
Raspberry Pi alarm-clock, media player and bluetooth 
speakers project
Preparing the SD card

Start with a blank SD card sized with at least 4Gbyte storage. If you need to buy an SD card, you’ll likely find it difficult 
to source a card as small as this. Anything larger will be fine and you can use the extra storage to hold your media library.

With Raspberry Pis, the read/write speed and quality of the SD card makes a difference. Cheap SD cards often have slow 
read/write speeds and can perform poorly. A faster SD card is recommended and you can find more information on the 
Internet if you’re interested.

The Raspberry Pi and its installation script require the SD card to be formatted with Debian Bullseye Lite. Images older 
than Bullseye are not compatible. The main difference between ‘Lite’ and ‘Full’ SD images is that the Lite versions do not
include a Linux GUI nor support HDMI video output. That’s perfect for the alarm-clock, which doesn’t require a monitor.
We’ll be using SSH to connect to the clock, and the Lite Debian Bullseye version will meet this need.

The easiest way to prepare the SD card is with ‘Raspberry Pi Imager’, freely available for Windows, Mac OSX and 
Linux. You may have used this before and once you’re familiar with it, the procedure is easy.

Launch Raspberry Pi Imager, insert an SD card into your computer and click on the CHOOSE OS button.
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 For a Pi4 or Pi Zero 2W, choose ‘Raspberry Pi OS (Other) -> Raspberry Pi OS Lite (64-bit)’.
 For other models, choose ‘Raspberry Pi OS (Other) -> Raspberry Pi OS Lite (32-bit)’.
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You’ll see a cog-wheel icon appear in the main window after you’ve selected the OS. Click it and fill out the form.
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You’ll want to

(a) set a unique hostname for your clock (such as ‘clock’ if you can’t think of anything else, but something different 
if you have previously used that name),

(b) enable SSH using password authentication,
(c) set a username and password for logging in via SSH,
(d) configure your wireless LAN details (SSID, password and country) so the Pi can automatically connect with the 

correct wi-fi frequencies,
(e) set locale settings for your area so that the right time zone and daylight savings settings are applied, and
(f) deselect the option to eject media (i.e. the SD card) when finished, as you’ll also be copying the clock software to

the SD card before ejecting.

Before saving, make sure you write down all information to remember it later when you need to log into the Pi.
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Next click CHOOSE STORAGE to specify the media and finally click WRITE to format the SD card.

When the SD card has been written, there’s one last task before ejecting. You’ve already downloaded the clock software 
zip file from the Silicon Chip website because you are reading this! Inside the same zip file, there is a tar-ball that you 
now need to copy onto the SD card. The tar-ball is called ‘alarm-clock_v01.tgz’. Copy it to the root of the ‘bootfs’ 
partition on the SD card the same way you transfer files to a thumb drive. The clock tar-ball should be called ‘alarm-
clock_v01.tgz’ or with a number greater than ‘01’. If there are updates in the future, they’ll be numbered incrementally.

Eject the SD card, insert it into the Pi and apply power. 

Finding the Pi on your network and connecting
Because there’s no video output, the only way to know the Pi is ready to proceed is that you’ll eventually be able to ping 
it, either over wi-fi or a wired network connection. The first time a Pi boots a fresh image, it could take a few minutes 
longer than normal to respond. To avoid frustration, apply power, go and make a cup of tea, then come back and ping it.

In order to ping it, you’ll either need its IP address, or you can use the hostname specified when you prepared the SD 
image earlier. In general, most home routers publish local hostnames using a ‘.local’ suffix as suggested in the Raspberry 
Pi Imager programme. So you can try to ping clock.local (if you chose to call the hostname ‘clock’). Older home routers 
may not conform with the ‘.local’ naming standard and may not even publish a suffix at all. Other routers may publish a 
different suffix than ‘.local’. If the ‘.local’ suffix does not work for you, consult your router’s documentation or just look 
at the router’s DHCP leases table to find the IP address that has been allocated to the new Pi. After you find its IP address,
ping that address to know that the Pi is up and responding.

When you’re receiving ping responses, you can ssh to the same hostname or IP address using your favourite method (for 
example PuTTY or OpenSSH for Windows, or the command line ssh tool for MAC and Linux). When you connect, the Pi
will prompt for the username and password that you specified during the SD card setup. When you are logged in, you will
be in the home directory of the account you created for yourself.

Installing the clock software
On the Pi, the tar-ball you copied to the SD card earlier is available within the bootfs partition which gets named ‘/boot’ 
on the Pi. From your home directory on the Pi and assuming you copied the tar-ball to the root of the bootfs partition, you
can now extract the contents using the command below:
tar zxf /boot/alarm-clock_v01.tgz

The command will create a subdirectory called alarm-clock containing the source code, and will also leave an installation 
script in your current directory.

The last stage in the software installation is to run the installation script:
sudo ./Install_Clock.sh
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The installation script asks for your password twice, whether you would like to install firewall rules that prevent access 
from IP addresses originating on a different subnet: you will probably want to say yes; and asks if you would like to 
attempt to disable the power and activity LEDs.

That’s it, except for waiting for the script to run and do its thing. It will download recent Linux updates, install libraries 
required by the alarm-clock and then compile and install the alarm-clock software.

If you specified, the script will attempt to extinguish the Pi’s power and activity LEDs so that they aren’t ‘beacons in the 
night’. However even Pis of the same model but different vintage can be inconsistent with respect to LED configuration 
so there’s a chance on your particular Pi that one or both of the LEDs will remain enabled. If this happens, you’ll need to 
search the Internet about how to disable the LEDs for your version of Pi.

If you’d like to re-enable the LEDs after having previously disabled them, rerun the ‘sudo ./Install_Clock.sh’ script again 
and answer the question about disabling the LEDs differently.

When done, which may take ten minutes or more on slower broadband connections or slow SD cards, the script asks if its 
OK to reboot. When the Pi comes back online, the clock software will be running regardless of whether there is any 
hardware connected and you’ll be able to access its web interface and network file share.

The Install_Clock.sh script should run without errors, so if you see any, something is wrong.

New versions of the alarm-clock software
The first version of software for this project will be released in a tar-ball file named ‘alarm-clock_v01.tgz’. If for any 
reason a new version of the software needs to be released, it will be called ‘alarm-clock_v02.tgz’ and so on.

After installing the clock software for the first time, there are two methods you could use to install an update.

1. Open up the clock, remove the SD card from the Pi and plug it into your computer, copy the new tar-ball file onto
the SD card, put the SD card back into the Pi, exact the tar-ball contents and then rerun the Install_Clock.sh 
script. The disadvantage of this method is that you’d need to open up your clock.
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2. You can avoid opening up the clock by network-copying the new tar-ball into the root of your home account on 
the Pi using the Pi’s samba fileserver.

Either extract its contents and re-run the installation script as described above to compile and install the new 
version. Alternately you can manually compile and install the new software. The following commands assume 
you network-copied the tar-ball into the root of your Pi’s home directory:

tar zxf alarm-clock_v02.tgz
cd alarm-clock
make
make install

Configuring the clock via the web interface
To reach the web interface, open a browser and surf to http://clock.local, or whatever system name or IP address you used 
to ssh into the clock. You’re greeted by the clock’s home page which contains links to the various configuration and 
media player functions, a summary of the configured alarms, the playlist if media is currently playing, and a list of any 
other clocks found on the local network if any exist. There may be short pauses as the web page builds out, but even 
without hardware connected, web pages and links will still work.

Note that the image above shows other clocks that have been discovered on the network. If you only have one clock, this 
boxed section will not be displayed.

Navigating should be reasonably intuitive. Check out the Clock Setup page to configure your preferences. When you 
hover the pointer over some options, the browser will display hints and a description.
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Creating alarms is a matter of filling in details from top to bottom on the Alarm Configuration page: what time, how long 
do you want it to run, on what days of the week and should it recur indefinitely. A volume adjustment is relative to the 
current master volume, adding or subtracting from the current master volume level, which is useful when chaining a 
sequence of alarms from different sources (where each source has different audio levels), or to slowly increase or 
decrease volume using a succession of alarms.

Anywhere you see a text box for entering media, you can specify either a streaming radio site URL, the full Linux path to 
a media file or playlist, or you can type the word ‘radio’ (without the quotes) to power-on and use the external audio 
input.

Finding Internet streaming sources is easy: any Internet radio station that is accessible in your country and that can be 
listened to with a web-browser will work with the clock. However determining the right URL to use with the clock can be
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tricky. Instructions on how to use a browser to discover the syntax for a streaming URL are included on the clock's in-
built web pages.

Using the clock as a bluetooth speaker
Raspberry Pi models other than the Pi2 (and earlier) support wi-fi and bluetooth, so the alarm clock is able to emulate 
bluetooth speakers. That means computers, phones and tablets can be paired with the clock in a similar manner to the way
they can be paired with car sound systems and commercial bluetooth speakers.

The pairing process is a one-off and you can think of pairing as an initial introduction of the devices to each other. After 
their ‘pairing’, devices only need to be ‘connected’ whenever you’d like to stream podcasts and music via the clock’s 
speakers.

For security reasons, bluetooth interfaces are not permanently pairable so you’ll need to temporarily activate this function 
on the clock. There’s a ‘Pair Bluetooth Device’ icon on the web setup page that will enable discoverability, or you can 
alternately enable the discoverability mode by simultaneously pressing two of the clock’s physical alarm selection 
switches. When activated, you’ll have three minutes to complete pairing after which you’ll need to reactivate discovery to
pair something else.

You can pair as many devices with the clock as you’d like. The clock will remember the identity of each so when you 
wish to connect any of them in the future, you won’t need to go through the pairing process again – just open the 
bluetooth settings on the device and ask it to connect with the clock.

When your device is connected, audio will be played through the clock’s speakers. Set the volume using either the 
physical volume up/down switch on the clock, or using a volume slider on one of the clock’s web pages. Normally, you’ll 
probably want to set the volume on your computer, phone or tablet to maximum and then use the volume controls on the 
clock to adjust the level, but the other way around will work too.

If you’re not yet experienced with bluetooth, you may find the process of pairing and connecting devices to be less 
obvious than you’d expect. The two devices that you wish to pair each need to be in pairing / discovery mode at the same 
time or they won’t see each other and you’ll need to carefully follow the documented pairing and connection process for 
your device. If you strike difficulties pairing with the clock and you’re new to this process, confirm the procedure by 
pairing with something such as your car’s sound system.

Its not uncommon for bluetooth devices to experience pairing issues after you’ve asked one of the two devices to forget a 
previous association, but have not done the same on the other. If this happens and you cannot re-pair your device with the 
clock, there’s a ‘Reset Pairing’ button on the web setup page which will cause all of the clock’s pairings to be forgotten. 
After using this function, try to re-pair once more.

Devices also experience reconnection issues. A phone or tablet may indicate that its connected, but won’t output any 
audio. In these cases, use the bluetooth disconnect function on the computer, phone or tablet, and then reconnect it before 
restarting the audio stream. If that still fails, forget the pairing on both devices and re-pair from scratch.

Why does bluetooth audio sometimes stutter and why do my devices disconnect?
The clock’s bluetooth streaming has been tested with Windows and Mac OSX, Android and iPhones, and it has worked 
well using either the Pi3 or the Pi4. However there are certain circumstances where it is expected you’ll notice occasional 
audio stutter and bluetooth disconnections.
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The most obvious situation is when connected bluetooth devices move beyond their working range. This will happen 
when moving a phone or tablet outside the room where the clock is located. If it happens, move closer, reconnect the 
phone or tablet and restart the now-paused audio app.

A less obvious reason for bluetooth stuttering stems from the fact that bluetooth and 2.4 GHz wi-fi share the same 
spectrum. The Pi 3 doesn’t support 5 GHz wi-fi and although the clock won’t need to access the Internet often when 
you’re streaming bluetooth audio, you’ll certainly notice audio stuttering or disconnection if you access your Pi3 clock’s 
web interface at the same time as you’re streaming bluetooth audio to it.

If you’re unsure what’s happening in the wi-fi spectrum at your place, you can run a wi-fi scan from within an ssh session
to the Pi using the following command:
sudo iwlist wlan0 scan

It will scan all the wi-fi channels and show you what access points are using them. You’ll not know which channels your 
bluetooth devices have paired on, but if you can see that the clock is using a 5 GHz channel, you’re on the right track 
towards eliminating bluetooth interference issues.

The following command will display which wi-fi frequency the Pi is using.
iwconfig wlan0

Bluetooth channel assignment is normally statically allocated during the pairing process. If your bluetooth channel 
experiences interference, you can try resetting pairing and starting over. Refer to the magazine article for some additional 
tips about bluetooth technology and interference from 2.4 GHz wi-fi devices.

About the software
The web serving component of the project is implemented upon a well-known application called Apache and the clock is 
implemented in a programme called alarm-clock. All of the GPIO activity is implemented in a third programme called 
pigpiod (the Pi GPIO daemon). There are other support functions such as the network time keeping implemented in 
something called chrony, and the Linux operating system itself has many other tasks of its own such as managing the wi-
fi, samba share, usb ports, other network functions and looking for time zone daylight savings updates, all of this done 
through what ultimately is dozens of different programmes and modules that seemingly run simultaneously.

When you ssh to the Raspberry Pi and type the following command, it displays information about each of the CPU cores 
within the Pi’s ARM microprocessor.
cat /proc/cpuinfo

For most Linux Pis, you’ll see four different cores meaning the hardware supports four simultaneous programmes running
‘at full CPU speed’ across its four cores. If a programme supports multi-threading, different parts of the same programme 
can be running at precisely the same time and if you can arrange its different tasks to take advantage of this, the 
programme will run faster overall than it could using just a single CPU core.

Apache is an example of a multi-threaded programme and can connect with many different browsers at exactly the same 
time. If you try, you’ll see the clock supports this too and the fair test is to launch multiple browsers to the clock’s web 
page simultaneously.

The alarm-clock programme is written in multi-threaded C. It integrates the media player functions by incorporating the 
open sourced ‘mpv’ media player libraries. For this reason alone, multi-threading was worthwhile and because there are 
many other things the clock needs to do, multi-threading seemed to be a good fit. Each of the threads are somewhat like 
different programmes, but you can also think of them as different subroutines running on (potentially) different CPU 
cores at (potentially) the same time. The sequencing of clock software events can therefore change depending upon what 
other things the Linux operating system is running on the different CPU cores alongside the clock. Those that are 
interested can explore the source code, but you can be a spectator without looking at any code at all and just watch it play 
out as it runs.
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Testing the hardware: you’ll need to enable software debugging mode
When testing the hardware to ensure the switches are being recognised and ambient light levels are being measured 
correctly, you’ll need to use the clock’s software debugging mode to view the debugging log. This means you’ll need to 
temporarily stop the operating system from managing the clock. You can also explore the software on its own, without 
hardware, as soon as you have a Raspberry Pi with clock software up and running.

By default, alarm-clock is configured to run automatically at boot time and if it ever crashes or detects a problem of its 
own accord, the operating system will restart it. Normally its output will be hidden. To reveal and watch the log, run the 
alarm-clock programme from within an ssh session and enable debugging.

To take a peek from within an ssh session, temporarily stop the operating system managing the alarm-clock by issuing the
command ‘stop-alarm-clock’.
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Execute the alarm-clock programme by entering ‘sudo alarm-clock’, or ‘alarm-clock -h’ to display command line option 
help.
sudo alarm-clock -h

Choose one or more options or type ‘sudo alarm-clock -V’ to enable absolutely everything, and watch. As it runs, 
messages and time stamps from different alarm-clock threads will intermix with each other in different ways and with 
different interval spacing every time you restart the programme, to the whims of the randomness of whatever the 
Operating System is doing at the time. The Pi will revert to automatic clock management the next time you reboot.

If required, there’s a setting that enables logging to a file for catching issues when you’re not around to look. The clock’s 
setup file is located in ‘/etc/alarm-clock/setup.conf’ and you can edit it to enable file logging as follows:
sudo nano /etc/alarm-clock/setup.conf

Look for the two following lines and remove the ‘#’ symbol in the first column to uncomment them. Set the ‘VERBOSE’ 
symbol to reflect the logging you’re interested in by forming a hex number of the logging option bitmask described in the 
file. Up to ten log files will be kept, creating a fresh log each time the programme restarts.
#VERBOSE=0x090
#LOG_FILE="/var/log/alarm-clock.log"

For more information about the configuration, compiling and playing with the code, consult the readme files in the alarm-
clock directory tree you extracted from the tar-ball. There are some example programmes I knocked up to help me as I 
wrote the code but I’ve left them there if you’re interested to explore.
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Checking software health in general
If you’re new to linux, you’re probably not familiar with all of the commands for checking on how things are running. 
You’ll find a couple of basic commands useful. To check that the alarm-clock programme is running, issue the following 
command. If its running, you’ll see a response showing how much CPU time it has used so far. If you see nothing, its not 
running.
ps -A | grep alarm

Similarly, you can check for a running pigpio daemon:
ps -A | grep pigpiod

And the bluetooth control process and its daemon (there should be two items displayed):
ps -A | grep bluetooth

And the web server and its workers waiting to receive connections (there should be several items displayed):
ps -A | grep apache

To see the full list of all the running processes along with their memory consumption, type ‘top’ to start a self-refreshing 
display (and type the letter ‘q’ to exit when you’re done):
top

The ‘top’ command has lots of useful information including how much CPU time each process is currently consuming 
expressed as a percentage of a single CPU core.

If a process is using more than one of the Pi’s CPU cores and maxing them out, you will even see percentages greater than
100% however you should never see such large utilisation on the clock. As there are four CPU cores on most Pis, when 
the sum of all current CPU utilisation reaches 400%, the Pi will be fully maxed out. The largest CPU hog is the pigpio 
daemon. 

The simple commands above are just a start and will tell you enough to know things are working. There are many more 
than these which you can search for on the Internet.

Hey – is the clock running fast? 
If you’re planning to set streaming Internet radio stations for alarms, I reckon it will take you just a couple of days to 
work out something strange is going on. If you set your alarm to trip precisely on the hour and expect the hourly news to 
wake you, as it would with a regular clock radio, you’ll discover that streaming radio stations can be anything from a few 
seconds to even a few minutes behind the free-to-air version of the same radio station. The news will never start exactly 
on the hour with an Internet stream: it will always start just a little after!

That there is a small delay with Internet streaming is easily explained and expected, but I cannot explain why different 
radio stations stream with delays that may change from day to day and month to month. If you notice this happening with 
your preferred streams, there’s nothing wrong with the clock which of course maintains millisecond accuracy indefinitely.
Its just another artefact of the digital world we now live in. If you built a traditional radio into your clock, over-the-air 
broadcasts will always arrive precisely on time through that medium. This is probably the only way to guarantee your 
news service commences with on-the-hour precision.

Why am I hearing news from a different state? Chaining alarms.
I happen to live in regional Australia and so the national radio network I usually listen to inserts news bulletins from the 
nearest capital city. Sometimes, your ISP may allocate an IP address from further afield or the Internet’s routing changes, 
and it is possible that you may get to hear news bulletins from a completely different part of the country. I have found this
interesting on occasion, but in general, I prefer my news to be predictably and consistently local.
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I hit on the idea that I can make use of ‘chained alarms’ to work around and avoid the ‘news from afar’ issue. When the 
hour ticks over and the local news should commence, I configure a new alarm with its streaming media source being a 
local news radio station. At the end of the news, I configure a new alarm to switch back to the original national stream. 
The chaining trick works well and I’ve been enjoying local news by flipping streaming sources for several months, but 
the local streaming news-radio station inevitably streams with a slight delay as mentioned above.

When you chain alarms into a sequence and a subsequent alarm trips before the timer for the earlier alarm has expired, the
earlier alarm is replaced by the subsequent alarm and will not come back even if the subsequent alarm completes. To 
return the first streaming source, you’ll need to chain-on a third alarm.

The philosophy behind the digital volume control
When I describe the philosophy behind the way the volume control works, it may seem obvious. But it hasn’t been 
obvious to everybody that’s used this clock and media player so I will describe it to be sure.

The up/down volume control buttons work just like a volume control knob would work on the kinds of device you are 
already very familiar with. Putting volume up or down a couple of steps will make it louder and softer just as you would 
expect.

The clock will remember the last volume setting even after a power outage. This too is just like any other device with a 
rotating volume control knob. It also means that if you turn the volume down while an alarm is playing, the next time an 
alarm starts, the volume will be down at the level you last left it.

On the alarm settings pages, there’s a ‘volume adjustment’ setting that can be applied to each alarm. Normally, I imagine 
you’ll want to set an adjustment of zero. However if you are chaining alarms from different streaming sources, you may 
find one source to have a significantly different level than another. The volume adjustment can be used to equalise the 
levels of the chained sources.

Whenever you adjust the system-wide volume, the volume of all future alarms will adjust accordingly, exactly as would 
happen if you rotated the volume control knob on your traditional alarm clock and waited for the next alarm to trip. If 
you’ve specified any non-zero volume adjustments for any alarm, those adjustments will be added to the new system-
wide volume to maintain the volume relativity.

The Clock Setup page also has a setting for the ‘minimum alarm volume’. In the case that you’ve set a low system-wide 
volume, the minimum alarm volume will ensure your alarms will not be quieter than this. Adjustments still apply to the 
minimum alarm volume to maintain relativity between different alarm levels, and to ensure adjustments continue to work 
as you expect: but you won’t be able to accidently set the system-wide volume low and then sleep through an alarm.

Waking up gently. Varying the volume.
You can use alarm chaining to be awoken ‘gently’ by setting the volume adjustment low on the initial alarm, and then 
chaining a series of subsequent alarms with progressively increasing volume adjustments. But there’s a better feature for 
achieving the same thing.

Each alarm includes a ‘target adjustment’ setting as well as the ‘volume adjustment’ setting. The volume adjustment is 
applied when the alarm first trips. Each minute thereafter, the digital volume control will make one step towards the target
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until the target volume is reached (or the next chained alarm trips and causes its own adjustment settings to be applied on 
top of the previous alarm’s settings). So in order to gently increase volume when an alarm is tripped, you could set the 
‘volume adjustment’ to -15, and the ‘target adjustment’ to +0 as shown in the example above, and the alarm will start 
quietly and gradually get louder until it reaches its normal level with no (i.e. +0) adjustment. 

The volume adjustments are added to the current system-wide volume setting and could therefore go beyond range. If the 
sum of the system-wide volume and the adjustment falls outside 0 .. 31 (which are the digital volume control’s limits), 
then the volume will be pegged at 0 or 31.

Remembering the position within a playlist 
Perhaps Internet streaming is not your thing? You can use an mp3 playlist from your own media library for your alarm 
and even chain alarms between your local playlist, then to the radio or Internet stream, and back to the original playlist 
after the news is over.

When you initially create an alarm and specify a directory as an alarm source, the clock’s web server will build a playlist 
file of the underlying directory tree. Similarly, a playlist is created if you use the media player function and specify a 
directory.

When playing a playlist, the clock remembers the last track and will recommence from the following track when it uses 
the same playlist again. You can therefore chain from the playlist to the news and back again, and the playlist will 
continue from the track after where it left off. The playlist memory will not record the offset within the track that was 
interrupted: it recommences from the beginning of the following track.

Two or more clocks playing audio at the same time
If you build more than one clock as I did and position them within earshot of each other such as on either side of your 
bed, you’ll sometimes notice that streaming audio is not precisely time-aligned. Although different clocks will maintain 
the same time within an accuracy of a millisecond or so, if they launch an Internet stream, they will not necessarily time-
align. If the time difference is very slight, you’ll not notice however if its more than around ten milliseconds, you 
probably will. For this reason, there’s two modes for the clustered clock configuration: audible and silent.

In the audible clustered mode, the clock will activate its audio output when an alarm is tripped. In the silent clustered 
mode, the clock will share alarm and button information with other clustered clocks, but will not sound out an alarm when
the alarm trips, avoiding situations where one clock is playing audio slightly out of phase with the other.

In my case, I’ve positioned two clocks on either side of the bed. One is audible and the other is silent. I’ve positioned the 
two speakers from the audible clock on either side of the bed so we get a good stereo effect. From the perspective of using
the clock’s switches, you can’t tell which of the two clocks is the silent one and which is the audible one: because they are
clustered, they share their alarm configuration and button presses and function as if they are the same clock.

If you build a free-to-air radio into your clocks and plan to use this as your alarm source, the audio from the two radios 
will align perfectly every time and you won’t need to worry about making one of the clocks silent.

Starting the media player when a bluetooth device is connected
You can connect a bluetooth device to the clock at any time and stream audio from your device. The bluetooth device will
remain connected to the clock even when the audio stream stops so you can play another stream without having to 
reconnect your device again.

However if at the same time you are streaming bluetooth audio you start a media player stream on the clock, including 
when an alarm trips and plays a media source other than the radio, the clock will disconnect from any currently connected
bluetooth devices so that it can play the media stream correctly. Afterwards, you’ll need to reconnect your bluetooth 
device to the clock in order to stream using bluetooth once more.
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Using the buttons
Although there are only six buttons, they are used in combination with each other and there’s a larger number of things 
you can do than the number of buttons suggests. The full description of button operation is provided in a link you will 
find on the clock’s internal web page, circled in the image below.

Because all functions can be reached via the web interface, its not strictly necessary to build any or all of the buttons into 
the clock at all. The choice is yours!

12 and 24 hour time display 
The setup web page includes a configuration option to choose between 12 hour and 24 hour times. This refers to the LED 
display on the clock itself and does not refer to the way times are displayed on the web pages. It turns out that the times 
displayed in most web browsers are formatted according to the locale setting on the device running the web browser. This 
means that although you may have configured one particular format on the web settings screen, your browser might 
steadfastly display a different format. That’s OK – its just the way that web browsers work. The LEDs on the clock will 
correctly reflect your preference. 

Automatic reboots
From time to time, computers lock up for all manner of reasons, but it shouldn’t happen often. During the testing and 
running of the four prototype clocks over the past six months, I noticed two of the clocks lock up after a prolonged mains 
power brown out and figured some mitigation would be in order. The clock now incorporates several ways to determine 
that something has gone wrong and will trigger a system reboot when it notices.

If the operating system fully locks up, a hardware watchdog will reboot the Pi. If just one operating system task locks up, 
the clock runs a half-hourly health check and will trigger a reboot if something seems amiss. The web server also triggers 
alarm-clock checks when somebody accesses a web page.

Take particular note of these health check features when you’re playing around in an ssh session and have used the ‘stop-
alarm-clock’ command to do some debugging or testing. When the alarm-clock programme has been stopped, the health-
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checks will fail and the automatic rebooting processes will reboot the clock. You can prevent these automatic reboots after
you’ve issued the ‘stop-alarm-clock’ command by restarting the alarm-clock programme from the command line using the
debugging flags you need. The health-check features will not trigger a reboot if they see the alarm-clock programme 
running.

Automatic updates
The Install_Clock script downloads and installs an automatic update client called ‘unattended_upgrade’ and the 
configures it to check for updates at 3:30am every three days. If an update to any of the installed packages is released, 
such as a linux security patch, the scheduling of a leap-second or this year’s daylight savings dates and times, then the 
automatic updater will download and apply the change without human intervention. If a reboot is required because of a 
security patch, that will be scheduled also without human intervention.

I have been running automatic updates on a number of my Pis and linux systems for several years and have not struck 
trouble, however I recognise that hiccups are possible. If you prefer to run updates manually and at your own discretion, 
you can issue the following command in an ssh session to stop the automatic updates from occurring:
sudo systemctl disable unattended-upgrades

You can then manually look for and install updates using the command:
sudo apt-get upgrade

Hardware versions of the Pi that have been tested
Because I don’t own every variant of the Pi, I’ve not been able to verify that the software installs and works correctly on 
every variant. However I’ve installed and tested the hardware with a couple of Pi3s, Pi4s, and a PiZero2W. I also installed
and unsuccessfully tried to run the software on one of the early Pi Model Bs.

Other than on the very old Model B, the installer and the alarm-clock programme ran fine including working with the 
hardware design as published. The Model B processor is slow and could not keep up and crashed.

In terms of performance, the speed difference is very noticeable between the different models of Pi, most so when 
accessing the in-built web pages. The Pi4 is obviously the fastest, followed by the Pi3 and then PiZero2W. I suspect that 
the Pi2 and PiZeroW will be noticeably slower again.

If you would like to stream media, using either a Pi3 or Pi4 is recommended. If you’re instead planning to only use the 
external audio input from an external audio device, the Pi2 or PiZero models should support your needs.
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