
Netatalk does everything Apple Time Capsule  
does, for a lot less money

 From Time  
 to Time

If you’re a Mac user and would like the convenience of the Apple 

NAS Time Capsule hardware without the expense, you can build 

a low-cost alternative with a Raspberry Pi and an external hard 

drive. By Tobias X. Vogel

hardware backup solution. The latest version 
of the Netatalk library allows for Time Ma-
chine Backups on a Linux server without en-
croaching on the Mac system.

ThaT Sinking Feeling
Eventually you will experience – or per-
haps you have already experienced – a mo-

ment when you desperately 
wish you had a backup 

of critical data, such 
as when the spread-
sheet with quarterly 

results for your 
employer 
crashes, or 
when an 
essay you 
have written 

is due, but you 
discover it is com-

pletely garbled. Many 
users proceed on the as-

sumption that their com-
puter will never malfunc-

tion, then they have to face 
the sad reality that they don’t 

have a backup.
People in the Windows world have 

many backup programs from which to 
choose, ranging from those available free 

of charge to those used at the highest pro-
fessional levels. Linux fans often bet on 

L inux and the Raspberry Pi have 
worked fairly well with the Apple 
filesystem for a while now, so it’s 
possible to add a Rasp Pi to your 

Apple net-
work for 

use as 
a 
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Tobias X. Vogel is a data center 
specialist and systems adminis-
trator who, in his spare time, 
works as a programmer for nu-
merous open source projects. 
He also tinkers with electronic 
circuits so that 
someday he 
can finally 
check on the 
water level in 
his coffee ma-
chine via WiFi.

The AuThor

FeATures
Rasp Pi Time Capsule

RasPbeRRy Pi Geek issue 0424



console tools like rsync or FSDump. The 
Apple world doesn’t have as many applica-
tions as in Windows, but the internal backup 
for Apple applications is extremely well inte-
grated into the operating system. The Time 
Machine backup software (see the “Time 
Machine/ Capsule” box) arrived on the scene 
as part of Mac OS X 10.5 (“Leopard”) in 
2007.

In this article, I describe two ways to use 
the low-cost Raspberry Pi as an alternative 
to the much more expensive product built in 
Cupertino: One method is suitable for use 
by a highly experienced user who is not 
afraid to compile code, and another method 
uses pre-compiled binary packages accessi-
ble online.

gaThering The goodS
As a prerequisite to this project, you will 
need a Raspberry Pi. The early model A with 
only 256MB of RAM is good enough, and a 
USB hard disk is an acceptable storage me-
dium. An advanced user might want to con-
sider a configuration that includes two USB 
hard disks to increase reliability through mir-
roring or for increased capacity.

You can connect the Rasp Pi to the net-
work directly with an Ethernet cable or by 
using a WiFi dongle in the USB port. You will 
find a list of adapters that work well with the 
Raspberry Pi on the web [2]. One possible 
source of information about setting up your 
Rasp Pi is an article published in Linux Pro 
Magazine and available online [3].

Next, you will need a powered USB hub, 
because the voltage of the Raspberry Pi 
pushes the built-in USB port for external 
hard drives to their limits. During installa-
tion, you will also need a USB keyboard and 
a monitor with HDMI or composite video 
input.

Additionally, you boot your Rasp Pi from 
an operating system on an SD card. A card 
with 2GB capacity is sufficient for basic oper-
ation of the system. If you want to compile 

the software, you need an SD card with at 
least 4GB capacity.

A current version of Raspbian in the form 
of an image file [4] will become your Rasp-
berry Pi operating system. Finally, a FAT32-
formatted USB stick helps during bootup, but 
it is not absolutely necessary.

geTTing ready
To begin, you should write the image file of 
the operating system onto the SD card. How-
ever, it is not sufficient just to unpack and 
copy the file onto the SD card. After follow-
ing the detailed instructions on the eLinux 
website [5], insert the SD card you have pre-
pared into the SD Card slot and connect only 
the keyboard and monitor.

The Raspberry Pi does not have a power 
switch. Instead, the boot process begins as 
soon as you connect a power supply. If the 
LED power light is a weak red and nothing 
else is happening, then either the Rasp Pi has 
not been able to read the SD card that has 
been inserted, or the image file was not writ-
ten correctly on the card. If the system boots, 
you land in the Raspberry Pi Software Con-
figuration Tool (raspi-config).

Once the system is up and running, the 
user pi is automatically assigned the pass-
word raspberry. You should be careful when 
entering a new password because the system 
is pre-configured to start with an UK-style 
keyboard layout. As a result, some letters 
and symbols are interchanged. Therefore, it 
is a good idea to set up the keyboard first by 
choosing option 4 Internationalisation Op-
tions.

Under option 3, Enable Boot to Desktop/ 
Scratch, you can select the option to start in 
the text console; the system does not need 
a graphical desktop. Additionally, you 
should activate the so-called Secure Shell 
under option 8, Advanced Options, so that 
you can maintain the computer without a 
keyboard and screen if you need to. After 
you have completed the setup, you can 

If you have a Mac with an operating system 
newer than v10.5 and haven’t taken a look at 
Time Machine, you should click on the icon that 
looks like a clock with a circular arrow around it 
in the right-hand menubar.

Time Machine makes it possible to get regu-
larly scheduled snapshots of the entire file-
system or the parts of the system you 
choose. External hard drives or the Apple 
Time Capsule hardware [1] can be used as 
the backup medium.

The name “Time Capsule” obscures what is ac-
tually a straightforward NAS with an integrated 
WiFi adapter. NAS, or network-attached stor-
age, is a self-powered network storage system, 
often with two to five disks, for private use that 
distinguishes itself with its quiet and energy-ef-
ficient operation.

Aside from lifestyle branding, a designer hous-
ing, and a kind of built-in sensuality, the Rasp-
berry Pi can do everything that Time Capsule 
does.
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(Enter) and that you would like to utilize all 
of the space on the hard disk.

You can assign partition type HFS+ (the 
Mac journaling filesystem) to the newly 
created partition by pressing T and typing 
af for the partition code; confirm this by 
pressing Enter. W writes the changes to the 
hard disk, and pressing Enter confirms and 
exits.

Before formatting the partition with a file-
system, make sure to read in the partition ta-
bles again with the command:

sudo partprobe

If the command does not cause any errors, 
then you can continue with formatting; oth-
erwise, you should restart the system with

sudo reboot

Before formatting the partition, you will need 
the HFS tools. First, you should make sure 
the list of software packages is up to date by 
issuing:

sudo apt‑get update

Now, you can install the suitable software 
programs with

$ sudo apt‑get install hfsplus hfsprogs

and format the partition,

$ sudo mkfs.hfsplus ‑s ‑J U
  ‑v <partition name> <device file>

naming the partition as desired. In this ex-
ample, the name of the device file is /dev/
sda1. 

For your setup, you should change the de-
vice and the path name accordingly. After-
ward, you should execute the commands:

$ sudo cp ‑v /etc/fstab{,.orig}
$ echo ‑e "UUID=$(sudo blkid ‑o value U
  ‑s UUID /dev/sda1)\t/var/timemachine\U
  thfsplus\tforce,rw\t0 0" | U
  sudo tee ‑a /etc/fstab

Make sure to review carefully each character 
of the echo command line before executing 
it. The command creates an additional entry 
in the filesystem that defines the mountpoint 
of the partition created on /var/timemachine 
and declares the filesystem options. The last 
command creates a backup copy of the /etc/
fstab file named /etc/fstab.orig.

close the tool with Finish and restart the 
computer.

inSTalling Backup 
STorage
Connecting a single external hard drive is 
simple: Enter

sudo tail ‑f /var/log/syslog

then plug in the hard drive and watch the 
output on the screen until you see a line sim-
ilar to:

sd 0:0:0:0: [sda] Attached SCSI Disk

Stop the listing with Ctrl+C. Provided 
your hard disk is sda, the list of partitions 
follows on another line. The SD card will 
be named mmcblk0, and the partitions on 
it are named mmcblk0p1 and mmcblk0p2, 
respectively.

Do not be concerned, even if nothing 
happens for more than 30 seconds. The 
Raspberry Pi can sometimes be fussy. 
Depending on the USB hub and hard 
disk, the Raspberry  Pi may recognize 
the storage medium only after a re-
boot, so you should restart the com-
puter while the hard disk is con-
nected and enter lsblk. 

At this point, the hard disk 
should appear as device sda with, 
as the case may be, further entries 
for partitions.

Now, you can call up the text-
based fdisk partition program 

with:

sudo fdisk /dev/sda

The program might issue a warning, such as

Warning: invalid flag 0x0000 of U 

  partition
table 4 will be corrected by U
  w(rite)

which indicates that the hard disk is not yet 
partitioned, or, if text appears, that the origi-
nal partition table has been discarded and no 
valid table is currently available.

You should press the next series of keys 
followed by Enter each time: O creates a new 
and empty partition table, N creates a new 
partition, and P makes it a primary partition. 

To make this the first partition, assign it 
the number 1. Now confirm that the partition 
begins at the beginning of the hard disk 
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The install command is better suited 
than the mkdir command for specifying ac-
cess rights. Once you have created the direc-
tory, you can instruct the system to mount all 
of the partitions configured in the/etc/fstab 
file:

$ sudo install ‑o nobody ‑g nogroup U
  ‑m 775 ‑d /var/timemachine
$ sudo mount ‑a

If all goes well, you are not presented with 
any output or errors. When you enter the 
command

$ sudo ls ‑la /var/timemachine

you should find at least one file called .jour‑
nal in the directory. If this is not the case, 
there is a problem in the configuration.

diSk arrayS
The configuration of a disk array is very simi-
lar to that for a single disk. However, before 
you partition the hard disk, you should first 
install the RAID tool mdadm:

$ sudo apt‑get install mdadm

A dialog box pops up telling you that if you 
want to start your system directly from a 
hard disk array, additional steps are neces-
sary to finish the configuration process. 
However, in this case, the hard disk array is 
only used for backup storage, so further 
steps are not necessary.

As a result, you should leave the MD ar-
rays needed for the root filesystem line in the 
dialog blank, because it refers to the arrays 
that are required for booting the system. 
Then, a question appears asking whether the 
system should mount all of the RAID arrays, 
to which you should answer in the affirma-
tive. Additional questions will come up, de-
pending on the system and the hard drive ar-
rangement, for which you should accept the 
default answers.

An error message for the exim4 package 
appears while the system is installing the 
packages. This message results from a well-
known bug [6] that appears if IPv6 support is 

not activated on the system. However, the 
message will not have any effect on the in-
stallation process for mdadm.

You can now use fdisk to continue parti-
tioning the hard disks. When entering the 
type of partition, the program will automati-
cally select the one existing partition and 
issue a request for a hexadecimal code. You 
should type fd followed by Enter. The parti-
tion type is changed to Linux raid autodetect. 
Press W to write the changes and confirm 
with Enter. Repeat this process for the sec-
ond hard disk.

You can create the array with:

$ sudo mdadm ‑‑verbose ‑‑create /dev/md0 U
  ‑‑level=<RAID Level> U
  ‑‑raid‑disks=2 /dev/sda1 /dev/sdb1

If you are dealing with a mirrored hard disk 
array optimized for security, the RAID Level 
should be 1. If you are dealing with a distrib-
uted array optimized for speed and capacity, 
it should be 0 [7].

Because the RAID type is set for autode‑
tect, the tool will give you an alert that the 
partitions could be part of a RAID array. You 
should confirm with Y that you want to Con-
tinue creating raid?. Once the process is fin-
ished, you can make sure that the creation of 
the array has been accomplished correctly by 
entering:

cat /proc/mdstat

Finally, you should save the current configu-
ration in the corresponding configuration 
file. Start by creating a backup of the config-
uration file template, then add to the configu-
ration file information about the individual 
partitions that make up the RAID array, as 
well as how the array is put together:

$ sudo cp ‑v /etc/mdadm/mdadm.conf{,.orig}
$ echo "DEVICE /dev/sd[a|b]1" | U
  sudo tee ‑a /etc/mdadm/mdadm.conf
$ sudo mdadm ‑‑detail ‑‑scan | U
  sudo tee ‑a /etc/mdadm/mdadm.conf

The RAID array md0 that has been created ap-
pears to the system to be a typical hard disk. 

$  sudo apt‑get install libdb‑dev libdbus‑glib‑1‑dev libwrap0‑dev python‑dbus‑dev 
libldap2‑dev libgcrypt11‑dev libacl1‑dev tracker‑miner‑fs libkrb5‑dev libafpclient‑dev 
libafsauthent1 libevent‑dev libafsrpc1 systemtap‑sdt‑dev libcrack2‑dev gcc libssl‑dev 
perl flex libmysqlclient‑dev libtracker‑sparql‑0.14‑dev libdbus‑c++‑dev libpam0g‑dev 
python‑dbus libopenafs‑dev libtracker‑miner‑0.14‑dev linux‑headers‑rpi‑rpfv 
libavahi‑client‑dev

lisTing 1: Netatalk Packages
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Before creating a directory for unpacking 
and processing source files, make sure you 
are in the home directory of the pi user:

$ cd ~ && mkdir src && cd src

Next, download the Netatalk archive with 
wget (Listing 2, line 1), unpack the archive 
(line 2), go into the new directory (line 3), 
and apply the patch (line 4). The patch pre-
pares the sources to compile error free on the 
Rasp Pi. Additionally, it corrects a depen-
dency that would not exist without a change 
to the kernel, adjusts paths, and generates a 
specific configuration. You should adapt the 
<path> to the patch as it exists on your sys-
tem. Finally, execute the configure script 
with the accompanying parameters (line 5).

After the script finishes, check the output 
to see whether Spotlight and all other Op-
tions are set to either yes or auto. You can 
build and install the package with

make &&sudo make install

then add the Netatalk service to the auto-
matic boot process and generate the Crack-
Lib word list (for strong passwords), as well 
as the AFP password file (for Netatalk pass-
word management; Listing 2, lines 6-9). 

Whereas Mac OS X uses the Bonjour proto-
col (zeroconf) to find devices in the network, 
Linux uses the Avahi daemon. To use this 
daemon, you should create the /etc/avahi/
services/afpd.service configuration file and 
add the lines from Listing 3.

Next, you need to add the mdns entry to the 
hosts:file db list in the /etc/nsswitch.conf 
(Listing 2, lines  10 and  11).

uSing The preBuilT 
package
To download the Debian Netatalk package 
netatalk_3.1.0‑1+rpi_armhf.deb, enter the 

Although it is possible to use a hard disk or 
RAID drive immediately after formatting, it is 
customary to partition the disks first, even a 
RAID array.

At this point you can proceed as if you 
were configuring a single hard disk. How-
ever, instead of /dev/sda, the /dev/md0 de-
vice should be used.

ready, SeT, …
Before installing the Netatalk library, you 
need to modify the access rights for the cor-
responding folders. You can use the find 
command in connection with chmod to estab-
lish access rights for all filesystem objects of 
the HFS+ partition:

$ sudo find /var/timemachine U
  ‑exec chmod 777 '{}' \;

Use the find command once again to change 
the ownership of all objects within the /var/
timemachine folder to the nobody system user 
and the nogroup group:

$ sudo find /var/timemachine U
  ‑exec chown nobody:nogroup '{}' \;

Afterward, you should restart the Raspberry 
Pi so that the system can mount the partition 
for the first time by itself.

Building The neTaTalk 
liBrary
To build the Netatalk library successfully, 
you need the packages installed with the 
command in Listing 1 [8]. This article refers 
to version 3.1.0, although a newer version 

should also 
work; however, 
the patch file has 
only been tested 
with ver-
sion 3.1.0.

01  $ wget http://prdownloads.sf.net/netatalk/
netatalk‑3.1.0.tar.gz

02  $ tar ‑xvf netatalk‑3.1.0.tar.gz

03  $ cd netatalk‑3.1.0

04  $ patch ‑Np1 < <path>/netatalk_3.1.0‑1+rpi.patch

05  $  ./configure ‑‑prefix=/usr ‑‑disable‑maintainer‑mode 
‑‑enable‑fhs ‑‑with‑cracklib ‑‑with‑init‑style=debian 
‑‑enable‑quota ‑‑with‑shadow ‑‑enable‑krbV‑uam 
‑‑with‑cnid‑dbd‑backend ‑‑with‑cnid‑cdb‑backend 
‑‑with‑tracker‑pkgconfig‑version=0.14 
‑‑with‑cnid‑default‑backend=dbd LDFLAGS="‑lafsauthent 
‑lpthread"

06  $ sudo update‑rc.d netatalk defaults

07  $  sudo create‑cracklib‑dict ‑o /usr/lib/cracklib_dict  
/usr/share/dict/words

08  $ sudo gzip /usr/lib/cracklib_dict.pwd

09  $ sudo afppasswd ‑c

10  $ cp ‑v /etc/nsswitch.conf{,.orig}

11  $ sed ‑i '/^hosts: /s/$/ mdns/' /etc/nsswitch.conf

lisTing 2: Getting Netatalk

<?xml version="1.0" standalone='no'?><!‑‑*‑nxml‑*‑‑>

<!DOCTYPE service‑group SYSTEM "avahi‑service.dtd">

<service‑group>

<service>

</service>

</service‑group>

lisTing 3: Setting Up Avahi

01  $ wget ‑O netatalk_3.1.0‑1+rpi_armhf.deb http://bit.ly/17DRz4q

02  $ sudo apt‑get install gdebi‑core

03  $ sudo gdebi netatalk_3.1.0‑1+rpi_armhf.deb

lisTing 4: Installing the Prebuilt Package
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command shown in Listing 4, line 1. Installa-
tion of the package requires the GDebi pro-
gram (lines 2 and 3).

The program lets you know that the sys-
tem needs a few more components for the 
package that you are installing to work, and 
you should confirm this message by entering 
Y.

Back To The FuTure
Once the Netatalk library is working, you 
should take a look at the Finder window on 
your Apple computer. As long as the Mac is 
hooked up to the same local area network as 
the Raspberry Pi, the Raspberry Pi will ap-
pear as a Time Capsule with the correspond-
ing icon.

Clicking on the Raspberry Pi entry in the 
sidebar brings up a dialog that lets you log 
on. For now, just authenticate as a guest 
(Figure 1). Within just a few moments, the 
Finder displays the contents of the Time Cap-
sule you have built: An empty TimeMachine 
folder!

On the Mac, you 
should next click on the 
Time Machine icon in 
the menubar at the top 
right and select the 
Open Time Machine 
Preferences entry.

Next, turn on the 
software with the slider 
on the left-hand side if 
it is not already run-
ning. Then, click on 
the Select Disk button 
and select the TimeMa-
chine volume on the 
Raspberry Pi (Fig-
ure 2). Various possi-

bilities are available for setting up an au-
thentication mechanism if you also want to 
protect data with a password. 

The most straightforward way is to com-
ment out the uam list = uams_guest.so line 
in the /etc/afp.conf configuration file on 
the Raspberry Pi by prefixing the line with a 
semicolon. Then, uncomment the next line 
;uam list = uams_dhx.so uams_dhx2.so by 
removing the leading semicolon then restart-
ing the service with:

$ sudo service netatalk restart

The Raspbian system acts as the authenticat-
ing instance after a restart. Now you need to 
add your user to the Raspberry Pi and create 
a password:

$ sudo useradd ‑m ‑U <username>
$ sudo passwd <userpass>

With these new credentials, you should be 

Figure 1: Logging in as a guest is fine for everyday purposes. Those users who need more security should acti-

vate the authentication procedures.

Figure 2: If logging on as a guest suffices for the purposes of data security, 

you have now successfully set up Time Capsule.
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the prompt, enter the password of Raspberry 
Pi user pi. After finishing your work, log out 
with exit.

concluSion
Thanks to the Raspberry Pi, the Netatalk li-
brary, and an external hard disk, you can 
back up your data using the native Time Ma-
chine backup tool on your Mac computer at 
a remarkably low price.

The Netatalk library offers more than just 
the possibility of acting as a substitute for a 
Time Capsule. In addition to a sleek net-
work share via the AFP protocol, you can 
put many different functions in place that 
would otherwise require an Apple server, 
thanks to integration with other open 
source programs.  ● ● ●

able to authenticate your-
self on the Time Machine.

reTreaT
As a rule, the Rasp Pi 
should not be left sitting on 
your desk or the kitchen 
table with the keyboard at-
tached, because you run 
the risk of interrupting and 
damaging a backup in 
progress. Therefore, it’s a 
good idea to retreat and set 
up your Rasp Pi for access 
via SSH.

To begin, you should 
completely shut down any 
Apple computers connected to the Pi. Next, 
check to see whether the Rasp Pi is actually 
writing all of the remaining data from tempo-
rary storage onto the hard disk. This is ac-
complished with the sync command in a ter-
minal window. Then, shut down the Rasp Pi 
with the sudo init 0 command and remove 
the keyboard and monitor.

If you want to access the Raspberry Pi at a 
later date for maintenance (e.g., to change a 
password or set up a new user), you should 
do so from your Mac in the Terminal pro-
gram (Applications | Utilities | Terminal.
app). If you don’t know the IP address of 
your Raspberry Pi computer, download the 
Bonjour Browser [9] program and open the 
Apple File Sharing entry in the menu. Look 
for the Raspberry Pi in the list of entries. The 
IP address and the AFP port (548) are dis-
played, separated by a colon. 

Type the following command in the Mac 
terminal (Figure 3) to access the Rasp Pi:

$ ssh pi@<IP U
  address>

The first time a 
connection is 
made, the soft-
ware asks 
whether you 
trust the re-
mote device. 
Answer this 

question in the 
affirmative by typ-

ing yes and pressing 
Enter. 
Notice that the com-

mand-line prompt 
changes: You are now work-

ing on the remote computer. At 

Figure 3: Creating a secure connection to the Rasp Pi in the Mac terminal 

program.
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