
Using the Rasp Pi to make Halloween really spooky

Trick or Treat
You can give digital support to some pretty scary special effects for 

your next Halloween using the Raspberry Pi. By Martin Mohr

ing in the US. Now, Raspberry Pi (Rasp Pi) 
users have an opportunity to bring Hallow-
een into the cyber age with a digital ghost 
that moans, shrieks, blinks its eyes, and 
waves its arms.

EyEs and Mouth
For the eyes and the mouth, I suggest a ready-
made LED module that consists of the 
MAX7219 and an LED matrix with 8x8 diodes. 
You can purchase this component from nu-
merous sources [1]. Because deliveries from 
China can occasionally take up to four weeks, 
a domestic source might be the best option.

The module has an Serial Peripheral Inter-
face (SPI), which is all you need to connect 
this component to a Rasp Pi. For more infor-
mation on SPI, see the “SPI” box. The circuit 
diagram in Figure 1 shows how to connect 
the modules. You can also find this diagram 
on the FTP site in gEDA and EPS formats [2]. 
A regular, commercially available grid board 
can be used to give the module a solid 
mounting foundation.

Figure 2 shows how the face of the ghost 
looks behind the scenes. If the modules 
come equipped with curled pin connectors, 
you should exchange these for straight con-
nectors. They are used to connect the mod-
ule above the header [3] on the board. With 
this placement, you have the option of recy-
cling the module for later projects.

thE arMs
Two small servomotors cause the arms to 
move. The arms themselves consist of simple 
tension wire that would ordinarily be used for 
fences. Figure 3 shows that the hands are 
made of latex gloves like those used in a med-
ical setting. One sticky point in the truest 
sense of the word was to figure out how to 
fasten the servomotors. The arms work like a 
long lever, so it was important to find a stable 
fastening mechanism and connection.

Trick or Treating on All Hallows Eve 
has spread as a custom practiced by 
many children across the world. 
The practice originated in Ireland 

and crossed the ocean with immigrants arriv-
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If you do not have a power supply with 
the correct voltage for the servomotors, 
then an AC/ DC converter [4] can help 
move things along. Servomotors are known 
to create frequent interruptions in the 
power supply, so it is a good idea to run an 
extra one. The lines for the signals to the 
servomotors can be separated galvanically 
via an optical coupler to prevent disrup-
tions from reaching the Rasp Pi. Avoid con-
necting the wires to ground to ensure gal-
vanic separation. You can view both optical 
couplers in the lower part of the wiring di-
agram (Figure 1).

Waving and spEaking
The ghost should not be in spook mode for 
the entire evening on Halloween, so a passive 
infrared (PIR) motion detector [5] starts the 
mechanism moving by waking up the ghost 
when a person comes near. The sensor works 
together with the GPIO interface on the Rasp 
Pi without any 
problems. You 
can set sensi-
tivity levels via 
one of the two 
potentiome-
ters.

SPI was developed in a Motorola laboratory for the purpose of 
connecting different peripheral components, known as slaves, to a 
bus master. Communication occurs serially and synchronously. 
This means that the bus master determines the clock rate for data 
transfer over the CLK line. In addition to this line, two other lines 
are used for data transfers: the MOSI (“Master Out, Slave In”) line 
and the MISO (“Master In, Slave Out”) line.

The devices participating in the communication do not have a 
fixed address. Rather, they simply transfer the data to the next 
slave. In a sense, the SPI bus functions like a very long shift regis-
ter. The CE (Chip Enable) line allows the slaves to determine 
whether the state of the shift register is consistent. As soon as the 
master has shifted all the data to the appropriate slaves, it raises 
a signal, which allows the slaves to carry out their read or write 
operations.

For this process to work smoothly, the bus master has to know the 
entire bus topology. Data from the last participant wanders 
through all of the other participants on the bus. The slaves usually 
have a NOOP (No Operation) function that tells them to ignore the 
data for processing.

To use the SPI bus, you need to adapt the control software pre-
cisely for the hardware, which requires you to read through the 
data sheets carefully for individual devices hanging off the bus. 
The SPI bus is often used for displays because they usually in-
clude large amounts of data in one chunk. In contrast, the Inter-In-
tegrated Circuit (I2C) bus offers numerous advantages in situa-
tions involving many individual read and write operations for a 
variety of I/ O components.

SPI

Figure 1: The circuit diagram for the Halloween ghost. If you have problems with 1Kohm resistors in series, try 

using 220-ohm resistors.

Figure 2: The face of the ghost. Here you can see how the LED modules 

are placed on the board.
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Final assEMbly
To create a really a scary ghost from the indi-
vidual components, you also need a white ta-
blecloth or sheet to cover the construction. 
The material should be thin enough for the 
LEDs to shine through. Figure 4 shows the 
completed Halloween ghost with the Rasp Pi. 
You can download two videos that show the 
finished ghost in action [2].

The Rasp Pi 2 (RPi2) has enough comput-
ing power for you to program this project in 
Java. This language is ideal for the hard-
ware, as long as the suitable Pi4J library is 
used and you have sufficient CPU power 
available. The Pi4J library controls the GPIO 
interface with Java. For this to work error 
free, you must do some preparatory work 
before installation.

installing Wiringpi
The wiringPi library gives you easy access 
to the GPIO interface of the Rasp Pi. Gordon 
Henderson wrote the software and contin-
ues to maintain it. WiringPi contains simple 
commands and a C API for reading from 
and writing to the I/ O ports. WiringPi also 
has drivers for the I2C bus, as well as the 
SPI bus.

In addition to moving its arms, the ghost 
also makes noise. This requires hooking up 
a loudspeaker to the jack on the Rasp Pi 
and then playing back recordings of some 
Halloween-appropriate screeching. (See the 
gost.wav file on the FTP site [2].) The loud-
speaker does not need to be anything spe-
cial. The Play tool, which is called via

sudo apt‑get install sox

suffices for a trial run. If playback does not 
work right away, you can convince the nano-
computer to cooperate and use the corre-
sponding jack for sound output with:

$ sudo amixer cset numid=3 1

You can use an arbitrary WAV file for test-
ing. First, enable the SPI module in 
raspi‑config under the Advanced Options 
menu. There you answer two questions 
with Yes. As soon as the tool is closed, it 
will want to restart the computer, which is 
what should happen. As soon as you can 
access the Rasp Pi again, the SPI module 
needs to be loaded via gpio load spi. This 
should now work without any errors.

Figure 3: The construction for the arms of the ghost together with the ser-

vomotors and latex glove hands. Figure 4: After the complicated final assembly, the ghost is ready for use.
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To add the library to the system, use the 
commands shown in Listing 1. The Rasp Pi 
needs some time for the build. Afterward you 
should test whether the installation was suc-
cessful (Listing 2). For more detailed infor-
mation on wiringPi, go to the homepage for 
the project [6].

sEtting up Java and pi4J
Once you have installed the wiringPi library 
on the Rasp Pi, the next step is to install the 
current Java Development Kit (JDK) from Or-
acle. This can be downloaded directly from 
the Oracle homepage [7]. Using a program 
like SFTP, Linux users can transfer the pack-
age onto the Rasp Pi. Windows users should 
perform this step with WinSCP [8].

To install the JDK on the Rasp Pi, you 
should first create a new directory (List-
ing 3). The Unix filesystem hierarchy stan-
dard (FHS) designates the /opt/ directory for 
additional software. Lines 1 to 3 copy the 
JDK to precisely this directory. Now, you 
should tell the system where it will find the 
new Java version (line 4) and, for the final 
step, that this is what you want to use from 
now on (line 5).

At this point, the Oracle JDK is ready to 
use. You should begin with a small test to 
determine whether the fresh installation 
works error free (Listing 4). One small item 
needs to be modified: Some programs ex-
pect a correctly set JAVA_HOME environment 
variable. You can modify this manually in 
the current session using the following 
command:

$ export JAVA_HOME=U
  "/opt/java/jdk1.8.0_51/bin"

For the first attempts, it is sufficient to in-
clude the variable in your own ~/.bashrc file 
instead:

$ echo 'export JAVA_HOME=U
  "/opt/java/jdk1.8.0_51/bin"' >> ./.bashrc

After the next login, the variable will then be 
in the environment for your account. To set 
the variable system-wide for all users, use 
your root rights to adapt the /etc/environ‑
ment file accordingly.

Now it is time to install the Pi4J library. 
The quickest way to do this is to load the li-
brary directly from the Internet, compile it, 
and create a class file:

$ curl ‑s get.pi4j.com | sudo bash
$ pi4j ‑c <Java program>
$ pi4j ‑r <Class file>

$ sudo apt‑get update

$ sudo apt‑get upgrade

$ git clone git://git.drogon.net/wiringPi

$ cd wiringPi

$ ./build

LISTING 1: Add wiringPi Library
$ gpio readall

 +‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑‑‑‑‑+‑‑‑‑‑‑+‑‑‑+‑‑‑Pi 2‑‑‑+‑‑‑+‑‑‑‑‑‑+‑‑‑‑‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑+

 | BCM | wPi |   Name  | Mode | V | Physical | V | Mode | Name    | wPi | BCM |

 +‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑‑‑‑‑+‑‑‑‑‑‑+‑‑‑+‑‑‑‑++‑‑‑‑+‑‑‑+‑‑‑‑‑‑+‑‑‑‑‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑+

 |     |     |    3.3v |      |   |  1 ||  2 |   |      | 5v      |     |     |

 |   2 |   8 |   SDA.1 |   IN | 1 |  3 ||  4 |   |      | 5V      |     |     |

 |   3 |   9 |   SCL.1 |   IN | 1 |  5 ||  6 |   |      | 0v      |     |     |

 |   4 |   7 | GPIO. 7 |   IN | 1 |  7 ||  8 | 1 | ALT0 | TxD     | 15  | 14  |

 |     |     |      0v |      |   |  9 || 10 | 1 | ALT0 | RxD     | 16  | 15  |

 |  17 |   0 | GPIO. 0 |   IN | 0 | 11 || 12 | 0 | IN   | GPIO. 1 |  1  | 18  |

 |  27 |   2 | GPIO. 2 |   IN | 0 | 13 || 14 |   |      | 0v      |     |     |

 |  22 |   3 | GPIO. 3 |   IN | 0 | 15 || 16 | 0 | IN   | GPIO. 4 |  4  | 23  |

 |     |     |    3.3v |      |   | 17 || 18 | 0 | IN   | GPIO. 5 |  5  | 24  |

 |  10 |  12 |    MOSI |   IN | 0 | 19 || 20 |   |      | 0v      |     |     |

 |   9 |  13 |    MISO |   IN | 0 | 21 || 22 | 0 | IN   | GPIO. 6 |  6  | 25  |

 |  11 |  14 |    SCLK |   IN | 0 | 23 || 24 | 1 | IN   | CE0     | 10  |  8  |

 |     |     |      0v |      |   | 25 || 26 | 1 | IN   | CE1     | 11  |  7  |

 |   0 |  30 |   SDA.0 |   IN | 1 | 27 || 28 | 1 | IN   | SCL.0   | 31  |  1  |

 |   5 |  21 | GPIO.21 |   IN | 1 | 29 || 30 |   |      | 0v      |     |     |

 |   6 |  22 | GPIO.22 |   IN | 1 | 31 || 32 | 0 | IN   | GPIO.26 | 26  | 12  |

 |  13 |  23 | GPIO.23 |   IN | 0 | 33 || 34 |   |      | 0v      |     |     |

 |  19 |  24 | GPIO.24 |   IN | 0 | 35 || 36 | 0 | IN   | GPIO.27 | 27  | 16  |

 |  26 |  25 | GPIO.25 |   IN | 0 | 37 || 38 | 0 | IN   | GPIO.28 | 28  | 20  |

 |     |     |      0v |      |   | 39 || 40 | 0 | IN   | GPIO.29 | 29  | 21  |

 +‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑‑‑‑‑+‑‑‑‑‑‑+‑‑‑+‑‑‑‑++‑‑‑‑+‑‑‑+‑‑‑‑‑‑+‑‑‑‑‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑+

 | BCM | wPi |   Name  | Mode | V | Physical | V | Mode | Name    | wPi | BCM |

 +‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑‑‑‑‑+‑‑‑‑‑‑+‑‑‑+‑‑‑Pi 2‑‑‑+‑‑‑+‑‑‑‑‑‑+‑‑‑‑‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑+

LISTING 2: Test Installation

$ sudo mkdir ‑p ‑v /opt/java

$ gunzip jdk‑8u51‑linux‑arm‑vfp‑hflt.tar.gz

$ sudo tar ‑xvf jdk‑8u51‑linux‑arm‑vfp‑hflt.tar ‑C /opt/java/

$ sudo update‑alternatives ‑‑install "/usr/bin/java" "java" "/opt/java/jdk1.8.0_51/bin/java" 1

$ sudo update‑alternatives ‑‑set java /opt/java/jdk1.8.0_51/bin/java

LISTING 3: Install JDK
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The Pi4J library developers have written the 
Pi4J utility script to make life easier for users. 
It sets the class path correctly so that the 
small Java program can be speedily compiled 
and tested. The command pi4j ‑‑? brings 
up extensive help information. The pi4j ‑c 
command compiles programs. If no error 
message comes back, the command will 

$ java ‑version
java version "1.8.0_51"
Java(TM) SE Runtime Environment (build 1.8.0_51‑b07)
Java HotSpot(TM) Client VM (build 25.51‑b07, mixed mode)
$ javac ‑version
javac 1.8.0

LISTING 4: Test JDK

01  final static File soundFile = new File("gost.wav");
02  static AudioInputStream audioIn=null;
03  static Clip clip=null;
04  
05  public static void main(String args[])throws Exception {
06    final GpioController gpio = GpioFactory.getInstance();
07    final GpioPinDigitalInput pir = gpio.provisionDigitalInputPin(RaspiPin.GPIO_00,PinPullResistance.PULL_DOWN);
08  
09    audioIn = AudioSystem.getAudioInputStream(soundFile);
10    clip = AudioSystem.getClip();
11    clip.open(audioIn);
12  
13    pir.addListener(new GpioPinListenerDigital() {
14      @Override
15      public void handleGpioPinDigitalStateChangeEvent(GpioPinDigitalStateChangeEvent event) {
16        if((event.getState()==PinState.HIGH) && !running) {
17          running=true;
18          System.out.println("wake up");
19          eyeOpen();
20          slp(1000);
21          gost.clip.setFramePosition(0);
22          gost.clip.start();
23          spuk();
24          spuk();
25          spuk();
26          eyeClose();
27          eyeInit();
28          slp(60000);
29          gost.clip.stop();
30          running=false;
31        }
32      }
33    });
34  
35    int fd = Spi.wiringPiSPISetup(SPI_CHANNEL, 1000000);
36  
37    if (fd <= ‑1) {System.out.println("Can't init SPI");return;}
38    init(SPI_CHANNEL, MODULES, INTENSITY);
39    initBuffer();
40    eyeInit();
41    SoftPwm.softPwmCreate( 1, 0, 100 );
42    SoftPwm.softPwmCreate( 2, 0, 100 );
43    SoftPwm.softPwmWrite( 1, 20 );
44    SoftPwm.softPwmWrite( 2, 10 );
45    SoftPwm.softPwmWrite( 1, 0 );
46    SoftPwm.softPwmWrite( 2, 0 );
47    slp(1000*60*60*10);// the program remains active for 10 hours
48  } //main

LISTING 5: Define PIR Input Port
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create a class file of the same name in the 
current directory for the compiled code. This 
file can then be immediately executed.

thE ghost prograM
The entire Halloween ghost program is found 
on the FTP site [2]. As is typically the case 
with Java imports, it defines the class contain-
ing the main() method. All of the data needed 
by the LEDs for creating the eyes and the 
mouth are found in the two-dimensional array 
eye[][]. The task of calculating values for dis-
play is simple but nonetheless time intensive.

Listing 5 shows the crucial section, which 
defines an input port for the PIR sensor. You 
should attach an event listener to this port by 
means of an anonymous class of type Gpio‑
Pin Listener Digital(). In this class, you 
overwrite the method handleGpioPinDigi‑
talStateChangeEvent() with your own code.

The first thing to do is to check that the pin 
is set to HIGH. This prevents the ghost from 
continuing to shriek when the sensor 
switches off. The computer should not exe-
cute the method more than once, so the 
script sets the running variable to prevent 
this from happening. The methods that fol-
low are named so that it is self-evident what 
you should do.

The program plays the WAV file asynchro-
nously. It therefore continues to run as soon 
as playback begins and does not wait for the 
audio file to come to an end. This occurs be-
cause it calls the spuk() method three times 
in succession. The time needed for these 
three calls corresponds almost exactly to the 
playback time for the WAV file.

As a result, everything important happens 
in this section. The slp() method involves a 

wrapper for the Java method 
Thread.sleep(), which hides 
the bothersome try/ catch. At 
the end of the handleGpioPin‑
DigitalStateChangeEvent() 
method, you can recognize the 
call to slp(). It prevents the 
ghost from shrieking on and 
on. The predefined length of 
time during which the ghost 
should shriek can be adapted 
as needed.

The main() method contains 
the steps for initializing the hardware. List-
ing 6 shows another important section in 
the code, which is the copyBufferToLed() 
method. This transmits the local buffer, 
found in the buffer[][] variables, by way 
of the SPI bus to the LED module. All of the 
methods responsible for the animation, like 
eyeClose(), only work initially on the local 
buffer.

The servomotors are controlled with the 
SoftPwm methods from the Pi4J library. This 
works surprisingly well. If you would like to 
have more exact control over the servos, it 
pays to review the ServoBlaster project.

Last but not least, a series of methods are 
responsible for initializing the SPI devices. 
You should study the data sheet for the 
MAX7219 [9] before working with it. Then, 
you transfer the program to the Rasp Pi (e.g., 
using SFTP). Next, the program is compiled 
on the Rasp Pi and then booted (Listing 7). 
Now nothing is in the way of the ghost scar-
ing those who venture near.

ConClusion
This project once again shows what the Rasp 
Pi is capable of doing. The program proves 
that the Pi4J library provides elegant access 
to the hardware. The software presented in 
this article is just one example of how a 
ghost like the one described here can be cre-
ated. It can be adapted and expanded as de-
sired. For example, the ghost could howl 
more gruesomely or be integrated into its en-
vironment. It is relatively unlikely, however, 
that you can have the ghost open the door 
for trick or treaters and hand out candy. 
Nonetheless, Halloween visitors should 
enjoy this Halloween Rasp Pi creation.  ● ● ●

01  public static void copyBufferToLed(){

02    byte packet[] = new byte[MODULES*2];

03    for (int row = 0; row <= 7; row++) {

04      for (int col = 0; col < MODULES; col++) {

05        packet[0+(2*col)] = (byte)(row+1);

06        packet[1+(2*col)] = (byte) buffer[col][row];

07        Spi.wiringPiSPIDataRW(0, packet, MODULES * 2);

08      }

09    }

10  }

LISTING 6: Transmit Local Buffer

$ pi4j ‑c gost.java

+ javac ‑classpath '.:classes:*:classes:/opt/pi4j/lib/*' ‑d . gost.java

$ pi4j ‑r gost

+ sudo java ‑classpath '.:classes:*:classes:/opt/pi4j/lib/*' gost

LISTING 7: Compile and Boot Program

[1]  LED module: http:// www. 
banggood. com/ 5Pcs-
MAX7219-Dot-Matrix-Mod-
ule-MCU-LED-Control-Mod-
ule-Kit-For-Arduino-p- 
1031709. html

[2]  Code, videos of the ghost in 
action, sound file, and circuit 
diagrams:  
ftp://  ftp.  linux-magazine.  com/ 
 pub/  listings/  raspberry-pi- 
geek.  com/  18

[3]  Header strip:  
http://  www.  ebay.  com/  bhp/ 
 female-header

[4]  AC/ DC converter:  
http://  www.  ebay.  com/  itm/ 
 5V-700mA-    AC  -DC  -Power 
 -Supply  -Buck  -Converter 
 -Step  -Down  -Module-/ 
 371064465501

[5]  PIR sensor:  
http://  www.  electrodragon. 
 com/  product/  pir/

[6]  wiringPi:  
https://  projects.  drogon.  net

[7]  Oracle Java:  
http://  www.  oracle.  com/ 
 technetwork/  java/  javase/ 
 downloads/  jdk8-downloads- 
2133151.  html

[8]  WinSCP: https://  winscp.  net/ 
 eng/  download.  php

[9]  Datasheet for MAX7219: 
https://  datasheets. 
 maximintegrated.  com/  en/  ds/ 
 MAX7219-MAX7221.  pdf

INFO
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