
An interactive Advent calendar

 Christmas  
 Countdown
An Advent calendar during the Holiday season is a lovely tradition, but 

the calendars on the market are rather ordinary. We describe a Rasp Pi 

project that lets you create an innovative and unique Advent calendar. 

 By Martin Mohr

small surprise gift for the day thanks to the 
servomotors. A wheel driven by a stepper 
motor shows the current date, and LEDs turn 
on for a festive display of lights.

Because the Rasp Pi GPIO pins cannot 
handle all of these components alone, this 
project requires the addition of an I2C bus. 
Each of the electronic modules is on an indi-
vidual board, as shown in Figure 1, which 
makes testing and alterations easy. In this 
way the calendar can be reused for future 
Advent seasons.

You will find all of the wiring diagrams and 
listings for the calendar project as a gEDA 
wiring plan and in EPS format on the Rasp-
berry Pi Geek website [1]. You should look 
for a folder aptly named calender/. A short 
video shows an Advent calendar in use after 
the project has been completed.

Project Plan
Because this project is a relatively compre-
hensive, it makes sense first to develop an 
implementation plan before starting; other-
wise, you might lose track of what needs to 
be done. 

I divided the project into the following 
steps:
•	 Develop	the	design
•	 Determine	the	power	requirements
•	 Set	up	the	Rasp	Pi
•	 Play	the	music
•	 Control	the	lights
•	 Deliver	the	gift	for	the	day
•	 Display	the	date
•	 Test	the	button
•	 Write	the	Master	Control	Program

Pairing a Rasp Pi with a few ICs, 
servomotors, and LEDs makes it 
possible to build a one-of-a-kind 
Advent calendar with moving 

parts	and	musical	accompaniment.	The	basic	
concept behind the design for the project is 
simple: Pressing a button each morning dur-
ing the Advent season will prompt the Rasp 
Pi to play a Christmas tune and deliver a 
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In this article, I will take you through each 
step of this outline in the order of its ap-
pearance.

Design
The	first	design	idea	that	came	to	mind	was	
to	screw	the	calendar	into	the	ceiling.	This	
notion was rejected because I didn’t want to 
make permanent structural changes to my 
home.	The	second	idea	for	a	design	was	to	
use a pre-made shelf, but I also rejected this 
plan because I didn’t seem to have a straight-
forward way to attach the necessary compo-
nents. Finally, I settled on a design that in-
volved making a frame for the calendar out 
of wood and metal braces. (Figure 2).

By itself, the framework looks to be over-
large, but in fact, this size is necessary to ac-
commodate all of the components of the cal-
endar.	The	pieces	for	the	framing	cost	about	
EUR 20 (ca. US$ 25). Figure 3 shows a sche-
matic drawing of the set of instructions for 
assembling the framework.

Power
I used a simple 12V power supply and a con-
verter	module	(OKL-T/	1-W12N-C)	that	
stepped down the power to the 5V needed by 
the Rasp Pi. However, with a 90 percent effi-
ciency rating, it delivers 1A of electrical cur-
rent. One ampere is not enough for the proj-
ect envisioned here. In a worst case scenario, 

the LEDs alone can use up one-half an am-
pere. Consequently, I decided to use two con-
verter modules. 

This	approach	has	the	added	advantage	of	
avoiding harmful effects to the Rasp Pi that 
might otherwise be caused by power supply 
disruptions through parts like the servo- and 
stepper	motors.	The	little	computer	will	get	
its power via the GPIO pin.

Figure 1: Simple wires connect the individual boards used in this project. These wires won’t 

affect the visual appearance of the calendar because they are not visible.

Figure 2: With no pre-built and practical solution at 

hand, it made sense to construct a framework for 

the calendar out of an economical material like 

balsa wood.

Figure 3: Assembly instructions for the Geek Advent 

calendar framing.
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ages, you should install the system on the SD 
card using the command:

$ sudo dd if=2014‑06‑20‑wheezy‑U
  raspbian.img of=/dev/sdd

When	you	first	boot	the	system,	be	sure	to	ex-
pand the filesystem in the Raspi-config config-
uration tool, change the password for user pi, 
and set the locale and keyboard settings under 
Internationalisation Options to match your lo-
cation and computer. If you are running more 
than one Rasp Pi on your network, then you 
will have to change the hostname in the Ad-
vanced Options, and you should enable SSH 
here, too, to access your Pi remotely.

A restart accepts the changes you made. 
The	IP	address	of	the	Rasp	Pi	is	shown	at	the	
end of the boot information, or you can find 
it with nmap. Log on to the console using:

ssh pi@<RaspPi‑IP>

Next,	update	the	operating	system	via	
apt‑get	and	download	and	set	up	the	Wir-
ingPi library [3], found on Git, to control the 
GPIO interface:

$ sudo apt‑get update
$ sudo apt‑get upgrade
$ git clone git:// git.drogon.net/ wiringPi
$ cd wiringPi
$ ./ build

To	determine	whether	the	GPIO	interface	has	
been set up successfully, use the command 
gpio readall	(Listing	1).	The	software	dis-
plays the pin-out of the GPIO interface; you’ll 
use this information later.

Music
To	play	music,	I’ll	use	the	ogg123 command-
line tool from the vorbis-tools	package.	The	
tool can be installed with the command:

$ sudo apt‑get install vorbis‑tools

OGG is the only audio file format this player 
uses, so you need to convert the file format 
of the music you want to use with your ad-
vent calendar to .ogg. After converting the 
files, put them in a sub-folder with a name 
like calender/music/.	Number	each	music	
title contained in the subfolder starting 
with 1 and continuing through 24 so that 
each piece is played in the order and on the 
date specified (i.e., December 1-24).

For	this	project,	I	used	inexpensive,	stan-
dard	box	speakers	attached	to	the	Rasp	Pi	

The	voltage	converter	module	used	here	is	
a switch converter that takes the entire 
amount of voltage received and pushes it 
through in small packages. From one power 
supply that delivers 12V and 1A, then, I can 
get two separate 5V units that each produce 
1A of current. If I use a linear regulator, I will 
actually need a 2A power supply, because the 
regulator	converts	excess	power	into	heat.

A filtering RC (resistor-capacitor) circuit 
smooths the impulse frequency back into a 
clean voltage to achieve a reasonably useful 
voltage	output.	The	circuit	therefore	under-
takes something akin to a voltage conversion 
without losing power.

The	output	voltage	may	be	adjusted	over	
a	limited	range	by	connecting	an	external	
trim resistor (Rtrim) between the trim pin 
and	ground.	The	trim	is	a	combination	of	a	
1.8Kohm resistor and a 500-ohm potentiom-
eter, making it simple to adjust to 5V. The	
converter fits easily on a breadboard after 
some quick soldering of a header row (Fig-
ure 4). Adding a capacitor to the circuit lay-
out serves to dampen any peaks in current 
that the motors may generate at times.

setting uP the rasP Pi
The	operating	system	used	in	this	project	
was an updated version of Raspbian [2]. 
After downloading and unpacking the im-

$ gpio readall

 +‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑‑‑‑‑+‑‑‑‑‑‑+‑‑‑+‑Model B2‑+‑‑‑+‑‑‑‑‑‑+‑‑‑‑‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑+

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

 |  27 |   2 | GPIO. 2 |   IN | 1 | 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 | 0 | IN   | CE0     | 10  | 8   |

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

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

 |  28 |  17 | GPIO.17 |   IN | 0 | 51 || 52 | 0 | IN   | GPIO.18 | 18  | 29  |

 |  30 |  19 | GPIO.19 |   IN | 0 | 53 || 54 | 0 | IN   | GPIO.20 | 20  | 31  |

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

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

 +‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑‑‑‑‑+‑‑‑‑‑‑+‑‑‑+‑Model B2‑+‑‑‑+‑‑‑‑‑‑+‑‑‑‑‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑+

Listing 1: Reading the WiringPi GPIO Setup
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jack. If for some reason the Rasp Pi does not 
play the music, you can try to set the music 
audio output by entering the

amixer cset numid=3

command.

lights!
Thirty-two	blue	LED	chaser	lights	ring	and	il-
luminate the small opening used to deliver 
the daily gift, which far surpasses the num-
ber	of	I/	O	ports	on	the	Rasp	Pi.	

The	I2C	bus	makes	it	possible	to	connect	
additional	I/	O	components	(see	the	“I2C	
Bus”	box).	The	WiringPi	tools	are	also	rele-
vant here because they include the necessary 
drivers.

The	PCF8574	microchips	I	used	for	this	
project	behave	in	interesting	ways.	They	de-
liver	a	maximum	of	0.1mAh	per	output.	This	
is insufficient to light even one LED. Fortu-
nately, the chip is not so stingy in drawing 
power and as a result can tolerate 20mAh per 
output.

For the project described here, this means 
you should connect the LEDs and their pre-
resistor	to	the	positive	supply	voltage.	The	
LEDs	will	light	up	as	soon	as	the	I/	O	ports	
switch	to	a	logical	zero	–	exactly	the	opposite	
of	what	normally	occurs.	Technically	speak-
ing, this does not cause any problems other 
than that you will need to program the ports 
accordingly.

The	PCF8574	microchip	has	three	address	
inputs with which to communicate with the 
serial	bus.	The	wiring	diagram	(Lauflicht.
sch) shows the four boards occupying the ad-
dresses	from	0x00	to	0x03.	The	eight	I/	O	
ports	of	the	PCF8574	are	connected	directly	
to the LEDs.

Installing i2c‑tools helps make sure using 
the I2C bus on the Rasp Pi is reasonably 
straightforward; then, you can load the 
driver for the I2C interface:

$ sudo apt‑get install i2c‑tools
gpio load i2c

After	you	have	put	the	four	PCF8574	I2Cs	to-
gether and wired them according to the wir-
ing diagram, you should use the gpio i2cd 
command to determine whether the connec-
tion to the bus has been made (Listing 2). 
The	microchips	use	addresses	0x20	to	0x23.	
Entering the commands

i2cset ‑y 1 0x20 0xff
i2cset ‑y 1 0x20 0x00

allows	you	to	control	the	boards.	The	param-
eter 0xff shuts everything off.

In the subfolder calender/led/, you 
should set up a Perl script for each day; that 
is, you should set up script files with names 
extending	from	01.pl to 24.pl. Addition-
ally, you should create a file named led.
pl where you can deposit the circuit se-
quence	options	for	the	LEDs.	The	config.
pl file contains the settings. 

The	examples	provided	online	can	be	
modified	and	adapted	by	the	user.	The	
files for the days contain only the invoca-
tions for the LED lighting patterns and the 
appropriate parameters.

To	start	a	script	that	invokes	all	of	the	
subroutines (Listing 3), you need to store 
two symbolic links in the calender/ 
folder, as well:

$ ln ‑s ./led/config.pl config.pl
$ ln ‑s ./led/led.pl led.pl

Then,	invoke	scripts	from	the	folder	with

perl test.pl

to make sure everything runs correctly.

gifts
The	most	difficult	part	of	the	project	
proved to be setting up the daily gift deliv-
ery.	The	servomotors	were	not	at	all	as	
easy	to	control	as	I	had	hoped.	The	un-

The serial data bus is suitable for 
short-distance communication on 
boards or within devices. The data 
transmission occurs synchronously 
via two wires. One is the data wire 
SDA, and the other is the clock line 
SCL. Both wires draw pull-up resis-
tance to a positive pole. The bus 
master initiates communication.

The I2C bus has a 7-bit address range 
and can therefore serve 128 sub-
scribers, minus the 16 addresses that 
are already reserved. Typically, it is 
only possible to choose among the 
lower 3 bits of the addresses on the 
client. The upper bits are generally 
wired tight. The datasheet accompa-
nying the component identifies the 
possible addresses.

The bus transmits data in bytes. The 
transmission speed amounts to be-
tween 100Kbps bidirectional, or stan-
dard mode, and 5Mbps unidirec-
tional, or ultrafast mode. Options for 
increasing the coverage of the I2C 
buses range from reducing the pull-
up resistors to tunneling through 
CAN bus drivers.

i2c Bus

Figure 4: The voltage converter module solders easily onto a breadboard.
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If you forget the ‑‑pcm switch, ServoBlaster 
could destroy the sound output of the Rasp 
Pi. Servod manufactures a device driver that 
is straightforward to use and can be con-
trolled with the echo command. Using the 
parameter 2=140, you can write a value 
of  140 to servo 2:

$ echo 2=140 > /dev/servoblaster

This	sets	the	shaft	about	mid-position.	The	
values written to the servos used in the proj-
ect vary between 90 and 190, which in turn 
correspond to a 120-degree angle. Each servo 
behaves differently, so it makes sense to play 
around with the values.

The	script	Load.pl from the calender/
servo/ folder should be used to bring all of 
the servos to a loading position. Just as is the 
case with the LEDs, the folder contains a 
script	for	each	day.	To	stop	ServoBlaster,	you	
should enter the command

$ sudo killall servod

to end all servod processes.

stePPer Motor  
anD a Button
A stepper motor turns a round disk to the ap-
propriate day for display of the current calen-
dar date. After doing some research, I de-
cided against building a stepper motor driver 

foreseen difficulties led 
to a three-gift limit for 
each	servomotor.	The	
original plan had called 
for one servomotor to 
handle	six	gifts.	Re-
loading the calendar 
with a second set of 12 
gifts after the first set 
of 12 gifts had been 
disbursed proved to be 
a successful work-
around.

Both the servos and 
the LEDs are connected to the second voltage 
regulator. Optocouplers provide the signaling 
necessary	to	uncouple	the	I/	O	ports	of	the	
Rasp	Pi	from	the	servomotors.	The	wiring	di-
agram (Servo.sch) shows the structure of the 
amplifier	stages.	The	ServoBlaster	tool,	
which controls the servos, is available on 
GitHub as source code:

$ git clone U
  git://github.com/richardghirst/PiBits.git
$ cd PiBits/ServoBlaster/user
$ make

Following this process, you should start the 
server to load the userspace device driver for 
the four servomotors:

$ sudo ./servod ‑‑p1pins=7,11,12,15 ‑‑pcm

#!/usr/bin/perl ‑w

require "./led.pl";

blink(5,200000);

up2down(1,200000);

diagonal2(1,200000);

left2right(1,200000);

diagonal3(1,200000);

down2up(1,200000);

diagonal1(1,200000);

right2left(1,200000);

diagonal4(1,200000);

lauflicht(1,200000);

Listing 3: test.pl

Figure 5: The stepper motor driver control turns the motor just a few degrees each day so the current date will 

be displayed.

$ gpio i2cd

     0  1  2  3  4  5  6  7  8  9  a  b  c  d  e  f

00:          ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑

10: ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑

20: 20 21 22 23 ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑

30: ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ UU ‑‑ ‑‑ ‑‑ ‑‑

40: ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑

50: ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑

60: ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑

70: ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑ ‑‑

Listing 2: Checking the PCF8574
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control	and	instead	chose	to	use	a	TB6560	
module (Figure 5).

The	stepper	motor	used	for	the	project	was	
taken	from	an	old	printer	(see	the	“Step	by	
Step”	box).	A	floppy	disk	drive	would	also	
serve	as	a	good	donor	for	this	project.	The	
motor selected was configured so that it com-
pleted a full turn in 48 steps, which meant 
that the motor turned two steps each day of 
the Advent calendar. I connected the control 
module directly to the Rasp Pi, because the 
module has galvanically isolated control in-
puts.	The	wiring	diagram	(Stepper.sch) 
shows the wiring. You can use the GPIO pins 
to test whether the control function works:

$ gpio mode 11 out 
$ gpio write 11 1 
$ gpio write 11 0

When	considering	the	button	that	will	be	
used to release a gift each day (Stepper.sch), 
bear in mind that the GPIO interface for the 
Rasp Pi can only tolerate 3.3V. You can test it 
with the command gpio readall.

MasterMinD
A central control unit, or mastermind, keeps 
all of the electronic components working to-
gether	properly.	The	primary	function	of	the	
unit is to sit and wait for the button to be 
pressed and start the programs and scripts 
for the relevant date. 

Some components, like the audio player, 
need to start asynchronously in a discrete 
process.	The	master	script	(mcp.pl; Listing 4) 
manages other processes, such as the control 
for the stepper motors, directly. Once the 
script starts up, it will run continuously for 
24 days. You should start it 
in an SSH shell by entering

nohup perl mcp.pl &

You will find all of the 
steps necessary for initial-
izing the hardware in the 
script init.pl file (List-
ing	5),	which	can	be	exe-
cuted,	for	example,	after	a	
reboot.

festive anD 
chic
The	aesthetics	of	the	
framework used for the 
calendar are admittedly 
somewhat unique for the 
Christmas season, but it is 
easy to change the appear-
ance for something more 
festive and elegant simply 
by using some holiday dec-
orations	(Figure	6).	  ● ● ●

As is evident from the name, a stepper motor 
positions its rotor in a step-by-step process. 
This makes it possible to achieve exact posi-
tioning. As a rule, the rotor of a stepper motor 
is made from a permanent magnet, and the 
strator consists of numerous coils wound in 
precise angles. If the rotor generates a mag-
netic field, then the coils that compose the 
strator are activated in a cyclic order, and the 
motor begins to turn. The rotor generates a ro-
tating magnetic field for smooth rotation.

Controlling a stepper motor is not necessarily 
trivial, so special chips have been developed to 
accomplish this task, such as the TB6560AHQ 
stepper motor driver IC chosen for this project. 
This particular chip supports various operating 
modes, including half and quarter steps, and it 
also monitors current. These features guaran-
tee that the motor performs as intended.

steP By steP

01  do {

02     $tag=(localtime(time))[3];

03     $tag = $tag < 10 ? $tag = "0".$tag : $tag;

04     print "Waiting for button";

05     do {

06        open($t,"gpio read 10 |");

07        $i=<$t>;sleep 1;

08     } while($i=~m/0/);

09     print "Current day: $tag\n";

10     system ("nohup ogg123 ./music/$tag* &");

11     print "Music started\n";

12     system ("gpio write 11 1");

13     system ("gpio write 11 0");

14     system ("gpio write 11 1");

15     system ("gpio write 11 0");

16     print "Day set\n";

17     system ("nohup perl ./led/$tag.pl &");

18     sleep 25;

19     system ("perl ./servo/$tag*");

20     sleep 1000;

21  } while($tag<=24);

Listing 4: Master Script

01  system("gpio load i2c");

02  print "I2C Driver loaded\n";

03  system("gpio mode 11 out");

04  system("gpio write 11 0");

05  system("gpio mode 10 in");

06  print "IO Ports configured\n";

07  system("sudo ~/PiBits/ServoBlaster/user/servod ‑‑p1pins=7,11,12,15 ‑‑pcm");

08  print ("ServoBlaster started\n");

Listing 5: Initializing Hardware

[1]  Code and schematics:  
ftp://  ftp.  linux‑magazin.  com/ 
 pub/  listings/ 
 raspberry‑pi‑geek.  com/  08

[2]  Raspbian:  
http://  www.  raspbian.  org

[3]  WiringPi: http://  wiringpi.  com

info

Figure 6: The Advent calendar might start out as a bit 

of an ugly duckling, but it is easy to transform for the 

holiday season.
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