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Abstract Gun violence remains prevalent due to a lack of policy, governance, and technological solutions needed to
combat it. Devastating news related to gun usage is ubiquitous, including unauthorized usage, unwanted injuries, accidental
deaths, and suicides. It is becoming increasingly more difficult to manage firearm issuers due to limited efforts received from
gun legislators and the National Rifle Association. The need for the application of systems engineering (SE) to firearm usage
is evident to limit and reduce these types of incidents; in effect, to incorporate SE solutions to offset missing policies and
governance in society. The proposed approach focuses on developing a systems engineering based firearm model to help
manage the operation of different types of firearms. To better manage these types of incidents, the author used a simulation
model and collected pertinent datasets to show the implications and to suggest the methodology used to derive desired results.
The evaluation of the proposed approach shows its ability to handle unwanted operations more efficiently with a designed
performance rating of 95 percent. The authors describe a proposed test and analysis method that can offer a more accurate and
conservative estimate of SE firearm performance during authorized and unauthorized events, resulting in a safer design

intended to reduce self-inflicting outcomes.
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1. Introduction

Intentional self-harm (suicide) is a growing problem in the
United States (U.S.) and has recently become one of the top
ten leading causes of death [1]. Studies have shown that
higher rates of firearm ownership correlate with higher rates
of firearm suicide. [8] This study is designed to investigate
several factors that potentially lead to self-infliction by
firearm (including suicide), accidental firings, and assaults
that occur by gunshot wounds.

According to recent data (from 2017), a total of 39,773
deaths were due to firearms, a number increasing over the
previous year. A full 60% of these firearm deaths were
self-inflicted. The firearm deaths due to assault accounted
for 36.6% of these nearly 40,000 deaths [1]. Though a
majority of firearm deaths were self-inflicted, the amount of
research and data on self-inflicted firearm deaths and injury
is not yet comprehensive. This 2017 study also indicates that
not all gunshot wounds are intentionally self-inflicted; that
is, intentional suicide. The discussions around self-inflicted
gunshot wounds are interpreted as gunshot wounds for a given
instant while the gun is in possession of the injured person
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at the time of firing with an unknown intent of the shooter.
On the contrary, an assault by gunshot wound is defined as a
moment when the firearm was not in the possession of the
injured person at the time of firing [1]. Also, for the purpose
of this study, accidental firing is defined as an act of the
shooter firing without any awareness that the firearm is
loaded, and the trigger operable when pulled.

The objective of this study is to examine various scenarios
of potential incidents that are inevitable when firearms are
not equipped with preventative devices to mitigate the risk
of suicide (ROS), accidental firings (AF), and assault by
gunshot wounds (AGW). An in-depth application of systems
engineering (SE) principles is used in conjunction with a test
model platform engineered and built by the authors to test
and verify variables against three possible common paths,
namely, self-inflictions, accidental firings, and assault by
gunshot wounds. The derivative of this systems engineering
based concept and study uses SE principles and suitable data
logic with communicable devices, making it possible to prevent
and reduce firearm incidents significantly. The inputs are
tested, verified, and validated against three commonly known
inputs. Special emphasis on SE implications studied provides
meaningful insights and implications and are offered as a
viable path to mitigate the risk of self-inflictions, accidental
firings, and assault by gunshot wounds. The known input
under investigation includes 1) Potential angular movements
of the firearm pointing toward shooter within the x-axis. For
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this scenario, the shooter would be pointing full arm length
from self, whereby the chest region would be the horizontal
reference to form a 90-degree angle with the direction of
the firearm muzzle. All other angles are tested, verified
and validated as subjects for strong potentials that can create
self-inflictions and accidental firings. 2) Potential angular
movements of the firearm pointing bi-directionally; sometimes
upward, and at other times, downward within the y-axis for
moments when the muzzle points away and toward the
shooter. All known inputs are investigated with the use of
artificial intelligence to appropriately test each segment
described independently of each axis and as combined sets of
input, to collect, verify, analyze and validate statistical data
for outputs derived.

Additionally, this study will also use sensitivity analysis to
compare the effects of varying inputs through a combination
of inputs previously described and to produce the potential
outcomes and implications presented for each test segment.

2. Literature Review

Advancement of gun safety technology is developing
at a very staggering rate. Technological approaches have
emerged relatively passively with devices like trigger locks,
magnetic encoding, touch memory, radio frequency and
biometric trigger locks. Trigger locking devices are not all
good, as the bar that connects the two sides of the lock comes
far too close to the trigger, and the trigger can easily be hit
while the lock is being put on or removed [2]. In addition,
dropping or jostling the gun or even just applying too much
pressure while the gun lock is on the gun can result in
an accidental discharge [2]. Magnetic coding has its own
pitfalls too, as it uses a magnet on a ring to physically move
a lever on the grip of the gun. Essentially, this works when
the decoder embedded in the custom grip receives signal
from the magnetic encoder and responds by allowing the
authorized user to fire the gun. The disadvantage is the user
can still potentially use this technology for suicidal shooting.

Table 1.
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The implications are clear, as this technology does not have
an angular restriction device embedded within the system
as depicted by the proposed systems engineered firearm
described later in this research.

Biometric trigger locks, otherwise called IDENTILOCK,
was introduced in 2017 and offered firearm users, civilian
and law enforcement, a trigger locking system that blended
speed, usability and practicality with all the safety and
security for peace of mind [3]. On the contrary, the biometric
trigger locks does not reduce unintentional firings and worse
yet, does not deter authorized users from self-inflictions. The
analysis of gun safety technologies offers some foundational
insights, but they still exhibit some limitations with reference
to suicidal shootings. Gun safety technology have continued
to fail to have inclusive technological embedded devices in
firearms to deter suicides and accidental firings at undesirable
firing angles, and subsequently, unwanted trigger operations
continue exponentially with horrific outcomes. In 2023, 58%
of all gun related deaths in the U.S. were suicides (27,300)
out of 49,316, or 55% - also involved a gun [4]. Thus, more
than half of all suicides in 2023 involved a gun. That was one
of the highest percentages since 2000, when 57% of suicides
involved a firearm [4].

It is evident that with the advancement of gun safety
technology there exist a growing deficiency that resonates
among them all — the inability of authorized users to deter
suicidal shooting. This area of technology is the primary or
focal feature the authors promote and have invested time to
research the feasibility to better manage how guns should be
restricted from suicidal and accidental discharges at angles
pointing toward and away from users. The authors also
believe that with strong advocates from legislative bodies,
supported by the availability of well-equipped manufacturing
resources, a systems engineered firearm is the solution needed
to deter unwanted angular discharge and suicidal shootings.

3. Results

Mindset trends of some people in the USA regarding guns having protective devices

SN Question

Answers

Number and percentage of respondents

Yes

No Maybe

1 Ifwe had to develop a technological way to prevent
accidental firearm discharge, do you think the concept of
integrating protective devices into standard firearms would be
endorsed by current and future users?

8 (31%) 4 (15%) 14 (54%)

Number and percentage of respondents

Yes

No Depends on the Technology

Exclude Military & Law Enforcement

2 Ifatechnological solution is provided and firearms are
mandated by legislation to be equipped with such protective
measures for all standard firearms, except for military and law
enforcement, do you think this will significantly reduce suicidal
and homicidal activities over a period?

5(19%) 6 (23%

14 (54%) It depends on how
effective the technology is to
consistently prevent unwanted
firearm discharges.

1(4%) No, not if the military
and law enforcemnet are
allowed to have firearms
without an added protection as
described above.
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2 questions were asked of respondents from an online volunteered survey to capture some sense of what people in the USA
think if guns have protective devices. The results are illustrated accordingly.

Table 2.

Mindset trends of some people in the USA regarding restricting some angular directions on guns and their interest to test a developed model

SN Question

Answers

Number and percentage of respondents

Yes

No Depends on Receptivity Depends on Reliability

1 Currently, firearms do not offer any guard against self-inflicted
discharge. Do you think thisconcept of limiting the angles the
user to prevent the user from pulling the trigger against
him/herself is a concept that gun manufacturers and the
National Rifle and Association (NRA) should endorse?

11(42%) 6(23%) 3(12%). It depends on the

6(23%). It all depends on the
receptivity of our gun reliability of the devices used

legislators to the idea and them to provide protection against

adapting an unbiased position  self-inflictions.

to the ongoing need.

Number and percentage of respondents

Yes

No Depends on Test Results

2 Ifasystems engineered firearm model were developed, tested, 13(50%) 7(27%

and validated to indicate there is full confidence that it will
protect users, both authorized and unauthorized from self-
inflictions, would you be willing to test the model to show that
the correct behavior of the trigger is realized when pulled?
Note: The test model is loaded, so accidents are not possible.

2 questions were asked of respondents from an online
volunteered survey to capture some sense of what people in
the USA think if guns had an angular restrictive device to
protect users. The results are illustrated accordingly.

4. Discussion

From Table 3, 10 tests were performed where the behavior
of the output (green LED Bulb) spontaneously glow green
for odd (horizontal) angles of 11, 33, 55, and 77 degrees
(for both clockwise and counterclockwise directions) and
at corresponding vertical angles of -3.9, -1.9,-1.9, and -1.9
(where a negative sign suggest firearm muzzle pointing
downward vertically) degrees respectively. When horizontal
angles are detected between 11 and 77 degrees and within the
vertical angular constraints of -3.9 to -1.9 degrees, the trigger
is operable and the green LED bulb turned on instantly for
those specific instances of allowable inputs. Conversely, for
an 89 degree test run, at a corresponding -1.9 degrees in the
y-axis, the green LED bulb remained off which is exactly the
response needed for an unsafe trigger operation. From Table
1, it is obvious that the mindset of the respondents answers
to the online survey are more inclined to support the concept
of developing protective devices, as 31 % said yes, and 54%
said maybe. The second question has a more affirmative
answer as the nature of the question offers a better sense of
confidence and authority, and subsequently a resounding
54% said it depends on how effective the technology is. The

3(12%). It depends on prior
test results during the
development of the model.

SE firearm test model is engineered similarly with angular
sensors to detect unsafe angles in excess of 88 degrees.
From Tables 3a and 3b, a total of 20 tests were performed
at horizontal angles greater than 90 degrees to evaluate the
behavior of the output (green LED Bulb) for even angles of
92, 94, 96, 98, and 100 degrees and odd angles of 93, 95, 97,
99 and 101 degrees (for clockwise and counterclockwise
directions) at corresponding vertical angle sets of 6, 8, 10, 12,
and 14 degrees and -6.9, -5.9, -4.9, -3.9, and -2.9 degrees
respectively. The results of all 20 tests were consistent with
the designed intent of the SE firearm test model, that is,
the trigger remained inoperable for angles greater than +/-88
degrees (where + and — signifies angular movements within
the horizontal plane to the right and left respectively) in the
horizontal plane and greater than +/-4 degrees (where + and -
signifies angular movements within the vertical plane upward
and downward respectively) in the vertical plane and occurring
in combination for both x and y coordinates. From Table 2, it
is obvious again that the mindset of the respondent’s answers
to questions 1 and 2 is quite consistent with their previous
answers provided in Table 1. The significance of their reply
could be inferred to mean they understand there is a dire need
for protective devices in firearms, and subsequently, they are
more inclined and confident to support the concept of having
protective devices that would limit unsafe angles and reduce
suicidal rates to the extent that they are willing to test it. An
affirmative interest was well received in this online survey
which allowed responders in the USA and beyond to share
their opinion and or convictions on this very important issue.
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Table 3. Trigger Response for odd angles along the x-axis in conjunction with angular y-inputs between -3.9 degrees and -1.9 degrees when SE Firearm test

model points away from user

Trigger Response for Odd Angles: SE Firearm pointing away from user based on test time segments of 9 seconds
Odd Angles (X-Axis) 11 33 55 7 89 For All Clockwise (CW) &
Y-axis -3.9 -1.9 -1.9 -1.9 -1.9 Counterclockwise (CCW) Inputs
Trigger Response ON ON ON ON OFF All CW Outputs
Trigger Response ON ON ON ON OFF All CCW Outputs

Table 3a. Trigger Response for even angles along the x-axis in conjunction with angular y-inputs between 6 degrees and 14 degrees when SE Firearm test

model points toward user

Trigger Response for Even Angles: SE Firearm pointing toward user based on test time segments of 9 seconds
Even Angles (X-Axis) 92 94 96 98 100 For All Clockwise (CW) &
Y -axis 6.0 8.0 10.0 12.0 14.0 Counterclockwise (CCW) Inputs
Trigger Response OFF OFF OFF OFF OFF All CW Outputs
Trigger Response OFF OFF OFF OFF OFF All CCW Outputs

model points toward user

Table 3b. Trigger Response for odd angles along the x-axis in conjunction with angular y-inputs between -6.9 degrees and -2.9 degrees when SE Firearm test

Trigger Response for Odd Angles: SE Firearm pointing toward user based on test time segments of 9 seconds

Odd Angles (X-Axis) 93 95 97 99 101 For All Clockwise (CW) &
v -axis 6.9 5.9 4.9 3.9 2.9 Counterclockwise (CCW) Inputs
Trigger Response OFF OFF OFF OFF OFF All CW Outputs
Trigger Response OFF OFF OFF OFF OFF All CCW Outputs

5. Verification and Validation

Figure 1. Shows the fully developed systems engineered firearm test
model

The system elements used in conjunction with this SE
firearm model demonstrated clearly and satisfactorily the
design intent of the trigger to operate when pulled or remain
disabled. The net effect of such outcomes is highly predicated

upon the inclusion of the right elements to build an
architectural platform that produces a component level to a
systems level to achieve the right solution to the problem at
hand. An in-depth examination of the variables is considered
with applicable supportive subsystems to ensure they would
work correctly based on the SE firearm test model, as shown
in Figure 1.

The verification process involves several components to
support the designed intent for the outputs. For instance,
when an allowable angle from reference is detected by the
inclination sensor an electronic code is relayed to the Click
Plus PLC as acceptable, and the SE Firearm system responds
in accordance with the coded instruction received with a
green light. Based on successful interactions of the model’s
performance at this stage, verification is realized on the basis
that the input received by the authorized user is confirmed by
way of the coded instructions used by the user to initiate the
validation of the input received to allow or disallow the
trigger to operate during the test. The verification activities
successfully cascade and become used in accordance with
the instructions received by the Click Plus PLC in alignment
with the performance expected at this final phase. This desired
output is the culmination of the output performance expected
that confirms the validation of the SE firearm anticipated
behavior. A table of all components and subsystems was
carefully inputted, designed, and built in accordance with
their technological capabilities to produce the SE firearm
systems model. Tables 4, 4a, 5 and 5a list all items used to
produce desired test results with their corresponding hierarchical
levels from component level to systems level.
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verification criteria and methods, and validations

Item Type

Requirement Text

Hierarchical
Level

Verification Criteria and Method

Validation

Swivel Plate
Caster with
Locking
Brake

2 in. Black Soft Rubber and Steel
Swivel Plate Caster with Locking
Brake and 90 Ibs. load rating
shall support SE test platform.

Component

Four (4) black soft rubber and steel
swivel plate casters with locking brakes
(SSPCLB) shall by test support a
maximum load of 50 Ibs. during static
and dynamic conditions without
becoming immobile.

The SSPCLB supports all
components without loss of
mobility before, during, and after
the test as expected.

Handle

Handle, 3 in. x 2in. x 3in. shall

be fully capable of pulling and

pushing the SE test platform at
all times.

Component

The handle shall by demonstration be
fully capable of pulling and pushing the
test platform freely at all times.

The handle allowed an easy way
to pull and push the full weight of
the SE test platform relatively
easily at all times as expected.

Threaded
Rod

5/8 in x 36 in. Coarse Stainless
Steel Threaded Rod shall allow
the shooter to pull and or push on
the handle toward a
pre-determined position without
buckling.

Component

The stainless-steel threaded rod by
demonstration allows the shooter to pull
and or push on the handle toward a
pre-determined position without
buckling.

The stainless-steel threaded rod
allowed the shooter to pull and or
push on the handle toward a
pre-determined position without
buckling as expected.

Hex Nut

5/8 in-16 Stainless Steel Hex Nut
shall have a maximum tightening
torque of 199ft-Ibs.

Component

The stainless-steel hex nut shall by test
retain its tightening torque when a
torque wrench of 199 ft-1b is applied
before, during and after all successive
pull and push of the entire SE test
platform.

The stainless-steel hex nut
retained its maximum tightening
torque of 199 ft-lb after several

tests were performed without
failure.

Flat Washer

5/8 in. x 1.75 in. Zinc Flat
Washer shall offer added
bonding to the hex nut
connection to the threaded rod
and handle.

Component

The stainless-steel fender washer shall
by test provide added retainment to the
seating torque of the stainless-steel hex
nut before, during and after all
successive pull and push of the entire
SE firearm test platform.

The stainless-steel fender washer
offered adequate retainment to the
seating torque of the
stainless-steel hex nut for all
successive required linear
movements as expected.

Table 4a. Table lists and describes the SE firearm
verification criteria and methods, and validations

model mechanical components at varying hierarchical levels with their respective requirements,

Item Type

Requirement Text

Hierarchical
Level

Verification Criteria and Method

Validation

Test
Platform

Test Platform, 15/16 in. x 24 in. X
24 in. with twenty-seven 3/16 in.
diameter holes located on a 13 in.
bolt circle shall allow for test
points for all 27 threaded holes
and support the SE firearm system
weight without failure.

Component

The 15/16 in. thick x 24 sq.in test
platform shall by analysis and test allow
up to 10 test points to the right and left
of center where the SE firearm pivots
and accommodate for 7 other threaded
test holes located behind the back end of
the SE firearm as shown in Figure 1.
The test platform shall by test and
demonstration support all components,
subsystems and system, except
computer without buckling.

The SE test platform fully
supports the entire SE firearm
system (exclusive of computer)
during and after each test
segment as each hole when
tested synchronized with the
logics of the software program.
The test platform showed no
sign of buckling before, during
and after each test.

Stainless
Steel Ball
Bearing

Two Stainless Steel Ball Bearings
shall be installed, one to the top
center of the test platform, and the
other, to the bottom center of the
test platform (TP). The bearing
toward the back surface of the TP
shall be held in position with a
retainer to ensure that the bearing
will remain in place at all times.
In addition, the two bearings shall
support and allow for smooth
clockwise and counterclockwise
360-degree rotations of the SE
firearm at all times.

Component

The stainless-steel ball bearings shall by
test and demonstration support and
allow for smooth clockwise and
counterclockwise 360-degree rotations
of the SE firearm without failure.

The stainless-steel ball bearing
allowed for smooth angular
rotations of the SE firearm up to
360 degrees (for clockwise and
counterclockwise directions) as
expected.
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Item Type

Requirement Text

Hierarchical
Level

Verification Criteria and Method

Validation

Retainer

2 in. Zinc-Plated Retainer shall
retain the ball bearing that
interfaces with the back-end
surface of the test platform.

Component

The retainer shall by test resist a 0.5Ib

pull force when applied.

The retainer remained in place
before and after each test
segment as expected.

Universal
Joint

Universal Joint shall allow a
maximum angular movement up
to 25 degrees within the y-axis for
both upward and downward
directions of the SE firearm
model.

Component

The universal joint shall by test allow a
maximum angular movement up to 25

degrees within the y-axis for both

upward and downward directions of the

SE firearm without failure.

The universal joint allowed for
maximum angular movements in
the y-axis without failure as
expected.

Threaded
Rod - 6L

1/4 x 6 in. Coarse Stainless Steel
Threaded Rod shall allow the
shooter to select one of
twenty-seven threaded holes for
verification test requirements.

Component

The stainless-steel threaded rod shall by

demonstration allows the shooter to
select a threaded hole located on a

13-inch bolt circle to confirm the status
of allowable and disallowable outputs.
This test shall be performed for various

angular settings for all 27 pre-set
locations without failure.

The stainless-steel threaded rod
allowed the shooter to confirm
that the logics of each dataset

according to the program
settings aligned satisfactorily for
every test segment as expected.

Table 5. Table lists and describes the SE firearm model electrical components at varying hierarchical levels with their respective requirements, verification
criteria and methods, and validations

Item Type

Requirement Text

Hierarchical
Level

Verification Criteria and Method

Validation

Programming
Cable

Programming cable, USB A to
microB-USB, 6 ft cable length shall
consistently act as the conduit for
logical datasets to be transmitted to
sensors to execute their respective
output response.

Component

The programming cable by test shall
consistently act as the conduit for
logical datasets to be transmitted to
sensors to execute their respective
output response.

The programming cable consistently
acts as the conduit for logical
datasets to be transmitted to sensors
to execute their respective output
response. The SE firearm system
performed in accordance with the
instructions received as transmitted
through the programming cable.

LED Light
Bulb

LED Indicating Light Function
(LILF), IP65, 22mm, green, 30mm,
round, metal base 24 VAC/VDC,
full voltage shall glow green when
the allowable input response is
transmitted to produce the allowable
output response. Conversely, the
light bulb shall not glow green for a
disallowable input.

Component

The LILF by test and demonstration
shall glow a green light when the
allowable input response is
transmitted to produce the allowable
output response. In addition, the
LILF by test and demonstration shall
not glow green when a disallowable
input is received.

The LILF consistently performed
exactly the way it should as the light
bulb glowed green only for
allowable input responses and
remained unlit for disallowable
inputs as expected.

CLICK PLUS
Combo
Module

CLICK PLUS discrete combo
module, Input: 8-point, 24 VDC,
sinking/sourcing, Output: 6-point,
6-240 VAC/6-27 VDC, relay, (6)
Form A (SPST) relays, 1A/point

shall receive input signals from the
CLICK PLUS PLC to turn the LED
green light on or off.

Sub-system

The CLICK PLUS discrete combo
module (CPDCM) shall by test and
demonstration relay instructions
received from the CLICK PLUS
PLC to turn on or off the LED green
light bulb when a signal is received
from the CPDCM.

The CLICK PLUS discrete combo
module (CPDCM) consistently
relayed instructions received from
the CLICK PLUS PLC to turn on or
off the LED green light bulb when a
signal is received from the CPDCM
as expected.

CLICK
Analog Input

CLICK analog input module,
4-channel, voltage, 13-bit, input
voltage signal range(s) of 0-10
VDC, external 24 VVDC required
shall supply 24 volts to the CLICK
PLUS PLC during operation.

Sub-system

The CLICK analog input module
shall by test with a voltmeter supply
24 volts to the CLICK PLUS PLC to

operate.

The CLICK analog-input module
consistently supplied 24 volts to the
CLICK PLUS PLC for the full
duration of each test segment.

CLICK AC
Power Supply

CLICK AC Power Supply, 100 —
240 VAC nominal input, 24 VDC
nominal output, 0.5A continuous
shall supply 24 volts to the SE
firearm test model during operation.

Sub-system

The CLICK AC Power Supply shall
by test with a voltmeter supply 24
volts to the CLICK PLUS PLC,
electrical components and
sub-systems within the SE firearm
test model to operate efficiently
without failure.

The CLICK AC Power Supply
consistently supplied 24 volts to the
CLICK PLUS PLC, electrical
components and sub-systems model
to operate without failure for the full
duration of each test segment.
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Table 5a. Table lists and describes the SE firearm model electrical components at varying hierarchical levels with their respective requirements,

verification criteria and methods, and validations

Hierarchical

Item Type Level

Requirement Text

Verification Criteria and
Method

Validation

Gefran inclination sensor, 2 axes, +/-
15 degrees, +/-0.5 degrees accuracy,
0-10 VDC output, IP67 IP69K,
thermoplastic (PBT) housing,
pigtail, 6.5ft/2m cable length. This
sensor shall detect allowable angles
between +4 degrees and -4 degrees
and all other angles that fall outside
the allowable range within the
y-axis.

Inclination

Sensor Sub-system

The Gefran inclination sensor
shall by demonstration and test
detect all pre-defined allowable

angles between -4 degrees and +4

degrees in the y axis. This sensor

shall also detect disallowed angles

along the y-axis for all anticipated
output responses.

The Gefran inclination sensor
detected all pre-defined angles
independently for the y axis as
expected. In addition, the Gefran
inclination sensor performance
matched the assigned program
instructions and detected angles as
combined sets of inputs for all
anticipated output responses.

Gefran inclination sensor, 1 axis, +/-
180 degrees, +/-0.5 degrees
accuracy, 0-10 VDC output, IP67
IP69K, thermoplastic (PBT)
housing, pigtail, 6.5ft/2m cable
length. This inclination sensor shall
detect allowable angles between +88
degrees and -88 degrees and all other
angles that fall outside the allowable
range within the x-axis.

Inclination

Sensor Sub-system

The Gefran inclination sensor
shall by demonstration and test
detect all pre-defined angles
between +88 degrees and -88
degrees in the x-axis. This sensor
shall also detect disallowed angles
along the x-axis for all anticipated
output responses.

The Gefran inclination sensor
detected all pre-defined angles
independently for the x-axis as
expected. In addition, the Gefran
inclination sensor performance
matched the assigned program
instructions and detected angles as
combined sets of inputs for all
anticipated output responses.

The HP computer desktop shall store
and allow the program to run
uninterrupted to support the
instructions sent to the CLICK
PLUS PLC.

HP Desktop

Computer Sub-system

The HP computer desktop shall
store and allow the program to run
uninterrupted to support the
instructions sent to the CLICK
PLUS PLC.

The HP computer desktop
consistently performed as expected
to support software instructions
received from the CLICK PLUS
PLC.

The CLICK PLUS PLC shall
receive, instruct, monitor, and store
logic data sets as instructions for the

Gefran inclination sensors to

perform required operations of the
SE firearm system.

CLICK

PLUS PLC Sub-system

The CLICK PLUS PLC shall
receive, instruct, monitor, and
store logic data sets as instructions
for the Gefran inclination sensors
to perform the required operations
of the SE firearm system.

The CLICK PLUS PLC
performance matched the coded
instructions derived from the
software program. All outputs met
the design intent of the SE firearm
system consistently.

The SE Firearm system, once
powered and connected to the preset
data logics of the CLICK PLUS
PLC, shall allow or disallow
shooters to pull or not to pull the
trigger relative to the angles detected
in combination sets for x and y axis
angular inputs.

Firearm System

The SE Firearm test model once
powered and connected to the
preset data logics of the CLICK
PLUS PLC shall allow or disallow
shooters to pull or not to pull the
trigger relative to the angle
detected as interpreted by the
instructions received from the
CLICK PLUS PLC.

The SE Firearm is operable only
when preset dataset logics are read
as allowable, and as such, is
consistent with the expected
outcomes as shown in Table 3.

6. Systems Engineering Methods

The systems engineering methods for the SE firearm
are predicated on a systematic application of the scientific
method to the engineering of a complex firearm system.
The method used is typical of a SE method consisting of four
basic activities applied successively:

o Requirements analysis.

o Functional definition.

o Performance requirements.

o Sensitivity analysis.

6.1. Requirement Analysis

The SE firearm model shall disallow angles that are
greater than or equal to 89 degrees for firearm movements
within the x-axis (horizontal plane) pointing away or toward
the shooter as shown in Figure 2. Conversely, the SE firearm
model shall allow angles that are less than or equal to 88
degrees for firearm movements within the x-axis (horizontal
plane) pointing away from the shooter. Any converted
electrical signal within this range that is detected from a
horizontal or x-coordinate position shall be interpreted as
within the desired angular constraints and the trigger shall be
operable. Angles that are detected between -4 degrees to +4
degrees for the SE firearm pointing away from the user in an
upward or downward direction shall be allowed.
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+¥ Up
Angular Movements (y-axis)
Angular Constraints. From +4.0 degrees to -4.0 degrees
trigger operable. All other angles detected
outside of angular constraints, trigger inoperable.
-X +X
West East
Angular Movements (x-axis)
Angular Constraints. All angles between -88 degrees and +88.0
degrees trigger operable. All other angles
detected outside of angular constraints,
trigger inoperable.
=Y Down

Figure 2. SE firearm model cartesian coordinates shows when trigger is operable and inoperable relative to angular movements in the x-y coordinates

Table 6. Shows how angles of incidence relate to angles of ricochet with respect to 1/16” and 1/8” aluminum plates when fired upon by 178 grain .380, ball,

MK2, K.F. revolver jacketed bullet at an incident velocity of 600 feet/second

Target i in degrees r in degrees a/p=tani/tanr Remarks

Aluminum 1/16" 15 5 31

20 10 2.1

25 - - Bullet disintegrates
Aluminum 1/8" 15 4 3.8

30 7 4.7

35 8 5.0

40 - - Bullet disintegrates

This notion has been tested and proven valid as the
probability of ricochet is highest from surfaces approximately
parallel to the axis of bullet movement, and grazing ricochets
typically depart the surface at a smaller angle than the angle
of incidence. For instance, studies have shown the order of
magnitudes involved, where the ratio of o/} (where a and 3
are ratios of the moduli of component velocity vectors after
and before ricochet) were calculated with the help of i and,
r (where i and r represent the angles of incidence and ricochet
respectively) data obtained with respect to metal plates.
The calculations were given in respect of 1/16" & 1/8” thick
aluminum plates fired upon by 178 grain .380, ball, MK2,
K.F. revolver jacketed bullet at an incident velocity of 600
feet/s [5]. Conclusively, this study illustrates (see Table 6)
that larger angles of incidence had bullet penetration losses
from 23 to 100 percent penetration losses relative to subsequent
angles of ricochet. On some instances, it is noticeable that the
angle of ricochets totally disintegrated as kinetic energies on
impact converted to potential energies almost simultaneously
within the material. Bullet paths initiated from significantly
smaller angles, as examined in this study, would produce
extremely smaller angles of bullet ricochets as bullets would

penetrate the same material superficially, and in some
instances, with a graze. Subsequently, the calculated trajectory
path as dictated by equation (1) results in bullet distances of
2,840 feet for an angle of incidence of 4 degrees which offers
a safe haven for the user from bullet ricochets. Conversely,
the trigger shall be inoperable for angles detected outside of
the required range for all upward or downward directions of
the model that points away from user.

6.2. Functional Definition

The system elements within the SE firearm model are the
basic building blocks. The building blocks include, first and
foremost, the run switch located on the CLICK PLUS PLC,
which is the only external point of contact for the shooter to
initiate the operations of the security instructions of the SE
firearm model. The run switch is an integral component that
is responsible for initially receiving electrical energy to turn
the circuit on, and conversely, to turn the circuit off manually.
When the circuit is off, this condition conveniently disallows
any attempted pull of the SE firearm trigger as it restricts the
path of the trigger to be pulled by unauthorized shooters due
to a unique coded instruction for initiation embedded in the
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systems software (see subheading 6.3.2 for more details) that
can only be activated by the authorized shooter. Subsequently,
this helps reduce the possibility of accidental firings. The run
switch also interacts with other sub-systems, such as the
inclination sensors that inevitably combine into functional
desirable or undesirable outputs relative to the actions of the
shooter. The primary functional subsystem that initially
interacts and interfaces with the run switch is the 110V/120V
supply that is regulated to 24V by the AC power supply module
for the CLICK PLUS PLC to operate. Once the required
voltage of 5V to 10V is received by the inclination sensors,
then the required angular limits become activated to respond
appropriately to the allowable output instructions received
from the CLICK PLUS PLC. The electrical signal subsequently
received with coded instructions allows the trigger to be
operable. Concurrently, the inclination sensors detect angular
values from the shooter’s reference point along the corresponding
x-y coordinate. Once angles are detected from the x and y
axes, an electrical signal is transmitted to the CLICK PLUS
PLC where the codes are decoded, and the LED indicating
green light glows green if the input received allows for an
operable trigger activity.

6.3. Performance Requirements

6.3.1. Self-Inflictions
The performance requirements of the SE firearm are

specifications of the operational characteristics of the system.

To achieve the desired performance requirements, targets
are set and become achievable, such as, output response for
independent axes x and y, and combination sets to produce
desirable operational outcomes, reliability, accuracy, and
shooter experience. One arranged test performed, as shown
in Figures 3 and 4, incorporates test segments that closely
mimic the shooters’ activities in the real world. Several tests
were performed for a variation of angle sets: 1) even angles
of 22, 44, 66, 88, and 90 degrees and 2) odd numbered angles
of 11, 33, 55, 77, and 89 degrees for SE firearm pointing
away from user. The input test angles were tested on several
instances for each set of pre-determined angles, except at the
end of the first test readings, the second set of readings
captured data when the SE firearm model points toward the
shooter. Based on the test results, the performance of the SE
firearm model is consistent for both sets of scenarios as no
deviation between the results were observed. The results
implied that any undesirable input, such as firearm pointing
toward the shooter, and/or angle range limitations, such as 90
degree and higher, would immediately deter the shooter from
pulling the trigger and subsequently prevent self-inflictions
[6]. This desired output would not only deter the user from
accidental firings, or self-inflictions, as the SE firearm would
consistently not operate for every attempt made to pull the
trigger and the user would become strongly discouraged and
possibly frustrated by the ongoing non-responsive behavior
of the firearm for those moments. From a design to
manufacturing perspective, the idea here is to fully capitalize
on the optimization process to ensure that all desired

intentions of the SE firearm test model are justified before,
during, and after operation.

Figure 3. Shows green LED light on at initiation for pre-defined x and y
angles detected at +33.0 degrees and -1.9 degrees respectively

Figure 4. Shows green LED light off at pre-defined x and y angles
detected at +100.0 degrees and +15.0 degrees respectively

6.3.2. Accidental Firings

The course of developing the SE firearm system entails
transforming the functional and operational requirements to
produce a set of performance requirements. This step is
especially important to allow subsequent phases of system
development that are based on and evaluated using systems
engineering practices. In order to support the security system
development for this SE firearm model, implementations
of innovative security criteria are adopted and written as a
unique coded instruction to the CLICK PLUS PLC. This
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phase is highly critical to protect and prevent, in particular,
unauthorized shooters from accidentally firing at any given
moment. In order to integrate a security system data logic,
the author integrated a clearly defined logic dataset that is
coded to the CLICK PLUS PLC which is disclosed in this
study for clarity. To accomplish this important coded instruction
process, the author assumed that the SE firearm system for
this study is a .38 caliber firearm with protective devices
already integrated in the system as previously described.
However, to make the SE firearm system very secure from
external threats and accidental firings, a coded instruction is
needed that is shared with an authorized shooter. Potential
shooters would need to not share this information with
anyone so as not to compromise the security system. The SE
firearm studied is designed with written instructions for the
tester (the author in this case) to carry out the instructions
coded to the CLICK PLUS PLC. The instructions are based
on angular movements in order to turn the SE firearm on.
The instructions are: 1) The SE firearm test model must have
an encrypted password that is linked externally to the SE
firearm model from a central database known to the authorized
user only. Once the correct password is acknowledged, the
user can proceed to test the performance of the Click Plus
PLC by connecting the programming cable to the computer
and thereafter move the CLICK PLUS PLC switch to the run
position. The SE firearm turns on the LED indicating green
light instantaneously. This green glowing light shall stay on
for 9 seconds to confirm that the authorized user successfully
turned on the SE firearm test model. This test further showed
on several instances that if it is not successfully turned on,
then the SE firearm model will never be operable. These
activities not only indicate consistency for the anticipated
test results but confirm that this methodology is a viable
solution to better manage accidental firings. The SE firearm
was tested on several instances to closely examine the
performance behavior of the system when allowable angular
constraints were used correctly. The test results consistently
showed that the SE firearm test model turned on at initiation
as shown in Figure 3 and turns off as shown in Figure 4 when
combined sets of angular movements in the x-y coordinates
are invalid. Futuristically, the concept is to have a coded set
of instructions to be unique and different for every SE
firearm that adopts this innovative process accompanied by
an enhanced architectural software element that will enable
the system to operate wirelessly.

6.3.3. Assault by Gunshot Wounds

This study examined angular readings along the y-coordinate
to understand and determine the behavior of the system
in order to derive suitable inferences as to what constraints
should be entertained. Readings taken at the previously
defined angles of 3.00°, 4.00°, 6.00°, 10.00°, and 25.00°
were used. So, from the SE firearm model test platform, the
angular test readings show what is understood to be operable
versus inoperable trigger activities. For this study, a .38 special
caliber is assumed to be the baseline for the SE firearm
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model. All calculations for projectile motion trajectory for
a .38 special caliber are based on initial discharge velocities
between 800 ft/s to 1100 ft/s. This research examines the
potential effects an 800 ft/s initial bullet velocity would
have on shooter and bystanders in terms of potential self-
inflictions (ricochets from bullets fired) that could cause
injury or death from an initial height of 5 feet for the test
launch angles previously mentioned. The verification
method involved deducing the angle from the horizontal,
a, and applying an analytical methodology to ascertain that
the outputs were justified as true potentials to do no harm to
shooters and bystanders. By way of further investigation, it is
evident that an angle of launch of a at 25.00 degrees would
potentially produce a final bullet trajectory landfall of 15,369
feet (4684m). The SE firearm model is programmed to
disallow an angle of launch of 25 degrees which is equal to
the universal joint’s maximum allowable angle. From
analysis, the shooter has no possibility of seeing a human
clearly at 15,369 feet. Subsequently, this design constraint
deters any possibility for an assault to occur by gunshot
wound. The design constraint allowable for the SE firearm
model is dependent on the average linear distance humans
can visually see another human clearly during daylight with
a 20/20 vision. Research shows that the human eye under
clear conditions with normal vision acuity — a rating of 20/20
— can gaze horizontally from around 5 feet (152.4 centimeters)
above the ground, can potentially see about 3 miles (15,840
feet, or 4828m) into the distance, which is the point at which
the Earth's curvature bends away so that the surface is no
longer in view [7]. However, for an enhanced visual acuity to
potentially see another human easily in the far distance based
on a 20/20 vision acuity, the SE firearm model is designed to
accept and allow trigger operations for angles of launch, a
up to 4.00 degrees only, where a 4.00-degree angle of launch
by analysis shall have a bullet trajectory landing position
at approximately 2,840 feet (866m). At this distance, the SE
firearm is designed to accept this angle as a maximum
allowance, that is, to see clearly another human 2,840 feet
away, and as such, it is based on the maximum baseline
distance of 15,840 feet as previously mentioned [7]. This
further suggests an object magnification of 5.6 times more
than 3 miles. In other words, another human can be clearly
seen about 0.54 miles away from the shooter. This angle of
launch at 4.00 degrees or lower angles as shown in Figure 5,
offers shooters an enhanced safety net from bullet ricochets
or injury or death to the shooter and bystanders. If bullets are
fired through launch angles o, greater than 4.00 degrees, then
this potentially may cause injury or death to bystanders as
shown in Figure 5 since visual acuity is significantly reduced
[8]. The flight path or trajectory of a fired bullet for the SE
firearm model shall be based on the trajectory formula
shown in equation (1) [9].

Trajectory formula: y = h + xtan(a)-gx%/2V2cos?(a) (1)
where y = bullet trajectory maximum height, h = initial
height, x = distance travelled, g = acceleration due to gravity,
V= velocity of bullet, a = angle of launch.
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Trajectory Formula:

y =5+ 0.05x-16.087x%/638247.01, a = 3.00 deg.

y =5+ 0.07x -16.087x%/636885.78, a = 4.00 deg.
y=5+0.11x - 16.087x%/633007.23, a = 6.00 deg.
y=5+0.18x - 16.087x2/620701.64, a = 10.00 deg.
y =5+ 0.47x - 16.087x2/525692.04, a = 25.00 deg.

Height (ft)
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&000
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Figure 5. Shows angle of launch at 3.00°, 4.00°, 6.00°, 10.00°, and 25.00° with their respective trajectory paths and distances traveled

6.3.4. Sensitivity Analysis

Sensitivity analysis is used in this study to determine how
“sensitive” the SE firearm model is to changes in the value of
the parameters of the model [10]. In this paper, one main
focus is given to parameter sensitivity. Parameter sensitivity
is typically performed as a series of tests in which the
modeler applies different parameter values to observe and
assess how a change in the parameter causes a change in the
dynamic behavior of the system [11]. The author shows also
how the model behavior responds to changes in parameter
values and subsequently uses sensitivity analysis as a tool to
produce model building as well as model evaluation [11].
When building the system model, a number of uncertainties
were considered, and as such, are addressed here to uncover
those uncertainties through an in-depth sensitivity analysis
study.

6.3.5. SE Firearm Test Platform

Assume for a moment that the SE firearm model is in a
state of readiness when the firearm is pointing out at full
arm’s length (about 24 inches) with the muzzle positioned at
zero degree from the shooter’s chest region defined as the
horizontal. However, this peaked position of readiness will
decrease (Reduced Readiness) in the event the shooter
increases the angle in either direction along the x-axis and
even further if combined with upward and/or downward
angular movements in the y-axis. In reality, the state of
readiness will fluctuate and for those reasons the changes in

parameter values will impact the time it takes the shooter to
be able or unable to pull the trigger.

The author examines the scenario further from the
perspective that the behavior of the system is in equilibrium.
The SE firearm model is tested over a full duration of 10
minutes of simulation. As a percentage, the state of readiness
of the SE firearm model is noted to be approximately 95
percent, since the time it takes to be at peak readiness is 9.5
seconds out of 9 seconds based on previously established run
times. Figure 6 shows the base run.

SE Firearm Readiness

95 95 95 95 95 95 95 95 95

Percentage

1 2 3 4 5 6 7 8 9

Time (Seconds) —=Curve 1

Figure 6. Base Run of the SE Firearm Model

Next, we assume that the demand for launch angle changes
from zero degrees to 4 degrees in the y-axis. At time 1 second,
we introduce a step decrease of 1 percent in “Changing Angle
of Launch.” Figure 7 shows the resulting behavior of “SE
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Firearm Ready” and “Changing Angle of Launch.” The system

starts off in equilibrium but only remains in equilibrium

during the first second. Immediately after the change in

demand for a 4-degree launch angle, the state of readiness for

the “SE Firearm Model” decreases slightly because “Changing

Launch Angle” decreases together with “SE Firearm Ready.”
To obtain the equilibrium value of 90 percent, one only

needs to subtract the new value of “Changing Launch Angle,”
to 90 percent per second, by the “SE Firearm coverage,” of

1 second.

SE Firearm Readiness

Percentage

9 eg=Curvel

Time (Seconds) — CUIVE 2

Figure 7. The System Responding to a Step Change Angle of Launch at 4
degrees

6.3.6. Changes in Angle of Attack

Using the change in “Angle of Attack in the X-axis,”
we can now experiment with the model to see how the
behavior resulting from disturbance changes under different
parameter settings. When building the SE firearm model, we
are often uncertain about the exact value of a parameter.
However, it is important to be able to pick reasonable values
for the parameters. Therefore, the values chosen should stay
in a plausible range that could occur in the real-world system
[11]. For example, in the SE Firearm model it would not be
reasonable to expect the “Time to change or correct the angle
of attack” to be just a few seconds. The shooter would need
a longer time to perceive the change in the system, and then
to correct the angle of attack so that the SE firearm is ready to
be fired. On the other hand, a value of 25 or 50 seconds to
correct the angle of attack would prevent the shooter from
responding to a change in his/her readiness to fire the firearm
readily. The SE firearm performance would be less efficient,
resulting in a loss of reliability. However, the values of two
or four seconds seem quite reasonable: as the shooter will
have enough time to make the necessary adjustments to
prepare for a more suitable angle of attack to pull the trigger
more readily. The results of the sensitivity tests will indicate
whether the conclusions drawn from the model can be
supported even without being certain about the exact values
of the parameters [11].

6.3.7. Changes in the Initial Value of SE Firearm Readiness

Finally, we can make changes in the initial value of “SE
Firearm Readiness.” This value is set when the shooter
prepares the SE firearm to be in a secure position for the
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initiation process each day. The shooter could have initial
values of 94, 94.5, or 95 percent readiness, as shown in
Figure 8.

SE Firearm Readiness

Percentage

1 2 3 5 6 7 8 9
Time (Seconds)

= Cuive 1 ==@u=Cuve2 ==@==Curve3

Figure 8.
Readiness

The Effect of Changes in the Initial Value of SE Firearm

Notice also, that even though the behavior of the curves
looks different from the ones in the previous simulations
of this model, the general behavior has not changed [11].
Even when the shooter starts out with a reasonable degree of
readiness, the behavior of the SE firearm model does not
change greatly. When the initial SE firearm readiness is
lower than what the equilibrium value should be, that is less
than 95 percent, the SE firearm system readiness will be
increasing during the first second, as in curve 1. When the
initial amount is larger than 95 percent, the system will decrease
for the first second, as in curve 3. However, after the step
increase, all the curves immediately decline slightly, and then
start slowly increasing to approach the same equilibrium
value of 95 percent almost simultaneously.

As expected, changing the value of parameters in the SE
firearm model does make some difference in the behavior
observed. Also, the sensitivity tests performed of the SE
firearm model show that some parameter changes result in
more significant changes than others. For instance, in Figure
7 the changes in “Time to correct the angle of launch” produce
little difference in the behavior, while in Figure 8 the curves
show the same behavior, but at different values of system
readiness. This measure of more significant changes is studied
through sensitivity analysis. In all scenarios, however, it is
the structure of the system that mainly determines the behavior
mode. We can conclude that, in general, but with exceptions,
parameter values, when altered individually, only have a
small influence on behavior [11].

7. Conclusions

According to the Results and Discussion, gun safety
technologies can offer an effective and safer way to protect
users from accidental discharge, suicidal shootings, and
unauthorized use. This research clearly indicates that the rate
of fatalities due to suicidal firing and accidental discharge
already high, is increasing in many locales. The feedback
from responders illustrates a common, growing concern
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for gun legislators to support the need to implement policies
to invest in gun safety technology across all pertinent
manufacturing platforms. The results also confirmed that
limiting certain angular activities for firearms is a unique
method and feature that would be well received and
would warrant future research to be enforced expeditiously.
The research for a safer haven to use firearms in a more
responsible way with the application of angular sensors
should be considered for further research and design efforts
among licensed engineering organizations and certified
trained personnel.

One of the important implications of this work is that viable
Systems Engineering principles can satisfy the objectives of
making firearms safer to use. Consider, for example, the tests
performed for this work claimed that for every angle that
had the potential to either create self-inflictions, accidental
firings, and or assault by gunshot wound, produced a trigger
that became immediately inoperable. The combination of the
input variables based on a sensitivity analysis indicates that
there is a high correlation for allowable angles and the direction
of pointing from the shooter, to produce only a small
influence on the performance of the trigger. This research
clearly suggests that there are valid reasons to integrate
systems engineered protective devices in firearms to produce
logical communication between embedded devices that
would offer immediate and accurate responses to prevent
self-inflictions to shooters, accidental firings, and assault
by gunshot wounds. This research also implies that current
standards should be made technologically obsolete as soon as
possible. It is necessary, therefore, to address the prevailing
issues and capabilities raised in this paper to mitigate
self-inflictions, accidental firings, and assault by gunshot
wounds. By implementing protective devices within firearms
with a well-defined proven technological process, we can
significantly help deter inadvertent discharges, unwanted
injuries, and deaths.

Copyright © 2025 The Author(s). Published by Scientific & Academic Publishing
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