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GRADED EARLY WARNING SYSTEM FOR
PEST QUANTITY COUNTING

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of priority from the
prior Tatwanese Patent Application No. 110107327, filed

Mar. 2, 2021, the entire contents of which are incorporated
herein by reference.

FIELD OF THE INVENTION

The present invention relates to a graded early warning
system, and more particularly to a graded early warning
system for pest quantity counting.

BACKGROUND OF THE INVENTION

There are many methods for calculating the number of
pests on the sticky insect paper, but so far, there 1s no
standard automatic method for graded early warning of the
number of pests, and there 1s no probability model that can
clearly describe the flight behavior and outbreak of pests 1n
cach place. It does not help users plan appropriate pest
control policies and provide suitable pesticide types timely.
Therefore, 1t 1s necessary to develop a system that can
provide graded early warning of pests, establish pest prob-
ability models, and provide appropriate pest control policies.

SUMMARY OF THE INVENTION

In order to describe the flight behavior of pests and the
possibility of outbreaks in each place, a graded early warn-
ing system for pest quantity counting of the present inven-
tion can build a probability model for a specific location, and
provide a graded early warning and a pest probability model
for pest quantity to help farmers determine pest control
decisions for assisting to plan a more appropriate strategy
for pest control.

The graded early warning system for pest quantity count-
ing provided by the present invention includes at least one
image capturing device, at least one environment monitoring
and sensing device, at least one pest detecting and 1denti-
tying device, and a cloud server. The at least one 1mage
capturing device 1s used to capture 1mages of at least one
pest trapping device 1n an environment to generate at least
one pest trapping image. The at least one environment
monitoring and sensing device 1s used to detect the envi-
ronment to generate at least one environment parameter. The
at least one pest detecting and 1dentifying device 1s used to
detect quantities and species of multiple pests based on the
at least one pest trapping 1mage. The cloud server 1s con-
nected to the at least one 1mage capturing device, the at least
one environment monitoring and sensing device, and the at
least one pest detecting and 1dentifying device, and used to
receive the at least one pest trapping 1image, the at least one
environment parameter, and the quantities and species of
multiple pests. And the cloud server immediately establishes
pest probability models for the multiple pests, generates
carly warning signals for the multiple pests, and prompts
suppression decisions for the multiple pests according to the
at least one environment parameter and the quantities and
species of multiple pests.

In an embodiment of the present invention, the graded
carly warning system for pest quantity counting further
includes an electronic device which i1s connected to the
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cloud server and used to immediately display the pest
probability models, the early warning signals, and the sup-
pression decisions for the multiple pests.

In an embodiment of the present invention, the electronic
device 1s a mobile device used to receive and display the pest
probability models, the early warning signals, and the sup-
pression decisions for the multiple pests.

In an embodiment of the present invention, the cloud
server includes a database used to store historical pest
trapping 1images, historical environment parameters, histori-
cal quantities and species of multiple pests, and historical
pest probability models.

In an embodiment of the present invention, the cloud
server includes a processor used to establish the pest prob-
ability models for the multiple pests, generate the early
warning signals for the multiple pests, and prompt the
suppression decisions for the multiple pests, and generate
relationships between the at least one environment param-
cter, the pest probability models for the multiple pests, the
carly warning signals for the multiple pests, and the sup-
pression decisions for the multiple pests.

In an embodiment of the present invention, the at least one
pest detection and 1dentification device uses a deep learning
to perform artificial intelligence image 1dentification of the
quantities and species of the multiple pests.

In an embodiment of the present invention, the early
warning signals are prompted at different levels which are
distinguished by different colors.

In an embodiment of the present invention, the suppres-
s1on decisions prompt control methods and pesticide types
based on the quantities and species of the multiple pests and
the early warning signals for the multiple pests.

The present mvention can immediately establish pest
probability models for multiple pests, generate early warn-
ing signals for multiple pests, and prompt suppression
decisions for the multiple pests, so as to help farmers
determine pest control decisions for assisting to plan a more
appropriate strategy for pest control.

In order to make the above and other objects, features, and
advantages of the present invention more comprehensible,
embodiments are described below 1n detail with reference to
the accompanying drawings, as follows.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of a graded early warning
system for pest quantity counting provided by an embodi-
ment of the present invention;

FIG. 2 1s a schematic diagram of immediately displaying
environment parameters via an electronic device provided
by an embodiment of the present invention;

FIG. 3 1s a schematic diagram of immediately displaying
pest probability models and early warning signals for mul-
tiple pests via an electronic device provided by an embodi-
ment of the present invention; and

FIG. 4 1s a schematic diagram of immediately displaying
suppression decisions for multiple pests via an electronic
device provided by an embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Heremafiter, the present invention will be described 1n
detail with drawings illustrating various embodiments of the
present invention. However, the concept of the present
invention may be embodied in many different forms and
should not be construed as limitative of the exemplary
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embodiments set forth herein. In addition, the same refer-
ence number 1n the figures can be used to represent the
similar elements.

Please refer to FIG. 1, the graded early warning system 1
for pest quantity counting provided by the present invention
includes at least one 1mage capturing device 2, at least one
environment monitoring and sensing device 3, at least one
pest detecting and 1dentifying device 4, a cloud server 3, an
clectronic device 6, and at least one pest trapping device 8.
The cloud server 5 1s connected to the at least one 1mage
capturing device 2, the at least one environment monitoring
and sensing device 3, and the at least one pest detecting and
identifving device 4. The connection technology can be
wireless transmission/connection technology such as wire-
less local area network 7 technology and Internet of Things
technology. The electronic device 6 1s connected to the cloud
server 5, and the connection technology can be wireless
transmission/connection technology such as wireless local
area network 7 technology, wireless communication tech-
nology, etc. It 1s noted that the connection method 1s not
intended to limit the present invention. Those skilled 1n the
art should be able to select diflerent wireless transmission/
connection technologies according to actual needs or appli-
cations. In addition, the number of the image capturing
device 2, the environment monitoring and sensing device 3,
the pest detecting and identifying device 4, and the pest
trapping device 8 1n FIG. 1 1s only an example and 1s not
intended to limit the present invention. Those skilled 1n the
art should be able to select an appropriate number according
to a size of an environment or actual needs to establish a
graded early warning system 1 for pest quantity counting.

In the embodiment, the at least one environment moni-
toring and sensing device 3 1s used to detect the environment
to generate at least one environment parameter, wherein the
environment can be a greenhouse or a specific/restricted
area, and the environment monitoring and sensing device 3
can include sensors for sensing environment parameters,
such as a temperature sensor, a humidity sensor, and an
illuminance sensor.

In the embodiment, the at least one image capturing
device 2 1s used to capture images of at least one pest
trapping device 8 in the environment to generate at least one
pest trapping 1image, wherein the at least one pest trapping
device 8 can be sticky papers with difierent colors to attract
different pests. In detail, the image capturing device 2 may
be a camera, which 1s used to record or monitor different
pests attached to the pest trapping device 8 to generate pest
trapping i1mages. In addition, the pest trapping device 8
being the sticky paper 1s only an example, and 1s not
intended to limit the present invention.

In the embodiment, the at least one pest detecting and
identifying device 4 1s used to detect quantities and species
of multiple pests based on the at least one pest trapping
image, wherein the pest detecting and identifving device 4
uses a deep learning to perform artificial intelligence image
identification of the quantities and species of the multiple
pests. Since the appearance of various pests such as white-
tlies, thrips, gnats, flies and other pests 1s not the same, the
pest detecting and 1identifying device 4 uses deep learning to
perform pest image recognition, thereby identifying differ-
ent pests and their numbers.

In the embodiment, the cloud server 5 1s used to receive
the at least one pest trapping image, the at least one
environment parameter, and the quantities and species of
multiple pests, and immediately establishes pest probability
models for the multiple pests, generates early warning
signals for the multiple pests, and prompts suppression
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decisions for the multiple pests according to the at least one
environment parameter and the quantities and species of
multiple pests. In details, the cloud server 5 includes a
processor 531 and a database 52 connected to the processor
51, wherein the database 52 1s used to store historical pest
trapping 1mages, historical environment parameters, histori-
cal quantities and species of multiple pests, and historical
pest probability models 1n the environment, and the proces-
sor 51 1s used to immediately establish the pest probability
models for the multiple pests, generate the early warning
signals for the multiple pests, and prompt the suppression
decisions for the multiple pests according to the received at
least one environment parameter and the received quantities
and species of multiple pests, and generate relationships
between the at least one environment parameter, the pest
probability models for the multiple pests, the early warning
signals for the multiple pests, and the suppression decisions
for the multiple pests. In addition, the processor 31 will also
generate a webpage (not drawn) to display the pest prob-
ability models of the multiple pests, the early warning
signals of the multiple pests, and the suppression decisions
of the multiple pests, and their relationships with each other,
so that farmers can watch the webpage to help farmers make
decisions about pest control, and help farmers plan more
appropriate strategies for pest control. The early warning
signals can be prompted at different levels which are dis-
tinguished by diflerent colors. For example, red 1s the
highest warning level, and yellow 1s the medium warning
level, and green 1s the lowest warning level, and the sup-
pression decisions can prompt control methods and pesticide
types based on the quantities and species of the multiple
pests and the early warning signals for the multiple pests.

In the embodiment, the electronic device 6 1s used to
immediately display the pest probability models, the early
warning signals, and the suppression decisions for the mul-
tiple pests. As shown 1 FIGS. 2, 3, 4, the electronic device
6 15 a mobile device used to recerve and display the
environment parameters of the environment, the pest prob-
ability models for the multiple pests, the early warning
signals for the multiple pests, and the suppression decisions
for the multiple pests via an application program, thereby
helping farmers to hold the mobile device to remotely
determine pest control decisions 1 real time, so as to
farmers plan more approprate strategies for pest control.

In summary, the present invention can automatically
sense the environmental parameters of the environment for
a specilic location, and automatically count the quantities
and species of pests to establish pest probability models, and
prompt appropriate early warning signals, control methods,
and pesticide types according to the quantities and species of
pests. It can help farmers to remotely make decisions about
pest control 1n real time, so as to help farmers plan more
appropriate strategies for pest control.

Although the present invention has been disclosed as
above with the embodiments, it 1s not intended to limit the
present invention. Those ordinarily skilled in the art may
make some modifications and retouching without departing
from the spirit and scope of the present invention. Therelore,
the protection scope of the present invention shall be deter-
mined by the scope of the attached claims.

What 1s claimed 1s:

1. A graded early warning system for insect pest quantity
counting, comprising:

at least one i1mage capturing device, used to capture

images ol at least one sticky paper for trapping insect
pests 1 a greenhouse environment to generate at least
one insect pest trapping 1mage;
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at least one environment monitoring and sensing device,
used to detect the environment to generate at least one
environment parameter;

at least one 1nsect pest detecting and 1dentifying device,
used to detect quantities and species of multiple insect
pests based on the at least one insect pest trapping
1mage;

a cloud server, connected to the at least one i1mage
capturing device, the at least one environment moni-
toring and sensing device, and the at least one insect
pest detecting and i1dentifying device, and used to
receive the at least one 1nsect pest trapping 1mage, the
at least one environment parameter, and the quantities
and species of multiple 1nsect pests;

wherein the cloud server immediately establishes nsect
pest probability models for the multiple insect pests,
generates early warning signals for the multiple msect
pests, and prompts suppression decisions for the mul-
tiple insect pests according to the at least one environ-
ment parameter and the quantities and species of mul-
tiple insect pests; and the at least one insect pest
detection and identification device performs deep
learning-based artificial intelligence 1mage identifica-
tion upon the quantities and species of the multiple
insect pests;

wherein the early warning signals are prompted at ditler-
ent levels which are distinguished by different colors;

wherein a processor in the cloud server generates a
webpage to display the insect pest probability models
of the multiple insect pests according to the different
colors, 1 order to prompt control methods and 1nsect
pesticide types based upon the quantities and species of
the multiple 1nsect pests.

2. The graded early warning system for insect pest quan-

tity counting as claimed in claim 1, wherein the cloud server
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includes a database used to store historical insect pest
trapping 1images, historical environment parameters, histori-
cal quantities and species of multiple 1nsect pests, and
historical insect pest probability models.

3. The graded early warning system for insect pest quan-
tity counting as claimed in claim 1, wherein the cloud server
includes a processor used to establish the msect pest prob-
ability models for the multiple nsect pests, generate the
carly warning signals for the multiple insect pests, and
prompt the suppression decisions for the multiple nsect
pests, and generate relationships between the at least one
environment parameter, the insect pest probability models
for the multiple insect pests, the early warning signals for the
multiple msect pests, and the suppression decisions for the
multiple 1nsect pests.

4. The graded early warning system for insect pest quan-
tity counting as claimed in claim 1, wherein the suppression
decisions prompt control methods and 1nsect pesticide types
based on the quantities and species of the multiple insect
pests and the early warning signals for the multiple insect
pests.

5. The graded early warning system for insect pest quan-
tity counting as claimed in claim 1, further comprising:

an electronic device, connected to the cloud server and

used to immediately display the insect pest probability
models, the early warning signals, and the suppression
decisions for the multiple insect pests.

6. The graded early warning system for insect pest quan-
tity counting as claimed in claim 5, wherein the electronic
device 1s a mobile device used to receive and display the
isect pest probability models, the early warning signals,
and the suppression decisions for the multiple msect pests.
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