
Mathematica and the Wolfram language on Raspberry Pi

 Mathematical  
 Mind
Wolfram Mathematica and the 

powerful Wolfram language are 

now available for the Raspberry 

Pi. We’ll help you get started with 

this fascinating tool for 

calculation, presentation, 

visualization, and general 

programming. By Aaron Shaw

name. Wolfram Research calls the Wolfram 
language a “revolutionary knowledge-based 
programming language” and claims it is “the 
world’s most productive programming lan-
guage” – a very bold claim indeed! The lan-
guage, which focuses heavily on symbolic 
computing, is very large because of the huge 
amount of built-in specialization that pro-
vides functions for everything – from differ-
ential equation solvers to 3D graphical analy-
sis tools and much, much more.

The company also has a product they call 
Wolfram Alpha, which they describe as a 
“Computational Knowledge Engine.” You 

Wolfram Mathematica is a com-
putational software program 
created originally by the Brit-
ish scientist Stephen Wolfram 

and now developed by Wolfram Research 
(with Stephen at the helm). Mathematica is 
mostly used in the fields of science, engineer-
ing, and mathematics, but it has a diverse 
range of capabilities that make it suitable for 
many other applications in other fields.

At the heart of Wolfram Mathematica is 
the Wolfram language, which has been 
around for more than 25 years in various it-
erations but only recently took the Wolfram 

This article was written 
in partnership with 

The MagPi magazine:  
www.themagpi.com
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might not have heard of Wolfram Alpha, but 
if you spend any time with Internet technolo-
gies, you have have probably made use of it: 
Wolfram Alpha is one of the answer engines 
that form part of Apple’s Siri and Microsoft’s 
Bing. If you feel like experimenting with 
Wolf ram Alpha, I recommend visiting the 
website [1] and having a play, because it is 
really useful: I have used Alpha many times 
at university to validate my work. (Unfortu-
nately, they make you pay for certain ad-
vanced features, but the free version is still 
serviceable.)

Why Is Wolfram so 
specIal?
Why use Mathematica and the Wolfram lan-
guage when popular, mainstream languages 
like Python are already available for the 
Raspberry Pi? One of the main benefits is 
that Mathematica uses a multi-paradigm 
input method, which accepts code in vari-
ous forms – obviously Mathematica can run 
native Wolfram language code, but you can 
also build up code using a more graphical 
interface called “palettes,” and you can 
even type in plain English and let Mathe-
matica translate the English statements into 
code using its own algorithms. These capa-
bilities make Mathematica a flexible and in-
tuitive experience for beginners and profes-
sionals alike. Another interesting feature of 
Mathematica is that it is laid out in what 
they call “notebooks,” which enables you to 
add notes and word-processed text to the 
same document in which you store your 
code. This integration of documents and im-
ages means you can use the Notebook fea-
ture to create impressive presentations in 
Mathematica.

Until recently, the Mathematica software 
package (and hence the Wolfram language) 
has been completely proprietary – costing up-
ward of US$149 a year. Last November, Ste-
phen Wolfram, who is a big supporter of 

Raspberry Pi and its goal of integrating com-
puters with education, announced that he was 
developing a free version of Mathematica and 
the Wolfram language that would run on the 
Pi. The release of the Raspberry Pi Mathemat-
ica edition opens up the brilliant software 
package to a huge number of students, hobby-
ists, and professionals who probably would 
not run across the commercial version of 
Mathematica in their everyday life.

GettInG started
Mathematica now comes bundled with the 
standard Raspbian OS image available at the 
Raspberry Pi website [2]. If you downloaded 
Raspbian after November 21, 2013, or if you 
installed Raspbian through a NOOBS version 
[2] released after November 21, you should 
already have Wolfram Mathematica installed 
and available to you.

If you set up your SD card before this date, 
you’ll need to download and install Mathe-
matica. Be sure you have at least 600MB of 
free space on your SD card to install the soft-
ware. To install the Wolfram engine in Rasp-
bian, be sure you are connected to the Inter-
net, then open an LXTerminal (command-
line) session and type:

sudo apt‑get update
sudo apt‑get install wolfram‑engine

Following the update, the Wolfram installa-
tion begins, and you will likely be asked 
whether you want to continue with the 
download and installation. Hit Y and then 
Enter and the package manager will install 
the Wolfram engine, as well as any other pre-
requisite software, on your Raspberry Pi. The 
installation can sometimes take a few min-
utes, especially if you have not updated your 
Raspberry Pi in a while. A blue screen pops 
up asking you to accept the Wolfram license 
agreement (Figure 1).

Use the Down arrow to scroll through the 
text. Press the Right arrow key 
to select OK and then hit Enter. 
Another blue screen asks you if 
you accept the license agree-
ment. If you are happy to pro-
ceed, press the Left arrow key 
to select Yes and then hit Enter.

Once Wolfram and Mathe-
matica are finished installing, 
you will find them in the app 
launcher under the Education 
menu (Figure 2).

If you installed a recent ver-
sion of Raspbian or NOOBS Figure 1: Viewing the Wolfram license.

Figure 2: Look for Mathematica and 

the Wolfram language in the app 

launcher.
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click the desktop icon. You should then see a 
splash screen with the Mathematica “Spikey” 
logo (technically speaking, the shape is a hy-
berbolic dodecahedron with what Wolfram 
call “embelishments”) hovering over the stan-
dard Raspberry Pi logo while the program 
loads (Figure 5). Once the program fully 
loads, two screens appear – a blank notebook 
file and a help window (Figure 6).

If at any point you need or want to open a 
new notebook, click File | New | Notebook, or 
alternatively, you can just use the keyboard 
shortcut Ctrl+N. You can also save your 
work in a notebook by using the keyboard 
shortcut Ctrl+S or by clicking on File | Save.

In this article, I focus on the Mathematica 
user interface; however, all the commands 
should work from the command-line Wolfram 
interface as well. Additionally, it is important 
to note that I focus on the actual Wolfram lan-
guage programming aspect of the Mathemat-
ica interface, rather than the word processing 
and layout features also available in the Math-
ematica notebook interface.

Customarily every programming lesson be-
gins by outputing the string Hello world! In 
Mathematica, you just have to type:

Print ["Hello world!"]

In the Mathematica GUI, you then press 
Shift+Enter to execute the command, 
whereas if you are on the command line, you 
just press Enter. The result should be:

Hello world!

Although this simple program is somewhat 
gimmicky, it does introduce three important 
aspects of the Wolfram language:
•	 Functions
•	 Arguments
•	 Strings
I’ll explain these concepts in the following 
sections, along with other important Wol-
fram components, such as lists and variables.

functIons
In the most basic terms, a function takes in an 
input, performs some kind of processing oper-
ation on it, and gives an output. For example, 
squaring or dividing a number is a function. 
The Wolfram language has more than 5,000 
built-in functions, and it is even possible to 
create your own. In the Wolfram language, 
functions always start with a capital letter. In 
the preceding example, the function is Print.

Another example is the N function. Mathe-
matica likes to keep numbers in the most 

that ships with Mathematica, you might see 
some desktop icons (Figure 3) in addition to 
the app launcher menu entry.

GettInG started
With the Wolfram Engine on the Raspberry 
Pi, you effectively have two ways of pro-
gramming with the Wolfram language. The 
command-line version of the Wolfram lan-
guage lets you execute commands from an 
LXTerminal command-line session or from a 
previously saved executable .m script. The al-
ternative method is to use the Mathematica 
notebook interface, which is a word-proces-
sor-like environment with the added capabil-
ity of really intuitive programming and inter-
action with the Wolfram language. This ap-
proach is similar to programming in other 
languages using an Integrated Development 
Environment (IDE). However, the word pro-
cessor interface of Mathematica adds a 
whole new level of capability that is not pres-
ent in a conventional IDE: You can actually 
calculate in real time within a notebook, ef-
fectively adding programming capability to a 
word processing environment.

If you want to run the command-line pro-
gram (which is not 
necessarily the best 
place to start for a 
beginner), either 
click on the Wol-
fram icon (the one 
that looks like a 
wolf) in the app 
launcher menu or 
double-click the 
desktop icon. Alter-
natively, you can 
open an LXTermi-
nal session, type

sudo wolfram

and hit Enter; you 
should see an inter-
face in the LXTer-
minal window that 
looks like Figure 4.

If you would pre-
fer to work from the 
Mathematica user 
interface (which I 
recommend for the 
exercises in this ar-
ticle), simply 
launch Mathemat-
ica from the app 
launcher or double-

Figure 3: If you install a recent Rasp-

bian version, you might find Wolfram 

and Mathematica icons on your 

desktop.

Figure 4: Starting up Wolfram in a terminal window.

Figure 5: The Mathematica logo “Spikey” overs over the Raspberry 

background while the program loads.
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exact form. For instance, when dividing in 
Mathematica, the software attempts either to 
divide the number perfectly into an integer 
value (i.e., 200/ 4 = 50) or, if the result is not 
an integer, to keep the answer in fraction no-
tation, converting it to the simplest possible 
form (i.e., 200/ 6 = 100/ 3). However, some-
times you will want to know what the nu-
merical version of a fraction is, and this is 
where the N function comes in. If you type

1/3

and press Shift+Enter, you get the output:

However, if you use the N function, type 
the code

N[1/3]

and press Shift+Enter, you get the output:

arGuments
An argument is a parameter passed into a 
function. These parameters always directly 
follow the function in square brackets. For the 
Print example, the argument is:

["Hello world!"]

And for the N function example, the argu-
ment is:

[1/3]

Some functions do not require arguments, 
but the large majority do, so it is important 
to read up about the particular function you 
are working with and find out exactly how to 
use it. For information on how to use a func-
tion and what arguments it will accept, you 
can type the function into the notebook win-
dow, preceded by a question mark. For in-
stance, if you wanted more information on 
the Print function, you type

?Print

and press Shift+Enter to see information 
about the function (Example A).

If you are looking for a function but can’t 
remember the full name, you can use this 

question mark notation to find it. Say, for ex-
ample, you know that the function you are 
looking for begins with Print, but you can’t 
remember the rest. You can type

?Print*

and press Shift+Enter. You will be presented 
with a list of functions that start with the 
word Print (Example B).

You can then click on any of 
these functions, and Mathemat-
ica will bring up a description of 
what it does, so you can deter-
mine whether it is the one you 

Figure 6: The Mathematica user interface.

Example A

Example B

Example C
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sometimes referred to as arrays or matrices; 
however, in the Wolfram language, lists, ar-
rays, and matrices are three distinct things. 
That said, the three are pretty similar: An 
array is effectively a list of functions, and a 
matrix is a list of lists.

In the Wolfram language, a list is con-
tained in curly brackets:

{1, 2, 3, 4, 5}

{"this", "is", "a", "list", "of", "strings"}

The curly brackets are shorthand notation for 
creating a list; the full function for creating a 
list is:

List[1, 2, 3, 4, 5]

However, when you run this code, it is auto-
matically changed to the curly bracket for-
mat, so it is usually easier just to use the 
shorthand notation.

Building lists by manually entering data is 
a very long-winded process, and for some 
applications, it is much better to do this in an 
automated fashion. Luckily, the Wolfram lan-
guage has you covered, with a number of 
ways in which to build lists automatically. 
The first of these methods is the Range func-
tion, which autofills a list of numbers:

Range[3, 10, 1/2]

This code will output a list of values starting 
at 3 and finishing at 10, with a step size of 
1/ 2 (Example D).

The Table function is essentially a more 
complex version of the Range function that 
allows you to determine start, end, and step 
size values, and it also introduces an opera-
tor that acts on the number before building 
the list. For example,

Table[i+1, {i, 3, 10, 1/2}]

takes the values from the preceding Range 
function and adds 1 to each value, giving the 
output shown in Example E.

You can change the calculation within the 
Table function from i+1 to anything you like 
(e.g., i^3 or i*3).

To create a matrix, just create a list of 
lists:

matrix = {{5, 1, 3}, {7, 3, 0}, {9, 2, 4}}

You can then display this in a 2D format 
using the MatrixForm function,

are thinking about before you use it in your 
program (Example C).

You can also look for functions ending in a 
particular word by putting the asterisk in 
front of the function name ?*Print. Alterna-
tively, you can search for information about 
functions from the online documentation 
center on the Wolfram website [3]. A quick 
way to access the documentation center 
within Mathematica is to click on Help | On-
line Documentation.

strInGs
The string data type (integers and floating-
point numbers are other data types) is pres-
ent in practically every programming lan-
guage. A string is usually a sequence of 
characters typically used to display or use 
text within a program; however, it is possi-
ble to define strings that contain only num-
bers as well.

In Mathematica, as in most programming 
languages, a string is defined by placing text 
in quotation marks. If you do not put a string 
in quotation marks, Mathematica will proba-
bly try to evaluate it as either a variable or a 
function, and this will likely cause errors 
within your code.

In the preceding example, "Hello world!" 
is a string. In Mathematica, because of its 
ability to work as a multiparadigm language 
with natural text input, you don’t need the 
quotation marks; however, I highly recom-
mend getting into the habit early on of en-
closing your strings in quotation marks be-
cause this prudent practice will likely save 
you some grief in the future.

lIsts
Lists are a fundamental part of the Wolfram 
language. Other programming languages use 
lists as well (e.g., Python). Lists also are 

Example D

Example E
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MatrixForm[matrix]

Which gives the output in Example F.
You can even apply functions to an entire 

list because the Wolfram language treats 
them as a single entity. For instance,

Sqrt[{5, 1, 3, 8, 9, 4}]

gives the output in Example G.
Last, but not least, you can pull out individ-

ual values from within a list very easily using:

list = {1, 2, 3, 4, 5, 6}
2 * list[[1]]

You can also perform functions on individual 
elements within the list and then write the 
result back to the list itself:

list[[4]] = Sqrt[list[[4]]]

The output of those last few commands is 
shown in Example H.

As you can see, the final Sqrt command 
only performed the square root function on 
the fourth element in the list, changing it 
from 4 to 2, unlike the previous square root 
example, where the entire list was changed.

Bear in mind when using lists in the Wol-
fram language that the index of a list starts at 
1 – in other words, if you want to address the 
first item in a list, you use the code list[[1]]. 
In many programming languages (including 
Python), a list index starts at 0.

VarIables
In programming, a variable is a symbol or 
string that represents a quantity in a mathe-
matical or computational expression. It is 
convenient to use variables when you have a 
number or expression that repeats. Addition-
ally, if you ever need to make a change to a 
number in a calculation, you can use vari-
ables instead of actual numbers. In that way, 
if you want to change a value, you won’t 
have to change every instance of that expres-
sion – all you have to do is change the defini-
tion of the variable.

For example, say you know the radius of a 
circle is 5, and you are asked to make a num-
ber of calculations to establish the magnitude 
of the diameter, circumference, and area of 
the circle. If you did not have variables, you 
would have to type:

diameter = 2 * 5
circumference = 2 * Pi * 5
area = Pi * 5^2

Now if you were told the radius is actually 7, 
you would have to change three instances of 
the old radius, 5, to the new radius, 7. Imag-
ine instead that you used variables to achieve 
this same result:

radius = 5
diameter = 2 * radius
circumference = 2 * Pi * radius
area = Pi * radius^2

Now, if you were told to change the radius to 
7, you would only have to change one pa-
rameter – the definition of the variable ra‑

Example F

Example G

Example H

Mathematica on the Pi

17

Features

issue 05 RasPbeRRy Pi Geek



ages. This article doesn’t allow me the space 
to describe every function in detail, but the 
syntax is quite intuitive, and you’ll find all 
the information you need in the Mathematica 
documentation.

Scientists and mathematicians use Mathe-
matica’s sophisticated 3D graphics capabili-
ties to plot the results of complex equations 
and experiments, but the community also 
likes to play around with these features just 
to sharpen their skills and have a little fun. 
The following examples demonstrate some 
important graphical functions, as well as the 
economy and power of the Wolfram lan-
guage. These examples come from either the 
Wolfram Mathematica one-liners competi-
tion in 2010 and 2011 or from the Raspberry 
Pi forum. The idea of the one-liners compe-
tition is to create the most impressive piece 
of code in just one line (140 characters) of 
code. When you are typing these bits of 
code, make sure to get the syntax exactly 
right or you might get errors or unexpected 
results.

The first example is Echidnahedron by 
Radko Kriz (Listing 1).
When you type or copy the preceding code 
and press Shift+Enter, you should be pre-
sented with the output in Figure 7, which is 
designed to look like the Mathematica 
“Spikey” logo in 3D.

The Hi code by Michael Croucher is a little 
gem found on the Raspberry Pi forums. It is 
effectively a 3D plot version of the “Hello 
world!” code (Listing 2) that produces the 
output shown in Figure 8.

The 3D Raspberry by Martin is included for 
obvious reasons. The code in Listing 3 pro-
duces a 3D version of your favorite fruit-
shaped logo (Figure 9).

GpIo InterfacInG
Accessing the GPIO pins through the 
Wolf ram language is extremely easy – po-
tentially even easier than in other popular 
languages recommended for the Rasp-
berry Pi. To start, you need to set up a 

basic circuit from which to inter-
face with Mathematica. To do 
this, acquire the equipment in 
the following parts list and then 
follow the rest of the instruc-
tions:
•		1x	red	LED	(Digi-Key	part	67-

1120-ND)
•		1x	330-ohm	resistor	(Digi-Key	

part A105936CT-ND)
•		1x	breadboard	(Adafruit	part	

239)

dius at the top. This is only a simple example 
to demonstrate a point, but as I am sure you 
can imagine, in a long and complicated se-
ries of calculations variables are extremely 
useful for this reason.

If you have typed in and executed any of 
the above code, you will have realized that 
for every input line you type in, an output 
line is generated in Mathematica. If you 
would rather not see this output, you can 
add a semicolon to the end of the line. Not 
only does this neaten up the output by re-
moving unnecessary feedback, it also signifi-
cantly speeds up the calculation of the re-
sults – because instead of using up CPU time 
to output results to the user interface, Mathe-
matica can use all of the CPU available to it 
for the calculation process. For small pro-
grams like those I have used here, this is not 
such a problem, but it is good practice to get 
into the habit early of putting a semicolon at 
the end of every line for which you do not re-
quire output.

In the above example for the circle param-
eters, you are defining the radius, so you do 
not need or want Mathematica to generate 
output for this line. Therefore, you can adapt 
the code to

radius = 5;
diameter = 2 * radius
circumference = 2 * Pi * radius
area = Pi * radius^2

and press Shift+Enter to run. Notice the dif-
ference in output from the previous example 
that did not include the semicolon.

GraphIcs trIcks
Mathematica has a number of impressive 
functions that help you create graphical im-

Graphics3D[{ Opacity[.8],Glow[RGBColor[1,0,0]],EdgeForm[White],Lighting ‑>  
None,PolyhedronData["Echidnahedron","Faces"]}]

Listing 1: Echidnahedron

Plot3D[E xp[‑x^2 ‑ 0.5*y^2]*Cos[4 x] + Exp[‑3 ((x + 0.5)^2 + 0.5 y^2)], {x, ‑3, 3}, {y, ‑5, 5},  
PlotRange ‑> {‑0.001, 0.001}, PlotPoints ‑> 40]

Listing 2: 3D Hi

s = Sphe re; t = .3; p = PolyhedronData; Manipulate[Graphics3D@{Red, s@p[i][[1, 1]], Green,  
Rotate[Scale[s[], {t, 1, 2}, {0, 0, 3}], #, {1, 0, 0}] & /@ {‑t, t}}, {i, p[]}]

Listing 3: 3D Raspberry

Mathematica on the Pi
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•	 	2x	male-to-female	jumper	wires	(SparkFun	
part PRT-09140)

First, you need to set up the circuit, as shown 
in Figure 10. Make sure to include the 330-
ohm resistor or you risk potentially damag-
ing your Raspberry Pi. Also, make sure your 
Raspberry Pi is turned off before you attach 
anything to the GPIO pins; otherwise, you 
risk damaging both the Raspberry Pi and any 
device you are attaching.

Next, boot up the Raspberry Pi and open ei-
ther Mathematica or the Wolfram language 
command-line interface. Type in the following 
code, which uses the DeviceWrite function:

DeviceWrite["GPIO", 14 ‑> 1]

This command turns GPIO 14 (physical pin 
8) to a high output and should turn on your 
LED.

Bear in mind that these pin numbers are 
not the physical pin locations, but the BCM 

pin designations (Broad-
com SOC channels) – as 
you can see on the pin di-
agram at the eLin ux wiki 

page [4]. The numbers you are looking for 
are all preceeded by the letters “GPIO” 
(General Purpose Input Output). Also, re-
member that if you are using a Rev 1 Rasp-
berry Pi, some of the pins have different 
names from the Rev 2 Raspberry Pi board; 
this is also explained on the eLinux wiki 
page.

To turn the LED off, use the command:

DeviceWrite["GPIO", 14 ‑> 0]

With the use of a loop and the Pause func-
tion, you can turn the LED on and off a pre-
determined number of times:

Do[
        DeviceWrite["GPIO", 14‑>1];
        Pause[0.5];
        DeviceWrite["GPIO", 14‑>0];
        Pause[0.5];
        , {5}]

Figure 7: Outputing the Spikey logo.

Figure 9: Plotting the big raspberry in Mathematica.

Figure 10: A simple circuit for experimenting with Mathemati-

ca’s GPIO capabilities.

Figure 8: A really weird rendition of Hello, World.
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This code turns on the green LED first, then 
the yellow, and then the red, with a gap of 
0.5 seconds between each. You can then turn 
them off again using the same command by 
just replacing the 1 with a 0:

Do[
       DeviceWrite["GPIO", ledpins[[i]]‑>0];
       Pause[0.5];
       , {i, 3}]

To simulate a real traffic light system (at least 
the way they work in the UK – the sequence 
will be different depending on where you 
live), you will want the red LED to come on 
first, then the yellow LED should come on 
briefly while the red is still on, and then the 
yellow and red should go out and the green 
should come on; then, the yellow should 
show briefly, followed by the red. This se-
quence should then repeat.
The code to achieve this pattern is shown in 
Listing 4. After entering the code, press 
Shift+Enter to execute. The program will ex-
ecute the traffic light simulation and repeat it 
three times.

The Wolfram language, and hence Mathe-
matica, is capable of interfacing with many 
devices over the GPIO pins, and this is just a 
basic example. If you have enjoyed this intro 
to GPIO interfacing in Wolfram and would 
like to try some more complex projects, I 
highly recommend searching the Wolfram 
community Raspberry Pi forum [5], which 
includes a large number of project examples 
posted by friendly community members – in-
cluding controlling stepper motors and im-
porting data from GPS modules and acceler-
ometers.

the raspberry pI camera
Mathematica also offers some interesting op-
tions for accessing and programming the 
Raspberry Pi camera module. (The com-
mands described in this section will also 
work at the Wolfram command-line inter-
face, but because the command line doesn’t 
offer a graphical interface, you won’t see the 
graphical output from the camera, making 
the experience a bit lackluster.) If you want 
to see pictures, use Mathematica.

Before you start, you need to attach your 
camera and set it up as described in a previ-
ous article in Raspberry Pi Geek [6]. You’ll 
also find a description of how to use the 
camera at the Raspberry Pi Foundaion web-
site [7]. Once you have set up the camera, 
you are ready to start using your camera 
module with Wolfram.

This code turns the LED on, waits half a sec-
ond, turns the LED off, waits half a second, 
then repeats the process five times.

traffIc lIGht
To further explore the capabilities of Mathe-
matica and the Wolfram language, I’ll de-
scribe how to create a more complex circuit 
with more LEDs to simulate a traffic light. 
Start with the following parts:
•	 1x	red	LED	(Digi-Key	part	67-1120-ND)
•	 1x	green	LED	(Digi-Key	part	67-1119-ND)
•	 1x	yellow	LED	(Digi-Key	part	1080-

1094-ND)
•	 3x	330-ohm	resistors	(Digi-Key	part	

A105936CT-ND)
•	 1x	breadboard	(Adafruit	part	239)
•	 5x	male-to-female	jumper	cable	(SparkFun	

part PRT-09140)
Set up the circuit as shown in Figure 11. 
Once again, remember to turn the Raspberry 
Pi off before you begin.

Turn the Raspberry Pi on and start Mathe-
matica or the Wolfram command-line inter-
face. You then need to define which pins you 
are using to automate the LED on/ off process:

ledpins = {14, 15, 18}

Then, you can turn all the LEDs on in se-
quence as follows:

Do[
       DeviceWrite["GPIO", ledpins[[i]]‑>1];
       Pause[0.5];
       , {i, 3}]

Figure 11: Simulating a traffic light.
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to the standard output channel (stdout) in-
stead of saving it as a JPG to a file. Finally, 
adding the exclamation mark in front of the 
raspistill command tells the Import func-
tion to read the output of the command from 
the standard output channel (stdout) and 
the JPG at the very end of the command lets 
the Import function know what file format it 
should expect to find.

You’ll find a large number of other options 
for using the Raspberry Pi camera, and the 
full documentation is available at the Rasp-
berry Pi website [8].

If you do not have a Raspberry Pi camera 
module at hand but would still like to have a 
go with the image processing options sup-
ported by Mathematica, you should be able 
to import an existing image, either from file 
or from a web page, using the Import com-
mand:

image = U
  Import["http://www.raspberrypi.org/U
          wp‑content/uploads/2012/03/U
          Raspi_Colour_R.png"]

This particular example will import the Rasp-
berry Pi logo; however, you just need to re-
place the URL in the above example with the 
file location or image URL for the picture you 
want to import, making sure to keep the quo-
tation marks. For example, to import a local 
file:

image = Import["/path/to/your/image.jpg"]

Replace /path/to/your/image.jpg with the 
actual path to your image. For a file called 
image.jpg stored in your Raspberry Pi’s 
home directory, this path would be /home/
pi/image.jpg.

ImaGe processInG
Mathematica has a large number of built-in 
functions for image processing. I’ll start with 
an image that has just been imported into 
Mathematica using the Device Read["Raspi‑
Cam"] function. Figure 12 shows my fluffy lit-
tle dog Juno, who is very annoyed and wants 
her walk.

Following are some examples of image 
processing functions (remember to press 
Shift+Enter to execute the commands). The 
function

ImageAdjust[image, {0.6, 0.2, 1.5}]

adjusts the contrast of the image by 0.6, ad-
justs the brightness by 0.2. and performs a 

I’ll describe two methods for using the 
Raspberry Pi camera in the Wolfram lan-
guage. The first option is very simple; how-
ever, it only provides very basic functionality 
and does not allow for any of the parameters 
that can be used with the command-line 
camera function raspistill. To use this first 
method, the only code you have to type is

DeviceRead["RaspiCam"]

and hit Shift+Enter: Mathematica takes a 
picture with the camera module. A red light 
should appear on the camera module when 
this is happening, so you know it is in the 
process of working. You can also do things 
like assign the picture to a variable for use 
later in your program:

image = DeviceRead["RaspiCam"]

This DeviceRead function is a really short and 
nice bit of code; however, as mentioned be-
fore, it unfortunately does not allow you to 
make use of the plethora of options for image 
sizing, effects, and parameters normally 
available to you in the raspistill command-
line function. To use these additional func-
tionalities of the camera module, try the 
code:

image = Import[" !raspistill ‑n U
               ‑t 1 ‑o ‑", "JPG"]

This code creates a variable called image and 
then assigns a picture to it, which is then im-
ported from the camera module. The ‑n op-
tion means that no preview window is 
shown for output; the ‑t handle adds a time 
delay of 1 millisecond (do not put 0 here, or 
it will cause Mathematica to crash). The ‑o ‑ 
option tells raspistill to output the image 

01  Do[

02     DeviceWrite["GPIO", ledpins[[1]]‑>1];

03     Pause[10];

04     DeviceWrite["GPIO", ledpins[[2]]‑>1];

05     Pause[2];

06     DeviceWrite["GPIO", ledpins[[1]]‑>0];

07     DeviceWrite["GPIO", ledpins[[2]]‑>0];

08     DeviceWrite["GPIO", ledpins[[3]]‑>1];

09     Pause [10];

10     DeviceWrite["GPIO", ledpins[[2]]‑>1];

11     DeviceWrite["GPIO", ledpins[[3]]‑>0];

12     Pause [2];

13     DeviceWrite["GPIO", ledpins[[2]]‑>0];

14     , {3}]

Listing 4: Simulating a Traffic Light
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Before the free release on Raspberry Pi, 
this software would have cost a fair bit, so it 
is definitely worth having a go with a piece 
of software that a lot of people would pay 
good money for – if for no other reason than 
to see what you have been missing out on.

Don’t forget to keep us updated on your 
progress on the Raspberry Pi Geek Facebook 
page [11].  ● ● ●

gamma correction by raising the values to 
the power 1.5. The result of this command 
appears in Figure 13.

Now I will process the original image 
again, this time using an image effect:

ImageEffect[image, {"SaltPepperNoise" , 0.1}]

This function adds salt and pepper noise to 
0.1 (10%) of the image. The result of this 
processing effect is shown in Figure 14.

Other functions can help you analyze an 
image, rather than processing it, such a 
ImageHistogram[image]. This function plots a 
histogram of the pixel levels for each of the 
color channels in an image. The result of this 
histogram analysis is shown in Figure 15.

These are just a few examples of some of 
the more basic image processing features of 
Mathematica. You will discover a large num-
ber of really powerful image processing tools 
at your disposal. Look for a full list at the 
Wolfram website [9]. I would highly recom-
mend visiting that page and having a go with 
some of the functions yourself.

If you want to preserve the output of any 
of your processed images to the Raspberry Pi 
filesystem, save the command output to a 
variable:

processedimage = U
   ImageAdjust[image, {0.6, 0.2, 1.5}]

The following command then exports the 
image and saves it to a file:

Export["/home/pi/ProcessedImage.jpg", U
       processedimage]

This function saves your processed image 
with the file name ProcessedImage.jpg in the 
/home/pi folder.

conclusIon
I hope this introduction to Mathematica and 
the Wolfram language has been useful and 
inspires you at least to have a go with the 
software and programming in this impres-
sively intuitive language. It is really difficult 
to do justice to a programming language 
like Wolfram and a software package like 
Mathematica in a single magazine article, so 
I would highly recommend visiting the doc-
umentation center for both the Wolfram lan-
guage [10] and Mathematica [3]. Almost ev-
eryone reading this article will find some-
thing useful that could potentially make a 
job they are trying to achieve a whole lot 
easier.

Figure 12: Juno, in this original image, 

will demonstrate some Mathematica 

image processing features.

Figure 13: You can use Mathematica 

to adjust the contrast, brightness, 

and gamma correction.

Figure 14: Adding salt and pepper 

noise to an image.

Figure 15: A histogram of pixel levels 

for each color channel.
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