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Introduction
A variety of  gunshot detection devices have been designed for 

outdoor use, but the excessive echoing caused by a gunshot when 
indoors has inhibited the development of  an indoor gunshot 
detection system. Rooms that are irregularly shaped and/or 
contain furniture can further complicate detection, and research by 
Beck and Nakasone (2011) shows that factors like caliber and 
ammunition type can also affect gunshot waveforms. 

An indoor gunshot system has great potential as a highly 
effective security system. As illustrated by Chang et al. (2006), 
detecting gunshots automatically and sending an alert to law 
enforcement could drastically improve response times, eliminate 
the need for manual reporting, and give officers more information 
about the dangerous situations they are entering.

The purpose of  this project was to create a basic gunshot 
detection device designed for indoor use. The focus was on 
successfully detecting gunshot events, finding their approximate 
location, and giving a visual report to the user, to aid in the 
development of  more advanced systems.

Materials and Methods
The device was created using a Raspberry Pi Model 3 B+ and a 

Matrix Creator. The Raspberry Pi is an inexpensive miniature 
computer and the Matrix Creator is a circular array of  
microphones and LEDs designed for use with a Raspberry Pi. 
Figure 1 shows the LEDs of  the Creator lighting up to indicate a 
nearby sound source.

Materials and Methods (cont.) Results (cont.)

The processing of  the audio input and subsequent “alert” indication 
given through the LEDs occurs within the structure of  a circular buffer, 
a structure designed to store data with limited memory. The buffer 
interacts with the other components of  the device as shown in Figure 2. 
The buffer constantly overwrites itself  as it receives new audio data from 
the microphone array, saving data for further analysis upon the 
detection of  a sudden volume spike. The LEDs corresponding to the 
microphones that had first detected the volume spike were illuminated 
to indicate the location of  the gunshot. Because a volume check was the 
method used to identify the gunshots, other sounds of  the same volume 
were also detected by the device.

The operational device was tested for accuracy in a typical classroom 
setting and tested for detection distance in a hallway devoid of  furniture. 
In the classroom, a gunshot sound measured to be 74.2 decibels from a 
distance of  1 foot was used, while the distance test used a gunshot with 
a volume of  60.4 decibels. In the classroom, the gunshot was played 
twice at each of  the 54 evenly spaced locations: once at an upper height 
of  4.2 feet, with no furniture directly between the device and the sound 
source, and once at a lower height of  3.2 feet where furniture was 
present. For the distance test, the device was exposed to a sample of  5 
gunshots at 2 foot intervals.

A 2-Proportion Test was used to compare the device’s accuracy 
rate at the upper and lower heights. The 2-Proportion Test yielded 
a p-value of  0.767, which indicated that the difference in success 
rates between the upper (87.0%) and lower (88.9%) heights was not 
statistically significant. The device’s average accuracy rate in the 
classroom setting was 89%. A binomial regression model of  the 
distance data was created to show accuracy drop as distance 
increased, as seen in Graph 1.
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Figure 1: The 
device being 
used to detect 
the sound 
produced by 
a Samsung 
Galaxy S9. 
The LEDs on 
the Matrix 
Creator light 
up to indicate 
the direction 
from which 
the sound 
originated.

Figure 2: A flowchart 
detailing the interactions 
between layers of  
hardware and software. 
The italicized text 
denotes a hardware layer, 
while the standard text 
denotes a software layer.

Figure 3: A contour map with an 
outline of  the furniture in the 
classroom used for testing. The 
upper wall consists mainly of  
windows, while the rest of  the room 
has rows of  tables with computer 
monitors. The red box represents the 
location of  the device during testing. 
Note that the contour plot does not 
extend to the very edges of  the 
room, because no data was collected 
at the walls themselves.

Graph 1: The graph of  the 
binomial regression model 
produced using Wolfram 
Mathematica. The model 
indicates that when using 
the lower volume of  60.4 
decibels, accuracy drops to 
50% at a distance of  7.87 
feet, and down to 0.01% at 
20.40 feet.

Conclusions
As shown by the two-proportion test, furniture at an individual 

location had no statistically significant effect on the accuracy rate. 
However, Figure 3 indicates that furniture spread over a large area 
between the device and the sound source, such as the testing 
locations in the lower right corner of  the room, can have a 
significant impact on system accuracy. Graph 1 indicates that, 
when a 60.4 decibel sound is used, increasing the distance between 
the device and sound source from 5 to 15 feet can result in an 
accuracy drop from 90% to 0%.

The goal of  producing a working gunshot detection device was 
met in this project. However, before such a system could be put 
into commercial use, wireless alert sending should be added along 
with the ability to differentiate between gunshots and other sounds.
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