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ABSTRACT: This paper deals with the primary factors and countermeasures to prevent falls in seniors
in an aging society. Falls among seniors are emerging as a serious social and economic problem, leading
to psychological trauma, physical injuries, long-term disabilities, fatalities, and increased medical costs.
Therefore, fall prevention is essential for improving an individual’s quality of life and reducing social
costs. This study aims to analyze the key physical factors contributing to elderly falls and propose
practical strategies for their prevention. To achieve this objective, the study addresses the following
research questions: First, what are the differences in impact forces between linear and rotational motion
during falls? Second, how can the relationship between impact duration and impulse be quantitatively
assessed in relation to actual injury risk? To answer these questions, a physical analysis was conducted
by categorizing seniors’ fall types into linear and rotational falls, utilizing linear and angular momentum
principles and impact force calculations. The impact force was determined using the law of energy
conservation and momentum change, and a simulation was performed using Pygame to validate the
theoretical findings. Based on the results, this paper aims to contribute to developing effective fall
prevention measures and establish a stronger social foundation to ensure a safer and healthier aging

society.
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1. Introduction

The aging population is rapidly increasing worldwide,
especially in advanced countries like South Korea [1]. As
advancements in medical technology and improving living
standards increase the average life expectancy, the propor-
tion of seniors is also sharply rising [2]. This brings about
significant social and economic issues, among which falls
have emerged as a major problem affecting seniors” health
and quality of life [3]. Senior falls are not just a matter
of physical injury but also act as psychological trauma [4].
In severe cases, they can lead to long-term disability or
death, increasing medical costs and necessitating long-term
care, thereby imposing social burdens.[5] These accidents
negatively impact seniors’ physical and mental health, mak-
ing independent living difficult and potentially deepening
social isolation [6].

In other words, senior falls not only degrade the quality
of life of individuals but also exacerbate the economic bur-
den on society [7]. Therefore, preventing these accidents
is crucial to improving the quality of life of individuals
and reducing social costs and building a safer and healthier
aging society [8]. This article starts from this awareness and
seeks to explore practical measures to prevent falls in the
era of aging [9].

In summary, this article aims to contribute to the pro-
motion of senior health and the creation of a safe living
environment by analyzing the main causes and risk factors
for falls and presenting prevention strategies based on these
analyses [10]. Furthermore, it will derive practical and

applicable prevention measures through the opinions of
various experts and case studies [11]. Finally, the objective
is to help establish a social foundation where seniors can
enjoy a healthier and happier old age [12].

The journal highlights the increasing frequency of drop
attacks with advancing age. For instance, a study reported
that the incidence of drop attacks among people 65 years
and older rose from 2 percent in the 65-74 age group to 15
percent in those aged 90 and above [13]. Also, surveys of
people living at home have revealed that one third of all
seniors experience at least one fall yearly. Approximately
four percent of individuals aged 65 and older seek medical
treatment for fall-related injuries at least once each year [14].

The impact force is a large contact force between objects
upon impact or collision. Force is a physical quantity ob-
served when a mass-bearing object moves with a certain
acceleration. It can be described as a temporal change in
momentum. Momentum can be calculated by multiplying
mass and velocity. In other words, impact force becomes
more significant as the moving object’s mass increases and
the change in velocity, or acceleration, increases.

Next, Impulse refers to the change in momentum within
a specific time frame. The unit of impulse quantity is the
same as that of momentum. Additionally, the impulse can
be calculated by multiplying the force by time, that is, by
multiplying the impact force by the collision time.
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2. Method

In this study, air resistance was neglected and free-fall
motion was assumed. Furthermore, the elastic effects of the
impact surface were not considered.

Energy conservation law :

1
mgh = Emzﬂ (1)
Impulse-momentum relationship :
p = Amv = Am~/2gh 2
Impact force calculation :
m~J2¢h
= )

t

2.1. The Reason for the Theory to Emerge

The first formula used to analyze the fall of a senior is
derived from the law of conservation of mechanical energy:

mgh = %mvz 4)

This equation states that if there is no friction or air
resistance and an object is dropped, the potential energy of
the object is transformed into kinetic energy. Simplifying
Equation 4 for velocity, we obtain:

p =m~2gh )

Next, to calculate the impact force experienced by a
senior during a fall, we use the momentum formula:

p =mv = Amv = Am~/2gh (6)

The impact force is the product of the change in mo-

mentum and collision time. Since the velocity is 4/2gh, the
change in momentum Amv becomes:

Amv = Am+2gh (7)

Finally, the impact force can be calculated using the
equation:

- m+J2gh @®)
t

Using a mathematical binomial from Equation 7, the
force that the object receives is calculated by dividing the
impact force by the collision time. Since the impact force
represents the change in momentum, it can also be defined
as the difference in momentum divided by the collision time.

From Equation 5, the force becomes Equation 8.

Figure 1: (a) Rotational fall caused by a slippery surface, (b) Linear fall due
to muscle weakness

Figure 1 (a), which is on the left, represents a scenario
in which a senior individual falls while rotating, which
can happen in environments such as a wet restroom where
slipping can induce rotational motion. In this case, the
individual’s body experiences angular motion as it rotates
while falling. The analysis of this fall considers the torque
generated during the spin, which plays a crucial role in
determining the impact force upon impact. The torque
is calculated on the basis of the body’s rotational inertia
and the angular acceleration during the fall. This type of
fall involves analyzing both linear and angular momentum
to accurately assess the force exerted on the body at the
point of contact with the ground. (b), which is on the
right, represents a senior individual falling linearly, often
due to loss of leg strength or balance, resulting in a direct
collapse. In this scenario, the person falls straight down
without rotational movement. To calculate the impact force,
we apply the principle of mechanical energy conservation.
The potential energy before the fall (due to the individual’s
height above the ground) is converted into kinetic energy as
the person descends. The impact force is determined by the
rate of deceleration upon contact with the ground, which
is influenced by factors such as the person’s height, body
mass, and the surface’s ability to absorb shock.

2.2. Torque

Torque, also known as the moment of force, refers to the
rotational force applied to an object about a pivot or axis.
Mathematically, the torque (7) is calculated as follows:

T = rFsin(0)

where, r is the distance from the pivot point (the axis of
rotation) to the point where the force is applied. F is the
amount of force applied. 6 is the angle between the force
and the lever arm.

When a person falls, especially in cases involving slip-
ping or tripping, rotational forces (torques) often come into
play. Torque influences the body’s movement because the
forces acting on different body parts (like the feet losing
traction or a sudden push) create rotation about the body’s
center of mass. Here is why torque matters:

First, in rotational motion, if a person slips in a way
that causes the upper body to rotate (e.g., losing balance
backward or forward), the torque determines how fast the
body rotates. This rotation can lead to specific impact points
(e.g., head, hip, or hands), depending on how the torque
influences the fall trajectory.

Second, for the impact force distribution. During a fall,
the rotational motion caused by the torque may direct the
impact toward specific areas like the hip or shoulder. Under-
standing this helps predict injury patterns (e.g., rotational
falls leading to hip fractures).

Third, for balance recovery, the torque plays a role in
restoring balance. For instance, minor adjustments in body
movement (e.g., swinging arms or stepping forward) gener-
ate counteracting torques that can help a person stabilize
and prevent a fall.

Fourth, the surface on which the person slips (for ex-
ample, wet or uneven floors) can amplify the torque by
increasing rotational acceleration, making falls more severe.
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In research, analyzing the torque during falls allows
for a better understanding of the mechanics of the acci-
dent. This knowledge is used to design interventions such
as assistive devices, protective gear, or training to reduce
the risk of severe injuries. In summary, torque is crucial
in the dynamics of falls because it dictates how the body
rotates and impacts the ground, influencing the severity of
injury and recovery mechanisms. Understanding torque
can help create safer environments and preventive measures
for individuals, particularly seniors.

2.3. Impact Force Analysis in Linear and Rotational Falls

To analyze the forces exerted during a fall, we apply
fundamental physics principles, including the law of energy
conservation, the impulse-momentum theorem, and the
torque equation.

2.3.1. Linear Fall: Concentrated Impact at a Single Point

In a linear fall, applying the impulse-momentum rela-
tionship, the impact force is expressed as:

_ m~2gh

I=— ©)

Here, t represents the duration of the collision. Since
t is typically very short in direct falls, the force is highly
concentrated at a single point, leading to a high peak force
per unit area and increasing the likelihood of fractures, par-
ticularly in the hip region. This highlights the importance
of prolonging impact duration (e.g., by shock-absorbing
flooring or protective padding) to mitigate the severity of
injury (see Figure 2).

2.3.2. Rotational Fall: Distributed Impact Across Multiple Points

In a rotational fall, the body’s center of mass follows
a similar downward trajectory with the same velocity at
impact:

v =+/2gh (10)

However, due to the presence of angular motion, mul-
tiple body segments may contact the ground at different
times. The torque equation governs this rotational motion:

different regions of the body. Similarly, t; denotes the impact
duration at that specific location, affecting the magnitude of
force experienced at each point. Because multiple regions
of the body absorb the force over slightly different time
frames, no single point experiences the full force of impact,
reducing the risk of fractures but increasing the likelihood
of traumatic brain injuries (TBI) or skull fractures if the head
is involved (see Figure 3).

t=0.2
impact force(F)
3500.000 *
3000.000
2500.000
2000.000
1500.000 - * * A 0
. T - 1zenonn 1731.704 1781.909
1571.496 1626.653 1680.000 : m=60
1000.000
500.000
0.000 height
1.4 1.5 1.6 17 1.8
Figure 2: Impact force depending on height
if) t=0.2
force received(F) 1.4m 1.5m 1.6 1.7 1.8
40kg 1047.7 1084.4 1120 1154.5 1187.9

50kg
60kg
70kg
80kg
90kg

1309.6
1571.5
1833.4
2095.3
2357.2

1355.5
1626.7
1897.8
2168.9
2440

1400
1680
1960
2240
2520

1443.1
1731.7
2020.3
2308.9
2597.6

1484.9
1781.9
2078.9
2375.9
2672.9

Figure 3: Force received

2.4. Comparison of Impact Forces

The comparison of impact forces between linear and
rotational falls is shown in Figure 5. While the total impulse
remains unchanged, the distribution of force differs, directly
influencing injury patterns.

Volocity at Impact Force . .
T=1r-F- sin(@) (1 1) Fall Type Impact () ) Injury Risk
Here, 7 represents the torque, describing the rotational L?:lir V2gh m‘/%(’h et (Efirztctzrjfi)pmm
effect of a force applied at a distance from a pivot point. r is Rotation /290 Lower force per point but
the perpendicular distance from the pivot point (e.g., feet Fall Vagh X increased risk of TEI
or hip) to the line of action of the applied force. Lastly, 0
represents the angle between the applied force and the lever Figure 4: Comparison of impact forces
arm, determining the effectiveness of the force in generating
rotation.
Sir}ce impact is distributed over 'mu}tiple points, the force oot Tiooect Fores —
experienced at each contact point is given by: Fall Type | | act () ) Injury Risk
Linear 2h High force at a single point
mmZgh Fall \/Zg_h m\/%qh ¢ (Hip fracture rgisk)p
Ii = - (12) Rotation m\/ﬂ Lower force per point but
£ Fall V2gh Ef increased risk of TBI
Here, m; represents the mass distribution at each contact
point, influencing how the impact force is absorbed across Figure 5: Comparison of impart forces
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2.5. Code

import pygame
import sys
import numpy as np
import imageio

pygame.init()

WIDTH, HEIGHT = 800, 600
screen = pygame.display.set,, q.(WIDTH, HEIGHT))
pygame.display.setcqption("Senior Fall Simulation - Human
Model")

WHITE = (255, 255, 255)
BLACK = (0, 0, 0)
RED = (255, 0, 0)
BLUE = (0, 0, 255)

gravity = 9.8 (m/s?)
scale = 50
fallspeed =0
fﬂlltime =0
delta; =0.05

charyidtn, charpeignt =40, 80
char, =WIDTH // 2
char, =HEIGHT // 4
angle =0
rotationalgy = True

floory, = HEIGHT - 50
clock = pygame.time.Clock()

frames =[]
running = True
while running:
screen.fill(WHITE)

for event in pygame.event.get():
if event.type == pygame . QUIT:
running = False

fallspeeq += gravity * delta; * scale
fallyime +=delta;
chary += fallspeeq * delta;

if rotationalya:
angle +=5

if chary + charpeignt >= floory:
chary = floory - charpeignt
fallspeed =0
rotationals, = False

rotatedsurface = pygame.Surface((charyigrn,
charpeignt),pygame.SRCALPHA)
7’Otai-Ledsurftzce.fill((0/ 0,0, O))

pygame.draw.circle(rotatedsy, face, BLUE, (charwian //
2, 15), 15)

pygame.draw.rect(rotateds,face, RED, (charyigwn // 4,
30/ Charwidth // 2/ 40))

pygame.draw.line(rotatedsy, face, BLACK, (charyian //
2/ 70)/ (Charwidth // 4/ 90)/ 4)
pygame.draw.line(rotatedsy, face, BLACK, (charyiagn // 2,
70), 3 * charyian // 4,90), 4)

pygame.draw.line(rotatedsy, face, BLACK, (charyian //
4, 40), (0, 60), 4)
pygame.draw.line(rotateds,,face, BLACK, (3 * charyign //
4, 40), (charyign, 60), 4)

rotatedcparacter = pygame.transform.rotate(rotatedsy, face,
angle)
rotatedyect = rotatedcnaracter-§€trect(center=(chary, chary))
screen.blit(rotatedcparacter, rotatedyect.toplieft)

pygame.draw.rect(screen, BLACK, (0, floor,, WIDTH,
HEIGHT - floory))

pygame.display.update()

frame = pygame.surfarray.array3d(screen)
frames.append(frame)

if len(frames) > 30:
running = False

clock.tick(20)

pygame.quit()

frames = [np.rot90(np fliplr(frame)) for frame in frames]
gifpath = "fallsimulutionhumun.gif”
imageio.mimsave(gi fyqtn, frames, fps=10)
print("GIF compile completed : fallsimutationhuman.gif'")

2.6. Code Description

This section describes the code that simulates a person
falling under gravity using Pygame. The simulation screen
is shown in Figure 6. The figure is composed of basic shapes:
a blue circle for the head, a red rectangle for the body, and
black lines for the arms and legs. The figure starts falling
from approximately 1.5 meters above the ground, using a
scale of 50 pixels per meter to convert real-world measure-
ments into the simulation. This scaling ensures that the
motion of the figure appears realistic on the screen.

The code begins by setting up the display and defining
key physics variables such as gravity, time step, velocity,
and position. Based on these calculations, each frame de-
termines the falling speed of the figure and updates its
position accordingly. If the rotational fall option is enabled,
the figure rotates by 5 degrees per frame to simulate how
people naturally rotate during a fall. This addition makes
the fall appear more realistic compared to a simple straight
drop.
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Time: 0.02s
Velocity: 0.16 m/s
Angular Vel: 1.98 rad/s

Figure 6: Simulation screen

The simulation continues running until the figure
reaches the floor. At that point, the program stops the
falling motion by resetting the velocity to zero and ceasing
the rotation. This approach ensures that the figure does
not pass through the floor, replicating a realistic landing
behavior.

One important feature of the code is the capture of every
simulation frame, which is saved as a list. After 30 frames,
these images are processed and saved as a GIF file named
fall_simulation_human.gif. This feature allows the en-
tire falling motion to be easily reviewed and analyzed later.
Observing the GIF makes it more convenient to analyze
how variables like rotation speed, fall duration, and gravity
influence the fall dynamics.

In general, the code was designed to visualize a person’s
fall under gravity, incorporating both vertical and rotational
movements. The GIF-saving feature is particularly useful
because it allows the complete fall sequence to be observed
from start to finish without having to rerun the simulation
repeatedly. This helps in analyzing how different factors
affect human falls and improves the understanding of the
physics involved.

Figure 7 and Figure 8 provide a detailed view of the
code structure and implementation. These figures show the
primary components and the logical flow of the simulation.

3. Advantages and Significance of This Paper

3.1. An Accurate Analysis of Complex Phenomena in the Real
World

Human movements are highly complex and involve vari-
ous physical elements such as force, torque, and acceleration.
Based on physical theory, these complex behaviors can be
systematically described using mathematical equations. For
example, in the case of a fall, physical principles such as
momentum, impact force, and rotational motion can be uti-
lized to analyze the underlying mechanisms. This accurate
analysis aids in understanding the dynamics of falls and
helps develop effective prevention strategies.

3.2. Safe and Efficient Replacement of Experiments

Conducting experiments directly with people can be dan-
gerous or unethical, especially when studying falls among
seniors. It is not feasible to deliberately induce falls for re-
search purposes. Instead, computer simulations implement
physical theories as code to replicate real-world scenar-
ios, allowing experiments to be conducted safely. These

simulations enable the analysis of fall dynamics without
putting individuals at risk, providing an efficient and ethical
alternative to direct experimentation.

4. Further Research

Understanding the distribution of impact forces in dif-
ferent types of falls provides valuable insights into injury
prevention. Future research should focus on practical appli-
cations of impact force reduction techniques.

One key area of study is extending the duration of the
impact. Since the impact force is inversely proportional to
the impact time, as shown in Equation 13:

_ m~2gh

[=
t

Increasing the impact duration can significantly reduce
the risk of injury. To achieve this, researchers are inves-
tigating smart flooring materials that absorb energy and
extend collision time. Additionally, advanced hip protectors
are being developed to distribute the impact over a larger
surface area, minimizing the chances of fractures.

Another promising area of research is the development
of Al-based fall detection and prevention systems. Ma-
chine learning models can predict the risk of falling in
elderly individuals by analyzing motion patterns, while
wearable devices equipped with gyroscopes and accelerom-
eters detect early signs of imbalance. These systems can
be integrated with protective mechanisms, such as airbags,
that deploy before impact to minimize injuries.

In addition, personalized fall risk assessment is an emerg-
ing field that leverages biomechanical simulations and clin-
ical trials to validate injury models. Data from motion
capture studies and sensor-based fall monitoring help tailor
protective measures to individual risk factors, ultimately
enhancing fall prevention strategies.

By integrating engineering solutions with medical re-
search, future studies can contribute to more effective injury
prevention technologies, ultimately improving the safety
and quality of life of seniors.

(13)

5. Conclusion

In an aging society, elderly falls are a serious social and
economic problem, and preventing them is important to
improve the quality of life of individuals and reduce social
costs. This study used physical concepts such as momen-
tum, angular momentum, and impact force to analyze falls.
We looked at the physical mechanisms involved by dividing
falls into straight and rotational types. We rechecked the
results of the physical analysis using a Pygame simulation
and confirmed how different factors, such as weight and
collision time, affect falls. This study aims to help improve
the safety and health of seniors by understanding how
falls occur from a scientific perspective and finding ways
to prevent them. In the future, we hope this research can
lead to practical solutions, such as developing protective
equipment, creating Al-based systems to predict falls, and
promoting exercise programs to prevent falls so seniors can
live more safely and healthily.
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PYGAME PROGRAM

4 START

pyvgame.init()
Initializes Pygame to set up the game
environment for graphics and event handling.

4 SET DISPLAY &VARIABLES

WIDTH, HEIGHT = 800, 600
screen = pygame.display.set_mode((WIDTH, HEIGHT))

pygame.display.set_caption("Senior Fall Simulation - Human
o Model")

Sets up an 800x600 pixel display window.
Defines simulation variables:
gravity = 9.8 (m/s?) - gravity acceleration
scale =50 - converts 1 meter to 50 pixels
delta_t = 0.05 - time increment
fall_speed = 0 - initial vertical speed
fall_time = 0 - elapsed fall time
angle = 0 - initial rotation angle

- INITIALIZE OBJECTS I

char_width, char_height = 40, 80
char_x=WIDTH /2
char_y = HEIGHT /[ 4 # Starting at approximately 1.5m
rotational_fall = True # Enables rotational motion
floor_y = HEIGHT - 50

Initializes the human figure with defined dimensions and
position.
Sets arotational fall condition, allowing the figure to rotate
during the fall.
The floor is placed near the bottom of the window for collision
detection.

- _4

MAIN LOOP

running = True
while running:

Starts the main loop that runs until the user closes the
window or the simulation ends.

EVENT HANDLING

for event in pygame.event.get():
if event.type == pygame.QUIT:
running = False

Checks for QUIT events (e.g., window close button) to stop the
simulation gracefully.

Figure 7: Code Description (Part 1)

d UPDATE PHYSICS

fall_speed += gravity * delta_t * scale
char_y +=fall_speed * delta_t

if rotational_fall:
angle +=5 # Rotation speed in degrees

Updates the falling speed using gravity.
Adjusts the vertical position of the human figure.
If rotational fall is enabled, increases the angle to simulate
realistic rotation.

e RENDER SCREEN )

screen.fill(WHITE)

rotated_surface = pygame.Surface((char_width, char_height),
pygame.SRCALPHA)
pvgame.draw.circle(rotated_surface, BLUE, (char_width J/ 2,15), 15) #
Head
pygame.draw.rect(rotated_surface, RED, (char_width // 4, 30,
char_width // 2, 40)) # Body
pvgame.draw.line(rotated_surface, BLACK, (char_width // 2,70),
(char_width /] 4, 90), 4) # Left leg
pvgame.draw.line(rotated_surface, BLACK, (char_width //2,70), (3*
char_width // 4,90), 4) # Right leg
pvgame.draw.line(rotated_surface, BLACK, (char_width // 4, 40), (0, 60)
4) # Left arm
pvgame.draw.line(rotated_surface, BLACK, (3 * char_width // 4, 40),
(char_width, 60), 4) # Right arm

rotated_character = pygame.transform.rotate(rotated_surface, angle)
rotated_rect = rotated_character.get_rect(center=(char_x, char_y))
screen.blit(rotated_character, rotated_rect.topleft)

pvgame.draw.rect(screen, BLACK, (0, floor_y, WIDTH, HEIGHT - floor_y))
Floor
pvgame.display.update()

Clears the screen and renders the human figure with updated position
and rotation.
Draws the floor and updates the display to reflect changes.

4 INITIALIZE OBJECTS N

python
CopyEdit
char_width, char_height = 40, 80
char_x=WIDTH// 2
char_y = HEIGHT /] 4 # Starting at approximately 1.5m
rotational_fall = True # Enables rotational motion
floor_y = HEIGHT - 50

Initializes the human figure with defined dimensions and
position.
Sets arotational fall condition, allowing the figure to rotate
during the fall.
The floor is placed near the bottom of the window for collision
detection.

MAIN LOOP N\

python
CopyEdit
running = True
while running:

Starts the main loop that runs until the user closes the
window or the simulation ends.

Figure 8: Code Description (Part 2)
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