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Abstract: A series of mathematical models, from easy to difficult, have been established to optimize the deployment strategy
of smoke screen jamming missiles, in order to obtain the longest time for smoke screen jamming missile projection under the
same conditions and achieve maximum shielding of incoming missiles. Based on the positional relationship between various
objects, the principle of line of sight obstruction between straight lines and curves is applied to determine the optimal value of
various factor masking effects; We separately studied the multi scenario optimization problems of single machine single missile,
multi machine single missile, single machine multi missile, multi machine multi missile single interference, and multiple
interference, and obtained relevant algorithms to solve the optimal solution; By adjusting the optimization parameters and
selecting optimization methods, it can be seen that under a certain adversarial approach, setting reasonable drone flight
parameters and the timing of smoke screen jamming can greatly increase the probability of enemy missiles being effectively
blocked. This article establishes a mathematical model for the occlusion effect of smoke screen interference missiles based on
line of sight obstruction. The detection of the missile's line of sight to the target and the occlusion effect of smoke screen cloud
clusters are quantified as the intersection problem of line segments and spheres in geometric space. 18 key points are selected
from a real target cylinder to determine its probability of being hit. Whether the missile's line of sight to each key point is
occluded by the smoke screen cloud cluster is considered as whether the key point is occluded. The simultaneous occlusion of
all key points is used as the basis for determining effective occlusion. Numerical simulation is used to calculate the occlusion
state over time with a time step of 0.01 seconds. Finally, when the drone FY1 flies at a speed of 120m/s next to the target and is
ordered to throw the interference missile within 1.5 seconds, the occlusion state is obtained. When detonating within s, the
effective shielding time of the smoke screen interference bomb on missile M1 is 1.38 seconds (occurring within 8.06-9.44
seconds); Visual analysis shows that although the effective period of smoke clouds is as long as 20 seconds, only about 7% of
the time can form effective shielding due to the dynamic changes in spatial geometric relationships.

Keywords: Smoke screen interference bomb, Line of sight obstruction, Shielding effect evaluation, Multi-dimensional
parameter optimization.

principles, which can accurately describe the dynamic

1. Introduction characteristics and effectiveness evaluation indicators of the

Smoke screen interference is a defense method that uses smoke screen jamming missile protection system[3]. The
manual deployment to produce aerosol clouds of a certain opti.mization resglts show that, based on the regsonable
shape through chemical combustion or explosion, blocking setting of drone flight parameters and smoke screen jamming
the infrared signals of targets in a certain airspace in front of missile throwing strategies, the effectiveness of missile
them, thereby interfering with the normal operation of guided protection against incoming missiles can be effectively
weapons[1]. With the development of drones, current military enhanced; At the same time, the model still needs further
defense systems are using more drones to drop smoke screen improvemept, such as not consideriqg .the .inﬂuence of
jamming shells, using fixed-point throwing and time fuses to external W}nd sp.eed and the uneven d1str1but10n. of smgke
achieve a sequence, improving the previous situation where a cloud dens%t}.l, which r}eed to be tgken Into account 1n practical
smoke screen jamming shell needed to consume three to four use; In addltl(?n, fqr hlgh.—d1rn.ens10nal 0pt1m1zat1on prgblems,
hundred kilograms or even more to increase costs to just a few the computation time will still be relatively IOT}g,.Wh.lCh can
hundred kilograms now. The deployment of unmanned aerial be 1mpr0ved through. algorithm qnd optimization of
vehicles (UAVs) in conjunction with smoke screens has been computing resources; Flnally, further lmprovements will be
incorporated into modern air defense and anti missile systems made based on a more diverse battlefield environment,
as an important means. Through the collaborative work of different types of incoming weapons, and more flexible drone
multiple UAVs, a continuous smoke screen is formed to block maneuvering methods to make it more suitable for practical
incoming missiles from the target[2]. combat needs.

The models and algorithms proposed in this article are
based on certain mathematical theories and physical
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Mathematical model of smoke screen
interference projectile shielding
effect based on line of sight
obstruction

Assuming a missile M1 flies from its initial position (20000,
0, 2000) at a speed of 300 m/s towards the origin (0, 0, 0),
which is a false target[4]. There is a real target located at (0,
200, 0), which is a cylinder with a base radius of 7 meters and
a height of 10 meters. A drone FY1 flies towards a false target
direction from its initial position (17800, 0, 1800) at a speed
of 120 m/s and an equal altitude. The drone releases smoke
screen jamming shells 1.5 seconds after receiving the mission.
After the smoke screen jamming shells are released, they
inherit the speed of the drone in the horizontal direction and
perform uniform acceleration motion in the vertical direction
due to gravity. The smoke screen interference bomb detonated
3.6 seconds after being dropped, forming a spherical smoke
screen cloud with a radius of 10 meters. The cloud sinks at a
constant speed of 3 m/s and is effective within 20 seconds.
The objective of this study is to establish a mathematical
model to calculate the effective shielding time of smoke
screen interference missiles against missile M1, that is, the
total length of time during missile flight when smoke cloud
clusters effectively block the line of sight from the missile to
the real target.

2.1. Analysis of the Approach for Evaluating
the Shielding Effect of Smoke Screen
Interference Bullets

In order to quantitatively evaluate the effective shielding
degree of smoke screen interference missile on missile M1, a
mathematical model based on the principle of line of sight
shielding can be constructed to calculate whether the smoke
screen cloud can effectively shield the line of sight connection
between the missile and the real target; The specific criteria
for determining whether effective masking can be achieved
are set as follows: when the smoke cloud is located on the line
of sight path between the missile and the real target and can
effectively absorb/scatter/reflect signals, it can be considered
as achieving effective masking. Considering that missiles
mainly rely on direct line of sight or receiving detection
signals from targeted targets for attack in practice, the
physical meaning of this criterion is to indicate whether a
high-density smoke cloud can be used to block the relative
direct view channel between the missile and the real target. In
addition, considering that the model used in this article may
have some errors, it cannot completely and effectively mask
all line of sight segments. Instead, it can only mask the vast
majority of line of sight segments. Therefore, if a line of sight
segment pointing from the emission point to any point on the
cylindrical surface is not obscured, it will also be considered
as not having effective masking. Similarly, just like the
mathematical model designed in this article, real targets other
than cylindrical shapes are also situations that need to be
considered.

In this problem, this article faces the challenge of
calculating the motion trajectories of multiple dynamic
targets: missiles flying towards false targets at a certain speed,
drones flying towards false targets at equal altitudes, smoke
screen interference bombs being thrown by gravity after being
deployed, and smoke screen cloud clusters sinking at a
constant speed after formation. These dynamic elements
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cause the occlusion effect to constantly change over time,
requiring us to establish an accurate spatiotemporal
relationship model to evaluate the dynamic changes in the
occlusion state of the line of sight over the entire time range.
It should be noted that due to the constant altitude flight of the
drone, its flight trajectory remains constant in the vertical
direction and only changes position in the horizontal plane.
This constraint condition needs to be specifically considered
in the model. Meanwhile, as a cylinder with a certain volume,
different points on the surface of the real target may be
obscured or exposed at different times. Therefore, it is
necessary to comprehensively consider the masking status of
multiple key points. Only when all key points are masked can
it be determined as effective masking.

2.2. Establishment of mathematical model for
dynamic occlusion of line of sight

Based on the above analysis, this article establishes a
complete mathematical model for dynamic line of sight
occlusion in three-dimensional space. Firstly, we define a
three-dimensional Cartesian coordinate system with the false
target position as the origin, the ground as the horizontal plane
(i.e. xy plane), and the vertical upward direction as the
positive z-axis direction. In this coordinate system, this article
can accurately describe the positions and movements of all
relevant entities.

The initial position vector of missile M1 is defined as
v (0) = (XM14, YM14 ZM1,)» and its flight direction is the
unit vector pointing towards the false target (origin), which
can be expressed as:

By = g—ﬂm(o) _ (0.0,0)-(xp14YM19-ZM10)
[0-7m1(0)|

2 2 2 (1)
\/XM10+3’M10+ZM10
0= (0,0,0) represents the position vector of the false
target. With the initial position and flight direction of the
missile, this article can use parameter equations to describe
the position of missile M1 at any time:
Tar (8) =71 (0) + vy -t Eppg
vz 18 the flight speed of the missile.

Next, it is necessary to determine the motion trajectory of
the drone FY1. The initial position vector of the drone is
Tryp (0) = (Xpy1, YFY1, ZFY1,)- Since the drone is flying at
an equal altitude, its flight direction unit vector only has a
horizontal component, which can be expressed as:

€ry1 = (—1,0,0) 3)

Therefore, the position of drone FY'1 at any given time is:

Try1 (€) = Tpy1 (0) + Vpyy - t - Epys (4)

Vpyq 1s the flight speed of the drone.

The drone drops smoke screen jamming bombs tiejease
seconds after receiving the mission, and the drop location is
Try1 (trelease) - After the smoke screen jamming bomb is
deployed, it inherits the speed of the drone horizontally and
accelerates vertically due to the influence of gravity.
Assuming that the initial velocity of the smoke screen
jamming projectile during deployment is the same as that of
the drone, the position of t' =t — tygease (Where t=
trelease) at any time after deployment can be expressed as:

s (t) = Try1 (treliase) +(t - trelease_? “Vpy1® €py1 —
Eg(t - trelease)z -k (5)

Where k = (0,0,1) is the vertical upward unit vector and
g is the gravitational acceleration.

The smoke screen interference bomb detonates within ¢4
seconds after deployment, with the detonation time being
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texplosion = treiease T trau- At this time, the position of the
smoke screen interference bomb is s (texpiosion)- After the
smoke screen interferes and explodes, a spherical cloud
cluster is formed, which sinks at a constant speed at vg;,.
The center of the cloud cluster at any time t (including t >
texplosion) is:

7ZC (t) = ?S (texplosion) — Usink (t - texplosion) -k (6)

This chapter requires determining the key point positions
on the real target cylinder. The center position of the bottom
surface of the real target is T)base = (X1, Y1, ZT), the radius of
the bottom surface of the cylinder is Rcyjinger> and the height
is Heglinger- In order to comprehensively evaluate the effect

of line of sight occlusion, we need to select a series of
representative key points on the cylinder, including the center
of the bottom surface, the center of the top surface, and
multiple points evenly distributed on the circumference of the
bottom and top surfaces. Assuming we select n points on each
of the bottom and top circumferences, the set of keypoints can
be represented as:
Bottom center

P2+n+j = Tpase + Rcylinder + (cos(

With the location of the missile, the position of the smoke
cloud, and the key points on the real target, it is possible to
determine whether the line of sight between the missile and
each key point is obscured by the smoke cloud. This problem
can be transformed into a geometric problem of determining
whether a line segment intersects with a sphere.

Given the missile position Ty (t), key point position ﬁj,
cloud center position T¢ (t), and radius Ryqgyq, We need to

determine whether the line segment Ty, (t) 1_3)]- intersects with
the sphere S(¥¢ (), Rejouq)- The condition for a line segment
to intersect with a sphere is that there is a point 6 on the line
segment that causes | 6 —Tc ()] < Ryoua-

To mathematically determine whether a line segment
intersects with a sphere (note that this is a line segment, not a
straight line), use a parametric equation to represent any point
on the line segment:

AW =P O+ F; =Ty (), 2€[01] (11)
Substitute this point into the sphere equation:
10 (A) —7c (D1 = Rioua (12)

Expand to obtain:
|Pa1 () + 4+ (P = 7o () = Tc (O = Rioua  (13)
Let U = P; — 7'y (t) (direction vector of line segment),

W =Ty () — 7¢ (t) (vector from missile position to cloud
center), the above equation can be simplified as:

|W+A'7|2 =Rcz‘loud (14)
Further development:
W+21-9)- W+ 21-V) =R4pua (15)
W-W+21-T-W+2A2-V-U =R 4 (16)
This is a quadratic equation about A:
al> +bl+c=0 (17)
Among which:
a=v-v=|7|? (18)
b=27-W (19)
c=W-Ww- R?loud =|w|* - R?loud (20)

Judging whether the line segment intersects with the sphere
is equivalent to determining whether the quadratic equation
has a solution in the interval [0,1]. The discriminant for a
quadratic equation is A = b? — 4ac.

If A < 0, then the equation has no real number solution and
the line segment does not intersect with the sphere;

If A > 0, then the equation has a real number solution, and

_bzi\/z. Only when A; € [0,1] or A, €

the solution is A; , =

n
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1—51 = Tbase @)
Top center
Py =These + (0,0, Hcylinder) ®
For point j = 1,2,...,n on the bottom circumference:
. _ 2n(-1)y . 2m(—-1)
P2+j = Thase + Rcylinder - (cos( TL’i ), sin( 71711 ),0)(9)
For point j = 1,2,...,n on the top circumference:
2n(j-1)s . 2m(-1
Ty sin(),0) + (0,0, Heyuinger) (10)

n

[0,1], the line segment intersects with the sphere.

By calculating whether the line of sight between the missile
and each key point is obstructed by smoke clouds, it is
determined at each moment whether effective obstruction has
been formed. Effective occlusion is considered only when the
line of sight of all key points is obscured, that is, when all line
segments intersect the sphere.

In order to calculate the total duration of effective masking,
it is necessary to gradually check the masking status at each
moment throughout the entire time range (from the formation
time teyxplosion Of the cloud cluster to the disappearance time
texplosion T tiifetime Of the cloud cluster, where tjetime 1S
the effective duration of the cloud cluster). The total duration
of effective masking is equal to the cumulative time of all
effective masking moments.

2.3. Numerical solution steps for dynamic
occlusion model of line of sight

Based on the above mathematical model, numerical
methods are used to solve the effective shielding time of
smoke screen interference missile on missile M1[5]. The
specific solving steps are as follows:

Firstly, determine the appropriate time step At and
discretize the entire analysis time range [0, tenq] into a finite
number of time points {t; =1i-At,i=0,1,2,...,N}, where
N = |tenq/At]. The selection of time step requires a balance
between computational accuracy and efficiency, and should
generally be less than the characteristic time of the fastest
changing process in the system. In this article, considering the
high-speed movement of missiles and the sinking speed of
smoke clouds, the time step can be selected between 0.01
seconds and 0.1 seconds.

Next, calculate and evaluate each discrete time point t;.
For each time point, first calculate the position Ty (t;) of
missile M1. If the current time t; is before the formation of
the smoke cloud (i.e. t; < texplosion) OF €xceeds the effective
period of the cloud (i.e. t; > texplosion + tiifetime)> €ffective
shielding cannot be formed at that time. Otherwise, it is
necessary to calculate the position T¢ (t;) of the center of the
smoke cloud cluster and determine whether the line of sight
between the missile and each key point is obscured by the
cloud cluster.

For each keypoint 1_51-, calculate whether the line segment

Ty (ti) 1_3)]- intersects with the sphere S(¥c (ti), Rejoud) -



Firstly, calculate the direction vector V = 1_51- — Tm1 (ti) ofthe
line segment and the vector W = Ty (t;) — ¢ (t;) from the
missile position to the center of the cloud cluster. Then,
calculate the coefficients of the quadratic equation: a = |V |?,
b=2V-W, c=|W|*—R%,,q and the discriminant A =
b? — 4ac.

If A< 0, the line segment does not intersect with the
sphere, and the line of sight of the key point is not obscured;

If A = 0, calculate the solution A, , = _bzi/z of the quadratic

equation. If A € [0,1] exists such that A=2A; or A=2,,
then the line segment intersects the sphere and the line of sight
of the key point is obscured.

At a time point t;, if the line of sight of all key points is
obscured, that is, all line segments intersect with the sphere,
it is considered that effective occlusion has been formed at
that time, and the occlusion state at that time is marked as 1;
Otherwise, mark it as 0. After traversing all time points, a
masking state sequence {s;, i =0,1,2,...,N} is obtained,
where s; € {0,1} represents the masking state at time t;.

The total duration of effective masking can be calculated
by accumulating the time steps corresponding to all masking
state 1 time points: Tegrective = Lo Si - At. In addition, by
analyzing the changes in the masking state sequence,
continuous effective masking time intervals can be identified,
that is, finding all times t; that satisfy s; =1 and s;_; =0
as the starting time of effective masking, and all times that
satisfy s; = 1 and s;;; = 0 as the ending time of effective
masking, thus obtaining a series of effective masking time
intervals {[tsiart i tendxl, K = 1,2,...,K}, where is the total
number of effective masking intervals. The duration of each
interval is tepqk — tstartk> and the total duration of effective
masking can also be expressed as the sum of the durations of
all intervals: Teffective = ZE:l( tendk — tstartk)-

In addition, more refined evaluation indicators can be
introduced, such as the masking rate distribution of key points.

For each key point _13]-, its masking rate can be defined as the

proportion of the time the point is masked to the effective
Z{q:o Si,j-At

period of the smoke cloud: R; = , where s;; € {0,1}

tifetime .
represents the masking state of the t; key point P; at time.
By analyzing the distribution of masking rates at different key
points, we can gain a deeper understanding of the masking
effect of smoke screen jamming bullets and the vulnerable
areas of targets.

Finally, in order to verify the effectiveness and reliability
of the model, a visualization method was used to visually
demonstrate the shielding effect of smoke screen interference
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bullets. By drawing missile trajectories, smoke cloud
locations, real target shapes, and line of sight occlusion states
in three-dimensional space, we can intuitively observe and
analyze the protective effect of smoke interference missiles.
In addition, it is possible to plot the temporal variation curve
of the occlusion state and the distribution map of the
occlusion rate of key points, providing richer information
support for the interpretation and application of the model
results.

This study established a mathematical model for dynamic
occlusion of line of sight in three-dimensional space,
combined with numerical methods, to quantitatively evaluate
the protective effect of smoke screen interference bullets. This
model not only considers the spatiotemporal relationship of
each dynamic element in the system, but also achieves a
comprehensive evaluation of the overall masking effect of the
real target through key point sampling and line of sight
masking judgment. Through this model, we can calculate the
effective shielding time of smoke screen jamming shells on
missile M1, providing quantitative basis for the tactical
application and protection system optimization of smoke
screen jamming shells.

2.4. Analysis and visualization of the solution
results of the dynamic occlusion model for
line of sight

Based on the established mathematical model of dynamic
occlusion of the line of sight, a comprehensive quantitative
analysis and visualization of the occlusion effect of smoke
screen jamming missiles were carried out through numerical
calculation methods to intuitively demonstrate the dynamic
changes of the line of sight occlusion effect of smoke screen
jamming missiles on missile M1 over time, and to deeply
evaluate the temporal and spatial distribution characteristics
of the occlusion effect from multiple dimensions. By
constructing a numerical calculation framework based on
MATLAB, we have achieved high-precision calculation and
multi angle visualization of missile trajectories, smoke cloud
positions, and line of sight occlusion states, enabling clear
presentation and analysis of complex three-dimensional
dynamic occlusion processes. The calculation results not only
include the time interval and total duration of effective
masking, but also the masking statistical data of each key
point on the target cylinder, providing a solid data foundation
for the comprehensive evaluation of the masking effect of
smoke screen interference bombs. Three dimensional
visualization of the trajectory of missile M1 and the line of
sight occlusion effect of smoke screen interference missiles.



Line of sight masking effect of smoke jamming
projectile on missile M1
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Figure 1: Three dimensional visualization of line of sight occlusion

As shown in Figure 1, the trajectory of missile M1 from its
initial position towards a false target (blue line segment), the
position of the real target (red rectangular area), the position
of the false target (green circle), as well as the effective
masking point (blue dot) and line of sight formed at a certain
moment (red dashed line). This 3D visualization intuitively
displays the spatial relationship between the missile and the
target, as well as the occlusion effect of smoke clouds on the
line of sight. In the figure, the flight trajectory of the missile
extends from a high point on the right to a low point on the
left, towards the direction of the false target, while the smoke
cloud is located in the spatial position between the missile and

the real target, forming an effective line of sight obstruction.
Although only the static occlusion state at a specific moment
is shown in the figure, through this visualization, we can
intuitively understand the working principle and protection
mechanism of the smoke screen jamming missile, that is, by
forming an occlusion area between the missile and the real
target, it blocks the missile's line of sight detection of the real
target.

From the visualization of the effective shielding state of
missile M1 over time by the smoke screen jamming missile
(as shown in Figure 2), we can clearly see the process of the
effective shielding state changing over time.

The effective shielding state of smoke jamming projectile agai issile M1 changes with time
1 p—
0.8+
H
x
g 0.6
E
2
H | |
: 0.4
0.2 1
0
0 5 10 15 20 25 30
Time (s)

Figure 2: Visualization of the effective masking state over time



This graph shows the variation curve of the effective
masking state (with values of 0 or 1) over time throughout the
entire analysis time range (0-30 seconds). Based on the
calculated data, we found that the smoke screen jamming
missile caused a continuous effective shielding time interval
for missile M1, from 8.06 seconds to 9.44 seconds, with a
duration of 1.38 seconds. This time interval is clearly
represented by a green vertical line segment in the graph,
indicating that during this time period, the smoke cloud
successfully obscured all the line of sight from the missile to

the real target. Outside of this time interval, the values of the
effective shielding state are all 0, indicating that no effective
shielding protection has been formed. This result indicates
that although the effective duration of the smoke cloud cluster
is as long as 20 seconds, the actual time for effective shielding
to form due to the relative motion of missiles, cloud clusters,
and targets only accounts for a small part of the cloud cluster's
lifespan, reflecting the time limitation of the smoke
interference bomb protection effect.
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Figure 3: Changes in shielding points over time

Key point masking statistics for Figure 3: First masking (s),
last masking (s), masking duration (s), masking percentage
(%), bottom center 8.04 9.44 1.41 7.05, top center 7.99 9.44
1.46 7.30, bottom point 1 8.05 9.44 1.40 7.00, bottom point 2
8.06 9.44 1.39 6.95, bottom point 3 8.06 9.44 1.39 6.95,
bottom point 4 8.05 9.44 1.40 7.00, bottom point 5 8.04 9.44
1.41 7.05, bottom point 6 8.03 9.44 1.42 7.10, bottom point 7
8.02 9.44 1.43 7.15, bottom point 8 8.03 9.44 1.42 7.10, Top
Point 1 8.00 9.44 1.45 7.25, Top Point 2 8.01 9.44 1.44 7.20,
Top Point 3 8.01 9.44 1.44 7.20, Top Point 4 8.00 9.44 1.45
7.25, Top Point 5 7.99 9.44 1.46 7.30, Top Point 6 7.98 9.44
1.47 7.35, Top Point 7 7.97 9.44 1.48 7.40, Top Point 8 7.98
9.44 1.477.35.

Further analysis of the key point masking statistical data
revealed that there were certain differences in masking time
among the 18 key points on the target cylinder, including the
bottom center, top center, and 8 points on each of the bottom
and top circumferences. The key points on the top surface are
generally obscured earlier and for a longer period of time than
those on the bottom surface. For example, the first masking
time of the top center is 7.99 seconds, while the first masking
time of the bottom center is 8.04 seconds; The shielding
duration of top point 7 is the longest, reaching 1.48 seconds,
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while the shielding duration of bottom points 2 and 3 is the
shortest, only 1.39 seconds. This difference reflects the spatial
relationship between the smoke cloud cluster and different
parts of the target, with the top point being more easily
obscured by the smoke cloud cluster above due to its higher
distance from the ground. However, it is worth noting that the
final masking time for all key points is the same, which is 9.44
seconds. This indicates that at the end of masking, the
geometric relationship between the entire smoke cloud and
the line of sight has changed, resulting in all lines of sight
being exposed simultaneously.

From the perspective of occlusion percentage, the
occlusion percentage of each key point ranges from 6.95% to
7.40%, with relatively small differences, and the average
occlusion percentage is about 7.17%. This data indicates that
compared to the entire effective period of the smoke cloud
cluster (20 seconds), the proportion of effective shielding
time is relatively low, reflecting that under the current
parameter settings, the overall protective effect of the smoke
interference bomb is relatively limited. This result suggests
that in order to improve the protective effect of smoke screen
interference grenades, it is necessary to optimize the timing
and location of deployment, or increase the number of



deployment to extend the effective shielding time.

Based on the calculation results and visualization analysis,
the following key findings have been summarized: firstly,
smoke screen jamming missiles can indeed form effective
occlusion of the missile's line of sight within a specific time
period, but the effective occlusion time is relatively short
(1.38 seconds in this example), which may be related to the
high-speed motion of the missile and the position and motion
characteristics of the smoke screen cloud cluster; Secondly,
there are certain differences in the masking time of different
parts (key points) on the target, reflecting the complexity of
line of sight masking in three-dimensional space; Finally,
there is a significant difference between the effective period
of the smoke cloud cluster (20 seconds) and the actual time it
takes to form effective cover (1.38 seconds), indicating that
there is still room for improvement in the efficiency of using
smoke interference bombs.

Through the detailed analysis and visualization of the
solution results, not only has the effectiveness of the
mathematical model for dynamic occlusion of the line of sight
been verified, but a deeper understanding of the protective
effect of smoke screen interference bullets has also been
obtained. These analysis results have important reference
value for optimizing the use strategy of smoke screen
jamming bombs, improving the effectiveness of protection
systems, and providing quantitative basis for combat
decision-making. Based on this model, future research can
further explore the influence of different parameters (such as
launch time, cloud size, sinking speed, etc.) on the shielding
effect, as well as the optimization strategy for the
collaborative use of multiple smoke interfering bombs, so as
to improve the overall protection effect.

3. Conclusions

A complete three-dimensional dynamic line of sight
occlusion judgment mechanism was constructed based on the
mathematical model of the occlusion effect of the smoke
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screen interference bomb based on line of sight obstruction.
By accurately quantifying the spatiotemporal relationship
between the missile, target, and smoke cloud cluster, the
quantitative evaluation of the occlusion effect was achieved,
providing a foundation for the optimization of subsequent
problems. This model uses keypoint sampling method to
represent the geometric characteristics of real targets,
transforming complex 3D occlusion problems into geometric
problems where multiple line segments intersect with spheres.
This not only simplifies the computational complexity but
also preserves the physical essence of the problem, accurately
reflecting the actual protective effect of smoke screen
interference bombs. This model can be extended to other
scenarios involving dynamic line of sight occlusion, such as
military camouflage, radar interference, communication
blockage, etc. By adjusting the target geometry, interference
medium characteristics, and motion parameters, the
effectiveness of different types of interference methods can
be evaluated, providing theoretical basis for the design of
various protection systems.
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