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Due to the high sensitivity and fast response, the light-screen array measurement principle is suitable for the dynamic parameter
measurement of small and fast targets including projectile. Since the spatial structures of the light-screen array determine the
measurement accuracy, internal parameters such as the angles between the light-screens are usually calibrated and then
directly used in the field. However, the effect of the measuring state is ignored in the test field. This paper takes the integrated
light-screen array sky vertical target as the research object, and two rotation angles are introduced as external parameters to
describe the deviation between the calibration state and measuring state of the target, so as to optimize the measurement
model. Aiming at the problem that the external parameters cannot be measured directly, an external parameter inversion
method of machine learning based on a genetic algorithm is designed under a complex engineering model. The deviation
between the projectile hole and the light-screen array measurement coordinates is used to build an inversion database for the
genetic algorithm during the machine learning process. The simulation and the live firing test show that the optimization
method and parameter identification algorithm in this paper can optimize the measurement model and improve the
measurement accuracy of the light-screen array principle directly and can also provide a reference for the optimization and
parameter identification in other engineering problems.

1. Introduction

The flight parameters of some small moving targets, such as
projectile, bullet, sport ball, and miniature unmanned aerial
vehicle, attract much interest in many related fields. For
example, it can help athletes improve their competitive per-
formance, and it can also make the missions more smoothly
completed for miniature unmanned aerial vehicles. Particu-
larly, the measurement of projectile flight parameters is a
highly concerning issue in the process of weapon develop-
ment and production all over the world [1, 2].

The current measurement methods are mainly based on
the acoustic principle [3], radar principle [4], CCD intersec-
tion principle [5], and light-screen array principle [6, 7]. Due
to the fact that the acoustic principle cannot apply to
subsonic projectiles, the radar principle is susceptible to elec-
tromagnetic interference, and the CCD intersection princi-
ple is expensive and difficult to operate, compared with
other principles, the light-screen array principle has many

advantages of high sensitivity, greater range of velocity mea-
surement, fast response, and easy operation [8], and it can
meet the measurement requirements of different characteris-
tics of projectiles emitted by different types of barrel
weapons, such as subsonic weapons, small minor-caliber
weapons, and rapid-fire weapons, so it is necessary to
improve its performance.

The measurement accuracy of the light-screen array
depends on the precision of the description of the light-
screen spatial structure [9, 10]. At present, the most effective
method to obtain these structural parameters is calibration
[11]. However, due to the influence factors such as environ-
mental and human factors, the calibration state is difficult to
be accurately reproduced in the test field [12], which leads to
the structure deviation of the light-screen array; hence, the
measurement model is inconsistent with the reality and the
measurement accuracy is reduced. More importantly, the
structure deviation is difficult to be directly measured due
to the lack of reference, so they are ignored in the test field.
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Therefore, research on model optimization and the method
to identify the key parameters of the optimized model is
necessary.

In recent years, big data has generated strong interest in
various scientific and engineering domains over the last few
years, which not only is being widely used in the field of
healthcare, production, sales, IoT devices, Web, organiza-
tions, etc., but also plays an obvious role in the field of engi-
neering, such as data analysis, calculation model parameter
acquisition, and intelligent algorithm optimization [13].
And various algorithms have been applied to solve problems
in these complex engineering fields, such as an advancing
coupled multistable stochastic resonance method being real-
ized, which considers the signal-to-noise ratio as the fitness
function to optimize and determine the system parameters,
so that the faults of motor bearings are detected in the field
of engineering rotating machinery [14], using the coopera-
tive coevolution framework simplifying the algorithm pro-
cess by dividing the largescale and high-dimensional
complex optimization problem into several low-
dimensional optimization subproblems [15] and using an
improved quantum-inspired cooperative coevolution algo-
rithm based on combining the strategies of cooperative
coevolution to optimize the airport gate allocation method
and realized to effectively allocate airport gates to the
flights [16].

In this paper, the parameters in the current measure-
ment model are defined as internal parameters, and the
external parameters from influence factors in the test field
are introduced to improve the measurement model; further-
more, the inversion algorithm based on genetic algorithm is
studied. The proposed algorithm establishes the objective
function through the inversion idea; after the data dimen-
sion is reduced, the external parameters are acquired from
the shooting database by machine learning based on genetic
algorithm in reproduction. Comparing with the current
light-screen parameter calibration method, the parameter
acquisition does not depend on special measurement exper-
iments, so it is more applicable. Finally, the method is veri-
fied by simulation and live firing tests, and the results of
this paper can be directly used to optimize the measurement
model and improve the measurement accuracy of photoelec-
tric detection, and the algorithm can also provide a reference
for the identification of model parameters in other engineer-
ing problems.

2. Measurement Principle and
System Parameters

2.1. Measurement Principle and Internal Parameters. The
basic measurement principle of the light-screen array is to
form a specific shape (such as double N shape, double V
shape, and double parallel shape) of the light-screen array
in space by arranging the light-screens. After shooting, the
time of the projectile arriving at each light-screen can be
recorded; then, combined with the structure of the light-
screen array, the flight parameters of velocity and coordi-
nates can be calculated.

The method of light-screen generating equipment is
basically the same. Take the typical sky screen vertical target
as an example, it consists of a lens, a slit, a photodetector,
etc., and forms the light-screens of a certain shape in the
space above it. For example, the double N-shaped light-
screen array is composed of two single N-shaped vertical tar-
gets, as shown in Figure 1.

In Figure 1, in order to constrain the light-screen struc-
ture, target I and target II are fixed on the pedestal after
adjusting and aligning by the laser to form the integrated
light-screen array. The trajectory direction is set as the X
-axis; then, the system of coordinate OXYZ is established,
and the projection view of the light-screen structure is
shown in Figure 2.

The structure parameters of the light-screen array can be
described by the vertical angles between light-screen planes
α = ½α1, α2, α3, α4� and the horizontal angles between light-
screen planes β = ½β1, β2�. And s1 is the distance between tar-
get I and target II. The current measurement model is fully
described by these parameters above, which are collectively
referred to as internal parameters in this paper.

The structure description of the double N-shaped light-
screen array is shown in

A ⋅ I = B, ð1Þ
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The projectile flight velocity and the coordinates
obtained can be expressed as follows in the measurement
coordinate system OXYZ by ignoring the gravity and air
resistance:

X =M−1 ⋅N , ð3Þ
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where
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The internal parameters of light-screen angles ½α1, α2,
α3, α4�, ½β1, β2�, and target distance s1 are all constant values,

which can be obtained by the calibration. Time series ti ði
= 1, 2, 3,⋯, 6Þ indicates the time when a projectile arrives
at each light-screen, respectively, which can be obtained by
the chronograph.

2.2. External Parameters and Model Optimization. It is obvi-
ous that the structure of the light-screen array directly affects
the measurement accuracy. However, it is difficult for the
vertical target to reproduce its calibration state in the test
field, and the influence is mainly manifested in Figure 3.

In Figure 3, the vertical target is not completely horizon-
tal after placement in the test field, which causes the entire
light-screen array to rotate angle τ along the Z-axis (as
shown in Figure 3(a) and angle ω along the X-axis (as shown
in Figure 3(b). These two angles are mutually independent,
since they are orthogonally decomposed. The whole struc-
ture of the light-screen array is changed by these two angles
which are called external parameters in this paper.

The measurement model is optimized by introducing
external parameters into the measurement model shown in
Formula (1), which is closer to the measuring state, as shown
in

A ⋅ Iτ = B, ð5Þ

A ⋅ Iω = B, ð6Þ
where
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It is noteworthy that the external parameters are often
ignored because they are difficult to directly measure in the
test field. The external parameter inversion method of
machine learning based on genetic algorithm is hereby
studied.

3. Inversion Model and Simulation

Since there is no physical contact between the light-screen
array and the projectile, a cardboard target is placed perpen-
dicular to the trajectory direction after the vertical target;
then, the coordinates of the projectile can be measured by
the light-screen array and the cardboard target, simulta-
neously. The coordinates of the projectile hole on the card-
board target can be regarded as a quasitruth value, as
shown in Figure 4.

The projectile coordinates (z, y) are measured by the
light-screen array and (z ∗ , y ∗) is the coordinates of projec-
tile hole on the cardboard target plane. In Figure 4, s2 is the
distance between target II and the cardboard target, so that
the coordinates can be inferred from the light-screen plane
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Figure 1: Measurement principle of double N shape light-screen
array.
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Figure 2: Projection view of light-screen and internal parameters.
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to the cardboard target plane via the flight parameters mea-
sured by the light-screen array. The simplified expression
shown in Formula (8) causes the expression to be compli-
cated to expand:

z = f τ, ω, sin,tn, s2ð Þ,
y = g τ, ω, sin,tn, s2ð Þ:

(
ð8Þ

In Formula (8), symbol sin represents the internal
parameters, symbol tn ðn = 1, 2, 3,⋯, 6Þ represents the time
series of projectile arrival at each light-screen plane, and τ
and ω are the external parameters to be inverted.

In the ideal case, the coordinates ðz, yÞ which are mea-
sured by the light-screen array should equal the projectile
hole coordinates (z ∗ , y ∗) on the cardboard target plane.
However, due to the influence of the external parameters
and other factors, there is always some deviation between
them, which represents the closeness between the measured
coordinates of the light-screen array and the quasitruth
value.

The optimization model contains many parameters and
has a complex influence mechanism on the measurement
results. Although some of the parameters are related to the
results, they still can be regarded as constant values in the
measurement process. These constant values have no effect
on the coordinate deviation, so ignoring the influence of

these constant values can reduce the dimension of the inver-
sion parameters and reduce the algorithm burden [17].

Under the condition that other influencing factors
remain unchanged, the larger the value of external parame-
ters, the larger the deformation of the light-screen, and the
larger the coordinate deviation of ðz, yÞ and (z ∗ , y ∗). The
objective function is constructed by considering the devia-
tion of horizontal and vertical coordinates comprehensively,
which is shown as

δ = 〠
j

k=1

1
j

f k τ, ω, sin,tnð Þ − z∗kð Þ2 + gk τ, ω, sin,tnð Þ − y∗kð Þ2
� �1/2

:

ð9Þ

In order to reduce the influence of random error, the
data obtained from multiple shots were used to establish
the inversion database, which can be used to build a block-
chain to provide services for obtaining model parameters
in the algorithm below. Symbols j is the total number of pro-
jectiles involved in inversion, and k is the projectile serial
number.

The parameters in the engineering model are decom-
posed according to the attributes, and the external parame-
ters are taken as the parameters to be retrieved; then, the
blockchain constructed according to the objective function
serves as the inversion database in the genetic algorithm.
Parameter values of the external parameter are inverted by
machine learning based on a genetic algorithm.

Due to the random error being ignored and other condi-
tions remaining unchanged, the data of blockchain is only
affected by external parameters. The initial population with
various characteristics is established within the range of
external parameter values, and the population is reproduced
by a genetic algorithm. In the breeding process, the objective
function value can be calculated for each population value in
the blockchain, and the population with a smaller objective
function has a greater chance of survival. When the objective
function is the smallest, the external parameter values are
closest to their true values. The process of the inversion
method of machine learning based on a genetic algorithm
can be expressed in Figure 5.
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Figure 3: The changes of light-screen array structure in measuring state.
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The measurement model is optimized by introducing
external parameters, and the model parameter dimension
is reduced by inputting all the calibrated internal parameters
and ignoring the constant parameters. Then, focus on the
external parameters in which the initial value and value
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Figure 5: The diagram of machine learning based on genetic algorithm.
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Figure 6: Simulation of genetic algorithm inversion method.

Table 1: The external parameters obtained by simulation.

The value types
External parameters

τ (°) ω (°)

Set values 0.15 0.30

Initial values 0 0

Inverse values 0.18 0.26

Table 2: Experimental result of live firing.

The value types
External parameters

τ (°) ω (°)

Initial value 0 0

Inverse value 0.05 0.09
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range are constraint in the test range. The constraint condi-
tions are expressed as

τ = τ0 ± στ,
ω = ω0 ± σω:

(
ð10Þ

The shooting data is obtained by generating random
numbers with the above range by simulation and using the
objective function to build the blockchain. The fitness func-
tion is obtained on the basis of blockchain in the genetic
algorithm section, and the elite strategy is introduced in
the competition process to improve efficiency. The popula-
tion gene with the small value of the objective function has
a higher fitness and selected to be inherited to the next gen-
eration with a higher probability. When the objective func-
tion is less than a certain threshold and the generation
number reaches the threshold value, the algorithm ends
and the final inversion result is given.

The inversion model of the double N-shaped light-
screen array was established in MATLAB, and the internal
parameters are input according to the measured value of
the field test; then, the value range of external parameters
is limited to τ ∈ ½−0:5°, 0:5°� and ω ∈ ½−0:8°, 0:8°�.

Take j = 20 times shot within the 500mm × 500mm
rectangular target surface to establish the database to obtain
the time series ti and target coordinates for simulation. Con-
sidering the diversity of the population and the amount of
program calculation, the population number is set to 20.
Take 2 significant digits to conduct binary coding according
to

2mj−1 < a − bð Þ × 10n < 2mj − 1: ð11Þ

In Formula (11), b and a are the upper and lower bounds

of the angle values, n is the precision requirement, and mj is
the length of the encoding string.

Start the MATLAB general toolbox and enter the genetic
algorithm. The key parameters such as crossover probability
are 85%, and mutation probability is 20% in the genetic algo-
rithm, and set the reproduction generation GEN = 80 as a
condition for the termination. The result is shown in
Figure 6.

During the simulation process, the coordinate deviation
of ðz, yÞ and (z ∗ , y ∗) is gradually reduced, and the effi-
ciency of the inversion algorithm is obviously decreased with
the increase of the reproduction algebra and gradually tends
to be stable.

The simulation results are compared with the set values,
and the results are shown in Table 1.

It can be seen from Table 1 that the external parameters
after simulation are closer to the set values.

4. Verification Experiment

In order to verify the external parameter inversion method,
the experiment is designed and carried out with live firing;
then, these shooting data were used to modify the block-
chain and participate in machine learning algorithms
instead of simulation data. After the light-screen array verti-
cal target is well arranged, the internal parameters are input-
ted and the measurement model is established; then, the
external parameter measurement model is introduced for
optimization, and the value range is estimated which is
within the simulation value range.

After random shots on the 500mm × 500mm rectangu-
lar target surface, the database of the time series ti and target
coordinates is obtained. The external parameters are learned
by the machine learning, and the external parameters of the
optimized model are identified. The experimental data is
shown in Table 2.
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After the optimization model is identified, 10 random
shots are performed again. The coordinates of these projec-
tiles are calculated separately under the original model and
the optimized model; then, the calculated results are com-
pared with the projectile hole coordinates on the cardboard
target. The result is shown in Figure 7.

The experiment shows the deviation between card-
board target and the light-screen array measurement
resulting under two different models which both fluctuate
around zero. But the deviation of measurement resulting
under an optimized model is smaller, which means that
it is closer to the true value. The optimization model
and the inversion method of obtaining external parameters
are feasible, which makes the light-screen array have
higher precision.

5. Conclusions

In order to effectively improve the measurement accuracy
of the light-screen array principle, this paper proposes an
optimized measurement model by introducing external
parameters, whose spatial structure is more close to the
actual measured state. Then, focusing on the problem of
external parameter identification, the inversion method of
machine learning based on genetic algorithm is further
studied. The objective function is constructed by the devi-
ation between the projectile hole and the light-screen array
measurement coordinates, and the flight data of the pro-
jectile is collected to form the blockchain, which is used
for the inversion database during the machine learning
process. The dimension of the inverse model is reduced
by inputting all the internal parameters and ignoring the
constant parameters, so that the efficiency of the algorithm
is improved. The simulation result shows that the inverted
external parameter values are close to the given true
values, and the feasibility of the proposed method is veri-
fied by the live firing test.

In the next step, air resistance, gravity, and other fac-
tors can be considered to modify the trajectory; then, the
data interpretation basis was introduced (i.e., PaTa Crite-
rion) to reject the data with gross error before writing into
the database, in order to make the inversion model more
accurate.

Although applying the optimized model and the algo-
rithm to the separated light-screen array will increase the
dimension of structural parameters in the inversion model,
they are still theoretically applicable. The results of this
paper can provide a reference for the optimization of the
light-screen array measurement model and the improve-
ment of the precision, and the correlation algorithm can also
provide reference for the identification of model parameters
in other engineering problems.
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