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Abstract: 
Seeing the need for a cheap and accessible self-defence system, I decided to build a low-cost 
modular turret capable of firing upon both moving and non-moving targets.  I used a triple 
rangefinder system as a targeting method, and by comparing fixed range values, attempted to 
create a system that worked in spaces of all sizes.  I used wood and cheap Lazy Susan turntables 
to create the spinning platform.  I encountered major bugs in the array code, which led to the 
turret only being functional in open spaces, and was unable to build the catapult itself.  The 
system runs on old code, and has major tracking bugs in non-ideal sound environments. 
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Introduction 
One idea that has always interested me is the idea of an automatic turret.  I had played 

video games such as Borderlands (in which one of the character’s abilities is an automatic turret), 
and always read about the idea of a tracking turret in science fiction novels.  I wanted to bring 
that technology into my life and create both a tracking system and catapult that will be able to 
work reliably.  Since my role in my last project mostly dealt with non-digital electronics, I chose 
this project especially due to its complexity in both coding and mechanical fields.  I hope to be 
able to expand my abilities in these fields. 

The civilian market has a distinct lack of cheap and large scale motion tracking systems, 
especially any that could be used for deterrence or pest control.  To design an automatic turret is 
to put together centuries of innovation into one design, and to apply three fields of engineering, 
mechanical, electrical, and coding. 

The turret initially was only an architectural feature, a stationary tower attached to a 
larger structure from which to defend a castle.  These turrets allowed for a large field of view 
while also providing equal protection as a place in the castle.  The turret remained largely 
untouched into the era of firearms, where their spiritual successors, barbettes (an elevated and 
fortified gun position) were used on a variety of land fortifications. 

The real breakthrough on the turret, however, came on the high seas.  Sailing ships of the 
18th and early 19th century had a traditional layout of numerous guns in stationary gunports 
mostly along the side of the ship.  This arrangement was effective when opposing ships were 
next to each other, but lacked field of fire forwards and backwards.  In the late 19th century, as 
heavy ironclad ships began to mount larger, heavier, and more expensive guns, navies could no 
longer afford the weight of hundreds of these large guns.  Instead, they had to be able to use a 
single gun to fire in multiple directions.  In order to do so, ships began to be built with barbettes 
that consisted of an armored room with a gun on a mobile chassis that could be fired out of 
multiple gunports.  

It was with the USS Monitor in 1861 that created the first iteration of the modern turret. 
Designed in response to rumors of the Confederacy ironclad Virginia, the Monitor was designed 
with two 11 inch guns in a large, rotating armored compartment, so that the ship could fire in any 
direction without having to move the guns to a different gunport.  This turret weighed around 
120 tons, and was turned by steam engines turning a crank.  The armored walls of the turret 
rested on a smooth brass ring sunk into the deck, in the futile hopes of creating a watertight seal. 
[1] 



Figure 1: USS Monitor [2] Figure 2: Me-410 Remote Controlled Turret [3] 
 

While the developments of the turret continued, the final breakthroughs would not 
emerge until the second world war, with development first of radar, and then remotely controlled 
turrets.  Radar, while designed by the British for use against incoming aircraft formations, soon 
found use for navigation and targeting on the high seas.  Radar would emit radio waves, and 
based on the strength and doppler shift of the returning waves could determine distance, speed, 
and bearing of an object.  In the newest warships, the data taken from radar was fed into a 
computer, and the guns (both artillery and anti-aircraft) were directed accordingly.  Although this 
method involves humans, it is some of the earliest melding of non-optical targeting systems and 
turrets.  During this period, remote controlled turrets on aircraft began to enter service.  These 
systems relied on gunner input to move a turret on the exterior of the plane, although they were 
often assisted after the war by radar. 

In the 1980s, all of these technologies were united into one module, still in wide use by 
the US military today, the Phalanx Close in Weapon System (CIWS), which uses radar to 
automatically target and fire upon airborne targets, and is used today in both the Navy and the 
Army to defend against missile and aircraft threats. 

While the Phalanx CIWS represents the culmination of automatic turret technology in the 
modern day, it remains too expensive (not to mention illegal) for civilian use.  My goal is to 
create an automatic turret system with interchangeable mounts that is both affordable and legal. 
This system will allow for numerous applications, from directed light, to non-lethal intruder 
deterrent at a low cost due to the use of ultrasonic rangefinder, rather than radar. 

 
 

Theory 
The most important aspect of making a turret is the targeting system.  As such, the 

ultrasonic rangefinder is the single most important instrument in my project.  The rangefinder 
works by emitting a pulse of sound at a frequency above the human hearing range and listening 
to a return wave bouncing off of objects in the path of the pulse.  Much like the radar systems, 
distance is found by measuring the time in between the beginning of the pulse and the return. 
Because sound has a constant speed in a room of constant temperature, the distance can be 
calculated by dividing the time measured by the speed of sound [4]: 



D = T(μs) / 58μs/cm 
Theoretically, the doppler shift of the return wave would be capable of giving a velocity 

vector for the object, but in order to get sensors both cheap enough and small enough for this 
project, they do not measure the frequency of the return wave. 

 
Figure 3:  Animation of the Rangefinder in Operation [5] 

The second aspect of the platform itself is the support used to slew the platform.  Unlike 
in the USS Monitor, however, the primary purpose of this platform is not to keep out water, but 
to provide a low friction interaction between the stationary and moving sections of the turret.  To 
do so, I am using a turntable that relies on two disks vertically stacked, connected by a system of 
ball bearings to reduce friction.  Ball bearings work by reducing the interactions between the two 
‘races” of the turntable, and allowing more energy to be conserved in the system in the form of 
rotational inertia, rather than being dissipated into heat and noise. 

To turn this platform, I am using a high torque servo.  A servo motor combines a standard 
electric motor with gearing for high torque and a potentiometer so that the motor can be set to a 
specific position.  The motor is controlled with a voltage pulse every 20ms, and the length of the 
pulse determines the position to which the servo turns [6].  The high torque output needed is 
created using the mechanical advantage of the complicated gearing inside a servo motor.  The 
increase of torque can be shown in the following 3 gear system with a drive gear of radius r, a 
secondary gear of radius 2r and a final gear of radius 4r and F is the force exerted by each gear 
on the next: 

F1&2  = T drive  
Tmiddle  = F1&2  x 2r = 2rT drive = F 2&3 

Tfinal  = F2&3 x 4r = 8r 2T drive 
As we can see, gearing can translate the small torque of an electric motor into a large 

torque capable of rotating the turret. 



Finally, I plan to mount a catapult on top of this platform.  Catapults work by converting 
the elastic energy of rubber or cord into kinetic energy of a projectile.  To translate this force 
onto a projectile, the rubber is attached to a lever arm.  At the end of this arm is a cup holding the 
projectile.  When the catapult is released, the band exerts a torque on the arm, the force, and thus 
the acceleration of the mass, can be calculated: 

Fband x rband  = Tarm = F projectile x rprojectile 
So, Fprojectile = rband / rprojectile 

This suggests the optimal position for the elastic band is right at the point of projectile, 
and as torque is a cross product of force and radius, for maximum force, the band should always 
be pulling at a right angle to the arm.  The force of the band is linearly proportional to the 
distance it has been pulled.  This means that the further a band is pulled, the greater the force on 
the projectile, unless it is stretched so far that it loses elasticity and will not return to its original 
position. 

The maximum range of a projectile (ignoring air resistance) is given by the function: 
R = vo2sin(2θ)/g 

The range of the projectile can be altered via both the velocity of the projectile as it 
leaves the catapult, or by the angle at which it initially launched (with the optimal angle being 
45˚ with no air drag).  Since the final velocity involves working out a complicated integral that 
involves a changing torque on the arm in terms of both force and angle, it is much simpler to 
build and test the catapult to determine a final velocity, and then adjust the location of the stop to 
change θ. 
 

Design 
Targeting System:  The targeting system consists of three ultrasonic rangefinders 

mounted in 30˚ intervals.  These rangefinders are wired so that they fire sequentially to eliminate 
interference between the sensors.  These rangefinders are mounted on three wooden wedges 
attached to the main platform, from which they control the servos.  This provides a firm and 
secure mounting for each rangefinder, which will keep resulting data clean.  They are configured 
so that in an initial sweep, they store range values for each position.  In the main phase, as the 
turret pans back and forth, the arduino compares each reading from the rangefinder with the 
stored range values to determine if there is an obstruction.  If there is an obstruction in the left or 
right rangefinder, the servo will begin to turn in that direction, only stopping if an obstruction is 
found in one of the other two rangefinders.  If the center rangefinder detects an obstruction, the 
arduino will trigger whatever is mounted to fire.  I designed the triple rangefinder system to be 
an effective and easy way to find an object, moving or unmoving, in a room with varying 
geometry. 
 

Main Platform:  The main platform was designed as a modular platform able to mount a 
variety of tools, in this particular case, a catapult.  The main platform consists of a 12 inch ¼” 
disk of plywood, with a 2” hole in the center for the servo motor.  I chose plywood as the 
material of choice, because at any time, new holes for mounting objects can be drilled, and wood 
can very easily be adhered to using wood glue.  This disk rests on top of the traverse ring, but is 
unsecured, so that a slightly off-center placement of the servo can be resolved without bending 
the axle. 
 



Servo:  The servo is attached via a cutout in the plywood base that cradles the servo, 
while also firmly mounting it to the base.  The objective of this cutout, which matches the size of 
the servo body, is to ensure that there is no wiggle in the base as it traverses, so the angle of the 
servo precisely matches that of the platform.  This will eliminate error stemming from the angle 
of the targeting system not matching the angle of the servo.  The notch has also been precisely 
cut so that the head of the servo is flush with the bottom of the turntable, so that weight is spread 
evenly onto the turntable, and not directly onto the servo. 
 

Catapult:  The catapult design is now conditional on whether we get back to the lab or 
not.  I had planned for it to be made out of sheets of ¼” plywood glue together, to aid in 
precision and manufacturing, but without the laser cutter, progress is doubtful.  From this point 
on, my primary goal is to create a moving turret base that will track a target. 
 
Hand drawn schematic: 
 
 



Code Design:  The code currently has 4 core subroutines: read_sensors(), print_all(), 
turn_left(), and turn_right().  Once complete, I intend to have a fifth subroutine that will handle 
the firing of whatever tool is equipped to the turret.  read_sensors() serves to send a pulse 
through the three rangefinders, convert the output from the sensors into inches, and use the 
print_all() function to print the three readings, the three stored values for a given angle, and the 
angle of the servo. 

The basic logic of the code is as follows.  First, the code runs the startup sequence, in 
which the servo starts at position 0, and rotates through to 180, saving a value for each 
rangefinder at every angle.  Once the setup is complete, the code enters a while loop that will run 
for the rest of the operation.  In this loop, all the code is doing is reading sensors, printing 
outputs, and testing to see if there is an obstruction (defined as a reading at least 10 inches less 
than the stored value).  If there is an obstruction on the left or right servo, the code will either 
enter the turn_left() or turn_right() loops.  In these loops, the servo will turn either left or right 
until one of three things happens: there is an obstruction in the center rangefinder, there is an 
obstruction in the opposite rangefinder (if turning right, an obstruction in the left etc.), or the 
servo reaches the limit of its motion.  If the center rangefinder is triggered, the fire sequence 
takes over, while if the opposite rangefinder is triggered, the code goes right into that turning 
loop.  In the real world, this design serves to wait until there is an obstruction on one of the side 
rangefinders, and once there is, turn to face the obstruction, and fire the tool when the 
obstruction reaches the center rangefinder. 

In theory, this code should function properly, however the arduino loses control of the 
servo when running the array code.  The code will enter the turn_left() or turn_right() function, 
and will display the proper angle, but fail to write the servo to the proper angle.  As such, I am 
running a simpler version of the code that sets a universal distance for each of the rangefinders. 
This way, at least the turret will work in a space where the background is at least 20 feet away, 
the limit of these rangefinders. 
 

Results 
I had planned on performing extensive tests in the lab regarding the effectiveness of the 

system at obtaining a target.  Unfortunately, these tests relied on the array code, or a non-buggy 
old code.  However, I will be able to explain my planned processes for anyone attempting to 
replicate this project. 

I needed a metric by which to determine a “success” for the turret.  Seeing as how a 
catapult was never constructed, and I never designed a lead feature into the system, I decided that 
the best success I could hope for for this turret was to be able to turn to face a target, and identify 
when it was on target.  To evaluate the success of the turret, I would, with a camera, set up the 
turret in a room that is not frequently populated by large groups of people.  I would leave it to 
identify and aim at people as they walked by, and record the number of times the program 
ordered a firing, and compare it to the number of times it ordered the firing on a person.  Then, 
by using the formula for the percent error of an experiment, 

 
% Error = (Firings - False Alarms)/Firings x 100 

 
I could find the percentage of times the turret falsely fired the turret.  This value would be known 
as the “Wasted Ammo” percentage. 



Likewise, I also want to know how often the turret failed to track a target.  Using the 
same setup, I would instead be counting the number of people who walked within the turret’s 
cone of vision, and compare it with the number of on target firings using the same error 
calculation.  This value would be critical in estimating the effectiveness with which the turret 
aims at targets, and I would call it the “Pickup” percentage. 

In addition to the Pickup percentage, there is another critical percentage: the “Tracked” 
percentage.  Like the pickup, this would compare against the number of people who walked in 
the firing arc of the turret.  The difference, however, is that this figure would record the 
percentage of these people in which the turret began to track, whether or not it finally fired at the 
target. 

Finally, comes the “Lost” which is a metric derived from the number of people tracked, 
and the number of people fired at.  This percentage measures the number of people who were 
picked up by the system, but were never fired upon. 

Every hour or so in these experiments, I would reset the turret, so that the data doesn't get 
skewed by a box or table that was moved.  I would run the experiment across an entire school 
day, and pick up targets down in the Whittaker lab.  In summary, I would receive the following 
results. 
 
 

Data Name Derived From What it Means 

Wasted Ammo Fired at Something vs. Fired This indicates how often the 
turret fires at a non-target, 
and thus how often it is 
tricked into firing. 

Pickup People in Cone vs. Fired at 
Something 

This indicates with what 
effectiveness the turret is able 
to fire at a target in its cone. 

Tracked People Tracked vs People in 
Cone 

This indicates how often the 
turret attempts to track a 
person, and when compared 
to pickup, provides a good 
estimate as to where to aim 
debugging 

Lost Fired at Something vs. People 
Tracked 

This indicates how often a 
tracking results in a firing, 
helping to develop the 
efficiency of the tracking 
mechanism. 

 
 
 



Conclusion 
 

While I did succeed in the broad sense, by creating a turret that could track targets, this 
project did not end the way it had originally been envisioned.  In part due to the time and 
materials constraints added by the COVID-19 epidemic, and in part due to major delays created 
by major coding and design bugs, largest of all, the failure of the array code to control the servo. 
I spent weeks trying to resolve this issue, time that in retrospect would have been better spent in 
refining the old single-base code so that it could better track the system. 

Likewise, once completed, the project did not undergo the testing that would have helped 
me refine and evaluate the functional aspects of the projects.  The metrics I would have gained 
through these experiments would have helped develop what I prioritize in my debugging runs. 
Had I had the time to run these trials, and more specifically, run these trials multiple times with 
different tweaks to the code, I have confidence that I could have established the array code as a 
very effective tracking technique. 

This does not mean the ultimate goal of creating a low cost turret from rangefinders is 
hopeless.  The concept behind this project is sound.  The servo has plenty of power to turn the 
turret, and separately, the tracking system is reliable.  The issue just comes from the lack of time 
and tools.  I have confidence that future students could far exceed what I was able to accomplish 
in this project.  My major stumbling blocks were in coding, and students who already have a 
background in it might have been able to get past them quicker, or develop alternative methods 
of tracking with the given equipment.  This project is very doable, but between the time crunch 
and struggles with code, I was unable to pull off what I had envisioned.  The overall design of 
the system worked, and all of the mechanical components came together as I had imagined. 

Overall, had I been given access to the lab, and another 2-3 months, I feel confident that I 
would have been able to establish my goal: a functional, all-purpose, defense turret.  My budget 
was low, and the turret would have been easily reproduced. 
 
 

The Next Step 
This turret, at the point of the writing works according while running the old code. 

Ideally, the future steps of this project involve both building an actual catapult, and finding the 
bug in the array code.  If this could be done, then the turret could be deployed and functional in 
all settings, provided the background provided a sufficient sound profile.  All of this revolves 
around finding the singular bug that is clogging up the servo control.  My suspicion is that the 
memory required to access the servo array messes up the timed pulses needed to control the 
servo.  If that code can be resolved, finishing the project as envisioned is as simple as putting the 
turret together.  Steps for future prototypes include reducing the size of the mechanism, and 
perhaps even adding more rangefinders for a more adaptable targeting system. 
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Appendix A: Parts Ordered 
 

Part Description Purpose Cost Where to buy 

12” turntable To serve as a joint 
between moving and 
non-moving parts of 
the turret 

$11.00 Amazon 

 
 

 
  



 
 
 
 
 

 


