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ABSTRACT The solar insecticidal lamp (SIL) is an electronic device designed for physical pest control,
widely utilized in orchards and farmland. Currently, the characteristic of the phototactic rhythm of pest is
commonly ignored in the design of SILs, hindering pest control. This phenomenon is particularly evident in
the prolonged turning ON/OFFlamp, which leads to inefficient energy utilization due to the lack of adjustment
for peak pest activity. To address this issue, four models based on the phototactic rhythm of pests are
developed to adjust the insecticidal timing of SIL for precise pest control. These mathematical models are
established considering the phototactic rhythm of four pests that exert the most significant impact on crops,
namely Mythimna seperata, Helicoverpa armigera, Proxenus lepigone, and Cnaphalocrocis medinalis. The
results indicate that mathematical modeling of the phototactic rhythm of the pest is valuable in capturing their
nocturnal activity patterns. The proposed mathematical model can help to optimize the ON/OFFtime of SIL for
pest control. The integration of electronic devices, such as SIL in pest management represents a noteworthy
advancement in agricultural electronics, contributing to the progress of smart and sustainable agriculture.

INDEX TERMS Mathematical model, pest control, pests phototactic rhythm curve, regression method, solar
insecticidal lamp.

I. INTRODUCTION
With the widespread adoption of Internet of Things (IoT)
technologies, electronic devices in agriculture continue to
evolve, driving the agricultural industry toward intelligent
and environmentally sustainable practices [1], [2]. Notably,
technologies such as smart irrigation systems [3], farmland
monitoring systems [4], and pest monitoring systems [5],
[6] have seamlessly incorporated advanced features and elec-
tronic components. This integration has resulted in heightened
efficiency in agricultural production and optimized manage-
ment practices [7].

The solar insecticidal lamp (SIL), a type of electronic
equipment designed for physical pest control, exploits the
inherent biological characteristics of pests. These charac-
teristics include phototaxis, sensitivity to specific wave-
lengths, and color preference, which are pivotal in achiev-
ing effective pest management [8], [9], as depicted in
Fig. 1.

Fig. 2 presents a partial schematic diagram of the SIL
circuit. During daylight hours, solar energy is harnessed by
the SIL through its solar panel, and the energy is stored in a
rechargeable battery. During night hours, pests are attracted
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FIGURE 1. Solar insecticidal lamp (SIL) node. (a) SIL schematic. (b) Actual
SIL product.

by the light source, which leads them to collide with the metal
mesh. After impact, the high-voltage metal mesh will release
high-voltage pulse currents, effectively eliminating pests [10].
To comprehensively monitor the operational status of the SIL,
various sensors are integrated into the SIL node. As depicted
in Fig. 3, these include solar panel voltage and current sensors,
a humidity sensor (DHT11), a temperature sensor (DS18B20),
a sound sensor, as well as voltage and current sensors [11].
Controlled by an Arduino microcontroller, these sensors col-
lect data, which is then transmitted to a Raspberry Pi for
further processing.

By the year 2023, the SIL has gained widespread adoption
in the commercial market, with numerous regions extensively
deploying SIL electronic products, as illustrated in Table 1.
Serving as an environmentally friendly pest control electronic
product, SIL exhibits substantial potential for applications
in the agricultural field. The national government actively
supports and promotes the use of SIL electronic products
to popularize green and ecofriendly agricultural pest control
technologies [9]. Consequently, there is a need to optimize
and upgrade SIL electronic products to further enhance their
performance and application value, thereby making a more
significant contribution to green pest control in the agricul-
tural sector.

Due to the unique phototactic rhythm displayed by pests
during nighttime, they are drawn toward the light emitted by
the SIL when activated [23]. Furthermore, the behavioral traits
of different pests dictate variations in their outbreak times
(sudden increase in pest numbers) [24], [25]. Nocturnal pest
phototactic rhythm curve patterns can generally be classified
into three types: 1) single-peaked, 2) double-peaked, and 3)
multipeaked [26]. Illustrated in Fig. 4, the curve for Mythimna
seperata represents the single-peak type of pest phototactic
rhythm [27], the curve for Helicoverpa armigera represents
the double-peak type [26], and the curve for Nilaparvata

lugens Stal represents the multipeak type [28]. The pest pho-
totactic rhythm shifts backward with the delay of sunset due to
the pest’s high sensitivity to daylight timing. Despite fluctua-
tions in environmental conditions, the rhythm of the same pest
across different generations maintains a degree of regularity
[24], [26]. Considering that the pest phototactic rhythm curve
pattern cannot be directly applied to SIL devices, we have
established the mathematical model for the pest phototactic
rhythm based on these phototactic rhythm curves, hereinafter
referred to as the pest phototactic rhythm mathematical model.

Currently, the SIL predominantly determines insecticidal
timing through traditional timed switch control, neglecting the
phototactic rhythm characteristics of pests. As a consequence,
SIL lacks adaptive adjustment of insecticidal timing based on
pest population density and fails to intelligently manage en-
ergy consumption. To address this limitation, it is imperative
to integrate the phototactic rhythm characteristics of pests into
SIL electronic devices, enabling precise pest control.

By exploiting and analyzing the phototactic rhythm of
pests, the SIL can adjust its insecticidal working time accord-
ing to the active cycles of the pests. This not only improves the
efficiency of attracting and killing pests but also achieves op-
timal pest control. The results of this article provide important
guidance for achieving more effective and environmentally
friendly pest management in agriculture.

The contributions of this article are outlined as follows.
1) This study innovatively integrated regression algorithms

with the phototactic rhythm curve pattern of pests, pio-
neering the development of mathematical models for the
phototactic rhythms of pests.

2) Specifically, the model accuracy for Mythimna seperata
reached 90%, significantly aiding in the identification of
critical periods of pest outbreaks.

3) Moreover, this article introduces a novel concept of
mathematically modeling the hourly phototactic rhythm
curves of pests.

The rest of this article is organized as follows. Section II
delves into the related works. The proposed mathemati-
cal modeling of the pest phototactic rhythm is detailed in
Section III, encompassing the dataset description, and model
introduction. Following that, Section IV presents the results
and analysis. Finally, Section V concludes this article.

II. RELATED WORK
A. DEVELOPMENT PROCESS OF SIL
Since 1950, the development of insecticidal lamp (IL) has
gone through a total of five stages from IL 1.0 to IL 5.0,
as shown in Fig. 5. Initially, in the 1950s, simple trap
lamps, such as black lamps and high-pressure pump lamps,
became popular due to their effectiveness in trapping pests,
marking the advent of the IL 1.0 era [29]. In the 1990s,
with the continuous advancement of electronic components,
IL 2.0 built on the significant improvements of IL 1.0 for
black lamps. The frequency-vibration and wind-suction ILs
quickly gained widespread application due to their superior
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FIGURE 2. Part of an SIL circuit block diagram. The SIL circuit can be divided into three main components as follows. i) The energy supply component
circuit (e.g., solar panel and battery). ii) The IL circuit (e.g., lamp, high-voltage metal mesh and microcontroller unit). iii) The controller circuit (e.g., charge
and discharge control, time control (manual timed lamp ON/OFFcontrol), and rain control (turn OFFthe SIL control during the rain).

TABLE 1. News Items of SIL Applications Across China
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FIGURE 3. Different sensors integrated on an SIL board. (The boxes on the
right side are the names of the sensors corresponding to the left side,
respectively).

FIGURE 4. Three main pest phototactic rhythm patterns.

insecticidal efficiency compared to traditional black lamps
[10], [30]. However, during this period, IL 1.0 and IL 2.0 still
relied on lead-acid batteries as energy sources. Therefore,
in the early 21st century, solar panels were introduced into
ILs, and LED light sources also began to develop initially
[31]. This innovation marked the beginning of the IL 3.0
era. The addition of solar panels not only solves the problem
of energy supply but also brings a new direction for more
environmentally friendly and efficient IL technology. In the
2013s, with the development of the network, the emergence
of networked SILs ushered in the era of IL 4.0, which
greatly enhanced the ability of data transmission between the
SILs and the backend system [9], [32]. However, there are

challenges in the communication between nodes within the
networked SIL, and it is imperative to enhance the mutual
communication and security functions between nodes. The
continuous evolution of intelligent technologies has begun to
emerge. SIL-IoTs have made a significant contribution to pest
monitoring and control, with SIL nodes being able to diagnose
malfunctions and reduce manual maintenance through Zigbee
network communication [9]. In the future, the integration of
mathematical or Al models of pest phototactic rhythm into
SILs will help effectively control pests during peak pest peri-
ods and further enhance their application in pest management.

B. MATHEMATICAL MODELING OF THE PEST
PHOTOTACTIC RHYTHM
The nocturnal phototaxis behavior of pests exhibits distinctive
patterns influenced by their phototactic rhythm. Modeling and
predicting these behavioral patterns can serve as a valuable
method for anticipating pest outbreaks in advance. Numerous
studies have already concentrated on predicting and modeling
the phototactic behavior of pests, as indicated in Table 2.

In [33], the application of a multivariate fuzzy regression
method in predicting the population dynamics of the second
generation of Ostrinia furnacalis was explored. The multi-
level discriminant analysis method was used to conduct a
prediction study of the second generation of Helicoverpa
armigera [34]. To study the effects of precipitation and tem-
perature on their population dynamics, the prediction model
for the occurrence of the second generation of Ostrinia fur-
nacalis was established [36]. It used multiple linear regression
and polynomial regression methods. The meteorological data
from China Shandong Province and the development of a dy-
namic climate prediction model for Ostrinia furnacalis were
analyzed in [37]. To predict the population of Australian He-
licoverpa armigera, the regression methods were compared
with bioclimatic methods [35]. The linear relationship method
between the occurrence of Helicoverpa armigera in cornfields
and meteorological factors was constructed using support vec-
tor regression [40]. The influence of meteorological factors
on the prediction of Helicoverpa armigera was discussed in
[38]. It was found that there was little correlation between
tropical maize pest population and temperature, humidity,
and rainfall. Therefore, the pest modeling method based on
regression mathematical models has achieved significant re-
sults in predicting pest occurrence. Integrating these advanced
technologies with agricultural practices has the potential to
promote the development of sustainable and intelligent agri-
culture, achieving resource conservation, reducing labor costs,
and enhancing overall productivity.

Polynomial regression, Gaussian regression, and Fourier
regression have been widely employed for forecasting fruit
composition and content [41], [42]. These methods play a
pivotal role in evaluating the quality of agricultural prod-
ucts, leveraging their efficient data processing capabilities and
precise predictive outcomes. Despite their notable success in
predicting the quality of agricultural products, their applica-
tion to pest control remains largely unexplored. Therefore,
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FIGURE 5. History of ILs and development trend.

TABLE 2. Summary of Related Work on Mathematical Model of Pest Behaviors
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FIGURE 6. Four main pests. (The pictures come from [24]).

exploring the potential application of the regression methods
in pest control holds significant practical importance and of-
fers extensive research prospects.

While commendable results have been achieved, these find-
ings are primarily rooted in extensive years and months of
modeling for long-term pest control in agriculture. The field of
pest prediction and early warning in agriculture heavily relies
on long-term prediction methods. Despite the effectiveness
of these methods in foreseeing long-term trends in pest out-
breaks, they fall short in enabling SILs to achieve intelligence
ON/OFFinsecticidal time. Consequently, there is an urgent need
for the development of a mathematical model for pest control
and management. This study aims to establish the pest pho-
totactic rhythm mathematical model based on an hourly time
scale, enhancing the accuracy of pest prediction in time series.
To ensure the reliability and stability of the mathematical
model, this article, for the first time, employs the regression
method to develop hourly predictive methods for four major
pests as follows. Mythimna seperata, Helicoverpa armigera,
Proxenus lepigone, and Cnaphalocrocis medinalis.

III. MODELING BASED ON PEST PHOTOTACTIC RHYTHM
CURVES
A. DATASET DESCRIPTION
Rice, wheat, corn, and soybeans are the primary crops in
China, driving the development of the country’s agricul-
tural economy. However, pest infestations severely limit their
yield, necessitating effective pest control measures. Currently,
Mythimna seperata, Helicoverpa armigera, Proxenus lep-
igone, and Cnaphalocrocis medinalis are the main pests of
these crops, as shown in Fig. 6.

Building upon our previous review [24], the dataset from
historical literature has been organized and summarized, fol-
lowed by further research to expand upon them. The pest
behavior is influenced not only by time factor but also by
meteorological factors, including temperature, humidity, and

precipitation. Establishing and analyzing their phototactic
rhythm mathematical models in specific environments can
help reduce the complexity of these models. The pest’s active
outbreak period is from June to September, and it is of interest
to study the mathematical model of pest phototactic rhythm
for this period.

The objective of this study is to establish the phototactic
rhythm mathematical models for four types of pests. To accu-
rately demonstrate the phototropic behavior of the pest, this
article normalizes the pest populations to gain a clearer un-
derstanding of their activity patterns and distribution at night,
as shown in Table 3. During the research [24], pest data from
historical literature during the period from June to Septem-
ber were selected. Specifically, data on Mythimna seperata1
and Mythimna seperata2 were continuously collected using a
time-divided autonomous trapping device in Ningjin County,
Shandong Province, China, from 2014 to 2015 [27]. Con-
currently, in Nantong City, Jiangsu Province, China, from
1999 to 2003, data on Helicoverpa armigera1, Helicoverpa
armigera2, Cnaphalocrocis medinalis1, and Cnaphalocrocis
medinalis2 were gathered using 20W dual-wave pest lure
lamp [26]. In addition, data on Proxenus lepigone1 and Prox-
enus lepigone2 were obtained through continuous collection
using searchlights in Beijing city (China) in 2012 [39]. During
the data collection period, the temperature was maintained
between 25° C and 30° C, with no precipitation occurring at
night. We selected four representative sets of pest phototactic
rhythm data, focusing particularly on the nighttime period
from 18:00 PM to 05:00 AM the following day. This period
was divided into hourly intervals, denoted as t . Based on
the pest data within these time segments, we developed the
phototactic rhythm mathematical models for pests, aiming to
more accurately predict their activity patterns.

B. REGRESSION METHOD
In this study, two mathematical models are explored, such as
static and dynamic models. Static models, used to describe a
system or process at a specific point in time, focus on those
system properties that do not change over time. In contrast,
dynamic models take into account the evolution of a system
over time, where its current state is not only determined by
current inputs but is also influenced by historical states and
historical inputs. Artificial intelligence (AI) models are repre-
sentative of dynamic models. In this article, the static model is
mainly used to explore the relationship between pest numbers
over time, which is established through regression methods.
Specifically, we used polynomials, Gaussian equations, and
Fourier equations to construct mathematical models for the
four pests. As shown in Fig. 7, the input variables are the set
of time points and the number of pests at the time points as
a percentage of the total pests. The output is a mathematical
model of the phototropic rhythms of the pests.

This article aims to mathematically model the pest photo-
tactic rhythm using three distinct types of methods: Polyno-
mial, Gaussian, and Fourier. These methods exhibit versatility
and are well-suited for accurately describing various nonlinear
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TABLE 3. Nornaized Pest Data From Historical Literature

FIGURE 7. Regression methods based on phototactic rhythm
mathematical models.

relationships that may exist among different variables. Nota-
tions used in this article are listed in Table 4.

Polynomial model is adept at capturing data trends through
the utilization of different degrees of polynomial. Gaussian
model proves valuable in portraying the distribution of local
extreme points in the data, while Fourier model excel at mod-
eling periodic changes in data.

The polynomial modeling is a common method of approx-
imating real data using the polynomial formula. This model
proves useful in describing the observed trend or pattern in the
data, with the degree of the polynomial determining the com-
plexity of the curve. The polynomial model can be expressed
as shown in the following:

p(t ) = autu + au−1tu−1 + · · · + a1t + a0 (1)

where the coefficients au, au−1, · · · , a1, a0 represent the pa-
rameters of the model, while u denotes the degree of the
polynomial.

Multivariate Gaussian models are constructed by overlay-
ing multiple Gaussian models and prove effective in fitting
intricate data distributions. The formula can be expressed as
follows:

g(t ) =
m∑

i=1

di exp

(
− (t − bi )2

2c2
i

)
(2)

where m represents the number of Gaussian models, di, bi,
and ci, respectively, represent the amplitude, center position,
and standard deviation of the ith Gaussian model.

The Fourier model is a fundamental periodic function,
which can be expressed as a linear combination of a series
of sine and cosine functions. The equation can be expressed
as follows:

f (t ) = e0 +
∞∑

k=1

(ek cos(kt ) + hk sin(kt )) (3)

where e0, ek , and hk are constant coefficients and k denotes
a positive integer. The frequencies of these sine and cosine
functions are integer multiples of the fundamental frequency.

To assess the performance of the mathematical model in
terms of reliability and stability, standardized performance
metrics are used in this study. These include correlation coeffi-
cient (R-squared, R2), root-mean-square error (RMSE), mean
absolute error (MAE), and mean relative error (MRE). When
the R2 value is close to 1 and the error indicator decreases, it
indicates that the stability and accuracy of the mathematical
model is high. These quantitative metrics provide an objec-
tive evaluation of the model’s performance, thus ensuring the
accuracy and reliability of the mathematical model in pest
management.
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TABLE 4. Notation

R2 is a statistical measure used to evaluate the accuracy and
reliability of the regression method. It ranges between 0 and 1,
and the closer it is to 1, the better the model fit. The calculation
of R2 is represented by

R2 = 1 −
∑n

i=1 (yi − ŷi )2∑n
i=1

(
yi − yi

)2 (4)

where yi is the actual value of the sample, ŷi is the predicted
value of the sample, yi is the mean of actual values of the
sample, and n is the number of predicted samples.

MAE represents the average of the absolute difference be-
tween the predicted and true values. As shown in

MAE = 1

2

n∑
i=1

|yi − ŷi| (5)

where yi is the actual value of the sample, ŷi is the predicted
value of the sample, and n is the number of predicted samples.

MRE is a commonly used metric to evaluate the perfor-
mance of the model. As represented in (6), MRE is a method
of comparing the relative error between the predicted and true
values

MRE = 1

n

n∑
i=1

|yi − ŷi|
yi

(6)

where yi is the actual value of the sample, ŷi is the predicted
value of the sample, and n is the number of predicted samples.

RMSE is a commonly used measure of the accuracy of a
regression method, calculated as the square root of the average
of the squares of the differences between the predicted and
true values. Compared to MAE, RMSE is more sensitive and
penalizes larger errors more heavily. However, it is also more
susceptible to extreme values. A smaller RMSE indicates a
better fit of the model, indicating a smaller prediction error

RMSE =
√∑n

i=1 (yi − ŷi )2

n
(7)

where yi is the actual value of the sample, ŷi is the predicted
value of the sample, and n is the number of predicted samples.

IV. MODEL RESULTS AND DISCUSSIONS
All the modelings are conducted on a system running Win-
dows 11 with the following hardware configuration: Python
executes the simulations on a laptop equipped with a 64-bit
Windows 11 operating system, 16.0 GB RAM, and a 2.6-
GHz-Core i7-10750 CPU.

The main objective of this section is to model four different
types of pests through their historical data and to detail the
results of modeling the phototactic rhythm of these pests. To
assess the accuracy of the polynomial, Gaussian distribution,
and Fourier methods employed, the key performance metrics,
such as R2, RMSE, MAE, and MRE are analyzed. According
to [27], Mythimna seperata takeoff within half an hour after
sunset and are relatively active during the late night. As a
pest that is active in the morning, they tend to form a sin-
gle peak in the early morning. The results of the Mythimna
seperata modeling are shown in Fig. 8. The four models can
describe the behavior of Mythimna seperata well, but there
are differences in their accuracy performance. Specifically, the
Gaussian second-order modeling has a better accuracy among
these four models, as shown in Table 5.

Through this comprehensive analysis, we found that the
Gaussian second-order mathematical model exhibited the
smallest error on these evaluation metrics, followed by the
polynomial mathematical model. Therefore, for Mythimna
seperata, Gaussian second-order modeling is the most effec-
tive one, its formula can be derived from (2), as shown in the
following:

g(t ) = 0.049 exp

(
− (t − 6.725)2

2 ∗ 3.7542

)
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TABLE 5. Comparison of Evaluation Indexes of Mathematical Models for Four Pests

FIGURE 8. Comparison of four mathematical models (polynomial,
Gaussian distribution, and Fourier methods) of Mythimna seperata’s
phototactic rhythm.

+ 0.148 exp

(
− (t − 8.496)2

2 ∗ 1.6392

)
. (8)

The next best model is the polynomial method, whose equa-
tion can be derived from (1), which is shown in the following:

p(t ) = 4.247 × 10−5t5 − 0.00143 × t4 + 0.01636

× t3 − 0.0759 × t2 + 0.1506t − 0.07773 (9)

where t represents the time segment when the Mythimna
seperata appears at night, 0 < t ≤ 11, e.g., t=1 represents
Mythimna seperata at the time segment of 18:00–19:00.

In general, Helicoverpa armigera tends to migrate at sunset
and be more active at sunrise [26]. The phototactic rhythm of

FIGURE 9. Comparison of three mathematical models (polynomial,
Gaussian distribution, and Fourier method) of Helicoverpa armigera’s
phototactic rhythm.

Helicoverpa armigera belongs to a multimodal pattern, which
cannot be adequately represented by a Gaussian first-order
model. Therefore, in this article, only polynomial, Gaussian
second-order, and Fourier models are used to model the pho-
totactic rhythm curve of Helicoverpa armigera.

Fig. 9 shows that three models can describe the bimodal dis-
tribution of Helicoverpa armigera well. Due to the uncertainty
of the outbreak time of Helicoverpa armigera, the accuracy
of modeling with these three models varies. Specifically, we
found that the polynomial fifth-order model has a better accu-
racy among these three models, as shown in Table 5.

Notably, for Helicoverpa armigera, the Polynomial
fifth-order model exhibited the smallest loss and highest
correlation coefficient among the three models. Therefore,
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FIGURE 10. Comparison of two mathematical models (polynomial and
Gaussian method) of Proxenus lepigone’s phototactic rhythm.

for the Helicoverpa armigera, the most efficient modeling is
achieved with the polynomial fifth-order method, as shown in
the following:

p(t ) = 6.731 × 10−5t5 − 0.002534 × t4 + 0.03417

× t3 − 0.1996 × t2 + 0.4756t − 0.2421 (10)

where t represents the time segment when the Helicoverpa
armigera appears at night, 0 < t ≤ 11, e.g., t=1 represents
Helicoverpa armigera at the time segment of 18:00–19:00.

Fig. 10 displays the polynomial and Gaussian first-order
model of Proxenus lepigone phototactic rhythm. It can be
observed that both models are effective in depicting the activ-
ity level of pests at various times of the night. In particular,
on cloudy and rainless nights, Proxenus lepigone exhibits
relatively high activity during the first half of the night [39].
Since Proxenus lepigone shows only one peak in the first half
of the night, the suitable modeling models among the four
considered are limited to polynomial and Gaussian first-order
methods. Table 5 shows the key performance metrics, such as
R2, RMSE, MAE, MRE, and we observe that the R2 value of
the fourth-order polynomial is higher than the Gaussian first-
order. Therefore, the higher prediction accuracy of Proxenus
lepigone can be achieved by using fourth-order polynomials.

As shown in Table 5, we compared the errors and correla-
tion coefficients of the models and found that while both the
fourth-order polynomial and the Gaussian first-order models
showed good accuracy, the polynomial fourth-order mathe-
matical model had a smaller error. Therefore, the polynomial
fourth-order method is the most effective model for Proxenus
lepigone, and its formula is shown in the following:

p(t ) = 0.0003187 × t4 − 0.00827 × t3

+ 0.07854 × t2 − 0.3402t + 0.6448 (11)

where t represents the time segment when the Proxenus lep-
igone appears at night. By comparing the evaluation metrics,
the polynomial fifth-order method is the best among the four
models.

FIGURE 11. Comparison of four mathematical models (polynomial,
Gaussian distribution, and Fourier model) of Cnaphalocrocis medinalis’s
phototactic rhythm. (Due to the small error in the modeling effect of
Gaussian first-order and Gaussian second-order, the curves tend to be the
same).

As the migratory pest, Cnaphalocrocis medinalis exhibits
distinct nocturnal activity, characterized as an all-night active
type [26], [43]. Due to its migratory nature, the outbreak
timing of Cnaphalocrocis medinalis is highly unpredictable.
This uncertainty poses a particular challenge to pest control
and management, making effective control measures difficult.

As shown in Fig. 11, using polynomial, Gaussian first-
order, Gaussian second-order, and Fourier function models
cannot fit the pests phototactic rhythm curve well due to the
scattered data, with the Gaussian first and second-order mod-
els showing similar results. Table 5 shows the comparison of
MAE, MSE, RMSE, MAR, and R2 of the four models. Al-
though the modeling results are unsatisfactory, the polynomial
fifth-order model is the best among the four models

p(t ) = 6.808 × 10−5t5 − 0.002485 × t4 + 0.03363

× t3 − ×t2 + 0.4852t − 0.1788 (12)

where t represents the time when the Cnaphalocrocis med-
inalis appears at night, 0 < t ≤ 11, e.g., t=1 represents
Cnaphalocrocis medinalis at the time segment of 18:00–
19:00.

V. APPLICATION AND DISCUSSIONS
A. APPLYING STATIC MATHEMATICAL MODEL
The modeling analysis yielded several noteworthy findings.
First, the phototactic rhythm mathematical model of all four
pest species showed significant diurnal variations, with peaks
and troughs shifting at different time intervals. Second, the
hourly modeling approach provided a more refined analysis
of pest phototactic rhythm, allowing for a more accurate as-
sessment of pest behavior and activity patterns.

Based on the above-mentioned analysis, several discussion
points can be raised, including the following.
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FIGURE 12. Pest monitoring lamp. (a) Remote information-based pest
monitoring and reporting system.1 (b) Intelligent pest monitoring lamp.2

1) Why study the pest phototactic rhythm mathematical
model?
This article mainly focuses on modeling the phototactic
rhythm curves of four pest species. Unlike previous
studies, in this article, the modeling time segments are
refined to hourly time scales by making them precise.
In addition, considering the significant influence of en-
vironmental meteorological factors on the phototactic
rhythms of pests, this study conducted an in-depth anal-
ysis of the phototactic rhythms of pests under specific
environmental conditions and successfully constructed
corresponding mathematical models. These models not
only provide theoretical support for pest behavior pre-
diction and forecasting but their application to the SIL is
expected to significantly enhance the pest control effect.

2) What equipment can be used to collect these datasets?
Most research on modeling pest phototactic rhythm has
utilized SILs to collect the dataset due to their relatively
low cost. Due to traditional SILs lack of intelligence,
manual annotation remains the only method for data
collection. With the development of AI technology, pest
forecast lamps have been widely adopted for pest moni-
toring and early warning. Fig. 12 shows pest monitoring
lamps from two different manufacturers, which mainly
attract different pests by specific wavelengths. They
can determine the species, and density based on the
number and distribution of pests around the lamp, thus
providing scientific recommendations for pest control.
However, the high cost of pest forecast lamps (ranging
from $6963.8 to $25 069.6 [24]) limits their usage in
the data collection of pest phototactic rhythm models.
Therefore, an intelligent electronic device is required for
efficient dataset collection.

3) How can the accuracy of the mathematical model be
improved?

1[Online]. Available: https://www.cdbeyond.com/a/37.html
2[Online]. Available: https://www.hoire.cn/Product/znzb

This study is primarily based on data from the his-
torical paper [24], which is characterized primarily by
a temporal dimension. However, pest activity patterns
are influenced not only by temporal factors but also by
substantial weather and environmental variables. There-
fore, to augment the precision of mathematical models
in predicting pest phototactic rhythms, it is crucial to
incorporate a comprehensive range of weather and en-
vironmental data along with observational records of
pest activities. Vital data encompass metrics such as
precipitation levels, air temperature, and humidity. The
assimilation of this multidimensional data array is key
in extracting pivotal features, thereby markedly enhanc-
ing the predictive accuracy of the mathematical model
in question.

4) What kind of researchers are needed to promote re-
search development in this field?
In this research field, there is a need for scientists with
interdisciplinary knowledge in agricultural entomology
and computer science. These researchers should have
a deep understanding of pest classification, morphol-
ogy, life cycles, and habits, enabling them to accurately
identify different pest characteristics for effective ob-
servation and analysis of their behavior. In addition,
they must possess strong capabilities in mathemati-
cal modeling and data analysis, which are crucial for
developing and optimizing algorithms and software
for precision and sustainable agriculture. Furthermore,
these researchers should have a comprehensive under-
standing of modern technologies and electronic devices,
and be capable of applying these technologies in agri-
cultural production to enhance efficiency and reduce
resource wastage, thus supporting the achievement of
more effective and sustainable agricultural production.

5) How mathematical models of pest phototactic rhythms
will be applied?
As shown in Fig. 13, this study first derives the ap-
propriate mathematical model based on the phototropic
pattern of pests. The mathematical model of pest photo-
tactic rhythm can be placed at the frontend or backend
of the SIL device. Considering that different crops may
face different kinds of pest problems, this study selects
the appropriate mathematical model according to the
needs of a particular crop. Subsequently, the selected
mathematical model is integrated with the optimization
algorithm and successfully embedded into a Raspberry
Pi device for practical application. It is possible to op-
timize the optimal operating time of the SIL, which not
only improved the efficiency of pest control but also
optimized the efficiency of energy use.

B. APPLYING AI MODEL
In recent years, the extensive application of AI and machine
learning technologies have significantly advanced early
pest prediction [49], [50], contributing to the development
of smart agriculture [51], as demonstrated in Table 6. To
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FIGURE 13. Flowchart of the mathematical model for pest phototactic rhythm. At first, the mathematical models are derived based on the pattern of the
phototactic rhythm of pests. Then, these mathematical models are combined with an optimization algorithm and successfully embedded into a Raspberry
Pi for practical application. Eventually, the method can determine the optimal insecticidal working time of the SIL, which not only improved the pest
control efficiency but also optimized the energy efficiency.

TABLE 6. Comparison of Different AI Models for Pest Prediction

enhance the accuracy of pest population prediction, an
improved backpropagation neural network method has been
proposed [44]. In addition, long short-term memory (LSTM)
is employed to analyze the relationship between weather
factors and pest occurrence, exploring potential patterns
in pest occurrence and weather changes [45]. In [46], a
pest prediction system was developed to forecast white

fly invasions through preventive measures. To improve the
efficiency of pest management in plantations, an expert
system for midterm pest prediction has been established
through neural networks, achieving weekly pest predictions
[47]. Furthermore, Saleem et al. [48] predicted the degree
of pest occurrence through multidimensional data. While
these studies have shown positive results, these methods
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FIGURE 14. Flowchart of the Al model for pest phototactic rhythm. Initially, the data collected by SIL are uploaded to the edge node allowing users to
download it via end devices. Next, the collected data on pests’ phototactic rhythm are preprocessed as necessary and important features are selected for
AI model training. Once the training is completed, the model weights are embedded into the Raspberry Pi device for testing and validation. The AI model
is analyzed for periods of high pest activity to output the optimal insecticidal working time. Finally, this optimal insecticidal working time information is
fed back to the SIL.

also have limitations, such as slow convergence speed and
susceptibility to falling into local optima. To mitigate the risk
of overfitting, AI models often employ simpler structures and
data augmentation techniques [52]. By optimizing network
weights and thresholds, these methods can rapidly and
accurately predict the extent of pest occurrences [44].

As shown in Fig. 14, in the future, after collecting the
hourly data, the data are first preprocessed as necessary. The
key features are selected for further AI model training, includ-
ing but not limited to support vector machines, deep neural
networks, and transformer architectures. This step not only

focuses on model selection and training but also includes
a careful comparison of the performance of each model to
ensure that the most appropriate algorithm is selected. The
carefully trained and tuned models are then deployed into
Raspberry Pi devices. To achieve optimal insecticide working
times, the models will be fed back to SIL through a series of
field tests. This will involve not only an efficiency analysis
of energy use but also the optimization of insecticidal times.
Through these explorations, the aim is to continually refine
the model to suit a wider range of scenarios and needs, with
the ultimate goal of improving pest control efficiency.
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VI. CONCLUSION
This study aims to develop the mathematical models for the
phototactic rhythm of pests, which is the static mathematical
model. Utilizing regression methods, we explored mathemat-
ical models of pest phototactic rhythm on an hourly basis.
Particularly Mythimna seperata, achieving a model accuracy
of 90%. Future research should focus on validating these
models with more extensive data, considering diverse envi-
ronmental and climatic factors. It will further explore the
application of AI models to multidimensional feature data.
The application of SIL in diverse crop environments promises
to meet the pest management needs of farmers and consumers,
paving the way for more sustainable and efficient agricultural
pest control practices.

REFERENCES
[1] Y. Liu, X. Ma, L. Shu, G. P. Hancke, and A. M. Abu-Mahfouz, “From

industry 4.0 to agriculture 4.0: Current status, enabling technologies,
and research challenges,” IEEE Trans. Ind. Inform., vol. 17, no. 6,
pp. 4322–4334, Jun. 2021.

[2] P. S. Chatterjee, N. K. Ray, and S. P. Mohanty, “LiveCare: An IoT-based
healthcare framework for livestock in smart agriculture,” IEEE Trans.
Consum. Electron., vol. 67, no. 4, pp. 257–265, Nov. 2021.

[3] S. K. Roy, S. Misra, N. S. Raghuwanshi, and S. K. Das, “AgriSens: Iot-
based dynamic irrigation scheduling system for water management of
irrigated crops,” IEEE Internet Things J., vol. 8, no. 6, pp. 5023–5030,
Mar. 2021.

[4] F. Yang, L. Shu, Y. Yang, G. Han, S. Pearson, and K. Li, “Opti-
mal deployment of solar insecticidal lamps over constrained locations
in mixed-crop farmlands,” IEEE Internet Things J., vol. 8, no. 16,
pp. 13095–13114, Aug. 2021.

[5] X. Yang et al., “A survey on smart agriculture: Development modes,
technologies, and security and privacy challenges,” IEEE/CAA J. Auto-
matica Sinica, vol. 8, no. 2, pp. 273–302, Feb. 2021.

[6] Y. Dong et al., “Automatic system for crop pest and disease dynamic
monitoring and early forecasting,” IEEE J. Sel. Topics Appl. Earth
Observ. Remote Sens., vol. 13, pp. 4410–4418, 2020.

[7] F. K. Shaikh, S. Karim, S. Zeadally, and J. Nebhen, “Recent trends in
Internet-of-Things-enabled sensor technologies for smart agriculture,”
IEEE Internet Things J., vol. 9, no. 23, pp. 23583–23598, Dec. 2022.

[8] J. Park and H. Lee, “Phototactic behavioral response of agricultural
insects and stored-product insects to light-emitting diodes (LEDs),”
Appl. Biol. Chem., vol. 60, pp. 137–144, 2017.

[9] K. Li et al., “Research and prospect of solar insecticidal lamps Internet
of Things,” Smart Agriculture, vol. 1, no. 3, 2019, Art. no. 13.

[10] K. Wang et al., “Current development status of agricultural insect-pest
light trap in China,” Insect Res. Central China, vol. 16, pp. 116–125,
2020.

[11] X. Yang, L. Shu, K. Li, Z. Huo, and Y. Zhang, “SA1D-CNN: A sepa-
rable and attention based lightweight sensor fault diagnosis method for
solar insecticidal lamp Internet of Things,” IEEE Open J. Ind. Electron.
Soc., vol. 3, pp. 291–303, 2022.

[12] “Xinyu add 20,000 solar insecticidal lamps,” Apr. 20, 2011.
[Online]. Available: https://jiangxi.jxnews.com.cn/system/2011/04/20/
011640638.shtmll

[13] “1,300 insecticidal lamps in Chongren “stand guard” for rice fields,”
Sep. 22, 2014. [Online]. Available: http://www.jiangxi.gov.cn/art/2014/
9/22/art_399_195166.html

[14] “Ren County horticultural farm thousand mu of standardized vegetable
base using Cloudflare Solar insecticidal lamps to improve the value of
agricultural products,” May 29, 2016. [Online]. Available: http://www.
hnyfkj.com.cn/newshow.asp?Cid=105&Pid=1898l

[15] “Dean County, nearly a thousand solar insecticidal lamps “on the job,”
Jun. 28, 2016. [Online]. Available: https://jj.jxnews.com.cn/system/
2016/06/28/014999266.shtml

[16] “Xinyang City Yunfei brand solar paddy insecticide lamp is highly
efficient and harmless,” Jul. 7, 2016. [Online]. Available: http://www.
hnyfkj.com.cn/newshow.asp?Cid=80&PID= 3454

[17] “Fugong Forestry Bureau introduces Henan Yunfei technology insecti-
cidal lamp to guard walnut growth,” 2018. [Online]. Available: https:
//www.hnyfkj.cn/ly/1662.html

[18] “Dongying will install 300 Solar insecticidal lamps this year to
build 3 new trapping demonstration areas,” Jan. 29, 2018. [On-
line]. Available: https://http://news.dongyingnews.cn/system/2018/01/
29/010699266.shtml

[19] “Xingtang County Agricultural Bureau purchases Yunfei solar insecti-
cidal lamps,” Jun. 2019. [Online]. Available: https://www.hnyfkj.cn/sc/
357.html

[20] “Suichuan tea garden solar insecticidal lamp picture case,” Feb.
29, 2020. [Online]. Available: http://www.szsunko.com/caseDe_65.
html

[21] “Insecticidal lamp in high standard farmland “lamps up” the road
of rural revitalization in Hunan,” Apr. 18, 2022. [Online]. Available:
https://baijiahao.baidu.com/s?id=1730410965053350301&wfr=spider
&for=pc

[22] “Draw the river water to cook new tea - Suichuan “to tea county” a new
chapter,” Apr. 28, 2023. [Online]. Available: https://jxja.jxnews.com.cn/
system/2023/04/28/020047440.shtml

[23] K. Kim, Q. Huang, and C. Lei, “Advances in insect phototaxis and
application to pest management: A review,” Pest Manage. Sci., vol. 75,
no. 12, pp. 3135–3143, 2019.

[24] H. Yao, L. Shu, F. Yang, Y. Jin, and Y. Yang, “The phototactic rhythm
of pests for the solar insecticidal lamp: A. review,” Front. Plant Sci.,
vol. 13, pp. 5532–5550, 2022.

[25] R. Wilson, A. Wakefield, N. Roberts, and G. Jones, “Artificial light
and biting flies: The parallel development of attractive light traps and
unattractive domestic lights,” Parasites Vectors, vol. 14, no. 1, pp. 1–11,
2021.

[26] G. Gu, H. Ge, X. Cheng, J. Han, and J. Yin, “Study on and application
of the rhythm of several night-active insects to light trap in the night,”
J. Hubei Agricultural College, vol. 24, no. 3, pp. 174–177, 2004.

[27] X. Zhang et al., “Behavioral rhythms of three lepidopteran pests;
mythimna separata, agrotis ypsilon and helicoverpa armigera,” Chin.
J. Appl. Entomology, vol. 54, no. 2, pp. 190–197, 2017.

[28] H. Yang, “Study on light-trapped behavior of sogatellla furcifera (hor-
vath) and nilaparvata lugens (Stal),” Ph.D. dissertation, Ph.D. thesis,
Nanjing Agricultural Univ., Nanjing, China, 2014.

[29] J. Zhao, Y. He, and Q. Weng, “Application and research of insect light
traps in china,” Entomol. J. East China, vol. 17, no. 1, pp. 76–80,
2008.

[30] L. Ming and W. Hu, “Development of light trap technique,” Agricultural
Eng., vol. 2, no. S1, pp. 11–15, 2012.

[31] R. Xu, W. Yang, and G. Hu, “Development and application analysis
of agricultural insecticidal lamp in china,” China Agricultural Abstr. -
Agricultural Eng., vol. 4, no. 1, pp. 68–70, 2020.

[32] H. B. Lam, T. T. Phan, L. H. Vuong, H. X. Huynh, and B. Pottier, “De-
signing a brown planthoppers surveillance network based on wireless
sensor network approach,” Comput. Sci., pp. 1–6, 2013.

[33] S. Ding, S. Cheng, and B. Su, “The multiple fuzzy regression fore-
casting model and its application,” Fuzzy Syst. Math., vol. 14, no. 3,
pp. 94–98, 2000.

[34] S. Ding, “Application of multivariate statistical analysis in classification
prediction of cotton bollworm,” Chin. J. Appl. Probability Statisties,
vol. 16, no. 3, pp. 325–328, 2000.

[35] M. P. Zalucki and M. J. Furlong, “Forecasting Helicoverpa populations
in australia: A comparison of regression based models and a biocli-
matic based modelling approach,” Insect Sci., vol. 12, no. 1, pp. 45–56,
2005.

[36] C. bin, “Studies on the forecasting of the second-generation corn borer
by the meteorological factors,” Ph.D. dissertation, Shandong Agricul-
tural Univ., Tai’an, China, 2007.

[37] B. Yang, Y. Liu, S. Mu, and F. Wen, “Based on big data: The estab-
lishment of meteorological forecast model for the occurrence degree
of the second generation of corn borer in Shandong,” J. Comput. Res.
Develop., vol. 2, pp. 160–165, 2014.

[38] I. Syarif, D. H. Indiarto, I. Prasetyaningrum, T. Badriyah, and E.
Satriyanto, “Corn pests and diseases prediction using linear regression
and natural spline methods,” in Proc. Int. Conf. Appl. Sci. Technol.,
2018, pp. 383–387.

[39] Z. Zhang, “Monitoring and population dynamics analysis of important
migratory pest insects in northern china,” Ph.D. dissertation, Chin.
Acad. Agricultural Sci., Beijing, China, 2013.

VOLUME 5, 2024 249

https://jiangxi.jxnews.com.cn/system/2011/04/20/011640638.shtmll
https://jiangxi.jxnews.com.cn/system/2011/04/20/011640638.shtmll
http://www.jiangxi.gov.cn/art/2014/9/22/art_399_195166.html
http://www.jiangxi.gov.cn/art/2014/9/22/art_399_195166.html
http://www.hnyfkj.com.cn/newshow.asp{?}Cid=105&Pid=1898l
http://www.hnyfkj.com.cn/newshow.asp{?}Cid=105&Pid=1898l
https://jj.jxnews.com.cn/system/2016/06/28/014999266.shtml
https://jj.jxnews.com.cn/system/2016/06/28/014999266.shtml
http://www.hnyfkj.com.cn/newshow.asp{?}Cid=80&PID=protect unhbox voidb@x penalty @M  {}3454
http://www.hnyfkj.com.cn/newshow.asp{?}Cid=80&PID=protect unhbox voidb@x penalty @M  {}3454
https://www.hnyfkj.cn/ly/1662.html
https://www.hnyfkj.cn/ly/1662.html
https://http://news.dongyingnews.cn/system/2018/01/29/010699266.shtml
https://http://news.dongyingnews.cn/system/2018/01/29/010699266.shtml
https://www.hnyfkj.cn/sc/357.html
https://www.hnyfkj.cn/sc/357.html
http://www.szsunko.com/caseDe_65.html
http://www.szsunko.com/caseDe_65.html
https://baijiahao.baidu.com/s?id=1730410965053350301&wfr=spider&for=pc
https://baijiahao.baidu.com/s?id=1730410965053350301&wfr=spider&for=pc
https://jxja.jxnews.com.cn/system/2023/04/28/020047440.shtml
https://jxja.jxnews.com.cn/system/2023/04/28/020047440.shtml


YAO ET AL.: PESTS PHOTOTACTIC RHYTHM DRIVEN SIL DEVICE EVOLUTION: MATHEMATICAL MODEL PRELIMINARY RESULT

[40] L. Zhao, B. Yang, Y. Liu, S. Mu, and F. Wen, “Forecasting model for the
fourth generation of cotton bollworm in corn fields based on big data,”
Big Data Res., vol. 2, no. 1, pp. 01–09, 2016.

[41] Z. Zhou, Y. Heng, C. Chen, Y. Song, Z. Ji, and J. Mao, “Construction
of fourier transform near infrared spectroscopy prediction model for
main components in Lycium ruthenicum Murr,” Sci. Technol. Food Ind.,
vol. 1, no. 1, pp. 1–13, 2023.

[42] X. Zhen et al., “Prediction of the anthocyanin content of Lonicera edulis
based on fruit color characteristics,” Soc. Agricultural Eng., vol. 39,
no. 2, pp. 242–251, 2023.

[43] H. Qi, Y. Zhang, J. Wang, H. Peng, and Z. Zhang, “Rhythm of rice
planthoppers and Cyrtorhinus lividipennis to the searchlight trap,” Acta
Phytophylacica Sinica, vol. 41, no. 3, pp. 277–284, 2014.

[44] Y. Shang and Y. Zhu, “Research on intelligent pest prediction of based
on improved artificial neural network,” in Proc. Chin. Automat. Congr.,
2018, pp. 3633–3638.

[45] Q. Xiao, W. Li, Y. Kai, P. Chen, J. Zhang, and B. Wang, “Occurrence
prediction of pests and diseases in cotton on the basis of weather factors
by long short term memory network,” BMC Bioinf., vol. 20, pp. 1–15,
2019.

[46] R. M. Saleem, R. Kazmi, I. S. Bajwa, A. Ashraf, S. Ramzan, and W.
Anwar, “IoT-based cotton whitefly prediction using deep learning,” Sci.
Program., vol. 2021, pp. 1–17, 2021.

[47] E. A. Ibrahim, D. Salifu, S. Mwalili, T. Dubois, R. Collins, and
H. E. Tonnang, “An expert system for insect pest population dy-
namics prediction,” Comput. Electron. Agriculture, vol. 198, 2022,
Art. no. 107124.

[48] R. M. Saleem et al., “Internet of Things based weekly crop pest
prediction by using deep neural network,” IEEE Access, vol. 11,
pp. 85900–85913, 2023.

[49] Z. Liu, R. N. Bashir, S. Iqbal, M. M. A. Shahid, M. Tausif, and Q.
Umer, “Internet of Things (IoT) and machine learning model of plant
disease prediction–blister blight for tea plant,” IEEE Access, vol. 10,
pp. 44934–44944, 2022.

[50] Y. Yan, C. Feng, M. P. Wan, and K. T. Chang, “Multiple regression
and artificial neural network for the prediction of crop pest risks,” in
Int. Conf. Inf. Syst. Crisis Response Manage. Mediterranean Countries,
2015, pp. 73–84.

[51] F. Pescador and S. P. Mohanty, “Machine learning for smart electronic
systems,” IEEE Trans. Consum. Electron., vol. 67, no. 4, pp. 224–225,
Nov. 2021.

[52] C. Piou and L. Marescot, “Spatiotemporal risks forecasting to im-
prove locust management,” Curr. Opin. Insect Sci., pp. 101024–101031,
2023.

250 VOLUME 5, 2024



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


