Fdistance); //According to the distance

Fspeedd = Fdistance;
}

What is a magic number?
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• Magic number (90)
• Function needs refactoring
• Global used in function

Magic number

Problems

Global used in 
func

A magic number is a direct usage 
of a number in the code.

Note: This program has 3 similar functions  
(ask_pin_L, ask_pin_F, ask_pin_R) 
that should be made into one. We are 
keeping this function separate for teaching
purposes.



Better…

dep - 07/16/2022  Copyright © Doug Paradis • www.dprg.org
69

float ask_pin_F(uint8_t servo_trig_pin, uint8_t servo_echo_pin) // Measure fwd distance
{

float dist = 0;

myservo.write(SERVO_FWD_VAL); // point ultrasonic sensor forward

trig_servo(servo_trig_pin);
float duration = pulseIn(servo_echo_pin, HIGH); // Read the time difference, usec

dist = duration * SPD_SOUND /2; // Speed of sound wave divided by 2 (go and back)
Serial.print("F distance:"); // Print servo measurement in cm
Serial.println(dist);

return(dist);
}

void trig_servo(uint8_t trig_pin)
{

// Servo trigger requires a 10 ms (or greater) pulse
digitalWrite(trig_pin, LOW); // Low
delayMicroseconds(TRIG_SETTLE_TM);
digitalWrite(trig_pin, HIGH); // Pulse
delayMicroseconds(TRIG_PULSE_LEN);
digitalWrite(trig_pin, LOW); // Low

}

• Note variable dist is initiated.



Or…
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• Using a typedef struct for
representing an ultrasonic
sensor.

• This would be in the .h file
• The .cpp file would have

declared the variable
*ptr_us and have init_us and
read_us functions.

typedef struct us_sens_t {
uint8_t enable;
uint8_t trigger_pin_arduino;
uint8_t echo_pin_arduino;
uint8_t trig_settle_tm;
uint8_t trig_pulse_tm;
uint8_t triggered_flg;
uint8_t new_read_flg;
uint8_t unit_num;
float dist_cm;
float dist_in;

}us_sensor;

//externs
//extern us_sensor *ptr_us_R;
//extern us_sensor *ptr_us_L;
extern us_sensor *ptr_us;



And…
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• Using a typedef struct for
representing an ultrasonic
sensor.

• A course it would be better
to only have one function
that did the work of the 
three in the original code
(ask_pin_F, ask_pin_R, and
ask_pin_L).

void ask_pin_F(us_sensor ptr_sensor) // Measure the distance ahead
{

uint16_t dist = 0;

myservo.write(SERVO_FWD_VAL); // point ultrasonic sensor forward

trig_servo(ptr_sensor->trigger_pin_arduino);
float duration = pulseIn(ptr_sensor->echo_pin_arduino, HIGH); // usec

ptr_sensor->dist_cm = duration * SPD_SOUND / 2; // Spd of sound divided by 2 (go and back)
Serial.print("F distance:"); //The output distance (unit: cm)
Serial.println(ptr_sensor->dist_cm); //According to the distance

}

void trig_servo(us_sensor ptr_sensor)
{

// Servo trigger requires a 10 ms (or greater) pulse
digitalWrite(ptr_sensor->echo_pin_arduino, LOW);
delayMicroseconds(2);                                  // settle time
digitalWrite(ptr_sensor->echo_pin_arduino, HIGH); // pulse
delayMicroseconds(10);                                 // pulse len
digitalWrite(ptr_sensor->echo_pin_arduino, LOW); // end pulse

}



Typedef structures that I typically use
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• IMU_sensor *ptr_imu_sen;
• location *ptr_loc;
• camera *ptr_pixy;
• scoop_sensor *ptr_scoop_sen;
• us_sensor *ptr_us;
• temp_waypoint *ptr_temp_wpt;
• targets *ptr_targ;
• obstacle *ptr_obs;
• P4071_sensor *ptr_L4071;



Additional Rules – A last look
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• No magic numbers
• No globals in functions
• No numbers representing true/false
• Every variable initiated to a value
• Use const instead of define
• All const/defines uppercase
• Always use #ifndef, #define, and #endif 

in .h files and around #defines
• Know the difference between a function

passing by reference and passing
by value
https://www.educative.io/answers/call-by-value-vs-call-by-reference-in-c

• Keep functions short and single purposed
• Make comments (put units in the comments)

https://www.educative.io/answers/call-by-value-vs-call-by-reference-in-c


----- End -----
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