
Graphical, Scratch-like programming languages for Arduino

Arduino Bricks
Getting a handle on Arduino boards can be difficult. Luckily, quite a 

few block-based, Scratch-like programming environments are at hand 

that make the learning curve easier to climb. By Paul Brown

tion, albeit originally for higher education 
and professionals. As Arduino became more 
and more popular, it was unavoidable that 
someone, somewhere would come up with 
the idea of using it with younger students. To 
further this goal, several Squeak/ Scratch-like 
projects popped up over the years that can 
help newbies and younger kids get their 
heads around programming for the Arduino. 
I’ll discuss a few of them.

BlocklyDuino
BlocklyDuino [1] is based on Google’s 
Blockly library [2] project, which allows de-
velopers to create graphical block-based front 
ends for any language or, in this case, device. 
For example, the Rasp Pi has a Blockly imple-
mentation [3].

To get started, either grab the code for 
BlocklyDuino from the GitHub website or 
use git to clone the repository:

git clone https://github.com/BlocklyDuino/U
  BlocklyDuino.git

BlocklyDuino works by connecting to a Py-
thon web server that serves as the front end 
to a web browser and then uses tools from 
the Arduino IDE to compile and upload your 
programs. That means you have to have a 
working version of the official Arduino IDE 
installed for BlocklyDuino to work.

Programming the Arduino 
using Processing, a C-like 
language, is tough. C is 
unforgiving and can be ar-

cane, which makes it difficult to teach 
to beginners and kids. Fortunately, sev-

eral graphical programming languages, 
similar to Squeak or Scratch, can help you 

learn the basics of the Processing 
language.

Even before 
the Raspberry 
Pi (Rasp Pi)
was a twinkle 
in Eben Up-
ton’s eye, Ar-
duino was al-
ready being 
used in educa-
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In theory, when you run the Python web 
server, it should be able to detect the port 
your board is connected to, but that didn’t 
work for me. You can specify the port by 
hand, though: Plug your board into your 
computer and, in Raspbian and other 
Linuxes, look at the output from:

ls /dev/tty*

Your board will normally appear connected 
to the /dev/ ttyACM0 or /dev/ ttyACM1 port, or 
something like that. Now pass the port onto 
the server when you run it:

python arduino_web_server.py U
  ‑‑port=/dev/ttyACM0

The output will inform you that the server is 
running on 127.0.0.1:8080. Open a web 
browser and visit that address, and you will 
see the BlocklyDuino web interface (Fig-
ure 1).

If you have ever used Scratch, the interface 
should immediately be familiar: Use the 
menu on the left to choose a category and 
drag and drop blocks onto the workspace. 
You can then click them together like Lego 
bricks to build programs. In the example 
shown in Figure 1, you can see the classic 
“Blink” script.

Clicking the Upload button at the top of 
the workspace uploads the sketch to the 
board. You can also see what the code would 
look like translated into Arduino’s native 
Processing language. Click on the Arduino 
tab at the top of the workspace, and you’ll 
see something like the code in Figure 2. You 
can’t actually modify anything in this screen, 
so it is more useful as a learning aid than 
anything else. I suppose you also could use it 
to copy and paste code from BlocklyDuino to 
the Arduino IDE if you are having trouble up-
loading via the Python web server.

Internally, BlocklyDuino uses an XML file 
to store the “code,” so if you want to save 
your work and later continue, you should 
use the Save XML and Load XML buttons. 
You can also export your work to an Ardu-
ino-compatible file, but that is only useful if 
you want to continue working on it in the 
Arduino IDE, because you can’t go the other 
way round (i.e., from Arduino code to 
BlocklyDuino).

Although you can’t import customized li-
braries into BlocklyDuino, it does come 
with some built-in goodies. If you drag out 
one of the blocks under Servo, for example, 
BlocklyDuino will automatically import the 

Servo.h library. BlocklyDuino also includes 
blocks for many of the Grove Arduino add-
ons, including actuators (buttons, buzzers, 
joysticks, etc.) and sensors that can easily 
be connected to Arduino. Because begin-
ners and kids learning to use Arduino use 
the Grove add-ons, it makes sense to sup-
port them.

Does it work on the Raspberry Pi, though? 
Yes. The server is pretty lightweight, so it 
doesn’t bog the Rasp Pi 3 (RPi3) down too 
much. You will have to install Firefox ESR 
(sudo apt‑get install firefox‑esr) to get 
all the JavaScript bits working. Having had 
bad experiences with JavaScript-heavy web 
apps in the past, I thought that BlocklyDuino 
might tie up the Pi, but no: Everything 
worked very smoothly.

Figure 1: BlocklyDuino includes special blocks that allow you to program for the Grove range 

of add-ons.

Figure 2: Use the Arduino tab to see what your code would look like in Processing.
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git clone https://github.com/U
  carlosperate/ardublockly.git
cd ardublockly
git submodule update ‑‑init ‑‑recursive

As with BlocklyDuino, you start a server/ ap-
plication from the main directory:

python start.py

Although BlocklyDuino requires you to navi-
gate to a web page, Ardublockly opens a 
browser window for you (Figure 3) – or a new 
tab if you already have your default browser 
open. If that fails, you can point your browser 
to http:// localhost:8000/ ardublockly/ .

Once you have the interface up on your 
browser, the first thing you should do is con-
figure it for your board. Click on the three-
line menu icon in the upper left corner and 
select Settings. Here you will be able to tell 
Ardublockly where it can find your Arduino 
executable (yes, as with BlocklyDuino, Ardu-
Blockly needs the standard Arduino IDE files 
to compile and upload your programs), the 
type of board you are using, the port it is 
connected to, and so on (Figure 4). Be 
warned that the interface worked only so-so 
in Firefox. It worked much better in Chro-
mium and Chrome.

Use the buttons in the upper right corner 
of the workspace to check and upload your 

ArDuBlockly
Another Blockly Arduino language, Ardu-
blockly [4], is quite similar to BlocklyDuino, 
which is not surprising because it is a fork of 
latter. However, it does have some distinguish-
ing features that make it worth looking at.

To begin, grab the latest code from the 
project’s GitHub repository, change into the 
ardublockly/ directory, and initialize some 
submodules:

Figure 3: Ardublockly includes blocks that allow you to write to and read from the serial channel.

Figure 4: Be sure to configure your board; otherwise, you won’t be able to upload your programs.
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program. You also have the option of open-
ing your sketch in the Arduino IDE.

Ardublockly does not include Grove Sys-
tem blocks, but it does have more general-
purpose blocks, including ones that allow 
you to monitor, read from, and write to the 
serial channel (useful for debugging). How-
ever, Ardublockly doesn’t seem to have its 
own serial monitor, so you will have to use 
the button mentioned above to open your 
program in the official Arduino IDE and use 
the monitor that comes with that (Figure 5).

Another nice touch is that Ardublockly 
comes with a fold-down panel at the bottom 

of the screen that can show you the 
output from the Arduino IDE. This 
is useful if, for example, you are 
having trouble uploading a sketch 

or it isn’t working as it should.
Does it work on the Rasp Pi? 

Kinda. The server doesn’t seem to 
bog down an RPi3 much, but as with 

Blocklyduino, you 
will have to install 
Firefox ESR to get all 
the JavaScript good-
ness to work. Even 
on Firefox, though, I 
had problems with 
some of the inter-
face’s elements mis-
behaving or not 
showing up at all.

SnAp4ArDuino
Back in issue 6 of Raspberry Pi Geek [5], I 
wrote about Snap!, a very capable, web-
based alternative to Scratch. I was even able 
to create blocks using XML and Python that 
allowed Snap! to access and use the Rasp 
Pi’s GPIO pins. Snap! is so easily extended 
that it wouldn’t be surprising to see versions 
for the Arduino; hence, Snap4Arduino [6].

Being Snap-based, Snap4Arduino is quite 
different from the two options already men-
tioned. First, its interface (Figure 6) is much 
more similar to Scratch. Second, it doesn’t 
rely on the Arduino IDE to program a board 
(well, after a bit of pre-configuration – see 
below); rather, it goes a completely different 
way.

You can get a zipped package for your plat-
form from the project’s homepage and decom-
press it in the directory of your choice; how-
ever, before you start using Snap4Arduino, 
you have to upload the StandardFirmata [7] 
sketch to the board you want to use. To do 
this, make sure your board is connected to 
your computer and open your Arduino IDE. 
Configure the port and type of board as 
usual, and navigate to Files | Examples | 
Firmata | StandardFirmata. Once the sketch 
is open in the IDE, upload it to your board. 
You can now close the Arduino IDE because 
you won’t be using it anymore. You can even 
use Snap4Arduino on a computer that 
doesn’t have the Arduino IDE installed, and 

Figure 5: Ardublockly doesn’t have its own serial monitor, but it can show output from the Arduino IDE.
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git clone U
  https://github.com/MrYsLab/s2a_fm.git
pip install pyserial
pip install pymata

The pySerial module allows Python to talk 
with the Arduino over the Serial channel and 
the PyMata module is Python’s interface for 
the Firmata protocol you installed on your 
Arduino board earlier.

From the above, you might have guessed 
that, as with Snap4Arduino, you first have to 
upload the StandardFirmata sketch to the 
board you’re going to use, if you haven’t 
done so already, by opening the Arduino 
IDE, configuring it for your board, navigating 
to Files | Examples | Firmata | StandardFir-
mata, and uploading.

Leave your Arduino board hooked up to 
your computer, change into the s2a_fm/ di-
rectory, and run

python s2a_fm.py

it will still work, as long as the board is run-
ning StandardFirmata.

Note that I hit a snag on my Linux box 
when the startup script Snap4Arduino could 
not find the libudev library. Changing the 
line in the script from

if test ‑e U
  /lib/x86_64‑linux‑gnu/libudev.so.1; then
ln ‑s /lib/x86_64‑linux‑gnu/libudev.so.1 U
  $BASEDIR/libudev.so.0

to

if test ‑e /usr/lib64/libudev.so.1; then
ln ‑s /usr/lib64/libudev.so.1 U
  $BASEDIR/libudev.so.0

(/usr/lib64/libudev.so.1 being the correct 
location of the library) sorted that out.

After that, Snap4Arduino behaved ex-
traordinarily well. For one, Snap has a lot 
more default blocks than any of the two 
Blockly-based programming languages. An-
other thing going for it is that, once you 
have uploaded StandardFirmata to the 
board, you can forget about the official Ar-
duino IDE. If you are working with stu-
dents, that’s one less program you have to 
worry about.

However, as with BlocklyDuino, you have 
no way to include customized libraries: no 
serial channel and no panel for messages 
from the IDE; in fact, no connection to the 
IDE at all.

Another drawback is that it doesn’t work 
on the Rasp Pi at all. Only Intel-based operat-
ing systems are supported.

That said, you can do plenty of cool 
things with Snap4Arduino to initiate stu-
dents and beginners into the mysteries of 
Arduino programming. Figure 7 shows a 
script that, given the hardware setup shown 
in Figure 8, reads in a value from the poten-
tiometer and spins the sprite on the stage 
(top right) accordingly.

SnAp!2ArDuino
Snap!2Arduino [8], or s2a for short, is an ex-
tension for Scratch and Snap that provides 
support for Arduino boards. For some hare-
brained backward reason, the people in 
charge of Scratch have decided to rewrite the 
language entirely in Flash (!), so I will be ig-
noring the Scratch bit and concentrating on 
the Snap! bit.

To get s2a up and running, download the 
software from the developers’ GitHub reposi-
tory and install some dependencies:

Figure 6: Snap4Arduino looks a lot like Scratch.

Figure 7: This Snap4Arduino program reacts to input from the potentiometer in Figure 8.
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to start a server that acts like bridge between 
Snap! (or Scratch) and the Arduino.

You can now start a server running Snap! 
locally as explained in the Snap! article [5], 
or you could just visit the official Snap! 
server online [9]. One way or the other, you 
will first see a vanilla Snap! without any Ar-
duino extensions.

To load in the extensions, click on the 
left-most button in the toolbar (with the 
icon that looks like a sheet of paper with a 
folded corner). In the menu that opens, 
choose Import and navigate to the s2a_fm/
Snap!Files/ directory on your hard disk. 
Select the s2a_fm_Snap_base.xml file and 
click Open.

Now you have a number of new blocks 
that allow you to interact with your Arduino.

Whereas the Snap4Arduino program dis-
cussed earlier places its blocks in a specific 
Arduino category, s2a spreads them out over 
several categories depending on their func-
tion. You will find a servo block under Mo-
tion and analogue and digital input blocks in 
Sensing, for example.

Another difference is that, in s2a, you 
have to designate a pin explicitly as input 
or output (as you would in the setup() sec-
tion of a native Arduino sketch), whereas 
in Snap4Arduino, it is done automatically. 
In Figure 9 you can see how the Snap4Ar-
duino script would have to be rewritten in 
s2a. Notice the extra block to initialize the 
pin.

Does it work on the Raspberry Pi? Sort of. 
Again, you will have to resort to Firefox, but 
even then, the heavy JavaScript load Snap! 
puts on the Rasp Pi will make the interaction 
with the interface laggy and might even 
crash your Pi. You are better off accessing it 
from a regular computer.

concluSion
None of the above programming environ-
ments is a serious drop-in for the standard 
Arduino IDE, but that is not their aim any-
way. As with Scratch, BlocklyDuino, Ardu-
blockly, Snap4Arduino, and s2a are de-
signed as teaching tools. The graphical 
blocks help students visualize how the ab-
stract keywords of other programming lan-
guages work.

The added incentive of being able to inter-
act with an Arduino makes a block-based 
programming language all that more entic-
ing. In that way, the IDEs discussed here are 
great and an excellent way of getting stu-
dents into being creative with Arduino.  ● ● ●

Figure 8: Wiring diagram for the Snap4Arduino project.
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INFO

Figure 9: The Snap2Arduino code for the potentiometer project differs slightly from the Snap4Arduino code (Figure 7).
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