
MouseAir launches toy mice for the amusement of cats

 Cat and  
 Mouse
In a valiant effort to entertain a certain black cat, the author 

creates a weapon of mass distraction. In the process, you learn 

how to use servomotors, solenoids, RFID readers, and more with 

the Raspberry Pi. By John Shovic

provide the cat with a greater ongoing supply 
of mice, especially when no one was around. 
Thus, MouseAir was born.

A block diagram (Figure 1) was developed 
in a pub during a wine-tasting adventure, 
and development started the next day. Al-
though a number of new products have ap-
peared for remote pet interaction, such as 

The cat toy launcher is one of the 
more whimsical projects to come 
out of SwitchDoc Labs [1]. It origi-
nated from a discussion surround-

ing a cat named Panther, who loves to bat 
fake furry mice around on the floor but is 
continually knocking them under the oven, 
refrigerator, or couch. Clearly, I needed to 
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iCPooch [2], I have seen nothing like a Rasp-
berry Pi-based WMD (weapon of mass dis-
traction) for cats. The goal is to have the de-
vice detect the cat when it walks by and fire 
a toy mouse into the hallway.

As cat owners everywhere know, you have 
only about a 20 percent chance that your cat 
will like a new toy. I hope that by combining 
a new cat toy delivery system with a proven 
cat toy as ammunition, this probability can 
be dramatically improved. MouseAir clearly 
fills a need that should be addressed. At least 
the project provides a platform for learning 
how to deal with servomotors, DC motors, 
solenoids, and RFID readers.

The MouseAir system is built around a 
Raspberry Pi controlling all the associated 
devices (see the “Parts List” box) and con-
nected to an iPad-based control panel using 
RasPiConnect via a WiFi connection. I am 
using a Pi Camera to capture the cat events, 
to examine the launching mechanism for 
jams, for motion detection, and even for 
streaming video. The actuators are a major 
part of MouseAir and, in some ways, are the 
hardest part of the project to implement, be-
cause they have to be mounted properly.

Ultrasonic sensors
The ultrasonic device is a MaxBotix LV-EZ1 
ultrasonic rangefinder. It communicates 
through a serial interface to the Raspberry Pi. 
I used a SparkFun RaspiRobot board basi-
cally to supply the physical stand for the ul-
trasonic device. I planned to use the board to 
control the DC motors, but the board supply 
ran way too hot and powering the DC motors 
and the Raspberry Pi from the RaspiRobot 
board led to reboots from the Raspberry Pi 

when the motors turned on. I finally gave up 
on the option and used relays and an exter-
nal 12V supply instead.

I had to use a transistor to invert the data 
coming in on the TTL port. Newer devices 
from MaxBotix have an option to invert the 
TTL serial signal without the use of an exter-
nal device.

The LV-EZ1 reads from about 15cm to 
about 2m with very good accuracy, but the 
signal does bounce depending on what it is 
pointed at. I fixed this by only using readings 
less than 18cm to indicate the cat. Although 

Figure 1: Block diagram mapping configuration and communication of MouseAir.

•  Raspberry Pi Model B

•  Pi Camera

•  Flex cable for Raspberry Pi Camera – 300mm/ 
12 inches

•  RS002B: minipan and tilt kit

•  Adafruit bicolor LED square pixel matrix with 
I2C backpack

•  MaxBotix LV-EZ1 ultrasonic rangefinder

•  PN532 NFC/ RFID controller breakout board

•  SparkFun RFID button – 16mm (125kHz)

•  SparkFun RFID USB reader x1

•  SparkFun RFID reader ID-3LA (125kHz) x1

•  SainSmart 2-channel 5V relay module x2

•  Adafruit 16-channel 12-bit PWM/ servo driver – 
I2C interface

•  Handmade 125KHz RFID antenna

•  PVC pipe

•  Hitech HS300 servomotors x2

•  BaneBots RS-555 12V 7,750rpm brushed DC 
motor

•  BaneBots hub, hex, series 40, set screw, 4mm 
bore, 1 wide, 1/ 2-inch hex

•  BaneBots wheel, 1-7/ 8x0.4-inch, 1/ 2-inch hex 
mount, 50A, black/ blue

•  Absolute DLA110 universal power door lock 
two-wire actuator kit

•  5V power supplies x2 (one for the Pi, one for 
servomotors)

•  12V 2A power supply for DC motors

•  Toy mice
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stamp, I use the Python subprocess com-
mands. The camera is activated by the start 
of a launch mouse sequence or by a com-
mand from RasPiConnect. Because of the 
amount of time it takes to acquire and mod-
ify a picture, this code is put into a thread 
and the main loop continues (Listing 1).

In the future, I will add streaming video to 
the device as a pure software solution that 
won’t require any new hardware.

reading the rFid 
@125Khz
I started off with an ID-3LA RFID sensor with 
a USB serial connection to the Raspberry Pi. 
The device requires an external 1.33-milli-
henry (mH) antenna. After looking at the 
web for a while (an excellent source for an-
tenna design is written by Youbok Lee [3]) I 
decided to use a circular antenna of 71 turns 
of AWG24 antenna wire around a 120mm 
plastic bowl (Figure 2). This setup should 
give a range of about 10cm. An added advan-
tage of using a bowl is the ability to stick 
kitty treats inside to entice the cat close 
enough to the antenna. After completion of 

you can turn the mouse launching trigger on 
and off, the ultrasonic device is always run-
ning in MouseAir. I take this ongoing infor-
mation and send it to a live graph running on 
the iPad under RasPiConnect.

camera
I used a standard off-the-shelf Pi Camera de-
signed to plug directly into the Raspberry Pi. 
To activate the camera and then add a time 

01  # take picture

02  cameracommand = "raspistill ‑o /home/pi/RasPiConnectServer/static/picameraraw.jpg ‑t 750 ‑ex " + "auto"

03  output = subprocess.check_output (cameracommand,shell=True, stderr=subprocess.STDOUT )

04  #adding tag to picture

05  output = subprocess.check_output("convert '/home/pi/RasPiConnectServer/static/picameraraw.jpg' ‑pointsize 72  
‑fill white ‑gravity SouthWest ‑annotate +50+100 'Mouse Air %[exif:DateTimeOriginal]'  
'/home/pi/RasPiConnectServer/static/picamera.jpg'", shell=True, stderr=subprocess.STDOUT)

LisTing 1: Take and Tag a Picture

Figure 2: RFID antenna.

Figure 3: The Pi Camera attached to the tilt and pan 

servos.

Figure 4: Mouse projectiles are loaded into a 1-1/ 

2-inch PVC pipe.
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the antenna and the accompanying software, 
I picked up Panther and held him close to the 
antenna. Nothing happened, except for a 
quizzical look from the cat. After doing some 
research, I found a number of incompatible 
“pet chip” systems at 125KHz, at least in the 
United States, so I ordered a compatible col-
lar RFID tag to fix this problem.

nFc experiment 
@13.56mhz
I added an Adafruit PN532 NFC/ RFID 
13.56MHz breakout board to the MouseAir to 
get some experience with the device. I found 
one major issue implementing the NFC 
breakout board on the Raspberry Pi I2C. 

The only Python library I could find was 
written in Python 3, and all the rest of my 
software is in Python 2. I took a stab at start-
ing a translation, but it was way too much 
work. Instead, I have started to write a new 
Python 2-compatible library that I will use in 
a new project (and release on switchdoc.com 
and GitHub). I tested the board using the Py-
thon 3 software and it worked, although the 
range was very short (<2cm) with the built-
in antenna.

camera tilt/ pan
The camera tilt and pan servos (Figure 3) 
were an afterthought. I knew it would be in-
teresting to take a picture of the cat as the 
launch is triggered, but then it occurred to 
me that if I added a tilt and pan, I could also 
see when a mouse launches and whether a 
mouse misloads, which hitting the servos or 
the solenoid might clear. This will be espe-
cially interesting when looking at streaming 
video. The controls on RasPiConnect can tilt 
and pan the camera, and it has two presets 
to watch the cat or the mouse.

moUse-loading servos
Two servos are used to load the mouse from 
a standing 1-1/ 2-inch PVC pipe. I used a plas-
tic corner brace inside the pipe to help align 
the mice. The mice are preloaded by stacking 
them inside the PVC pipe (Figure 4).

The top servomotor opens and then closes 
to let one mouse fall to the lower, closed ser-
vomotor (Figure 5). The bottom servomotor 
then opens and lets the mouse fall down in 
front of the solenoid that will push the 
mouse into the motors.

I found that the choice of cat toy made a 
big difference in the reliability of the system. 
A mouse that’s too furry might jam in the 
pipe. A mouse with a tail that’s too long (or 
too furry) might also periodically jam in the 

pipe. Finally, I found that a “corded” type of 
mouse was the best for loading and launch-
ing (Figure 6).

moUse pUsh solenoid
After the mouse has dropped from the load-
ing tube, it needs to be pushed into position 
between the motors that launch the mouse. I 
appropriated an inexpensive and rugged two-
wire 12V solenoid that is used inside car 
doors to push up door locks. If you energize 
it one way, it shoots out, and if you reverse 
the polarity, it pulls back in. A set of two re-
lays to swap plus and minus accomplished 

Figure 5: The top chamber opens to drop a mouse 

into a lower chamber.

Figure 6: Mouse toy alternatives.
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mated and timed to make sure that the 
mouse proceeds through the mechanism 
properly and to provide a good experience 
for the cat:
1. Take a picture of the unsuspecting cat. Py-

thon threads this step in the background so 
the rest of the launch can proceed quickly.

2. Open the top servomotor to load the 
mouse into the pre-load chamber and then 
close the servo.

3. Open the bottom servomotor to drop the 
mouse in front of the door lock solenoid 
and then close the servo.

4. Start the thrust motors one at a time to 
minimize the inductive kickback to the 
power supply.

5. Fire the door lock solenoid, propelling the 
mouse between the two spinning motors.

6. The mouse is launched!
7. Retract the solenoid and shut off the two 

spinning motors.
Now the system is re-armed for the next 
mouse launch.

control panel
I really like having control panels for my 
projects, and I admit that I have used a lot of 
switches and lights in the past to make 
things look cool. However, in my advanced 
state of enlightenment, I have determined 
that I would rather build the control panels 
in software on an iPad and have the ability to 
control the device remotely from either 
across the room or across the Internet.

To do this efficiently, I use an application 
called RasPiConnect [4]. The app supplies a 
number of different controls, web views, and 

live graphs. The last proj-
ect I built with this app 
(Project Curaçao, a solar- 
and wind-powered remote 
environmental monitoring 
system) used more than 
100 controls, so I decided 
to use RasPiConnect to 
build the control panel for 
MouseAir. 

Using the RasPiConnect 
is a lot easier than trying 
to write a custom iPad or 
iPhone app for a project. 
RasPiConnect communi-
cates with a Python-based 
server on the Raspberry Pi 
and can even talk to Ardui-
nos. 

I created a MouseAir 
control panel with all four 
groups of controls on one 

the push and the pull. Originally, I bought 
this solenoid to launch the mouse from Mou-
seAir, but I quickly found that it just didn’t 
have enough energy to fire the mouse more 
than a few inches. However, I later found 
that it provided plenty of energy to move the 
mouse between the thrust motors.

thrUst motors
One of the most interesting parts of this de-
sign was figuring out how to provide enough 
energy to shoot the mouse through the air. I 
looked at some pneumatic designs, such as 
those used for potato guns (too messy and 
hard to control); at direct solenoid pushes 
(old pin ball machines use 50V to throw balls 
around, but I wanted a 12V system), and at 
some kind of cocked, spring-loaded throwing 
arm (this idea would have worked and 
would have looked very cool, but it also 
would have been a bit more dangerous). Fi-
nally, I saw a ping-pong-ball-launching ma-
chine that used two motors to accelerate the 
ping pong balls. 

I determined that inexpensive 12V DC mo-
tors with some medium-hard plastic wheels 
would work with my projectiles and that 
7,750rpm motors were more than I needed. 
A optimally placed mouse will go more than 
7 meters with no problem at all. Figure 7 
shows a mouse ready to be launched by the 
solenoid and motors, and Figure 8 shows the 
completed project

Firing seqUence
MouseAir goes through a specific set of steps 
to launch a mouse. These steps are auto-

Figure 7: A toy ready to be launched. Figure 8: The completed MouseAir prototype project.

[1]  MouseAir project:  
http://  www.  switchdoc.  com

[2]  iCPooch:  
http://  www.  icpooch.  com

[3]  Antenna circuit design for 
RFID applications:  
http://  ww1.  microchip.  com/ 
 downloads/  en/  AppNotes/ 
 00710c.  pdf

[4]  RasPiConnect:  
http://  www.  milocreek.  com

[5]  Source code:  
github.  com/  switchdoclabs
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be a better design, perhaps with a servo that 
pushes the mouse into the loading position. 
The range of the RFID system I used was too 
short: I need to use bigger antennas and big-
ger targets. 

Additionally, the control system is too lim-
ited: I’ll admit I love the motors, but I would 
like to have better control over individual 
motor speeds; then, I could control the direc-
tion and distance of the mouse.

Finally, I am tired of building foam and 
plastic mounts for the devices I use in vari-
ous projects. I need to purchase a decent 3D 
printer to build parts, which will be the topic 
of an upcoming article. Maybe I will build cat 
toys with it.  ● ● ●

page (Figure 9) as follows: (1) The camera 
controls (blue buttons) show the current pic-
ture or video stream. I can also position the 
camera or use the presets that look at the cat 
or the mouse. (2) The buttons in the gray 
panel allow me to control all of the loading 
servomotors, the DC motors, and the launch 
solenoid. Along with the camera, it allows 
me to launch mice manually and attempt to 
clear any jams. (3) The three trigger controls 
allow me to turn the ultrasonic, RFID, and 
camera motion triggers on and off. (4) A live, 
continuously updated graph shows the cur-
rent output from the ultrasonic sensor. The 
ultrasonic sensor runs all the time but only 
triggers a mouse launch when the ultrasonic 
trigger is turned on.

soFtware system
The MouseAir software is pretty simple, with 
two main pieces of software. The first piece 
is the MouseAir.py program that comprises 
about 1,000 lines of custom code [5]. The 
second part of the program is the custom 
part of the RasPiConnectServer Python rou-
tine, called Local.py, of about 700 lines. 
Local.py writes and reads to various files to 
communicate with the MouseAir.py main 
code. Both programs are running at the same 
time (Figure 10).

reactions
Most cat toys are designed to persuade a per-
son to make a purchase; it’s more difficult to 
market to a cat. MouseAir demonstrations 
have caused a lot of laughter, avoidance of 
mice flying through the air, and some odd 
looks at the author. People enjoy this project 
because it makes noises and throws things. 
People score: 85 percent approval, 15 percent 
head shaking.

Panther the cat, on the other hand, ran in 
terror the first time he triggered the device 
with his RFID collar. (He was bribed with cat 
treats in the RFID antenna bowl.) He has ig-
nored manual mouse launches, beyond fol-
lowing the mice through the air with his 
eyes, but he will still seek the mice out when 
they are on the floor and knock them under 
doors, appliances, and couches. Cat score: 30 
percent approval, 70 percent indifference. I 
consider that a success.

analysis
After completing a functional version of 
MouseAir, I considered a few things I would 
do differently the next time. The loading 
mechanism is unreliable: A slanted channel 
with the mice positioned side by side might 

Figure 9: The MouseAir control panel.

Figure 10: System block diagram of data flow.
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