
Exploring the Pixy sensor with Mathematica

Tracking 
Number
We show how to track objects and plot their movement using the Pixy 

camera and the Mathematica package that’s included with 

Raspbian. By Rob Reilly

up ideas of your own. Exploring new ideas 
and tools requires prototyping and testing to 
get an understanding of what you have to 
work with.

Note that I pretty much work exclusively 
on Linux machines, which is what runs the 
Raspberry Pi. I use Xubuntu Linux on my 
workhorse Asus notebook.

Meet the Pixy
The Pixy is a $75 open source, open hard-
ware board that can track hundreds of ob-
jects (using seven different colors) at 50 
frames per second. It outputs x-y data, object 
height, and corresponding object names to a 
variety of hardware interfaces, including 
UART serial, SPI, I2C, USB, or digital/ analog 
devices. My experiments used the USB con-
nection, because that worked with both the 
Pi and my Asus Linux notebook.

The front view (Figure 1) shows the cam-
era sensor and lens assembly at the top and 
the GPU (large square IC) just below it. The 
little white button, at the top right of the 

lens, is the mode selector. Simply push and 
hold the button to get the Pixy to “learn” 
and track an object.

The back side of the Pixy (Figure 2) 
shows the large black SPI connector 
at the top right. The mode selection 

The Pixy camera [1] was developed 
at Carnegie Mellon University and is 
a fairly specialized vision sensor. 
Does it take gorgeous 10-megapixel 

photographs? No. It tracks things and sends 
data about the objects to microcontrollers, 
Raspberry Pis, Beagle Bones, and notebook 
computers.

Mathematica [2] is a data analysis and 
plotting package that’s bundled into the 
Raspbian OS [3] on the Raspberry Pi. It can 
crunch numbers and help you visualize all 
kinds of trigonometric, calculus, and mathe-
matical functions.

I wanted to develop a basic process to get 
data from the Pixy into Mathematica on the 
Raspberry Pi in preparation for more in-
depth projects. The premise was to track an 
object with the Pixy and then plot the coordi-
nates of the x and y data. In the future, I 
might want to suspend the Pixy over a robot 
arena and analyze bot movements or predict 
the path of a ping pong ball, as captured by 
the Pixy. I’m sure you are already thinking 
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Rob “drtorq” Reilly is an 
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and the Internet of Things (IoT). 
He regularly hacks out prototypes 
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http://  drtorq.  com or contact him 
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button is at the top left. Just below it and 
to the left is the USB micro-B (five-pin) 
connector. At the lower right, you’ll see 
the six-pin servo header, and just below 
that is a two-pin power header. The Pixy 
can draw power from the USB, SPI, or two-
pin connectors.

The Pixy sensor packs a lot of computa-
tional power (and its own graphics pro-
cessing unit) along with complex algo-
rithms in its firmware to perform its object 
tracking feats. It integrates with other mi-
crocontrollers and acts as a sensor, not so 
much as a standalone device; however, it 
does have basic servo-
control capabilities. The 
device is easily hooked 
up to a Raspberry Pi (Fig-
ure 3), an Arduino, the 
BeagleBone Black, and 
notebook computers.

To capture data and 
send it to a Rasp Pi or 
your Linux notebook, 
you’ll need to install some 
libraries and the Pixy soft-
ware. Comprehensive Pixy 
download and installation 
instructions can be found 
online [4] [5].

If you are familiar with 
the Linux command line, 
Listing 1 shows a summary.

Once the software is in-
stalled, simply center a 

brightly colored object in front of the Pixy 
lens and hold the mode selection button 
until the colored LED (at the bottom) turns 
red. Release the button and then tap it 
briefly, and the Pixy will have “learned” the 
first color signature. Then, run the hello_pixy 
program below to get a textual readout of 
the x, y, and height values of the object as it 
moves through the Pixy’s field of view. Fig-
ure 4 shows a picture of a blue battery pack 
I tracked for data.

cd /home/pi/build/hello_pixy
sudo ./hello_pixy

Figure 1: Pixy front view. Figure 2: Pixy reverse view.

Figure 3: Connecting the Pixy and Raspberry Pi.
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awk ‑F: '/x/ {U
  print "{" substr($5,1,3)",U
  "substr($6,1,3)"}"}' data.txt  > data2.txt

In this case, the ‑F option sets the colon as the 
field delimiter. I then wanted to include only 
lines with the letter “x,” so I used / x/ to 
match the string. This option eliminates the 
dataless lines of hyphens. Finally, the substr 
option searches the specified fields and prints 
the characters it finds in positions 1 through 3. 
The input field is data.txt, as captured from 
the Pixy. The data2.txt output file is then 
read into Mathematica.

Listing 3 shows snippet of what comes out 
of the Awk program. It’s just one x and y co-
ordinate per line.

Because I was only tracking one object, I 
had no pressing need to include the “Sig 1” 
field. Plotting multiple objects would have to 
take multiple object names and their corre-
sponding data into account.

The next step is to get the data file into 
Mathematica and plot some points.

MatheMatica on the Pi
Start Mathematica from the icon on the main 
Raspbian desktop or the panel. It will take a 
minute or two to initialize. Then, assign a 
variable to the list that will be pulled in with 
the ReadList command.

mydata = ReadList [U
  "/home/pi/pixy/build/hello_pixy/data2.txt"]

Hit the Shift-Return keys to evaluate the com-
mand. After a short period, the imported 
data will appear in the next cell. I had several 
hundred data points, of which only a portion 
is visible in Figure 5.

Use sudo to run the program so you don’t 
have to tweak the USB port permissions. As 
the object is moved in front of the Pixy, the 
data stream will print out the x and y coordi-
nates, along with the object height and 
name. You can capture the data to a text file 
using standard Linux command-line redirec-
tion. For example:

sudo ./hello_pixy > data.txt

A portion of the output I captured from the 
Pixy is shown in Listing 2. At 50 frames per 
second, you get a lot of data very quickly.

This output is easy for humans to under-
stand but not overly useful as input to an-
other program or for automation.

Time-honored Unix/ Linux philosophy 
dictates that I use small general-purpose 
programs, strung together, to process data 
(text) files. In this case, I’ll use Awk with re-
direction to a file. Awk is your text filtering 
and transformational friend [6]. It’s a com-
plete text processing application that runs 
from the command line. With Awk, you can 
easily get the data into a form suitable for 
analysis with Mathematica. Here’s what I 
used:

sudo apt‑get install libusb‑1.0‑0.dev

sudo apt‑get install libboost‑all‑dev

sudo apt‑get install cmake

git  clone  
https://github.com/charmedlabs/pixy.git

cd pixy/scripts

./build_libpixyusb.sh

./build_hello_pixy.sh

LisTing 1: Download and Install

[sig: 1 w: 51 h: 35 x: 25 y: 17]

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

[sig: 1 w:129 h:112 x: 64 y: 56]

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

[sig: 1 w:142 h:135 x: 71 y: 67]

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

[sig: 1 w:149 h:141 x: 74 y: 70]

[sig: 1 w: 16 h:  2 x: 12 y:161]

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

[sig: 1 w:141 h:143 x: 70 y: 71]

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

[sig: 1 w:141 h:144 x: 70 y: 72]

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

[sig: 1 w:165 h:151 x: 82 y: 75]

[sig: 1 w:  5 h:  5 x:  3 y:190]

LisTing 2: Output from Pixy

Figure 4: The blue battery I used for tracking.
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Figure 6 shows the last couple dozen data 
point pairs and a command to plot the points 
with a line using the variable (which is actu-
ally the list of imported data points). Visible 
also is the ListLinePlot command and resul-
tant plot of all the data points.

To make it easier to visualize the motion of 
the object in front of the Pixy, I cut the list 
down to the last 20 data points using the 
tail command (on the Linux command line) 
and redirected it to a new file. The tail com-
mand outputs the end of a file and the ‑n op-

tion specifies the number of lines to grab 
(from the end, backward):

tail ‑n 20 data2.txt > data3.txt

Using the data3.txt file as input to the 
ReadList command in Mathematica pro-
duced Figure 7.

The object is moving around more or less 
in a kind of circular motion. That’s how you 
prototype. Clearly, there’s considerable op-
portunity for improvement of the process 

{ 38, 23}

{ 40, 28}

{ 39, 12}

{ 36, 27}

{ 35, 25}

{ 35, 14}

{ 32, 13}

{ 29, 10}

{ 15, 5}

LisTing 3: Awk Output

Figure 6: Data point pairs and resultant plot.

Figure 5: Data points.
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typing. Interfacing hardware with software, 
applications, and networking gets compli-
cated. Getting things to work the way you 
want is frequently challenging and time con-
suming.

If you want to just gain more experience, 
you can always download and install the 
Pixy programs on your Linux or Windows 
notebook and use hello_pixy and PixyMon 
on those platforms.

GoinG Further
The Pixy is a pretty slick piece of equipment. 
I’ve noticed that the web doesn’t have very 
many practical applications yet. The Pixy 
team at Charmed Labs say they’ll be releas-
ing a firmware update that includes face rec-
ognition sometime in the not too distant fu-
ture. Be on the lookout for that.

Mathematica is a very capable analysis 
and graphing package that’s baked into the 
Raspbian operating system. It has about a 
billion functions – well, 5,000 anyway – and 
runs great on the Pi. Take advantage of it.

Also, don’t let the command line on the 
Raspberry Pi scare you. Why write a Python 
or C program when you can use built-in 
shell commands like awk, tail, vi, and redi-
rection (| < >) strung together to process 
text? It’s fast and lends itself to all kinds of 
automation jobs.

I’ve already started piecing together a 
Pixy/Steampunk eye. I plan to put the Pixy 
inside an 18-inch-tall Steampunk eyeball and 
use servos to track myself in a brightly col-
ored shirt as I move around the stage during 
one of my conference speaking sessions. 
That’s the plan anyway. I’ll be prototyping it 
soon, so a full rundown should appear in an 
upcoming edition of Raspberry Pi Geek.  ● ● ●

and results through refinement in Pixy data 
acquisition and recognition tweaking.

oPerations and 
LiMitations
Numerous things can affect how the Pixy 
captures objects, such as lighting, hues, 
shadows, and so on. Certainly the single 
most important factor is lighting.

I’ve found that using bold primary and 
secondary colors for the object with strong, 
soft lighting gives the best results. Low light 
and shadows make it difficult for the Pixy to 
discern objects and will result in a lot of 
noise and false recognition.

Another program, named PixyMon [7], is 
helpful to see exactly 

what the Pixy sensor 
is recognizing. 
Sadly, my particu-
lar Raspberry Pi 
Model B+ would 

only run the pro-
gram for 20-30 seconds before the desktop 
would freeze up and I’d have to reboot. Per-
haps it was inadequate power, or maybe the 
interaction of the wireless USB keyboard/ 
mousepad and the Pixy threw things off. I 
will have to poke around a bit to figure out 
the problem, but that’s the nature of proto-

Figure 7: Visualizing the movement.

[1]  Pixy: http://  charmedlabs.  com/  default/ 
 pixy‑cmucam5/

[2]  Mathematica: http://  www.  wolfram.  com/ 
 mathematica/

[3]  Raspbian OS: http://  www.  raspbian.  org/

[4]  Connect Pixy to a Raspberry Pi – installa-
tion instructions: http://  www.  cmucam.  org/ 
 projects/  cmucam5/  wiki/  Hooking_up_Pixy_
to_a_Raspberry_Pi

[5]  Connect Pixy to an Arduino using the SPI 
interface: http://  www.  cmucam.  org/  projects/ 
 cmucam5/  wiki/  Hooking_up_Pixy_to_a_Mi‑
crocontroller_like_an_Arduino

[6]  Awk: http://  www.  gnu.  org/  software/  gawk/ 
 manual/  gawk.  html

[7]  PixyMon: http://  www.  cmucam.  org/  projects/ 
 cmucam5/  wiki/  PixyMon_Overview
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