
Building a video-enabled nest box

A Better  
 Birdhouse
We show how to build your own completely wired nest box that charts 

flight movements and delivers photo images of hatchlings. By Martin Mohr

The model of the nest box presented here 
offers some significant extras over ready-
made products. A camera monitors what 
goes on inside the box, and two photoelectric 
sensors transmit the movements of the birds 
during feeding. The results are then dis-
played on a website.

Preliminary 
Considerations
When working on a project like this you 
should first put together a plan to get an 
overview of the steps involved. The most 
important part of the project is the nest box 
itself. Then, you will need a suitable cam-
era, and, of course, you will want to know 
what kind of bird has taken up residence in 
the box.

A project plan is also good to have in case 
problems arise. For example, I hung up a 
nest box but no birds came to inhabit it. This 
was because both wasps and birds were 
showing an interest in the box at the same 
time, thus making it impossible for either 
party to take up permanent residence.

Next, you will need to think about the pho-
toelectric sensors. One sensor operating 
alone won’t tell you whether there has been 
an entry or a departure from the box. In-
stead, you will need two sensors placed one 
in front of the other. A motion detector offers 
an additional option for use as a monitor. 
Software is needed to combine all of these 
components.

nest Boxes
Before starting this project, you should learn 
something about starlings and other birds. If 
you want to watch birds that are nesting, 
they will need a birdhouse nearby, and you 

For some people, the word starling 
box brings to mind pesky electronic 
traffic control systems. These are 
the boxes next to roads that contain 

equipment for capturing images of cars driv-
ing over the speed limit. However, speeding 
is not the topic of this article. Instead, I pres-
ent information on building a nest box for 
starlings and other local birds – all of whom 
are confronted with an ever-decreasing sup-
ply of suitable brooding habitat.
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should be careful to choose a location that is 
not accessible to cats.

Numerous sets of instruction can be found 
on the Internet showing how to build a nest 
box. A simplified model was used for this proj-
ect, and all of the parts were pre-cut at a local 
building supply store. The saws there had only 
a 90-degree angle cutting capability. As a re-
sult, I got the individual pieces for the house by 
cutting them from a plank of rough sawn wood 
that was 1.25 inches thick, 8 inches wide, and 
about 6.5 feet long (Figure 1).

The surface of rough sawn wood provides 
a variety of perching options for our feath-
ered friends. This in turn makes it easier for 
the young to venture out of the nest box. 
After you have screwed all parts of the box 
together, you should cover the roof with roof-
ing paper so that it is protected from rain. 
You can create a slant to the roof simply by 
hanging the finished nest box somewhat at 
an angle.

The entry hole to the nest box is cut with a 
simple keyhole saw. You should use clamps 
to keep the wood as stationary as possible to 

avoid having the saw become jammed. Then, 
you can cut one or two 6mm holes in the 
floor of the house to allow for drainage.

Starlings and other cavity-nesting birds 
need an enclosed nesting place that has 
only one entry hole. The size of this hole 
determines which birds will use the nest 
box for brooding (Table 1). The entry 
should not face the windward side (usually 
west). In the northern hemisphere, the entry 
hole should not face south for long periods 
of time because this potentially results in 
too much sun exposure. East or southeast 
appear to be the ideal directions from which 
to fly into the box.

If you would like to eat fruit from your 
own garden, you should probably choose a 
box that is sized for chickadees rather than 
starlings. Chickadees prefer to feed on in-
sects, so they leave fruit alone. Moreover, a 
starling doesn’t usually arrive by itself (Fig-
ure 2). You can find out more about bird life 
in your own area by going to websites that 
offer information about your local region [1].

Figure 3 shows a nest box that has been in 
place for several brooding seasons. It is old 
but still in good shape. However, it could use 
a technology update to bring it up to today’s 
standards.

the Camera
A camera can let you go live watching birds 
as they sit on their eggs and raise their 
young. It also serves to avoid disturbances 
that bird-watching might otherwise cause. 
The interior of a nest box is typically dim, so 
you will need technology that functions in 

Type of Bird Diameter (mm)

Starling 45

Blue tit 26-28

Crested tit 26-28

Marsh tit 26-28

Willow tit 26-28

Coal tit 26-28

Great titmouse 32

Nuthatch 32

Tree sparrow 35

House sparrow 35

Pied flycatcher 35

table 1: Diameter Size 
for Entry Hole

Figure 1: This simple design served as the starting 

point for a nest box that has lasted for several gener-

ations of inhabitants. Figure 2: The starling family is taking a bath today. The cold weather does not bother them at all.
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The modified camera in this example pro-
duces black-and-white images. Depending 
on the model you started with, the images 
may also be somewhat noisy. The lack of 
light inside the nest box means that the 
image quality will be lower than images 
made in full daylight.

The infrared LEDs receive voltage via a 
small transistor power amplifier, and a mo-
tion detector (PIR module) turns on the am-
plifier. A small solar-powered system pro-
vides all of the energy needs in this trial proj-
ect, making it economical to run.

A relatively small 180-ohm series resistor 
was used for the LEDs because they each 
need 50 milliamps for maximum perfor-
mance (Figure 6). You will find the circuit di-
agram in both gEDA and EPS format on-
line [2]. Figure 7 shows a camera design lay-
out that lets you install the resistor directly.

The choice of software depends on the 
type of camera you use and the surrounding 
environment for connecting the Raspberry 
Pi. For example, do you need software for 
full HD streaming or do you prefer uploading 
individual images to an FTP server?

the PhotoeleCtriC 
sensor
The photoelectric sensor serves two pur-
poses in the design and is one of the most 
complex parts. First, the sensor lets you 
know whether a bird has flown into or out 
of the box. Second, the sensor will need to 
store the results temporarily until the analy-
sis software has finished processing the 
data.

Circuit diagram 2 (schaltplan2.sch) [2] 
shows how to solve both of these issues 
using SN7400 logic gates, which provide the 

the dark. Night-vision cameras with infrared 
spotlights are normally used under these cir-
cumstances, but they can be fairly high 
priced.

The intrepid hobbyist will find that infra-
red LEDs offer a more economical way to il-
luminate the interior of the nesting box. The 
HE3-290AC model functions here quite well. 
These LEDs have a large beam angle and 
shine very brightly.

A simple, off-the-shelf webcam can be used 
for a camera; however, it will filter out infra-
red light and therefore not capture light from 
the diodes. The chip in the camera is still ca-
pable of capturing the necessary wave 
lengths, though, so you can simply remove 
the filter built into the camera (Figure 4). In 
the model shown in this example, I found the 
filter directly behind the optics. The filter is 
easy to recognize because it has a red and 
blue shimmer. Sometimes, however, this part 
breaks when removed (Figure 5).

Getting all of the camera pieces back to-
gether and functioning correctly proved to be 
a complex task in the trial run. The risk of in-
flicting irreparable damage to the lens during 
this process is great. It makes sense therefore 
to buy a somewhat larger model made with 
good workmanship.

Pay special attention as to whether the 
lens sits correctly when putting all of the 
pieces together. If the lens does not sit right, 
all of the photographs taken by the camera 
will be blurry. A good way to check on the 
position of the lens is to use V412ucp or 
similar tool to test whether the stream looks 
right. Otherwise, you can also turn the lens 
until the image comes into focus. You 
should avoid touching the surface of the 
lens with your fingers.

Figure 3: This nest box has been used for three years and now needs an 

update in technology.

Figure 5: The only way to remove the 

IR filter is to cut it out.

Figure 4: The lens has already been removed. It is easy to recognize the 

video chip but not the shimmer of the infrared filter. Probably this is 

because the camera being used has a built-in filter as well.
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capability to adapt the digital gauge via the 
photo coupler. The concepts underlying the 
design are straightforward.

You will need two photoelectric sensors to 
determine the direction in which the birds 
are moving. Each of the component parts 
sets an SR flip-flop [4]. As soon as a bird flies 
through both photoelectric sensors, the last 
flip-flop that was triggered is the one that re-
mains active. This is how you figure out the 
direction of flight. The Raspberry Pi has to 
reset both flip-flops each time the informa-
tion is read so that the movements of one 
bird are counted only once.

Special infrared transmitters and receiv-
ers are used with the photoelectric sensors 
to avoid interference that might be caused 
by daylight. In any event, there will be a 
negative number of birds in the nest at 
some point, because young that have 
hatched in the nest box will eventually fly 
out and not return.

Figure 8 shows one possible layout for a 
circuit board. Attaching the photoelectric 
sensor to the entry hole is a little tricky be-
cause the presence of the sensor must not re-
sult in any injuries to the birds. Also, the 
sensor must be reasonably protected from 

the elements. A solution is simply to make a 
groove on one edge of the entry hole and 
glue the photoelectric sensor to the groove. 
Figure 9 shows the photoelectric sensors be-
fore final assembly.

Figure 6: It is easy to set up a bird-watching post in the interior of a birdhouse by adding a few extra components.

Figure 7: A strip board can be used as a base for the 

camera, the PIR module, and the IR LEDs.
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motion
The motion detector is used to turn on the IR 
LEDs. It also serves as an additional security 
measure. In the event that the camera gives 
out, you will still be able to tell whether there 
is movement in the nest box. If the photoelec-

Figure 8: The component parts for the photoelectric sensors also fit 

onto the circuit board.

Figure 9: The photoelectric sensors should be placed directly across from one 

another to guarantee error-free operation.

The WiringPi library provides easy access to 
the GPIO interface of the Rasp Pi. Gordon Hen-
derson developed the software and still main-
tains it. It has simple commands and a C API 
for reading and writing the I/O ports. Among 
other things, the software also includes a 
driver for the I2C bus. Listing 1 contains the 
steps for installing the library. After the build 
step, you should test whether the installation 
was successful with gpio readall. The result 
should look similar to the output in Listing 2. 
Additional information on WiringPi is available 
on the homepage of the project [3].

WiringPi

$ 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 | 0 | 11 || 12 | 0 | 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 | 1 | IN   | CE0     | 10  | 8   |
|     |     |      0v |      |   | 25 || 26 | 1 | 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 2: Output of Successful Installation

$ sudo apt‑get update

$ sudo apt‑get upgrade

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

$ cd wiringPi

$ ./build

listing 1: Installing WiringPi Library
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tric sensor breaks, then the camera can turn on 
when the motion detector detects movement. 
Circuit diagram 1 [2] shows the wiring for this.

software
The software helps to collect all of the data. 
The PHP script status.php (see the “Apache” 
box) continuously writes the activities to a 
MySQL database. A second script, report‑
ing.php (Listing 5), evaluates the data and 
uses it to create a website. You can call up 
this site as needed using the browser on any 
computer that is part of the local network.

<?php

exec('/usr/local/bin/gpio mode 0 out');

exec('/usr/local/bin/gpio mode 1 out');

exec('/usr/local/bin/gpio mode 2 in');

exec('/usr/local/bin/gpio mode 3 in');

exec('/usr/local/bin/gpio mode 4 in');

while(true) {

  exec('/usr/local/bin/gpio read 2 2>&1', $goin , $rc);

  exec('/usr/local/bin/gpio read 3 2>&1', $goout, $rc);

  exec('/usr/local/bin/gpio read 4 2>&1', $move , $rc);

  $goin=$goin[0];

  $goout=$goout[0];

  $move=$move[0];

  if (($goin>0) or ($goout>0)) {

    $db = mysql_connect("localhost","nika","nika") or die("DB Connect error");

    mysql_select_db("nika");

    $q = "insert into nika values ( now(),$goin,$goout,$move)";

    echo ("\n$q\n");

    mysql_query($q);

    exec('/usr/local/bin/gpio write 0 1');

    exec('/usr/local/bin/gpio write 0 0');

    mysql_close($db);

  }

  if ($move>0) {

    exec('/usr/local/bin/gpio write 1 1');

  }

  else {

    exec('/usr/local/bin/gpio write 1 0');

  }

echo("in:$goin out:$goout move:$move\n");

usleep(2000000);

}

?>

listing 4: status.php

Name Data Type

ts Timestamp (TIMESTAMP)

go_in Integer (INT)

go_out Integer (INT)

move Integer (INT)

table 2: Columns in nika Table

create database nika;

use nika;

create table nika (ts timestamp, go_in int , go_out int, move int);

GRANT ALL ON nika.* TO 'nika'@'localhost' IDENTIFIED BY 'nika';

FLUSH PRIVILEGES;

listing 3: createDB.sql

A simple way to expand the web server is to 
load modules. You should install the server 
under Raspbian using the command

sudo apt‑get install apache2

Then, you can immediately use the web 
browser to test whether everything works. A 
simple HTML page should appear under http://
localhost. It usually makes sense to install the 
PHP module together with the server, and this 
is done with:

$ sudo apt‑get install php5 php5‑mysql

Using the command below, you can write a 
PHP file to the WWW directory of Apache for a 
simple test. You will then find a lot of informa-
tion about the PHP installation under http://lo‑
calhost/index.php.

$ sudo echo "<?php phpinfo();?>" > U

  /var/www/index.php

Now you can set up a new database named 
nika and assign corresponding administrative 
rights to a user of the same name. The data-
base contains only the nika table, the structure 
of which is described in Table 2. The script 
createDB.sql (Listing 3) can do this work for 
you. You should execute the script with the 
command:

$ mysql ‑u root ‑p < createDB.sql

Listing 4, or status.php, shows the PHP rou-
tine that reads the ports of the photoelectric 
sensors every two seconds after the GPIO pins 
are initialized. Once a sensor is triggered, the 
value 1 will be written into the corresponding 
column of the database. Then, the routine re-
sets the sensors. You will figure out as you go 
along whether the wait time that was defined 
with the usleep() command is suitable or 
whether you need to shorten it. The routine 
queries the status of the motion sensors to ei-
ther turn on or turn off the IR LEDs.

The script runs in an infinite loop. The loop is 
started with nohup php status.php & in the 
background, so that it continues to run even 
when the corresponding terminal is closed.

You should put Listing 5, reporting.php, in the 
directory for data from the web server. The list-
ing consists of simple SQL queries and delivers 
little layout. You invoke the script on the local 
network via http://RasPi‑IP/reporting.php.

aPache
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programs are found in the “WiringPi,” 
“MySQL,” and “Apache” sidebars.

ConClusion
A nest box like that described here – even if 
without a camera and connection to the Inter-
net – is a valuable addition to a garden. I used 
very old 5V TTL component parts, so I plan to 
use a more modern CMOS version that works 
with the 3.3V Rasp Pi GPIO pins in a remake. 
The code here is intended as an introduction 
to what can be done.  ● ● ●

For the most part, you will only need a few 
modules for this setup. These include a web 
server (most often Apache), a PHP plugin, a 
MySQL database, and the WiringPi library. 
You may already have these components on 
your system. Directions for installing these 

[1]  BirdWatching Daily:  
http://  www.  birdwatchingdaily.  com/

[2]  Code and schematics for this article:  
ftp://ftp.linux‑magazine.com/pub/listings/
raspberry‑pi‑geek.com/10

[3]  WiringPi: https://  projects.  drogon.  net

[4]  SR flip-flop: http://en.wikipedia.org/wiki/
Flip‑flop_(electronics)#SR_NAND_latch

info

<html>

<body>

  <H2>10 most recent flight movements</H2>

  <?php

  $db = mysql_connect("localhost","nika","nika") or die("DB Connect error");

  mysql_select_db("nika");

  $q = "select * from nika order by ts desc limit 10";

  $ds = mysql_query($q);

  echo "<table border=1>";

  echo "<tr><td>ts</td><td>go_in</td><td>go_out</td></tr>";

  while($r = mysql_fetch_object($ds)) {

    echo "<tr><td>".$r‑>ts."</td>";

    echo "<td>".$r‑>go_in."</td>";

    echo "<td>".$r‑>go_out."</td></tr>";

  }

  echo "</table>";

  ?>

  <H2>Number of birds in the box</H2>

  <?php

  $q = "select sum(go_in) as go_in from nika";

  $ds = mysql_query($q);

  $r = mysql_fetch_object($ds);

  $in = $r‑>go_in;

  $q = "select sum(go_out) as go_out from nika";

  $ds = mysql_query($q);

  $r = mysql_fetch_object($ds);

  $out = $r‑>go_out;

  $sum = $in‑$out;

  echo ("$sum<br>");

  mysql_close($db);

  ?>

</body>

</html>

listing 5: reporting.php

MySQL is a widely used open source database 
that is ideal for small to mid-sized projects. It is 
also one of the fundamental software packages 
of Raspbian and can therefore easily be in-
stalled via the package manager. The software 
will ask for the root password for the database, 
and you should make a note of it. Aside from 
this one step, installation usually runs with no 
further interaction. To test whether installation 
has been successful, you should connect with 
the server via the command mysql ‑uroot ‑p. 
At the MySQL prompt, type show databases, 
so you can inspect the databases that are al-
ready available.

MysQl
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