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1. BOOMBOX ABR OVERVIEW
1.1 WHAT IS THE BOOMBOX?
BoomBox is an open-source Arduino-compatible board that attaches to commercially available
camera traps (CTs) to form an Automated Behavioral Response (ABR) system. The modular unit
connects directly to the CT’s passive infrared (PIR) motion sensor, playing audio files over
external speakers when the sensor is triggered. This creates a remote playback system that
captures animal responses to specific cues, combining the benefits of camera trapping (e.g.,
continuous monitoring in remote locations, lack of human observers, large data volume) with
the power of experimental manipulations (e.g., controlled perturbations for strong mechanistic
inference).

The BoomBox ABR deployed with a Bushnell TrophyCam CT in (A) Gorongosa National Park,
Mozambique, and (B) Grumeti Game Reserve, Tanzania.

1.2 PURPOSE OF THIS GUIDE
This document is meant to guide the reader in the construction, set up, and use of the BoomBox
ABR. Here, we cover materials required, preparing audio files, BoomBox assembly, and field
deployment. We additionally list potential experimental designs that use the BoomBox to test
a variety of ecological or conservation questions. Minimal hardware or software skills are
required to build the BoomBox ABR and support is available by contacting the FreakLabs team
(akiba@freaklabs.org; jacinta@freaklabs.org). New hardware and software updates are
available at https://freaklabs.org/technology/boombox and in updated versions of this guide.
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1.3 BASIC SPECS AND FUNCTIONALITY
BOOMBOX SPECIFICATIONS
0.8 mA in sleep mode
Power consumption

38.0 mA in idle mode
Up to 1.0 A in when active

Battery life
Ports

3.5 months max
1.5 months realistically
PIR motion sensor
Auxiliary trigger

Audio Format

MP3

Speakers

2 x 2-inch, 4 ohm, 5W speakers

Flash Memory

16MB

Batteries

3 x AA

Operating Temperature
Range

0 to 70 degrees Celsius

Amplifier

3W/channel stereo amplifier IC PAM8403

MP3 decoder IC

YX6100

Enclosure

32 to 158 degrees Fahrenheit

115 x 90 x 55mm
Has 'ears' for easier mounting
IP65

Enclosure rating

Dust-proof and rain-proof (withstands water
jets projected by a nozzle 6.3 mm)

Currently, we provide detailed instructions (https://freaklabs.org/technology/boombox) for
connecting the BoomBox ABR to the following makes (models) of CT: Bushnell (TrophyCam,
Core Low Glow), Spypoint (Force-Dark), Browning (Strike Force Pro, Spec Ops Advantage), and
Reconyx (HP2X Hyperfire 2 Professional). As commercial CTs tend to use identical or highly
similar PIR sensor processing chips, the assembly for each model is very similar. The main
difference is the position of the PIR and ground pins on the CT circuit board. Therefore, the
BoomBox can be connected to most commonly used makes and models. Please contact the
development team (akiba@freaklabs.org; jacinta@freaklabs.org) to explore options for
attaching the BoomBox to additional types of CT.
Users can customize a number of features on the BoomBox, including specifying the playback
volume (manually and through software), the delay between trigger event and audio playback,
and the order in which MP3s are played (sequentially or randomly). We are currently developing
new versions of the hardware and software that support microSDs and real-time clocks for the
collection of metadata such as the date, time and file played or time-based playlists (day or
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night playlist), larger enclosures to hold additional batteries to enhance device life, and
attachment of peripheral sensors and devices to suit specific project needs.
Depending on the make and model of CT used, video length can be set between 10-120s; CT
model also dictates PIR range, camera field of view, delay between trigger event and recording,
and other standard CT features.

1.4 BOOMBOX BOARD LAYOUT
The Boombox circuit board controls the ABR playbacks. The board is designed to fit into a
specific IP65 weatherproof enclosure. There is a power supply that can accept either batteries
or direct DC input (DC input is primarily for testing and development). It is also possible to
power the board from the USB programming dongle. The CT and speakers attach to this board,
which is programmed with sketches created using the Arduino IDE. Below, you can see an image
of the board and descriptions of the various connectors and switches on the board.
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1.5 REQUIRED MATERIALS
The BoomBox is created using low-cost commercial materials that can be purchased at local
electronics stores or online. Links are provided to suitable components (updated 14-Sep-2021).
At the time of writing, the total cost of one BoomBox was ~USD76.
1.5.1 MATERIALS FOR ASSEMBLY AND PROGRAMMING
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Circuit board (an Arduino-compatible board; see 8.1 PCB board schematics)
o Prefabricated boards can be obtained from FreakLabs
IP65 Enclosure (an extremely versatile plastic housing to protect sensitive electronic in
harsh environments; dimensions: 115 x 90 x 55 mm)
o Example enclosures
Speakers (the circuit board has ports for up to two 2 x 2-inch, 4 ohm, 5W speakers)
o Example speakers
Phillips head screwdriver (to open CT and BoomBox enclosures)
o Reconyx only: Specialty Pentalobe T6/T7 screwdriver
o Example screwdriver kit
Drill with an M4 or M5 size bit (to drill a hole in the CT enclosure for the BoomBox
connection wire to go through)
Soldering iron
o Example soldering iron
Flux core solder
o Example flux core solder
Flux pen (a flux pen removes any oxidized metal from the surfaces to be soldered,
making it easier to solder)
o Example flux pen
Solder mat (or protective mat to put underneath when soldering)
Scissors or wire strippers
AA batteries (3 per device)
USB mini-b data cable (NOT a recharging only mini-b cable)
o We recommend that you obtain >1 so you can assemble multiple devices at
once
Computer (any OS) with the latest version of the Arduino IDE installed
o The Arduino IDE can be download from:
https://www.arduino.cc/en/Main/Software_
Sticky tape (to tape the wires on the CT; thinner is better!)
99% isopropyl alcohol and cotton swabs (to clean off flux if necessary)

OPTIONAL
•

Multimeter (to test if the solder join to the CT circuit board is sound)
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1.5.2 MATERIALS FOR FIELD DEPLOYMENT
•
•
•
•
•

•

•
•
•

Screws and bolts
o Note that the CT, BoomBox module, and speaker(s) need to be attached and
may all require screws/bolts of different lengths that require different drill bits
Drill and drill bit (need to secure equipment in the field)
GPS and/or map (to record ABR location)
Datasheets, clipboard, pens, permanent markers
o We recommend separate datasheets for deployment vs. maintenance/data
collection checks
AA Batteries (6-8 per CT, depending on brand)
o We recommend Lithium batteries (vs. alkaline or rechargeables) to enhance
ABR longevity and minimize the number of human visits
o Bring extra batteries for GPS and other equipment
SD cards
o Depending on habitat and sensitivity settings, there may be misfires (videos
with no animals). To prevent SD cards filling up, we recommend 16-32 GB
o Having >1 SD card per BoomBox enables you to swap out SD cards during field
checks, rather than uploading and formatting the cards in the field
Machete or other device for clearing vegetation from in front of the CT field of view
o Minimizes misfires from moving vegetation and improves view of focal animal
Measuring tape (for recording CT height and standardizing audio at specific distances)
Sound meter or calibrated sound-measuring app (to record playback volume)

RECOMMENDED

•

•
•

Field laptop + BoomBox upload dongles
o When first checking the BoomBox, view first batch of videos to ensure that the
field of view is positioned correctly. During the pilot period, it may be also
necessary to update and reupload the BoomBox main sketch.
Duct tape, zip (cable) ties (you know you'll need them for something)
Multitool

Field equipment used in deployment of BoomBox ABR in Gorongosa National Park, Mozambique
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2. ASSEMBLING THE HARDWARE
2.1 PREPARE THE BOOMBOX MODULE
2.1.1 IN THE KIT
When obtained from FreakLabs, the BoomBox comes preloaded with test audio files and with
the following equipment. Otherwise, you will have to purchase these components separately.

Also included in the BoomBox kit:
•

This is the Boombox speaker and camera trigger cable harness. It comes pre-installed in
a cable gland. The cable gland and washer go on the outside of the enclosure while the
locking nut is on the inside and holds the cable gland in place. You simply install the
cable gland onto the enclosure and the cable harness will go into the Boombox speaker
(left and right) connectors and the trigger connector. Each of these cables is 0.5m long.
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•

The CT trigger cable has one side soldered onto the camera trap PIR motion sensor
trigger signal. The other side exits the camera trap and mates to the camera trap trigger
cable on the Boombox side. This cable is 0.25m long.

2.1.2 REMOVE CIRCUIT BOARD FROM THE ENCLOSURE
•

First, unscrew the circuit board and remove it from the enclosure. This makes it easier
to test, load sketches and load deployment audio files onto the board.
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2.1.3 ATTACH THE SPEAKERS
•
•

Plug the speakers into the 2 white speaker ports on the circuit board.
Connect the speaker cable harnesses together.

2.1.4 ATTACH THE BATTERY PACK
•
•
•
•

Insert 3 AA batteries into the battery pack.
Attach the battery pack to the underside of the enclosure lid.
Plug the battery pack into the battery input connector on the circuit board.
Check that the board activates (LEDs turn on) when the power switch is turned
towards the ‘Batt’ position.
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•

NOTE : that LEDs will need to be SWITCHED OFF for field deployment to conserve
battery life. These are useful for troubleshooting problems in the lab but consume a
great deal of battery power if left switched on.

2.1.5 TEST THE BOOMBOX MODULE AND SPEAKERS WORK VIA THE PUSH BUTTON
•
•
•

Check the batteries are in and the power switch is on ‘batt’.
Press ‘test’ pushbutton.
BoomBox will scroll through the test sounds every time the ‘test’ pushbutton is
pressed. This confirms the BoomBox module and speakers are working correctly.

2.2 ATTACH THE BOOMBOX TO THE CT
A basic overview of the procedure to attach the BoomBox to commercial CTs is provided below.
Specific instructions for individual makes and models of CTs can be found:
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•
•
•
•

Bushnell TrophyCam
Spypoint Force-Dark
Browning Spec Ops Advantage
Reconyx Hyperfire

The general procedure is as follows:
•

Unscrew the CT enclosure.

•

Access to the CT circuit board depends on the CT model. For example, you may need
to unscrew the top plate, unplug the microphone, or remove the battery case.

•

Drill a hole in the CT enclosure.
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•

Thread the BoomBox CT connection wires through the hole such that the cable harness
is outside the CT. We recommend you tie a knot to provide mechanical relief in case
the wire is yanked.

•

You'll need to solder the red wire to the PIR motion sensor trigger pin, and the black
wire to a ground pin. The location of the pins depends on the CT make and model.
First, solder the connection wires to the CT PIR sensor. Pay particular attention to
the position of the black wire and the red wire since the position is very important.
We are connecting the black wire to the GND (Ground) pin and the red wire to the
trigger pin.

•

•

Tape the wires down to keep them in place and make sure they do not obstruct the
camera or interfere with other processes. Specifically, avoid covering the Fresnel lens
of the CT’s PIR sensor.
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3. SETTING UP ARDUINO
Arduino is an inexpensive, open-source electronics platform in which users can easily customize
the hardware and software to accommodate their specific needs. Designed for beginner
programmers and engineers, this platform lowers the barrier to entry for ecology and
conservation. Users can create and modify microcontrollers and program them using the
Arduino programming language via the Arduino integrated development environment (IDE). The
system is cross-platform (i.e., runs on all OS) and provides a simple and accessible user
experience.
Within the Arduino environment, libraries are user-contributed packages that allow for specific
functionality. If you are familiar with R or Python packages, it is a very similar concept. If you
want to add timekeeping functions, you would add a “real time clock” library. The BoomBox
code uses various libraries created specifically for BoomBox as well as libraries that are part of
the core Arduino distribution.
Sketches are the actual code files or programs that implement specific functionality (similar
to a script in R). Sketches may include certain libraries with additional code to add certain
behaviors. For instance, a sketch may call the BoomBox library and then implement
functionality to randomly play a specific sound whenever the BoomBox is triggered.

3.1 SETTING UP THE ARDUINO ENVIRONMENT
•
•
•
•
•

Download the BoomBox package file from here. It will have many of the files you will
need to set up the Arduino environment.
Unzip the package, go into the Drivers folder, and install the driver specific to your
OS. If you are using Linux, the default driver is already installed so you can skip this
step.
Download and install Arduino IDE from the Arduino website.
Once installed, open the Arduino IDE.
Go to Arduino (or the File menu) and select Preferences.
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•

In the additional Boards Manager URL text field, add:
https://raw.githubusercontent.com/freaklabs/freaklabs-wildlifeboards/master/package_freaklabs_index.json

•

Go to Tools/Boards and select Board Manager.

•

If you type ‘freaklabs’ in the filter or scroll to the bottom, you will see the FreakLabs
Wildlife boards. Install the latest version.
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3.2 INSTALLING LIBRARIES
•
•

In the Arduino IDE, go to Sketch/Include Library and select ‘Add .ZIP Library’.
Once selected, go into the Libraries folder of the Boombox package to select the
libraries. There should be four: boombox, cmdArduino, chibiArduino, and
LowPower. You will need to add the libraries individually.

At this point, the Arduino IDE should be set up for using and updating the BoomBox software.
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4. PROGRAMMING THE BOOMBOX
4.1 LOADING SKETCHES ONTO THE BOOMBOX
The BoomBox package contain sketches (code) for running the BoomBox along with test
sketches that you can modify to help you start customizing and trouble-shooting the system.
Uploading a sketch overwrites whatever sketch is on the BoomBox. These sketches include:
•

•

•

testBoomboxStandalone: This test code checks if the BoomBox device is working
correctly. When the camera trap is not attached, audio playback can be triggered either
via the test pushbutton on the BoomBox circuit board or via command line access
through the Arduino IDE.
testBoomboxTrailcam: When the camera trap is attached, the audio playback can be
triggered through the command line or by waving your hand in front of the CT PIR sensor.
System diagnostics are also displayed via the command line.
o NOTE : This script disables the ‘TEST’ pushbutton and is instead triggered by the
‘TRIGGER’ input from the CT. If this sketch is used, the pushbutton will not
trigger a sound response.
deploymentBoomboxMain: Code for ABR deployment. The CT PIR sensor will trigger
audio playback. Parameters such as video duration, quiet period, and delay between
trigger and audio can be set in the sketch.

We recommend testing and deploying the BoomBox sketches in this order:
•
•
•

testBoomboxStandalone: to check the device is working
testBoomboxTrailcam: to check the connection to the CT is correct
deploymentBoomboxMain: load deployment code

To upload a sketch:
•

Ensure the BoomBox is attached to your computer by connecting the programming
dongle.

•

Open the Arduino IDE.
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•

Select the BoomBox board.

•

Select the new port (you can check to see what ports are available when no USB is
plugged in and select the new available option).

•

Go to File/Open and in the BoomBox package folder, go into the Sketches/Sequential
folder and open the ‘testBoomboxStandalone’ sketch. This is for testing BoomBox
when it is in standalone mode, i.e., instead of waiting to be triggered by the PIR
motion sensor of a CT, it can be triggered by the “TEST” pushbutton.

•

Check the MAX_SOUNDS variable is set to the maximum number of audio files on the
BoomBox (see 4.4 Loading MP3 files onto BoomBox). If no audio files have been
loaded yet leave as is.
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•

Click on the ‘Upload’ button to compile and upload the testBoomboxStandalone
software to the BoomBox device.
o NOTE : There is also another test sketch called testBoomboxTrailcam. This
sketch disables the ‘TEST’ pushbutton and is instead triggered by the
‘TRIGGER’ input from the CT. If this sketch is used, the pushbutton will not
trigger a sound response.

4.2 TESTING BOOMBOX AND THE COMPLETE ASSEMBLY
4.2.1 TESTING BOOMBOX MODULE WORKS VIA THE COMMAND LINE
First test whether the audio is playing by using the command line.
•

Open Arduino and upload testBoomboxStandalone.
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•

Open the Arduino command line by clicking on the command line icon.

•

Check the bottom parameters are set to Carriage Return with a baud rate is 57600.

•
•

Hit enter to bring up the command line.
Type ‘play <index>’ to play the audio with the specified index.

•

Type ‘stop’ to stop the audio playing.
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•

Type ‘vol <number>’ to set the volume through software. This can also be done
manually through the volume dial on the BoomBox.

4.2.2 TESTING BOOMBOX MODULE WORKS VIA PUSH BUTTON
When the test sketch has compiled and uploaded, press the ‘test’ pushbutton on the BoomBox
circuit board. This will toggle through the test sounds (pre-programmed into the circuit board
or loaded by the user).

4.2.3 TESTING BOOMBOX PLAYS WHEN THE CAMERA TRAP’S MOTION SENSOR IS
TRIGGERED
Test that the connection to the CT’s PIR is secure and that audio plays when the camera PIR
motion sensor triggers.
•
•

Loosely close the CT enclosure so we can test when the PIR sensor has been
successfully probed (i.e., keep the screws in but loose).
Connect the BoomBox to the CT via the connection wire harness (outside the
enclosure). This is the wire that goes to the yellow connector on BoomBox. These are
simple connectors on the cables that snap together and mate to make a connection.
That way, you can easily detach the camera trap and speakers from the BoomBox
while transporting, and then snap them together in the field.
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•
•
•
•

•
•

Check that the speakers are connected to the BoomBox box and that the CT trigger
output cable is connected to the BoomBox trigger cable.
Open Arduino and the testBoomBoxTrailcam sketch.
Check the MAX_SOUNDS variable is set to the maximum number of audio files on the
BoomBox (see 4.4 Loading MP3 files onto BoomBox). If no audio files have been
loaded yet leave as is.
Upload testBoomboxTrailcam to BoomBox.

Turn on the CT and put it into ‘Settings’ mode (or similar; see brand-specific guides
for more information). NOTE: it may take a minute or so for the PIR to acclimatize.
Wave your hand in front of the CT lens. BoomBox should play the audio when the CT
detects motion.
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•

•

NOTE: Once modified, the CT will not register any motion if BoomBox is not powered
and connected to the CT. This is due to the specific properties of the motion sensor on
the CTs. If you wish to use the CT without BoomBox, remove the wires to the PIR
motion sensor on the CT. The CT won’t be damaged.
NOTE: If no sounds play, reset the board by pressing the RESET pushbutton, ensure
the CT and speaker connections are secure, the volume dial is turned to full volume,
and use the command line to see if the motion is being registered by BoomBox. If
issues persist, try to see whether the issue lies in the setup (i.e., connections are
secure, correct code is loaded, CT has correct settings), the hardware (speakers,
cable, BoomBox), or the CT PIR soldering connection (4.4.1, 4.4.2). See ‘4.6
Troubleshooting’ for additional solutions.

4.3 DEPLOYMENT FILE PREPARATION
4.3.1 CLEANING DEPLOYMENT AUDIO FILES
Depending on the source of the audio files used, they may need to be cleaned (e.g., background
noises removed), trimmed, and normalized to comparable decibel levels. We recommend the
freeware program, Audacity, which has numerous tutorials on how to improve the sound quality
of audio files.
4.3.2 PREPARING DEPLOYMENT AUDIO FILES FOR UPLOAD
The memory which stores the audio files is on the circuit board (modular memory capacity was
removed in the current version but being improved upon for later versions). All the audio files
needed for deployment will need to be loaded onto the circuit board. The order in which the
playbacks are played can be set in the deployment code (e.g., sequentially, randomly).
Audio files need to be in an MP3 format and renamed according to the following conventions:
•
•

Standard alphabet, underscores, or hyphens (i.e., no spaces, semicolons, or accented
letters)
15-character limit for the filename

Most importantly, file names need to start with an index number (e.g., 001, 002, 003, …), and
then can have (optional) text but no numbers. The index is used by the microcontroller to
select the appropriate MP3 for playback.
•
•

Appropriate: “001.mp3” or “001_lionroar.mp3”
Inappropriate: “lionroar.mp3” or “001_lionroar1.mp3”

Be sure that the index number increments increase by 1.
•
•

Appropriate: “001_lionroar.mp3”, “002_hyenacall.mp3”
Inappropriate: “001_lionroar.mp3”, “001_hyencall.mp3”
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4.4 LOADING MP3 FILES ONTO BOOMBOX
•

Connect the BoomBox circuit board to the computer by attaching the USB mini-B cable
to the USB port on the BoomBox board.

•

The BoomBox should register on your computer as an external device.

•

Simply drag and drop the audio playlist onto the sound chip to transfer the files.

•
•

Once finished, eject BoomBox from the computer.
Unplug BoomBox board from the computer.
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4.5 PROGRAMMING YOUR DEPLOYMENT APPLICATION
•
•
•
•

Connect the programming dongle to the BoomBox board and to the computer using the
USB mini-b cable.
Open Arduino IDE.
Open deployment code sketch, ‘deploymentBoomboxMain’. This is the base program
which we will modify for deployment.
Edit the deployment sketch parameters based on your equipment and study design:
o
o
o
o

•

Max_Sounds = the total number of audio files on the sound chip
delayTime = time (in milliseconds) between start of camera recording and the
system waking up and playing the audio file
durationTime = max length of longest audio file or longer (in milliseconds i.e.,
15000 = 15 secs, 30000 = 3 seconds)
offDelayTime = time between system retriggering and playing sound (in
milliseconds); usually ‘0’

NOTE: delayTime and durationTime needs to equal the CT video length. So, if
delayTime is set to 5 seconds and durationTime is set to 25 seconds, the video length
on CT should be at least 30 seconds. Some CTs also have a setting for offDelayTime.
The BoomBox offDelayTime setting should match the CT’s offDelayTime setting (if it
has one).

SAMPLE SETUP:
1.
2.
3.
4.
5.

Motion trigger detected
Start video + start sound (delayTime = 0)
Sound runs for 10 seconds (or duration of audio file)
Video runs for an additional 20 seconds (durationTime = 30,000 milliseconds)
Delay CT 1 min before next trigger can be detected (offDelayTime = 60,000
milliseconds)
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There are two options for playing the audio tracks:
1. Sequential - plays the audio tracks sequentially
2. Random - 'shuffles' the audio tracks, playing a random track with each trigger event

and not repeating until all tracks have been played.
We recommend using the Sequential code first, to become familiar with the system, test
procedures and the deployment code modifications. The Random test process and deployment
code modifications are the same as the sequential.
Once the deployment code is working:
•
•
•
•
•
•
•

Unplug the BoomBox from the computer
Remove the programming dongle
Unplug the battery pack, the speakers, and the CT connections
Screw the BoomBox circuit board back in
Thread the cables through the cable gland (if not already)
Fix the cable gland in place. The cable gland and washer go on the outside of the
enclosure while the locking nut is on the inside and holds the cable gland in place.
Reconnect the battery pack, speakers, and CT

Before closing up device:
•
•
•
•
•
•

Turn off LEDs on the BoomBox board
Check batteries are full and that the power slide switch is towards ‘Batt’
Check the speakers are connected
Check the CT is connected
Put the battery pack inside the enclosure
Screw down the enclosure lid

4.6 TROUBLESHOOTING
4.6.1 AUDIO FILES WILL NOT COPY TO MEMORY CARD BECAUSE MEMORY IS FULL
Sometimes memory cards have a ‘hidden’ trash file (‘.trash’ or similar), which is where the
files go after you delete them. This is a safety precaution in case you permanently delete files
you do not want to.
To see the folder and permanently delete the files on the memory, you will need to set your
system to display ‘hidden files’. You can do this here. Go to the second heading ‘Show all hidden
files/folders’. Plug the board in as though you are loading audio (so it appears as a USB device).
The hidden files/folders will appear faded, but you will be able to access and delete them.
4.6.2 RESETTING THE AUDIO TRACKS TO THE BEGINNING
To restart playback from the starting index, push the reset button on BoomBox. You can find
it here:
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4.6.3 LEDS FADING OR DIM WHEN PLAYING SOUNDS
If you see the LEDs fade or dim while you’re playing the sounds, you are putting too much load
on them which means either you need to turn down the volume (in the case of heavy bass
sounds) or use fresh batteries.
4.6.4 AUDIO IS CUTTING OFF
If the audio is cutting off and not playing the complete track, check that the batteries are full.
The system draws more current when it is playing the audio, and if the batteries are low, it
may not have enough power to play the tracks. Also, check the durationTime length is set to
the length of the longest audio.
4.6.5 CAMERA TRAP IS CONNECTED AND TRIGGERING BUT NO SOUND IS PLAYING
If the camera trap is connected and triggering but no sound is playing:
1. Reset the board
2. Check the command line to see if BoomBox is registering the motion
3. Check the power supply switch is set to ‘batt’ and the batteries are plugged in
If BoomBox is registering the motion:
1. Check the speaker volume
2. Check the audio sounds loaded on the BoomBox are not corrupt
If BoomBox isn’t registering the motion:
1. Check the speakers, battery, and CT connections on BoomBox are secure, and there are
no breaks in the cables
2. Check the wire solder connections to the PIR motion sensor on the CT circuit board are
secure
3. Unplug the CT, and test speakers and Boombox device using testBoomboxStandalone
script for speaker or hardware issues
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5. DEPLOYING THE BOOMBOX IN THE FIELD
Setting up the BoomBox in the field is a straightforward process but it can take 0.5-1hr per
device depending on the habitat conditions where you are working; checking the devices once
deployed, however, can be accomplished in a matter of minutes. We strongly recommend (1)
practicing setting up the device in the home or office (pets make great test subjects!) and (2)
treating the first 1-2 weeks of deployment as a ‘pilot period’, with frequent checks to adjust
and update settings to optimize field performance. Furthermore, it is advisable to bring a
complete kit of construction materials (e.g., soldering equipment) and back-up equipment
(e.g., extra wires, extra speakers, tape) to make any emergency repairs that may arise during
the experiment.

5.1 PREPARING THE BOOMBOX ABR
Depending on field conditions, you may want to take additional steps to protect the ABR
equipment from weather, bugs, dust, and other environmental factors. For example, we
recommend protecting the speakers in plastic cups (we used the chair leg protectors) to reduce
exposure to rain and prevent ants and geckos from laying eggs inside the speakers.

5.2 POSITIONING THE BOOMBOX ABR
5.2.1 LOCATION
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Where the ABR will be positioned geographically will depend on the study design; in most cases,
you will likely navigate to predetermined GPS coordinates and find a substrate (e.g., trees,
rocks) within a reasonable radius of this point to deploy the ABR equipment. In open habitats
lacking convenient structures, you may want to bring a metal pole or similar artificial substrate
for attachment.

CT and BoomBox ABR attached to a tree (left) and pole (right). The camera on the right is further
protected in a metal security case to protect from large mammals and poachers.

5.2.2 CAMERA POSITION
The height at which the CT should be positioned depends on the focal species: most CT guides
recommend placing the camera at shoulder height of your target animal. For our studies
attempting to capture behavior of a broad mammal community, ranging from hares to
elephants, we placed the CT at between 0.5-1.0 m above the ground to maximize the number
of species we could observe. Cameras can be attached to the substrate using straps or Python
locks, or bolted to the substrate using metal security cases. Choice of attachment depends on
the substrate type and the degree to which you are concerned that the CT may be targeted by
animals or people (although see ‘5.7 Tips and tricks’).
As when setting up a standard CT survey, place the camera trap facing an open area or game
trail when animals are likely to pass and position them such that they do not face the rising or
setting sun. For some experimental designs, it may not matter how the animal gets in front of
the CT, and in these cases, you may want to funnel animals towards your sampling unit by
blocking alternative paths with tree limbs and other vegetation or by baiting the ABRs to attract
focal species. Other experimental designs may necessitate placing cameras at areas of high
animal activity or where animal interactions are extremely likely, such as at water sources or
carcasses (see ‘6. Possible experimental designs’).
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5.2.3 SPEAKER POSITION
For many studies, you likely want animal behavior directed towards the camera trap to capture
reactive responses to the audio cue. In these cases, we recommend placing the speakers
directly proximate to the CT (above or below). For other study designs (e.g., monitoring effect
of approaching human activity or testing responses to cues played from different distances; see
‘6. Possible experimental designs’), you may want to position the speakers elsewhere in the
environment. In these cases, the position of speakers is limited only by the length of wire used
to attach the speakers and therefore can be set by the researcher. Speakers can be attached
to the substrate using long (~2”) screws or similar.
5.2.4 BOOMBOX UNIT PLACEMENT
Attach the BoomBox to the substrate in a position where it can be easily accessed by the
researcher in order to swap out batteries and sound cards during the course of the experiment
but out of reach of any potentially destructive wildlife. The BoomBox enclosure can be attached
to the substrate with screws, and distance from the CT depends on the length of wire.
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5.3 PREPARING ENVIRONMENT
As in standard CT surveys, we recommend clearing moving vegetation from in front of the
camera’s field of view to both improve the amount of behavioral information that can be
recorded as well as to prevent ‘misfires’, that is, situations where moving vegetation triggers
the ABR to sound off and start recording. Repeated misfires drain battery life, fill up the SD
cards with empty videos, and expose the environment to audio exemplars, potentially
habituating near-by wildlife. Depending on the habitat type, vegetation can be cleared with a
machete or similar. If the ABR experiment is deployed for long periods of time during growing
seasons, repeated vegetation maintenance may be necessary.

5.4 CAMERA SETTINGS
The ideal camera settings capture the focal species while minimizing the occurrence of misfires
and repeat triggers. These settings depend on the experiment objectives, the focal species,
and/or the environment in which the experiment is taking place, and may need to be adjusted
after a pilot period. Sensitivity is set on the CT; video duration and delay are set on the CT
and the BoomBox. The delayTime and durationTime combined on the BoomBox need to equal
the CT video length. Some CTs also have a setting for offDelayTime. The BoomBox offDelayTime
setting should match the CT’s offDelayTime setting (if one is set). As such, during the pilot
period, it may be wise to bring a hardy laptop computer on field checks with the appropriate
dongles to update the BoomBox circuit board if parameters need to be adjusted.
5.4.1 SENSITIVITY
Higher PIR motion sensor sensitivity settings may result in larger numbers of misfires, filling up
the SD card, draining the batteries, and unnecessarily exposing the environment to
experimental audio cues. However, lowering the sensitivity risks the ABR not triggering when
focal animals are present. The optimum sensitivity setting depends on how often the ABRs will
be checked (i.e., how often the SD card will be changed and batteries replaced), how small or
fast the focal animal is (i.e., reducing the chance that even a sensitive PIR will trigger), and
how much moving vegetation or other potential non-animal triggers exist in the environment.
In both pilot sites (savanna and tropical forest), we found that the lowest sensitivity settings
performed best across sites in terms of maximizing capture rates and minimizing false triggers.
5.4.2 VIDEO DURATION
Depending on the make/model of CT use, the video duration can be set between 5-120 s or
turned to a ‘dynamic’ mode that will continue recording until the animal has stopped moving.
We had multiple issues with ‘dynamic’ mode truncating after only 10-15 s will animals were
still in frame and do not recommend this setting. The longer the videos are, the more data that
can be captured on animal response if the animal remains in frame (i.e., does not run away
upon hearing the cue), but the faster the SD cards will up (i.e., recording fewer trials before
the ABR is rendered essentially non-functional). Our studies, aimed at capturing the behavioral
responses of large herbivores, mesocarnivores, and primates, revealed that in ~85% of cases,
30 s was sufficient to quantify the behavioral response. This may vary by focal species.
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5.4.3 DELAY (‘QUIET PERIOD’)
This refers to the amount of time the CT is idle between trigger events. For most experiments,
we do not need repeated samples of the same individual, i.e., if a cue does not result in the
animal leaving the vicinity and the animal triggers the camera multiple times. Therefore, it is
worth evaluating how long after one individual leaves that another may arrive at the ABR site.
We used data from a prior CT survey at each site to estimate this period, which, conservatively,
was between 15-30 mins depending on species. However, the current version of the BoomBox
ABR deals with the programmed ‘quiet period’ by being active to prevent triggers from
instigating new playbacks. If the BoomBox runs for 15 minutes after each trigger, the battery
drains extremely quickly. As such, we chose 1 min as our quiet period.

5.5 ACTIVATION
Once the camera, speakers, and BoomBox module have been set up according to the
experimental design, open the CT and insert the required number of AA batteries. Then, turn
the camera on to ‘Settings’ mode:
•
•
•
•

Program the date and time
Program the video length, sensitivity, and quiet period
Insert empty SD card (if not empty, format in the CT)
Turn the camera off

Then, open the BoomBox enclosure:
•
•
•

Insert 3 AA batteries into the battery pack
Ensure power is turned to ‘Batt’
Ensure LEDs are turned ‘off’ (otherwise, will drain power extremely quickly)

Turn camera on again back to ‘Settings’ mode:
•

•
•

Wave hand in front of PIR sensors to trigger audio; ensure that sound plays and that
there is the appropriate programmed delay before the sound triggers again (i.e., if you
set a specific quiet period, make sure that sound is not triggering even when CT is not
recording video)
Adjust audio settings (see ‘5.5.1 Adjust audio settings’)
Close CT (while still in ‘Settings’ mode) and test that the camera is triggering at the
position/distance where you anticipate wildlife to be. As in setting up a regular CT,
this typically involves walking or crawling (i.e., to be target animal height) along the
game trail or in the open area in front of the CT to see whether the CT PIR triggers.
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•
•
•
•
•

Open the CT and check video captures on the CT or, if the CT does not support this
functionality, turn the CT off and remove the SD card to quickly view videos on a field
laptop to ensure that you are capturing the appropriate field of view.
Return SD card to CT
TURN CT FROM ‘SETTINGS’ OR ‘OFF’ TO ‘ON’

Screw the BoomBox enclosure securely closed
Collect any relevant field metadata

5.5.1 ADJUST AUDIO SETTINGS
For many projects, it is worth standardizing the decibel level of the audio exemplars across
devices and/or establishing that the audio plays at biologically realistic levels. For these
situations, we recommend bringing a sound meter or calibrated phone sound app (e.g., ‘Arduino
SJ’ or ‘phyphox’) to the field. We, for example, calibrated our audio to play at 80 dB at 1 m
(i.e., the sound of a television or a person talking). During deployment, we measured 1 m from
the speakers and used the manual volume dial on the circuit board to adjust the playback
volume until we consistently achieved ~80 dB for three sequential triggers.

5.6 DATA/MAINTENANCE CHECKS
Depending on the overall deployment length, we recommend attempting to minimize the
number of times that the ABRs are checked (i.e., to reduce disturbance to wildlife) while
ensuring that the devices are visited often enough to prevent data loss from dead batteries,
full SD cards, or animal/people damage. For our sites, we found the optimal period to be 2-4
weeks between ABR checks.
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For each ABR check, we evaluated the CT and ABR battery status and replaced batteries if
necessary. We swapped out the SD card with a blank SD card. The SD cards were uploaded and
backed up immediately upon return to base. We repaired any damage to the ABR setup,
replacing the camera or BoomBox unit if necessary and bringing damaged units to base for
repair. We used a separate datasheet for maintenance checks to track the researcher, battery
status, unit status, SD card collection and upload, and other relevant parameters.

5.7 TIPS AND TRICKS FOR FIELD DEPLOYMENT
5.7.1 PROTECTING THE BOOMBOX FROM ANIMALS
Some wildlife may pose a threat to the BoomBox, which is a difficult situation to navigate as
the purpose of the device is to attract animal attention to the experimental set-up. We
conducted our test deployments in eastern and southern Africa, where main threats to our
experiment included baboons, elephants, spotted hyenas, and lions (species that are curious
and either dexterous or possessing great strength). Baboons were never able to fully destroy a
BoomBox set-up, but on occasion yanked out loose wires (i.e., those connecting the BoomBox
module to the camera or speakers), necessitating emergency field soldering to fix. The
remaining attacks were directed, curiously, not at the CT or speakers, but at the BoomBox
module itself. In almost all cases, the only equipment that was destroyed was the plastic
enclosure and the circuit board itself could be salvaged and redeployed in a new case. However,
after these attacks, we began placing the BoomBox modules higher up on our attachment
substrates to remove them from easy access.
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Depending on the system and suite of animals that may potentially encounter the BoomBox
ABR, it may be worth protecting the cameras in commercial metal security cases and protecting
the speakers or positioning them out of reach of curious wildlife.
5.7.2 PROTECTING THE BOOMBOX FROM PEOPLE
First and foremost, effort should be taken to inform the local communities, rangers, guides,
and tourists in areas where the devices are being deployed about the project and why it is being
conducted. By-in and understanding from people using these areas is critical when conducting
any study that involves recording devices. Where possible, laminated tags with information on
the project and contract details of the lead researchers can be attached to the ABRs to provide
additional information for anyone who stumbles across the devices in the field (information in
multiple languages may be necessary).
However, there may be people who find the BoomBoxes in the field and consider them a threat.
We recommend camouflaging the BoomBox unit (trying to reduce contrast between the unit
and the substrate) to prevent attracting attention from afar; as mentioned above, once the
BoomBox has been triggered, there is little that can be done to disguise its position.
5.7.3 PROTECTING THE BOOMBOX FROM ELEMENTS
Our BoomBoxes, speakers, and CTs survived intense rainfall, flooding, extreme heat, and
infestation with insects and small vertebrates with no loss of function. We had originally
deployed the ABRs with speakers protected in plastic coverings to protect them from moisture,
but found that uncovered speakers performed just as well without the hassle of covering and
recovering speakers. At one point, one of our BoomBox enclosures that we attached at the base
of a tree was flooded, remaining underwater for 3-4 days before the next maintenance check,
and continued to operate with no issues. To minimize oxidation, we placed 2-3 silica gel packets
inside each BoomBox enclosure to wick away moisture. We also recommend covering the
innards of the speakers and ensuring a tight seal on the BoomBox enclosure to prevent animals
from entering the devices. Spray-on conformal coating (or lacquer painted on to the board)
would also protect from oxidation, with the drawback that the board could not be modified or
repaired. We note that the newer versions of the BoomBox are currently being tested out in
temperate climates and this section will be updated with new information when it becomes
available.

37

6. POSSIBLE EXPERIMENTAL DESIGNS
ABRs are designed to study free-ranging species responses to external cues, which may include
the presence of predators/prey, competitors, or human ‘super predators’, among many other
possibilities. As such, there are a number of outstanding questions in ecology and conservation
biology that these devices can help address. To date, this approach has been used to test
wildlife responses to anthropogenic disturbances (Smith et al., 2017) and explore species
interactions and coexistence (Epperly et al., 2021) and has the potential for widespread
application in diverse contexts. Below, we provide a non-exhaustive list of suggestions for
potential BoomBox ABR experimental designs.

6.1 PREDATOR-PREY INTERACTIONS
Our original experiments were designed to understand reactive anti-predator responses to
extant (currently present), historic (present in the past but now locally extirpated), and
reintroduced predators (historically present, lost, and then restored through conservation
interventions or natural recolonization). We programmed out ABRs with 5-6 audio examples of
each predator species along with a selection of non-threatening control noises (e.g., frogs,
birds) and evaluated the type and intensity of response of prey animals that had either
ecological or evolutionary experience with these predators. Similar designs could be used to
test predator responses to prey or predator/prey responses to invasive prey/predators,
respectively. We echo Smith et al. 2020 in noting that, to date, there remain few experimental
studies of how free-ranging predators respond to different prey types and we encourage
exploration in this area.
We deployed our ABR units along underlying gradients of predation risk, such as areas of high,
medium, and low predator use/occupancy and across environmental features that prey
associate with risk and safety (i.e., wooded vs. open habitats). A similar approach was used by
Epperly et al. 2021 to test whether reactive anti-predator responses were modulated by
chronic, underlying patterns of spatial risk. Note that relative perceived risk/safety of a
particular habitat patch depends on the anti-predator strategy of the prey (e.g., ‘runner’ vs.
‘hider’) and the hunting strategy of the predator (e.g., ‘ambush’ vs. ‘coursing’). Alternatively,
ABRs could be deployed at specific locations where prey are particularly vulnerable, such as
water sources (e.g., Hopcraft et al. 2005).
If an ABR experiment is conducted within a classic CT monitoring survey or performed on freeranging animals equipped with GPS collars or accelerometers, additional information
complementary or compensatory anti-predator responses (i.e., overall anti-predator strategy choice of where and when to avoid vs. risk predator encounters) could be determined.
Additional sensors attached to the ABR such as weight plates to record triggering animal mass
or temperature sensors, or paired with biologgers in/on the animals themselves, could provide
valuable information on how individual condition affects ability to respond to predators. These
different experimental designs can help address outstanding questions in wildlife ecology such
as the prevalence and strength of fear effects (e.g., Zanette et al. 2020, Sheriff et al. 2020,
Wirsing et al. 2020) as well as conservation and management concerns, such as evaluating how
naive prey may respond to reintroductions of historic predators (e.g., Hayward & Somers 2009;
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Atkins et al. 2019; Alston et al. 2019). See Prugh et al. 2019 and Smith et al. 2020 for more
ideas for using experimental methods such as the ABR to explore predator-prey dynamics.

6.2 INTRAGUILD INTERACTIONS
Similar experimental designs can be used to assess the mechanisms of competition and
coexistence within trophic guilds and evaluate how loss or addition of keystone species affects
intraguild interactions (e.g., mesopredator release). For example, one of our on-going studies
in Gorongosa National Park, Mozambique, is evaluating how the mesocarnviore community
responds to the continued restoration of the locally extirpated large predator guild.
Alternatively, ABRs could be placed at high-value resource units, such as carcasses, to establish
dominant/subordinate status among competitors.

6.3 HUMAN ACTIVITY
There are numerous ways that ABRs could be used to assess how species respond, negatively or
positively, to human activity. For instance, Smith et al. (2017) positioned ABRs that played
human voices at cougar kills to evaluate how large predators responded to the human ‘super
predator’ (i.e., a new top predator that kills and creates fear in species that would otherwise
be apex carnivores). Marshall et al. (In Prep) used the ABR to understand how recolonizing
wolves responded to the sound of humans, to both evaluate their reactive behavior and see
how simulated human activity affected recolonization patterns. ABRs could be positioned across
gradients of human disturbance (e.g., in national parks, outside park boundaries, in human
settlements, or in the same area during hunting and non-hunting seasons) to test whether
human ‘super predators’ are attractive to prey due to mechanisms such as the ‘refuge effect’
(i.e., scaring away predators that would otherwise consume prey). In addition to testing
hypotheses in ecology and conservation biology, ABRs may be used to evaluate questions that
lie further in the realm of animal behavior. For example, Poole et al. have proposed using ABRs
programmed with local languages and Western languages to see whether elephants can discern
human dialects, as local people may pose more of a threat due to poaching than nonthreatening international tourists.
6.3.1 HUMAN-WILDLIFE CONFLICT
Beyond being used for research purposes, the ABR can also be employed as an animal
deterrent to mitigate human-wildlife conflict. The ‘BoomBox Disco’ has additional peripheral
devices which create light and sound when triggered, with the goal of preventing crop-raiding
elephants from approaching villages. New advances in TinyML may soon provide the capacity
for onboard AI to only trigger the peripheral devices when the camera has been triggered by a
species of interest.

6.4 ANIMAL INTELLIGENCE
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ABRs could also be employed to test animal responses to novel cues (neophobia/neophilia) and
thereby test theories regarding the evolution of animal intelligence (e.g., Borrego 2020) or
problem-solving abilities.

6.5 CAVEATS
With any playback experiment, it is important to keep in mind that animals repeatedly exposed
to cues with no follow-up repercussions may quickly become habituated to the experimental
perturbations. As such, we recommend keeping the duration of the experiments short (we found
that large mammalian herbivores did not habituate within two months, but would be wary of
running the experiment for longer periods). This also curtails the usefulness of this approach
for studying downstream effects (e.g., trophic cascades) although see Suraci et al. (2016) and
Atkins et al. (2019).
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7. SUPPLEMENTAL
7.1 PCB SCHEMATICS
The hardware schematics can be downloaded from the GitHub repository hw directory
(https://github.com/freaklabs/BoomBox/tree/master/hw). The latest versions as of Sep-2021
are below:
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7.2 BUILDING A BESPOKE SYSTEM (PROS AND CONS)
7.2.1 CREATING PCBS FROM SCRATCH
For those lacking the equipment or technical knowledge to create the PCBs from scratch,
BoomBox ABR circuit boards (and other equipment) can be purchased from the authors at
https://freaklabs.org/technology/boombox. However, there are advantages and disadvantages
to building a bespoke system versus purchasing off the shelf.
Advantages: When building a system discreetly, it is possible to learn about how the system
works in a deeper, technical way. This allows the user to customize the units to include
additional functionality. It may also be more cost-effective for creating only a few units.
Disadvantages: As the number of devices purchased increases, the cost benefit disappears and
it becomes cheaper to purchase the completed system. It is also difficult to address the issue
of power management (for example, the Sparkfun Quiic system is not designed to disable
modules when the system goes to sleep. This needs to be added separately via external
circuitry, otherwise battery life will be decreased to the point that a set of AA batteries would
power the system for around a day or so). Building a discrete system takes much longer than
taking a completed system: if you need to scale the number of ABR devices, the time will
increase and the likelihood of errors/faults increases.
7.2.2 MODIFYING A COMMERCIAL CT VS A COMPLETELY CUSTOM BUILD
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There are additional pros and cons associated with creating a module that attaches to a
commercial CT compared to creating a completely bespoke system (e.g., based on a Raspberry
Pi).
A driving factor for using a BoomBox module is that it is compatible with off-the-shelf CTs that
are readily accessible or possibly even already owned by many wildlife researchers. However,
Raspberry Pis and other single-board computers are becoming increasingly popular with
ecologists (see Jolles 2021 for review).
A Raspberry Pi would work as an ABR system, but the main obstacle to its use is the power
consumption. Even in a low power mode, a Raspberry Pi typically consumes around 80 mA.
Given a standard 2000 mAh battery, this translates into 25 hours of battery life. There are
workarounds where a Raspberry Pi could be powered off and then turned on when needed,
but the boot time for a stock device is ~25 seconds. This is also one of the main drawbacks to
using a Raspberry Pi as a CT (i.e., a Raspberry Pi connected to a camera with sensors) as you
would need to supply a very large battery for extended amounts of time.
The BoomBox was designed to balance three critical factors. The first is the need to consume
little power in low power mode (currently 0.4 mA). The second is the need to provide large
amounts of power during playback as the stereo 3W audio amplifier can consume up to 2A of
current. The final need was to be able to switch from low power mode to full power playback
with as little latency as possible (currently <5 msec). In other words, to maximize the
synchronization of the playback and video while having the power to remain in the field for
dozens or hundreds of trigger events, the device needs to swing between very low power to
very high power in a very short amount of time. This is one of the subtleties that makes
designing the BoomBox, as well as a camera trap particularly, difficult. To achieve this
balance, we have added custom circuitry to the audio system, designed the power supply to
take this into account, and specifically constructed the software architecture to allow for
this.
It is however possible to put together a similar system using an Arduino, Raspberry Pi Pico, or
a similar class of low power microcontroller. It would require the following:
1) Microcontroller platform (Arduino or similar)
2) MP3 decoder module (additionally, a standard .wav player is possible but you would
need a digital-analog converter)
3) Audio amplifier module
4) Power supply module (take in power from battery and regulate it at 3.3V for

microcontroller and boost to 5V for audio system)
5) Speakers

The Boombox is essentially an integration of all these components that optimizes the
complete system for power. For really low power systems, you need to optimize on a system
level rather than a component level.
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