
Building a secret message encoder

 Secret Code
Build a secret message encoder with Morse code.

By Michael Badger

demonstrate it with Morse code. Morse code, 
although it has many historical uses, includ-
ing amateur radio, aviation, and of course 
the emergency signal SOS, is not encoun-
tered too often by the public.

In this project, the code will be played 
back through a piezoelectric buzzer wired up 
to the Raspberry Pi’s GPIO pins, which can 
be controlled with ScratchGPIO [1]. I gave an 
introduction to ScratchGPIO in issue 7 of 
Raspberry Pi Geek [2].

The actual circuit for this project is very 
simple, as seen in Figure 1, and this project 
can easily be modified to work with another 
component, such as an LED, or without any 
external electronics. However, the program-
ming piece of the project will work exten-
sively with lists (arrays) to create a “diction-
ary” of values that can be looked up to per-
form the encoding. To encode the message 
properly, I’ll show you how to parse each 
message (a string), character by character.

GeneratinG Morse Code
One of the great things about Morse code is 
that you can transmit messages in a variety 
of ways, including electrical pulses, tones, 
or flashes of light. Morse is composed of a 
pattern of dots and dashes to identify each 
character in the message. The difference be-

In this issue, I’ll 
show you how to 
use the Scratch list 
feature to build a 

message encoder (or 
translator) that can be 
played back using a 
simple circuit on the 
GPIO. From a pro-
gramming skills 
perspective, it will 
demonstrate how 
to manipulate the 
individual char-
acters of much 
larger strings 
and transform 

them into something new.
I remember creating codes with my friends 

so that we could write “secret” notes to each 
other in school. Sometimes, the code used 
simple substitution (e.g., Z for A, Y for B, 
etc.), and other times the code was gibber-
ish. In this project, I’m going to show you 
how to build your own message encoder 
using Scratch to substitute letters and num-
bers for Morse code.

Even though the project can ultimately be 
used to encode messages based on any rules 
you might want to make up, I’m going to 

Michael Badger authored the 
Scratch (1.4 and 2.0) 
Beginner’s Guide series from 
Packt Publishing. Learn more 
and get this project source at 
scratchguide.  com.
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tween a dot and dash is the duration of the 
signal. A dash is three times longer than a 
dot, so if you are sending Morse code with 
an audible tone, the dot is one-third as long 
as the dash.

The spacing requirements for sending 
Morse code are summarized at the top of Fig-
ure 2, where unit is the duration of the signal 
and can typically be measured in millisec-
onds, as in one unit equals 50ms.

I’ll use each of the five unit lengths in the 
Scratch encoder to distinguish between let-
ters and words to ensure that I generate un-
derstandable Morse code. The bottom part of 
Figure 2 shows the international Morse code 
values for each character. If you scan the list, 
you’ll notice that the letter E is represented 
by a single dot. That’s because E is the most 
frequently used letter in the English lan-
guage, and it’s represented by the shortest 
code. The more frequent the letter usage, the 
shorter the code.

With that basic understanding, I’ll take a 
look at the scripts.

initializinG the enCoder
Figure 3 shows the initialization script for the 
project. In addition to setting some initial 
values, this script will prompt the user to 
type a message and then store it in a list 
named phrase. The ask () and wait block 
prompts the user for input and stores the 
input in the answer variable when the user 
presses Enter.

As the script loops through the answer vari-
able, each character is added to the list as a 
unique item. For example, if the user enters 
Hi Mike, then the seven-character variable 
becomes a list with seven items. Item 1 

would be the let-
ter H.

The add () 
to () block in-
side the repeat 
loop adds a 
blank entry to 
the list with each 
pass through the 
loop. The re-
place item () 
of () block replaces the last item in the list 
with the value in the current position of the 
answer block, as counted by the answer# vari-
able. After incrementing the answer# counter, 
the loop checks to see if it should run again.

After each character in the answer variable 
is evaluated, the script sends a broadcast (en-
code) message, which signals the next part of 
the script into action.

enCodinG the MessaGe
The script in Figure 4 is the core piece of this 
project because it actually takes the user-
supplied message and encodes it into some-
thing new. In the current project, the “some-

Figure 1: The circuit showing how to connect a buzzer to the Rasp Pi to output 

Morse code.

Figure 2: A table showing the international Morse code values for let-

ters and numbers. (Image is public domain from Wikipedia.)

Figure 3: The initialization script, which sets some 

project values and prompts the user for a phrase.
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tion of the character list 
should be the letter E and 
the fifth position of the 
morse code list should be a 
single dot.

Now, I’ll go back to the 
logic of the script. The main 
repeat () block is looping 
through each item in the 
phrase list and assigning it 
to the lookup variable. Cre-
ating the new variable to 
store the value I’m looking 
up is not necessary, but it 
simplifies future blocks 
and helps reinforce what’s 
happening in the script.

The first evaluation 
checks to see whether the 
value assigned to the 
lookup variable is equal to 
a space; if so, I use the 

join () () block to append seven spaces to 
the encoded phrase variable. I’m using 
seven spaces because the Morse code unit 
length between words is seven, which will 
be a factor on playback.

If the lookup value is not a space, then 
the script tries to match a value in the 
characters list. If a match is made, then 
the next step is to use the item number as-
signed to char# to retrieve and join the 
value from the corresponding item number 
from the morse code list. Then, the script 
appends three spaces to follow the Morse 

thing new” is Morse code, but in your proj-
ect, it can be anything you want.

By reviewing Figure 4, you see that the 
script introduces two more lists named char-

acters and morse code. The charac-
ters list includes a list of the char-
acters I want to find by scanning, 
which is A-Z and 0-1. The morse 
code list includes the encoded 

values for the items in the charac-
ters list. Keeping these values in sync 

is crucial for the success of the encoder.
An easy way to get these values into a 

Scratch list is to create two text files: one 
containing the characters and one containing 
the corresponding Morse code. Then, you 
can use the import feature of Scratch lists by 
right-clicking on the list’s stage monitor and 
selecting import. This will allow you to 
browse for your file and import the values 
into Scratch. The two-list approach, as I’m 
describing in Scratch, mimics the key-value 
pair mapping that can often be achieved with 
a dictionary or associative array in other pro-
gramming languages.

An easy way to check for errors is to com-
pare the length of each list. If you use letters 
and numbers as listed in Figure 2, you will 
have 36 items in each list.

Although I do not show the code in any of 
the figures, my project includes two error 
checks in the initialization script that checks 
to make sure the characters and morse code 
lists are unique and are the same length. A 
third possible check could be incorporated to 
check a value to make sure it matches some 
expected values. For example, the fifth posi-

Figure 4: This script shows how the encoder parses the phrase and turns it 

into an encoded message.

Figure 5: The playback script turns the encoded mes-

sage into audible tones.
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code unit length of three units between 
letters.

After that, the next item in the phrase list 
is looked up. In the current script, anything 
that is not a letter or a number is quietly ig-
nored. Of course, you can identify other 
characters to encode by adding their values 
to the characters and morse code lists.

After all the phrase values are looked up 
and encoded, it’s time to play back the new 
message.

PlayinG BaCk the 
MessaGe
To play back the message, I’ll use a piezo 
buzzer to generate a tone. The buzzer is at-
tached to pin 11 of the Rasp Pi’s GPIO with a 
470ohm resistor. Remember, the output pins 
are 3.3V, so the voltage range of your buzzer 
must be wide enough to work with the Pi’s 
output pins. Pins 0 and 2 are 5V power pins, 
but that would keep the buzzer on con-
stantly, which is not what you want.

If you don’t want to wire up a circuit or use 
ScratchGPIO, then the script in Figure 5 can 
be modified as needed. My first version of this 
project used the set (ghost) to () block to 
hide and show a sprite in response to the pat-
tern in the encoded message.

As the script in Figure 5 loops through the 
individual characters in the encoded message 
variable, it is checking for three items: a dot 
(.), a dash (-), or a space. The critical pieces 
are the speed and pin11 variables.

The speed variable is set in the initializa-
tion (Figure 3) script and can be adjusted as 
appropriate. When I was flashing a sprite on 
the screen, I slowed the message playback 
down (higher speed value). However, when 
the message is output to a tone, I can detect 
the pattern at a much faster speed. Addition-
ally, because this is your Scratch project, you 
should feel free to take any timing rules as a 
suggestion.

When the character being evaluated is a 
period (dot), then I set the pin11 variable 
to 1, which is on. The wait (speed) block 
specifies the buzzer duration before being 
turned off by setting pin11 to 0, or off. This 

creates the duration of the tone.
If the character is a dash (-), then I use 

the same code with one adjustment: I leave 
the buzzer on for three times the speed 
value, because dashes are three times the 
length of dots.

If the character is a space, then I ensure 
the buzzer stays off. And, because the spaces 
are added directly to the encoded vari-
able, the script doesn’t provide any 
speed multiplier to change the du-
ration that the tone is off.

If you recall my quick reaction 
project [2], then the pin11 vari-
able likely seems familiar. Scratch-
GPIO allows Scratch to communicate 
with the GPIO using either broadcast mes-
sages or variables. In that previous article, I 
used broadcasts, but this time, I used vari-
ables. To work with a variable, you need to 
create a new global (for all sprites) variable 
with the pin name (e.g., pin11). Note that 
there are no spaces. Setting the variable 
value to 0 equals off and 1 equals on. You 
can see that syntax in the script in Figure 5. 
For comparison, if I were to use a broadcast 
message, the message would be pin1lon.

reMix it
If you want to learn Morse code, this is a great 
way to do it. The use of a dichotomic search 
table (i.e., choosing between two distinct al-
ternatives) lets you follow a path through a 
tree of choices, depending on whether the 
pulse is a dot or a dash, which helps you prac-
tice turning the pulses into letters and then 
words. You can see an example of such a tree 
online [3]. You can, of course, create your 
own encoded message rules based on individ-
ual characters or whole words. I always ex-
pect that you’ll turn the ideas presented here 
into something cool, new, and unimagined by 
me. Happy Scratchin’.  ● ● ●

[1]  ScratchGPIO:  
http://  simplesi.  net/  scratchgpio/ 
 scratch‑raspberrypi‑gpio/

[2]  “Creating a Multiplayer Quick-Reaction 
Game” by Mike Badger, Raspberry Pi Geek, 
issue 7, pg. 91:  
http://  www.  raspberry‑pi‑geek.  com/  Archive/ 
 2014/  07/  Creating‑a‑multiplayer‑quick‑reacti
on‑game

[3]  Morse code:  
http://  en.  wikipedia.  org/  wiki/  Morse_code# 
 Alternative_display_of_more_common_
characters_in_International_Morse_code
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