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Description

Technical Field

[0001] Embodiments discussed in the present specification relates to an image evaluation method for a captured image.

Background

[0002] In recent years, a disease and insect damage search system which searches for the name of disease or insect
damage based on, e.g., crop name and symptom input information or captured image information of an agricultural field
for breeding a crop is known as a system which automatically searches for an insect pest inhabiting a crop or symptoms
of a disease of the crop. An example of such prior art document is CN204612755 (patent literature 1).
[0003] Another patent document (patent literature 2, see below), for example, discloses a plant disease identification
system including an image capture unit, an image processing unit, and a phytopathological database which stores the
name of a specific plant disease and image information representing the characteristics of the specific disease in asso-
ciation with each other. In the identification system, first, the image capture unit acquires cultivated plant image infor-
mation, and the image processing unit analyzes the cultivated plant image information acquired by the image capture
unit to acquire image information representing a zone suspected to be diseased. The image processing unit then com-
pares the acquired image information of the zone suspected to be diseased with the image information of the charac-
teristics of the disease in the phytopathological database. When the image information of the zone suspected to be
diseased matches the image information of the characteristics of the disease in the phytopathological database, the
image processing unit acquires the name of the corresponding specific plant disease as a disease identification result.

Citations List

Patent Literature

[0004] Patent literature 1: CN204612755 published on 02.09.2015. Patent literature 2 : Japanese Unexamined Patent
Publication (Kokai) No. 2013-111078

Summary

[0005] However, in such a conventional disease and insect damage evaluation system using image search, since an
image is classified based on only image information representing disease or insect damage accumulated in advance,
the classification accuracy may dramatically degrade depending on the differences in the direction in which an image
is captured, the lightness, the resolution, and the like.
[0006] The image evaluation method has been made to solve such a conventional problem, and has as its object to
provide an image evaluation method which can improve the accuracy of evaluation of a captured image.
[0007] According to an aspect of an image evaluation method, there is provided an image evaluation method using a
server for communicating with a portable terminal and a sensor terminal located in an agricultural field. The server
including a storage unit. The method including the steps of, by the server, storing in the storage unit, living organism
images corresponding to respective aspects of a living organism, and pieces of occurrence environmental information
representing ranges of environmental information suitable for the aspects of the living organism, receiving a captured
image transmitted from the portable terminal, receiving the environmental information measured by the sensor terminal
from the sensor terminal, searching for a living organism image similar to the received captured image of the living
organism images and assigning points to names related to the aspect of the living organism corresponding to the found
living organism image, weighting the points of the names related to the aspect of the living organism, associated with
the occurrence environmental information comprising the environmental information received from the sensor terminal,
by extracting the names, and transmitting a name having a highest point of the points to the portable terminal having
transmitted the captured image as an evaluation result name.
[0008] According to an aspect of the image evaluation method, wherein in the step of weighting, the server extracts
the names related to the aspect of the living organism, associated with the occurrence environmental information com-
prising the environmental information received from a sensor terminal near an image capture position of the portable
terminal when the aspect of the living organism is captured by the portable terminal.
[0009] According to an aspect of the image evaluation method, further comprising the step of, by the server, storing
in the storage unit, the names related to the aspect of the living organism, in association with an agricultural field
recognized to have the aspect of the living organism, wherein in the step of weighting, the server extracts the names
related to the aspect of the living organism recognized in a different agricultural field around the agricultural field in which
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the sensor terminal near the image capture position is located, and further weights the points of the extracted names.
[0010] The image evaluation method can improve the accuracy of evaluation of a captured image.

Brief Description of Drawings

[0011]

FIG. 1 is a schematic diagram for explaining an outline of an agricultural management system 1.
FIG. 2 is a block diagram illustrating an exemplary schematic architecture of the agricultural management system 1.
FIG. 3 is a block diagram illustrating an exemplary schematic configuration of a sensor terminal 2.
FIG. 4 is a block diagram illustrating an exemplary schematic configuration of a sensor base station 3.
FIG. 5 is a block diagram illustrating an exemplary schematic configuration of a portable terminal 4.
FIG. 6 is a block diagram illustrating an exemplary schematic configuration of a server 5.
FIG. 7A is a table illustrating an exemplary data structure of a user management table.
FIG. 7B is a table illustrating an exemplary data structure of a sensor management table.
FIG. 7C is a table illustrating an exemplary data structure of a range management table.
FIG. 7D is a table illustrating an exemplary data structure of an evaluation history table.
FIG. 8 is a chart illustrating an exemplary operation sequence associated with the agricultural management system 1.
FIG. 9 is a chart illustrating another exemplary operation sequence associated with the agricultural management
system 1.
FIG. 10 is a chart illustrating still another exemplary operation sequence associated with the agricultural management
system 1.
FIG. 11 is a chart illustrating still another exemplary operation sequence associated with the agricultural management
system 1.
FIG. 12 is a flowchart illustrating exemplary warning email output processing.
FIG. 13 is a chart illustrating still another exemplary operation sequence associated with the agricultural management
system 1.
FIG. 14 is a flowchart illustrating exemplary range information correction processing.
FIG. 15 is a chart illustrating still another exemplary operation sequence associated with the agricultural management
system 1.
FIG. 16 is a flowchart illustrating exemplary range information update processing.
FIG. 17 is a schematic graph illustrating an example of an environmental information history D and a two-dimensional
plane having the evaluation value and the environmental information as its axes.
FIG. 18 is a schematic graph illustrating agricultural field environment characteristic curves indicated on a two-
dimensional plane having the accumulated soil temperature and the accumulated amount of solar radiation as its
axes.
FIG. 19 is a chart illustrating still another exemplary operation sequence associated with the agricultural management
system 1.
FIG. 20 is a flowchart illustrating exemplary captured image evaluation processing.

Description of Embodiments

[0012] Various embodiments of the present invention will be described below with reference to the drawings. However,
it should be noted that the technical scope of the present invention is not limited to these embodiments and encompasses
the invention described in the scope of claims and its equivalents.
[0013] FIG. 1 is a schematic diagram for explaining an outline of an image evaluation system. The image evaluation
system includes a sensor terminal 2 located for each agricultural field, a portable terminal 4 owned by each user who
runs the corresponding agricultural field, and a server 5 which communicates with the portable terminal 4.
[0014] In the image evaluation system, the server 5 searches for a living organism image similar to a captured image
transmitted from the portable terminal 4 and transmits a name related to the aspect of a living organism corresponding
to the found living organism image to the portable terminal 4 as an evaluation result name. Examples of the living
organism image may include images of living organisms such as plants, animals, and insects, and images of symptoms
of diseases of plants including, e.g., crops, and examples of the name related to the aspect of a living organism may
include the names of living organisms such as the names of plants, animals, and insects, and the names of diseases.
The name of an insect pest or a disease corresponding to a captured image of an insect pest or a captured image of
symptoms of a disease of a crop is searched for, and the found name of an insect pest or a disease is transmitted to
the portable terminal 4 as an evaluation result name. The portable terminal 4 is implemented as a multifunctional mobile
phone (so-called "smartphone"), but it may also be implemented as, e.g., a mobile phone (so-called "feature phone"),



EP 3 351 089 B1

4

5

10

15

20

25

30

35

40

45

50

55

a PDA (Personal Digital Assistant), a portable game machine, a portable music player, or a tablet PC. An image evaluation
system which searches for the name of an insect pest or a disease corresponding to a captured image of an insect pest
or a captured image of symptoms of a disease of a crop and transmits the found name of an insect pest or a disease to
the portable terminal 4 as an evaluation result name will be taken as an example below. An insect pest or a crop disease
will sometimes be referred to as disease or insect damage hereinafter, and the name of an insect pest or a disease will
sometimes be referred to as the name of disease or insect damage hereinafter.
[0015] First, an image capture function built into the portable terminal 4 is used to capture an insect pest inhabiting
an agricultural field A run by a user who owns the portable terminal 4, or symptoms of a disease of a crop bred in the
agricultural field A (1). The portable terminal 4 transmits the captured image to the server 5 (2).
[0016] The server 5 stores disease or insect damage images corresponding to respective types of disease or insect
damage, and occurrence environmental information representing the range of environmental information in which these
types of disease or insect damage easily occur. The environmental information in which disease or insect damage easily
occurs exemplifies environmental information suitable for the aspect of a living organism. The disease or insect damage
image is an image obtained by capturing actual disease or insect damage and is stored in the server 5 in association
with the name of disease or insect damage evaluated by an agricultural expert or the like. The environmental information
means data representing environmental factors such as the ambient temperature, the relative humidity, the soil temper-
ature, the soil moisture content, the amount of solar radiation, the soil electrical conductivity, the soil pH level, the wind
direction and speed, the saturation deficit, the dew-point temperature, the water level, the water temperature, and CO2
measured by the sensor terminal 2 located in each agricultural field, and precipitation information acquired from an
external server. The occurrence environmental information means data representing, e.g., the range of environmental
information or the conditions of an agricultural field in which disease or insect damage easily occurs, and the occurrence
environmental information of rice blast, for example, includes an ambient temperature range of 15°C to 25°C and a leaf
wetting time of 8 or more hours.
[0017] The server 5 receives the captured image transmitted from the portable terminal 4. The server 5 searches for
a disease or insect damage image similar to the captured image received from the portable terminal 4 among the stored
disease or insect damage images and assigns points to the names of respective types of disease or insect damage
based on the found disease or insect damage image (3). First, the server 5 uses, e.g., the SURF (Speeded Up Robust
Features) method to extract feature points from each stored disease or insect damage image to calculate a local feature
amount for each feature point. The server 5 represents the calculated local feature amounts using feature vectors such
as Fisher vectors and generates a classification model for the feature vectors using machine learning such as Random
Forest. The server 5 extracts feature points from the captured image transmitted from the portable terminal 4, calculates
local feature amounts for the feature points, and represents the calculated local feature amounts using feature vectors.
Using the feature vectors and the classification model for the captured image, a disease or insect damage image similar
to the captured image transmitted from the portable terminal 4 is searched for, and a point is assigned to the name of
each type of disease or insect damage corresponding to the found disease or insect damage image.
[0018] The classification model uses, e.g., decision trees in Random Forest. The point means, e.g., the number of
votes for the name of disease or insect damage corresponding to a disease or insect damage image decided for each
decision tree in Random Forest.
[0019] The server 5 receives from the sensor terminal 2, environmental information measured by the sensor terminal
2. The server 5 specifies environmental information in the agricultural field A received from the sensor terminal 2 and
evaluates occurrence environmental information including the specified environmental information. The server 5 extracts
the name of disease or insect damage associated with the occurrence environmental information determined to include
the specified environmental information and weights a point corresponding to the extracted name of disease or insect
damage (4).
[0020] The server 5 transmits the name of disease or insect damage corresponding to the highest point among points
corresponding to the names of respective types of disease or insect damage to the portable terminal 4 as an evaluation
result name. Thus, the user transmits an image of disease or insect damage captured by the portable terminal 4 to the
server 5, in order to know, as an evaluation result name, the name of disease or insect damage that is based on image
classification using the captured image of disease or insect damage and is adapted to environmental information in an
agricultural field run by him or her.
[0021] As described above, the image evaluation system can search for disease or insect damage based not only on
image information representing disease or insect damage accumulated in advance, but also on environmental information
in an agricultural field, thus improving the accuracy of evaluation of a captured image of disease or insect damage.
[0022] The above description with reference to FIG. 1 is merely to foster an understanding of details of the present
invention. More specifically, the present invention may be carried out in each following embodiment and by various
modifications without substantially departing from the principles of the present invention. All such modifications fall within
the scope of disclosure of the present invention and the present specification.
[0023] FIG. 2 is a block diagram illustrating an exemplary schematic architecture of an agricultural management system
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1.
[0024] The agricultural management system 1 includes one or more sensor terminals 2, a sensor base station 3,
portable terminals 4, and a server 5. The agricultural management system 1 exemplifies an image evaluation system.
The sensor terminal or sensor terminals 2 and the sensor base station 3 are connected to each other via a sensor
network 7. The sensor terminals 2 and the server 5 are connected to each other via a communication network and via,
e.g., the sensor network 7, the sensor base station 3, a base station 6, a backbone network 9, a gateway 10, and the
Internet 11. The agricultural management system 1 may even include sensor base stations 3 in correspondence with
the number of sensor terminals 2. The portable terminals 4 and a base station 6 are connected to each other via a
wireless communication network 8. The portable terminals 4 and the server 5 are connected to each other via a com-
munication network and via, e.g., the wireless communication network 8, the base station 6, the backbone network 9,
the gateway 10, and the Internet 11.
[0025] The base station 6 serves as a wireless device which connects the sensor base station 3 and the backbone
network 9 to each other, connects the portable terminals 4 to each other, or connects the portable terminals 4 and the
backbone network 9 to each other, and a plurality of base stations 6 are connected to the backbone network 9.
[0026] FIG. 3 is a block diagram illustrating an exemplary schematic configuration of the sensor terminal 2.
[0027] The sensor terminal 2 acquires environmental information representing measured environmental factors, trans-
mits the environmental information, and the like. Therefore, the sensor terminal 2 includes a sensor terminal communi-
cation unit 21, a sensor terminal storage unit 22, a GPS (Global Positioning System) unit 23, a sensor connection unit
24, a sensor unit 25, and a sensor terminal processing unit 26.
[0028] The sensor terminal communication unit 21 includes a communication interface circuit, including an antenna
mainly having a 920-MHz sensitive band, and connects the sensor terminal 2 to the sensor network 7. The sensor
terminal communication unit 21 uses a specific channel to wirelessly communicate with the sensor base station 3 based
on, e.g., the specified low-power wireless scheme. The frequency band of the sensor terminal communication unit 21
is not limited to the above-mentioned one. The sensor terminal communication unit 21 transmits environmental information
supplied from the sensor terminal processing unit 26 to the sensor base station 3.
[0029] The sensor terminal storage unit 22 includes, e.g., a semiconductor memory. The sensor terminal storage unit
22 stores, e.g., driver programs, operating system programs, and data used in processing by the sensor terminal process-
ing unit 26. For example, the sensor terminal storage unit 22 stores, as the driver programs, a wireless communication
device driver program for controlling the sensor terminal communication unit 21, a GPS driver program for controlling
the GPS unit 23, a sensor driver program for controlling the sensor unit 25, and the like. The sensor terminal storage
unit 22 further stores, as the operating system programs, a wireless control program for executing, e.g., the specified
low-power wireless scheme, and the like. The sensor terminal storage unit 22 further stores, as the data, environmental
information representing environmental factors measured by the sensor unit 25.
[0030] The GPS unit 23 includes a GPS circuit, including an antenna mainly having a 1.5-GHz sensitive band, and
receives a GPS signal from a GPS satellite (not illustrated). The GPS unit 23 decodes the GPS signal to acquire time
instant information and the like. The GPS unit 23 calculates the pseudo-distance from the GPS satellite to the sensor
terminal 2 based on the time instant information and the like and solves simultaneous equations obtained by substituting
this pseudo-distance to detect the position (e.g., the latitude, the longitude, and the altitude) of the sensor terminal 2.
The GPS unit 23 associates positional information representing the detected position and the acquired time instant
information with each other and periodically outputs them to the sensor terminal processing unit 26.
[0031] The sensor connection unit 24 includes a sensor terminal to be connected to the sensor unit 25 and is connected
to the sensor unit 25 for measuring one or more types of environmental factors.
[0032] The sensor unit 25 includes various sensors for measuring environmental factors such as the ambient temper-
ature, the relative humidity, the soil temperature, the soil moisture content, the amount of solar radiation, the soil electrical
conductivity, the soil pH level, the wind direction and speed, the saturation deficit, the dew-point temperature, the water
level, the water temperature, and CO2. The sensor unit 25 includes at least one of, e.g., an ambient temperature sensor
for measuring the ambient temperature, a relative humidity sensor for measuring the humidity, a soil temperature sensor
for measuring the soil temperature, a soil moisture sensor for measuring the soil moisture content, a solar radiation
sensor for measuring the amount of solar radiation, a soil EC (Electrical Conductivity) sensor for measuring the soil
electrical conductivity, a soil pH sensor for measuring the soil pH level, wind direction and speed sensors, a dew-point
temperature sensor, a water level sensor, a water temperature sensor, and a CO2 sensor.
[0033] The sensor terminal processing unit 26 includes one or more processors and their peripheral circuits. The
sensor terminal processing unit 26 performs centralized control over the operation of the entire sensor terminal 2 and
serves as, e.g., a CPU (Central Processing Unit). The sensor terminal processing unit 26 controls the operations of,
e.g., the sensor terminal communication unit 21, the GPS unit 23, and the sensor unit 25 to perform various processes
of the sensor terminal 2 in an appropriate order in accordance with, e.g., the programs stored in the sensor terminal
storage unit 22. The sensor terminal processing unit 26 performs processing based on the programs (e.g., driver programs
and operating system programs) stored in the sensor terminal storage unit 22.
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[0034] The sensor terminal processing unit 26 includes a measured information acquisition unit 261 and a measured
information transmission unit 262. Each of these units of the sensor terminal processing unit 26 serves as a functional
module implemented by a program executed on the processor of the sensor terminal processing unit 26. Alternatively,
each of these units of the sensor terminal processing unit 26 may be implemented in the sensor terminal 2 as an
independent integrated circuit, microprocessor, or firmware.
[0035] FIG. 4 is a block diagram illustrating an exemplary schematic configuration of the sensor base station 3.
[0036] The sensor base station 3 receives environmental information from the sensor terminal 2, acquires environ-
mental information representing measured environmental factors, transmits the environmental information, and the like.
Therefore, the sensor base station 3 includes a first base station communication unit 31, a second base station com-
munication unit 32, a base station storage unit 33, a GPS unit 34, a sensor connection unit 35, a sensor unit 36, and a
base station processing unit 37.
[0037] The first base station communication unit 31 includes a communication interface circuit, including an antenna
mainly having a 920-MHz sensitive band, and connects the sensor base station 3 to the sensor network 7. The first base
station communication unit 31 uses a specific channel to wirelessly communicate with the sensor terminal 2 based on,
e.g., the specified low-power wireless scheme. The frequency band of the first base station communication unit 31 is
not limited to the above-mentioned one. The first base station communication unit 31 receives environmental information
transmitted from the sensor terminal 2 and supplies the received environmental information to the base station processing
unit 37.
[0038] The second base station communication unit 32 includes a communication interface circuit, including an antenna
mainly having a 2.4- or 5-GHz sensitive band or the like, and wirelessly communicates with the base station 6 of a
wireless LAN (Local Area Network) (not illustrated) based on the IEEE (The Institute of Electrical and Electronics Engi-
neers, Inc.) 802.11 standard wireless communication scheme. The frequency band of the second base station commu-
nication unit 32 is not limited to the above-mentioned one. The second base station communication unit 32 transmits
environmental information supplied from the base station processing unit 37 to the base station 6.
[0039] The base station storage unit 33 includes, e.g., a semiconductor memory. The base station storage unit 33
stores, e.g., driver programs, operating system programs, and data used in processing by the base station processing
unit 37. For example, the base station storage unit 33 stores, as the driver programs, a wireless communication device
driver program for controlling the first base station communication unit 31, a wireless LAN communication device driver
program for controlling the second base station communication unit 32, a GPS driver program for controlling the GPS
unit 34, a sensor driver program for controlling the sensor unit 25, and the like. The base station storage unit 33 further
stores, as the operating system programs, a wireless control program for executing, e.g., the specified low-power wireless
scheme, a connection control program for executing the IEEE 802.11 standard wireless communication scheme, and
the like. The base station storage unit 33 further stores, as the data, environmental information representing environmental
factors measured by the sensor unit 36, and environmental information received from the sensor terminal 2.
[0040] The GPS unit 34 includes a GPS circuit, including an antenna mainly having a 1.5-GHz sensitive band, and
receives a GPS signal from a GPS satellite (not illustrated). The GPS unit 34 decodes the GPS signal to acquire time
instant information and the like. The GPS unit 34 calculates the pseudo-distance from the GPS satellite to the sensor
base station 3 based on the time instant information and the like and solves simultaneous equations obtained by sub-
stituting this pseudo-distance to detect the position (e.g., the latitude, the longitude, and the altitude) of the sensor base
station 3. The GPS unit 34 associates positional information representing the detected position and the acquired time
instant information with each other and periodically outputs them to the base station processing unit 37.
[0041] The sensor connection unit 35 includes a sensor terminal to be connected to the sensor unit 36 and is connected
to the sensor unit 36 for measuring one or more types of environmental factors.
[0042] The sensor unit 36 includes various sensors for measuring environmental factors such as the ambient temper-
ature, the relative humidity, the soil temperature, the soil moisture content, the amount of solar radiation, the soil electrical
conductivity, the soil pH level, the wind direction and speed, the saturation deficit, the dew-point temperature, the water
level, the water temperature, and CO2. The sensor unit 36 includes at least one of, e.g., an ambient temperature sensor
for measuring the ambient temperature, a relative humidity sensor for measuring the humidity, a soil temperature sensor
for measuring the soil temperature, a soil moisture sensor for measuring the soil moisture content, a solar radiation
sensor for measuring the amount of solar radiation, a soil EC (Electrical Conductivity) sensor for measuring the soil
electrical conductivity, a soil pH sensor for measuring the soil pH level, wind direction and speed sensors, a dew-point
temperature sensor, a water level sensor, a water temperature sensor, and a CO2 sensor.
[0043] The base station processing unit 37 includes one or more processors and their peripheral circuits. The base
station processing unit 37 performs centralized control over the operation of the entire sensor base station 3 and serves
as, e.g., a CPU (Central Processing Unit). The base station processing unit 37 controls the operations of, e.g., the first
base station communication unit 31, the second base station communication unit 32, the GPS unit 34, and the sensor
unit 36 to perform various processes of the sensor base station 3 in an appropriate order in accordance with, e.g., the
programs stored in the base station storage unit 33. The base station processing unit 37 performs processing based on
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the programs (e.g., driver programs and operating system programs) stored in the base station storage unit 33.
[0044] The base station processing unit 37 includes a measured information acquisition unit 371, an environmental
information reception unit 372, and an environmental information transmission unit 373. Each of these units of the base
station processing unit 37 serves as a functional module implemented by a program executed on the processor of the
base station processing unit 37. Alternatively, each of these units of the base station processing unit 37 may be imple-
mented in the sensor base station 3 as an independent integrated circuit, microprocessor, or firmware.
[0045] FIG. 5 is a block diagram illustrating an exemplary schematic configuration of the portable terminal 4.
[0046] The portable terminal 4 transmits user information, receives the history and range information of environmental
information in an agricultural field, displays the history and range information of the environmental information, and the
like. Therefore, the portable terminal 4 includes a first wireless communication unit 41, a second wireless communication
unit 42, a terminal storage unit 43, an operation unit 44, a display unit 45, an image capture unit 46, and a terminal
processing unit 47.
[0047] The first wireless communication unit 41 includes a communication interface circuit, including an antenna mainly
having a 2.1-GHz sensitive band, and connects the portable terminal 4 to a communication network (not illustrated).
The first wireless communication unit 41 establishes a wireless signal channel based on, e.g., CDMA (Code Division
Multiple Access) with the base station 6 via a channel assigned by the base station 6 to communicate with the base
station 6. The scheme of communication with the base station 6 is not limited to CDMA, and other communication
schemes such as W-CDMA (Wideband Code Division Multiple Access) or LTE (Long Term Evolution) may also be
employed, or communication schemes to be used in the future may even be employed. The scheme of communication
with the base station 6 may even be other communication schemes such as PHS (Personal Handy-phone System). The
frequency band of the first wireless communication unit 41 is not limited to the above-mentioned one. The first wireless
communication unit 41 supplies data received from the base station 6 to the terminal processing unit 47 and transmits
data supplied from the terminal processing unit 47 to the base station 6.
[0048] The second wireless communication unit 42 includes a communication interface circuit, including an antenna
mainly having a 2.4- or 5-GHz sensitive band or the like, and wirelessly communicates with an access point of a wireless
LAN (Local Area Network) (not illustrated) based on the IEEE (The Institute of Electrical and Electronics Engineers, Inc.)
802.11 standard wireless communication scheme. The frequency band of the second wireless communication unit 42
is not limited to the above-mentioned one. The second wireless communication unit 42 supplies data received from the
base station 6 to the terminal processing unit 47 and transmits data supplied from the terminal processing unit 47 to the
base station 6.
[0049] The terminal storage unit 43 includes, e.g., a semiconductor memory. The terminal storage unit 43 stores, e.g.,
driver programs, operating system programs, application programs, and data used in processing by the terminal process-
ing unit 47. For example, the terminal storage unit 43 stores, as the driver programs, a mobile phone communication
device driver program for controlling the first wireless communication unit 41, a wireless LAN communication device
driver program for controlling the second wireless communication unit 42, an input device driver program for controlling
the operation unit 44, an output device driver program for controlling the display unit 45, and the like. The terminal storage
unit 43 further stores, as the operating system programs, a connection control program for executing the IEEE 802.11
standard wireless communication scheme, a mobile phone connection control program, and the like. The terminal storage
unit 43 further stores, as the application programs, a Web browser program for retrieving and displaying a Web page,
an email program for sending and receiving email, and the like. Computer programs may also be installed on the terminal
storage unit 43 using, e.g., a known setup program from a computer-readable portable recording medium such as a
CD-ROM (Compact Disk Read Only Memory) or a DVD-ROM (Digital Versatile Disk Read Only Memory).
[0050] The operation unit 44 may be implemented as any device as long as it allows the operation of the portable
terminal 4, and a touch panel input device or a keypad, for example, may be used. The owner can input characters,
figures, and the like using this device. The operation unit 44, upon being operated by the owner, generates a signal
corresponding to the operation. The generated signal is input to the terminal processing unit 47 as an owner’s instruction.
[0051] The display unit 45 may be implemented as any device as long as it can output video and still images, and the
like, and a touch panel display, a liquid crystal display, or an organic EL (Electro-Luminescence) display, for example,
may be used. The display unit 45 displays a video image according to video image data, a still image according to still
image data, and the like supplied from the terminal processing unit 47.
[0052] The image capture unit 46 includes, e.g., an imaging optical system, an image sensor, and an image processing
unit. The imaging optical system is implemented as, e.g., an optical lens and forms an image of a light beam from an
object on the image sensing plane of the image sensor. The image sensor is implemented as, e.g., a CCD (Charge
Coupled Device) or a CMOS (Complementary Metal Oxide Semiconductor) and outputs an image signal of the object
image formed on the image sensing plane. The image processing unit creates and outputs image data in a predetermined
file format from the image signal generated by the image sensor.
[0053] The terminal processing unit 47 includes one or more processors and their peripheral circuits. The terminal
processing unit 47 performs centralized control over the operation of the entire portable terminal 4 and serves as, e.g.,
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a CPU (Central Processing Unit). The terminal processing unit 47 controls the operations of, e.g., the first wireless
communication unit 41, the second wireless communication unit 42, and the display unit 45 to perform various processes
of the portable terminal 4 in an appropriate order in accordance with, e.g., the programs stored in the terminal storage
unit 43 and output from the operation of the operation unit 44. The terminal processing unit 47 performs processing
based on the programs (e.g., driver programs, operating system programs, and application programs) stored in the
terminal storage unit 43. The terminal processing unit 47 can also execute a set of programs (e.g., application programs)
in parallel.
[0054] The terminal processing unit 47 includes a browsing execution unit 471, an acquisition unit 472, and a terminal
transmission unit 473. Each of these units of the terminal processing unit 47 serves as a functional module implemented
by a program executed on the processor of the terminal processing unit 47. Alternatively, each of these units of the
terminal processing unit 47 may be implemented in the portable terminal 4 as an independent integrated circuit, micro-
processor, or firmware.
[0055] FIG. 6 is a block diagram illustrating an exemplary schematic configuration of the server 5. FIGS. 7A to 7D are
tables illustrating exemplary data structures of various tables stored in a server storage unit 52.
[0056] The server 5, upon receiving environmental information from the sensor terminal 2 or the sensor base station
3, accumulates and manages the environmental information and transmits, e.g., the environmental information and the
range information of the environmental information to the portable terminal 4. Further, the server 5, upon receiving a
captured image of disease or insect damage transmitted from the portable terminal 4, searches for the name of disease
or insect damage corresponding to the captured image and transmits the found name of disease or insect damage to
the portable terminal 4 as an evaluation result name. Therefore, the server 5 includes a server communication unit 51,
a server storage unit 52, and a server processing unit 53.
[0057] The server communication unit 51 includes a communication interface circuit for connecting the server 5 to the
Internet 11. The server communication unit 51 receives data transmitted from the sensor terminal 2 or the sensor base
station 3 and data transmitted from the portable terminal 4 and supplies these received data to the server processing
unit 53.
[0058] The server storage unit 52 includes at least one of, e.g., a semiconductor memory, a magnetic disk device,
and an optical disk device. The server storage unit 52 stores, e.g., driver programs, operating system programs, appli-
cation programs, and data used in processing by the server processing unit 53. For example, the server storage unit 52
stores, as the driver programs, a communication device driver program for controlling the server communication unit
51, and the like. Computer programs may also be installed on the server storage unit 52 using, e.g., a known setup
program from a computer-readable portable recording medium such as a CD-ROM or a DVD-ROM.
[0059] The server storage unit 52 further stores, as the data, a user management table illustrated in FIG. 7A, a sensor
management table illustrated in FIG. 7B, a range management table illustrated in FIG. 7C, an evaluation history table
illustrated in FIG. 7D, various image data associated with screen display, and the like. The server storage unit 52 may
further temporarily store temporary data associated with predetermined processing.
[0060] FIG. 7A illustrates a user management table for managing users. The user management table stores, for each
user, pieces of information such as the identification number of this user (user ID), the name of this user, the email
address of this user, and the identification number of the sensor terminal 2 and the sensor base station 3 (sensor ID) in
association with each other. The sensor terminal ID means the identification number of the sensor terminal 2 owned by
the user.
[0061] FIG. 7B illustrates a sensor management table for managing the sensor terminals 2 and the sensor base station
3. The sensor management table stores, for each sensor terminal 2 and the sensor base station 3, pieces of information
such as the identification number of this sensor terminal 2 and the sensor base station 3 (sensor ID), the sensor position,
the identification number of an agricultural field (agricultural field ID), the identification number of a crop (crop ID), the
current growth stage, the lower limit evaluation value, and pieces of record-specific environmental information in asso-
ciation with each other.
[0062] The sensor position is defined by the latitude and longitude acquired by the GPS units of each sensor terminal
2 and the sensor base station 3, transmitted from this sensor terminal 2 and the sensor base station 3. The agricultural
field ID means the identification number of an agricultural field in which each sensor terminal 2 and the sensor base
station 3 are located. The crop ID means the identification number of a crop cultivated in an agricultural field in which
each sensor terminal 2 and the sensor base station 3 are located. The growth stage is defined by growth condition-
specific divisions of the growth duration in which each crop is bred, and a plurality of growth stages are set for each type
of crop. Examples of the growth stage may include the sowing, seedling cultivation, and rooting stages.
[0063] The current growth stage is of a crop bred in an agricultural field in which each sensor terminal 2 and the sensor
base station 3 are located. The current growth stage is updated to the next growth stage when the server 5 receives a
growth stage update request transmitted from the user. The lower limit evaluation value means the lower limit of the
outcome value desired by the user among the outcome values of a crop bred in an agricultural field in which each sensor
terminal 2 and the sensor base station 3 are located. The lower limit evaluation value is set by the user, but it may also



EP 3 351 089 B1

9

5

10

15

20

25

30

35

40

45

50

55

be set to a certain evaluation value. The pieces of record-specific environmental information are stored as sequentially
associated in accordance with the measurement time for each sensor ID, based on the sensor ID, the environmental
information, and the measurement time transmitted from the sensor base station 3 in a predetermined server transmission
cycle. For example, for each sensor ID, environmental information at the first measurement time is stored as one record,
and each record is stored as record 1, record 2, record 3,... in the order of measurement. The environmental information
includes the ambient temperature, the relative humidity, the soil temperature, the soil moisture content, the amount of
solar radiation, the soil electrical conductivity, the soil pH level, the wind direction and speed, the saturation deficit, the
dew-point temperature, the water level, the water temperature, and/or CO2, but it may also include other environmental
factors, or it may even include the accumulated value of each environmental factor. As the growth stage included in
each record, the current growth stage at the moment of storage of environmental information is stored.
[0064] FIG. 7C illustrates a range management table for managing the range information of environmental information.
The range management table stores, for each crop, the identification number of this crop (crop ID), the range information
of environmental information involved to harvest a crop for each growth stage, and the like in association with each other.
[0065] FIG. 7D illustrates an evaluation history table for managing the evaluation value of a crop bred in the past. The
evaluation history table stores, for each sensor terminal 2 and sensor base station 3, the identification number of this
sensor terminal 2 and sensor base station 3 (sensor ID), the evaluation history of a crop harvested in an agricultural
field in which this sensor terminal 2 and sensor base station 3 are located, and the like in association with each other.
The evaluation history includes, e.g., the growth duration of a crop harvested in the past, and an evaluation value
representing the outcome value of the crop. A storage processing unit 535 may also store the evaluation history stored
in the evaluation history table and the agricultural field ID and/or the crop ID stored in the sensor management table, in
the server storage unit 52 in association with each other.
[0066] Referring back to FIG. 6, the server processing unit 53 includes one or more processors and their peripheral
circuits. The server processing unit 53 performs centralized control over the operation of the entire server 5 and serves
as, e.g., a CPU. The server processing unit 53 controls the operation of, e.g., the server communication unit 51 to perform
various processes of the server 5 in an appropriate order in accordance with, e.g., the programs stored in the server
storage unit 52. The server processing unit 53 performs processing based on the programs (e.g., driver programs,
operating system programs, and application programs) stored in the server storage unit 52. The server processing unit
53 can also execute a set of programs (e.g., application programs) in parallel.
[0067] The server processing unit 53 includes a server reception unit 531, a registration unit 532, a screen creation
unit 533, a server transmission unit 534, a storage processing unit 535, a warning unit 536, a correction unit 537, a
specifying unit 538, and an image evaluation unit 539. Each of these units of the server processing unit 53 serves as a
functional module implemented by a program executed on the processor of the server processing unit 53. Alternatively,
each of these units of the server processing unit 53 may be implemented in the server 5 as an independent integrated
circuit, microprocessor, or firmware.
[0068] FIG. 8 is a chart illustrating an exemplary operation sequence associated with the agricultural management
system 1. The operation sequence illustrated in FIG. 8 exemplifies user information registration processing shared
between the portable terminal 4 and the server 5.
[0069] The following operation sequence is executed mainly by the terminal processing unit 47 and the server process-
ing unit 53 in cooperation with the elements of the portable terminal 4 and the server 5, based on the programs stored
in the terminal storage unit 43 and the server storage unit 52 in advance.
[0070] First, the browsing execution unit 471 of the portable terminal 4 transmits user information input using the
operation unit 44 by the user to the server 5 via the second wireless communication unit 42, together with a user
information registration request (step S101). The server reception unit 531 of the server 5 receives via the server
communication unit 51, the user information transmitted from the portable terminal 4. The user information includes,
e.g., the name of the user, the email address of the user, the sensor ID of the sensor terminal 2 owned by the user and
the sensor base station, an agricultural field ID corresponding to this sensor ID, the crop ID, the current growth stage,
the lower limit evaluation value, and the range information of environmental information involved to harvest a crop for
each growth stage. As the agricultural field ID, a unique ID may be assigned by the server 5 based on the name of an
agricultural field input using the operation unit 44 by the user. As the crop ID, a unique ID may be assigned by the server
5 based on the type of crop input using the operation unit 44 by the user.
[0071] The registration unit 532 performs user information registration processing for registering the user information
received by the server reception unit 531 in various tables recorded in the server storage unit 52 (step S102).
[0072] The screen creation unit 533 creates management screen display data including the user information registered
by the registration unit 532. When management screen display data is created by the screen creation unit 533, the server
transmission unit 534 transmits the created management screen display data to the portable terminal 4 via the server
communication unit 51 (step S103). The browsing execution unit 471 of the portable terminal 4 displays a management
screen (not illustrated) including the registered user information, based on the management screen display data received
via the second wireless communication unit 42 (step S104).
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[0073] FIG. 9 is a chart illustrating another exemplary operation sequence associated with the agricultural management
system 1. The operation sequence illustrated in FIG. 9 exemplifies environmental information storage processing shared
among the sensor terminal 2, the sensor base station 3, and the server 5.
[0074] The following operation sequence is executed mainly by the sensor terminal processing unit 26, the base station
processing unit 37, and the server processing unit 53 in cooperation with the elements of the sensor terminal 2, the
sensor base station 3, and the server 5, based on the programs stored in the sensor terminal storage unit 22, the base
station storage unit 33, and the server storage unit 52 in advance.
[0075] First, the measured information acquisition unit 261 of the sensor terminal 2 acquires environmental information
representing environmental factors measured by the sensor unit 25 from the sensor unit 25 via the sensor connection
unit 24 in a predetermined measurement cycle and also acquires time instant information periodically output from the
GPS unit 23. The measured information acquisition unit 261 stores the environmental information acquired from the
sensor unit 25 and the time instant information acquired from the GPS unit 23 in the sensor terminal storage unit 22 in
association with a sensor ID for identifying the sensor terminal 2. The measured information transmission unit 262
transmits the sensor ID, the environmental information, and the measurement time stored in the sensor terminal storage
unit 22 to the sensor base station 3 via the sensor terminal communication unit 21 in a predetermined transmission cycle
(step S201).
[0076] The measured information acquisition unit 371 of the sensor base station 3 acquires environmental information
representing environmental factors measured by the sensor unit 36 from the sensor unit 36 via the sensor connection
unit 35 in a predetermined measurement cycle and also acquires time instant information periodically output from the
GPS unit 34. The measured information acquisition unit 371 stores the environmental information acquired from the
sensor unit 36 and the time instant information acquired from the GPS unit 34 in the base station storage unit 33 in
association with a sensor ID for identifying the sensor base station 3. The environmental information reception unit 372
receives via the first base station communication unit 31, the sensor ID, the environmental information, and the meas-
urement time transmitted from the sensor terminal 2 in a predetermined transmission cycle. The environmental information
reception unit 372 stores the received sensor ID, the environmental information, and the measurement time in the base
station storage unit 33. The environmental information transmission unit 373 transmits the sensor ID, the environmental
information, and the measurement time stored in the base station storage unit 33 to the server 5 via the second base
station communication unit 32 in a predetermined server transmission cycle (step S202).
[0077] The server reception unit 531 of the server 5 receives via the server communication unit 51, the sensor ID, the
environmental information, and the measurement time transmitted from the sensor base station 3 in a predetermined
server transmission cycle. The storage processing unit 535 sequentially stores the received measurement time and
environmental information in the sensor management table of the server storage unit 52 for each record in association
with the sensor ID received at the same time (step S203).
[0078] FIG. 10 is a chart illustrating still another exemplary operation sequence associated with the agricultural man-
agement system 1. The operation sequence illustrated in FIG. 10 exemplifies range information registration processing
shared between the portable terminal 4 and the server 5.
[0079] The following operation sequence is executed mainly by the terminal processing unit 47 and the server process-
ing unit 53 in cooperation with the elements of the portable terminal 4 and the server 5, based on the programs stored
in the terminal storage unit 43 and the server storage unit 52 in advance.
[0080] First, the browsing execution unit 471 of the portable terminal 4 transmits a crop ID for identifying a crop input
using the operation unit 44 by the user and the range information of environmental information involved to harvest a
crop having each evaluation value to the server 5 via the second wireless communication unit 42, together with a request
to register the range information of the environmental information (step S301). The range information of environmental
information involved to harvest a crop having each evaluation value will sometimes be referred to as the range information
of environmental information corresponding to each evaluation value hereinafter.
[0081] The server reception unit 531 of the server 5 receives via the server communication unit 51, the crop ID and
the range information of environmental information corresponding to each evaluation value transmitted from the portable
terminal 4. The registration unit 532 associates the crop ID with the range information of environmental information
corresponding to each evaluation value and records them in the range management table of the server storage unit 52
(step S302).
[0082] The screen creation unit 533 creates management screen display data including a crop indicated by the crop
ID and the range information of environmental information corresponding to both the crop and each evaluation value,
recorded in the range management table of the registration unit 532. When management screen display data is created
by the screen creation unit 533, the server transmission unit 534 transmits the created management screen display data
to the portable terminal 4 via the server communication unit 51 (step S303).
[0083] The browsing execution unit 471 of the portable terminal 4 displays a management screen (not illustrated)
including the registered range information of the environmental information, based on the management screen display
data received via the second wireless communication unit 42 (step S304).
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[0084] FIG. 11 is a chart illustrating still another exemplary operation sequence associated with the agricultural man-
agement system 1. The operation sequence illustrated in FIG. 11 exemplifies warning email output processing shared
between the portable terminal 4 and the server 5.
[0085] The following operation sequence is executed mainly by the terminal processing unit 47 and the server process-
ing unit 53 in cooperation with the elements of the portable terminal 4 and the server 5, based on the programs stored
in the terminal storage unit 43 and the server storage unit 52 in advance.
[0086] First, the warning unit 536 and the screen creation unit 533 of the server 5 perform warning email output
processing in a predetermined warning cycle (step S401). The warning email output processing will be described in
detail later. When warning email output processing is performed by the warning unit 536 and the screen creation unit
533, the server transmission unit 534 receives warning email from the warning unit 536 and transmits the warning email
to the portable terminal 4 indicated by the transmission destination address included in the warning email (step S402).
[0087] FIG. 12 is a flowchart illustrating an exemplary operation sequence of warning email output processing by the
warning unit 536 and the screen creation unit 533. The warning email output processing illustrated in FIG. 12 is performed
in step S401 of FIG. 11.
[0088] First, the warning unit 536 looks up the sensor management table stored in the server storage unit 52 to acquire
environmental information of the latest record in a predetermined warning cycle for each sensor ID (step S501). The
warning unit 536 further looks up the sensor management table stored in the server storage unit 52 to extract a crop ID
and a lower limit evaluation value associated with each sensor ID, for each sensor ID. The warning unit 536 then looks
up the range management table stored in the server storage unit 52 to acquire the range information of environmental
information equal to or greater than the lower limit evaluation value (e.g., predetermined values of 4 and 5 when the
lower limit evaluation value is 4) in the current growth stage, associated with the extracted crop ID (step S502). The
lower limit evaluation value exemplifies a predetermined evaluation value.
[0089] The warning unit 536 determines, for each sensor ID, whether the environmental information of the latest record
falls within the range information of environmental information equal to or greater than the lower limit evaluation value
corresponding to the crop ID associated with each sensor ID (step S503). When the warning unit 536 determines that
the environmental information of the latest record for each sensor ID falls within the range information of environmental
information equal to the lower limit evaluation value corresponding to the crop ID associated with each sensor ID (Yes
in step S503), it advances the process to step S506 (to be described later).
[0090] When the warning unit 536 determines that the environmental information of the latest record for each sensor
ID falls outside the range information of environmental information equal to the lower limit evaluation value corresponding
to the crop ID associated with each sensor ID (No in step S503), it creates environmental suitability information repre-
senting an environment involved to harvest a crop having the lower limit evaluation value. The environmental suitability
information includes, e.g., information representing the difference between the environmental information of the latest
record and the range information of environmental information equal to or greater than the lower limit evaluation value.
The screen creation unit 533 creates management screen display data including the environmental suitability information
created by the warning unit 536 (step S504).
[0091] The warning unit 536 creates warning email including information indicating that the current environmental
information falls outside the range information of the environmental information (step S505). First, the warning unit 536
looks up the user management table to specify a user ID associated with a sensor ID corresponding to the environmental
information of the latest record determined to fall outside the range information of environmental information equal to
the lower limit evaluation value to acquire an email address associated with the specified user ID. The warning unit 536
further creates warning email having the acquired email address set as a transmission destination, and information
indicating that the current environmental information falls outside the range information of the environmental information
set as a text. The warning unit 536 passes the created warning email to the server transmission unit 534. The warning
unit 536 may also include in the warning email, a URL (Uniform Resource Locator) indicating the storage location of
management screen display data including the environmental suitability information. Thus, in response to the warning
email, the user can display a management screen including the environmental suitability information on the portable
terminal 4.
[0092] Upon creating warning email, the warning unit 536 determines whether the processes in steps S503 to S504
have been performed for all sensor IDs stored in the sensor management table (step S506). When the warning unit 536
determines that the processes in steps S503 to S504 have not been performed for all sensor IDs (No in step S506), it
returns the process to step S503. When the warning unit 536 determines that the processes in steps S503 to S504 have
been performed for all sensor IDs (Yes in step S506), it ends a series of steps.
[0093] FIG. 13 is a chart illustrating still another exemplary operation sequence associated with the agricultural man-
agement system 1. The operation sequence illustrated in FIG. 13 exemplifies range information correction processing
shared between the portable terminal 4 and the server 5.
[0094] The following operation sequence is executed mainly by the terminal processing unit 47 and the server process-
ing unit 53 in cooperation with the elements of the portable terminal 4 and the server 5, based on the programs stored
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in the terminal storage unit 43 and the server storage unit 52 in advance.
[0095] First, when the user uses the operation unit 44 to input information indicating that any growth stage in the
growth duration of each crop has ended, the browsing execution unit 471 of the portable terminal 4 transmits a growth
stage update request including the sensor ID and the user ID of the user who owns the portable terminal 4 to the server
5 via the second wireless communication unit 42 (step S601). The ended growth stage will be referred to as the current
growth stage hereinafter, and the growth stage to be updated by the growth stage update request will be referred to as
the next growth stage hereinafter. The sensor ID is of the sensor terminal 2 and the sensor base station 3 located in an
agricultural field in which a crop whose growth stage has ended is bred.
[0096] When the server reception unit 531 of the server 5 receives via the server communication unit 51, the growth
stage update request transmitted from the portable terminal 4, the correction unit 537 and the screen creation unit 533
perform range information correction processing (step S602). The range information correction processing will be de-
scribed in detail later.
[0097] When range information correction processing is performed by the correction unit 537 and the screen creation
unit 533, the server transmission unit 534 receives management screen display data from the screen creation unit 533
and transmits the management screen display data to the portable terminal 4 (step S603).
[0098] FIG. 14 is a flowchart illustrating an exemplary operation sequence of range information correction processing
by the correction unit 537 and the screen creation unit 533. The range information correction processing illustrated in
FIG. 14 is performed in step S602 of FIG. 13.
[0099] First, the correction unit 537 looks up the sensor management table to acquire environmental information of
records in the current growth stage among pieces of environmental information of respective records associated with
the sensor ID included in the growth stage update request received by the server reception unit 531 (step S701). The
correction unit 537 further looks up the sensor management table to extract a crop ID and a lower limit evaluation value
associated with the sensor ID included in the growth stage update request and then looks up the range management
table to acquire the range information of environmental information equal to or greater than the lower limit evaluation
value in the current growth stage associated with the extracted crop ID (step S702). The range information of environ-
mental information equal to or greater than the lower limit evaluation value in the current growth stage associated with
the extracted crop ID will sometimes be referred to as target range information hereinafter.
[0100] The correction unit 537 determines whether the average of environmental information of records in the current
growth stage falls within the target range information (step S703). The correction unit 537 may determine that the
environmental information of records in the current growth stage falls within the target range information when the number
of records of pieces of environmental information that fall within the target range information is equal to or larger than a
predetermined number.
[0101] When the average of environmental information of records in the current growth stage falls within the target
range information (Yes in step S703), the correction unit 537 advances the process to step S706. When the average of
environmental information of records in the current growth stage falls outside the target range information (No in step
S703), the correction unit 537 extracts an evaluation value lower than the lower limit evaluation value extracted in step
S702 and stores the evaluation value extracted as a lower limit evaluation value associated with the sensor ID included
in the growth stage update request in the sensor management table (step S704). The lower limit evaluation value and
the evaluation value lower than the lower limit evaluation value exemplify a predetermined evaluation value and a second
evaluation value. The second evaluation value is not limited to such an evaluation value lower than the lower limit
evaluation value. For example, the correction unit 537 determines whether the average of environmental information of
records in the current growth stage falls within the range information of environmental information equal to or greater
than the lower limit evaluation value acquired in step S702. When the average of environmental information of records
in the current growth stage falls within the range information of environmental information equal to or greater than the
lower limit evaluation value, the correction unit 537 sets an evaluation value corresponding to the environmental infor-
mation equal to or greater than the lower limit evaluation value as a second evaluation value. In this manner, a second
evaluation value different from the predetermined evaluation value is extracted in accordance with the environmental
information, and the evaluation value is stored in the sensor management table.
[0102] The correction unit 537 acquires the range information of environmental information equal to the second eval-
uation value in the next growth stage associated with the crop ID extracted in step S702, and the screen creation unit
533 creates management screen display data for displaying a management screen including the extracted range infor-
mation of the environmental information (step S705). The screen creation unit 533 passes the created management
screen display data to the server transmission unit 534 and ends a series of steps. The warning unit 536 performs the
above-mentioned warning email output processing using an evaluation value lower than the lower limit evaluation value.
[0103] FIG. 15 is a chart illustrating still another exemplary operation sequence associated with the agricultural man-
agement system 1. The operation sequence illustrated in FIG. 15 exemplifies range information update processing
shared between the portable terminal 4 and the server 5.
[0104] The following operation sequence is executed mainly by the terminal processing unit 47 and the server process-
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ing unit 53 in cooperation with the elements of the portable terminal 4 and the server 5, based on the programs stored
in the terminal storage unit 43 and the server storage unit 52 in advance.
[0105] First, when the growth duration of each crop ends and this crop is harvested, the user uses the operation unit
44 to input the sensor ID of the sensor terminal 2 and the sensor base station 3 located in an agricultural field in which
each harvested crop has been bred, and the crop ID, evaluation value, and growth duration of this harvested crop. The
acquisition unit 472 of the portable terminal 4 acquires the input sensor ID and crop ID, evaluation value, and growth
duration. The terminal transmission unit 473 transmits to the server 5 via the second wireless communication unit 42,
the user ID of the user who owns the portable terminal 4, and harvest data including the sensor ID and the crop ID,
evaluation value, and growth duration acquired by the acquisition unit 472 (step S801).
[0106] When the server reception unit 531 of the server 5 receives via the server communication unit 51, the harvest
data transmitted from the portable terminal 4, the specifying unit 538 and the screen creation unit 533 perform range
information update processing (step S802). The range information update processing will be described in detail later.
[0107] When the range information update processing is performed by the specifying unit 538 and the screen creation
unit 533, the server transmission unit 534 receives management screen display data from the screen creation unit 533
and transmits the management screen display data to the portable terminal 4 (step S803).
[0108] FIG. 16 is a flowchart illustrating an exemplary operation sequence of range information update processing by
the specifying unit 538 and the screen creation unit 533. The range information update processing illustrated in FIG. 16
is performed in step S802 of FIG. 15.
[0109] First, the specifying unit 538 looks up the sensor management table to acquire environmental information for
each growth stage included in each record among pieces of environmental information of all records associated with
the sensor ID and the crop ID included in the harvest data received by the server reception unit 531 (step S901). The
environmental information acquired in step S901 is related to, but not limited to, the sensor ID included in the harvest
data received by the server reception unit 531. For example, the specifying unit 538 may acquire pieces of environmental
information of all records associated with all sensor IDs stored in the server storage unit 52 and also associated with
the crop ID. The specifying unit 538 may even classify agricultural fields into groups based on, e.g., the latitude and
longitude, the height above sea level, the climate conditions, and the type of soil in each agricultural field and acquire
pieces of environmental information of all records associated with a sensor ID corresponding to an agricultural field
classified into the same group as that of an agricultural field corresponding to the sensor ID included in the harvest data
received by the server reception unit 531 and also associated with the crop ID.
[0110] The specifying unit 538 performs update processing for acquiring the sensor ID and the crop evaluation value
and growth duration included in the harvest data received by the server reception unit 531, associating them with the
acquired sensor ID, and storing the acquired crop evaluation value and growth duration in the evaluation history table,
and looks up the evaluation history table after the update processing to acquire all evaluation histories associated with
the sensor ID included in the harvest data received by the server reception unit 531 (step S902).
[0111] The specifying unit 538 associates all pieces of environmental information acquired in step S901 with evaluation
values associated with a growth duration including the measurement times of these pieces of environmental information,
for each growth stage (step S903). A data set obtained by associating an evaluation value and pieces of environmental
information with each other will be referred to as an environmental information history D hereinafter.
[0112] The specifying unit 538 selects environmental information having a great influence on the evaluation value
from environmental information histories D (step S904). First, the specifying unit 538 performs principal component
analysis using the pieces of environmental information of the environmental information histories D as variables to
calculate a principal component loading (factor loading) for each variable in the first principal component. The specifying
unit 538 selects a variable (environmental information) having a principal component loading greater than a predetermined
value. The specifying unit 538 may select not only the principal component loadings on the first principal component,
but also a variable having principal component loadings on the second principal component greater than a predetermined
value. When the contribution ratio of the first principal component is lower than a given value, the range information
update processing may be ended without executing subsequent steps S905 to S907. When only a few types of envi-
ronmental information of the environmental information histories D (e.g., three or fewer types of environmental informa-
tion) are available, the process may advance to step S905 without executing step S904.
[0113] The specifying unit 538 determines whether the evaluation value in the selected environmental information
history D and the environmental information have a specific correlation between them (step S905). The correlation
between the evaluation value and the environmental information will be described below.
[0114] FIG. 17 is a schematic graph illustrating an environmental information history D mapped onto a two-dimensional
plane having the evaluation value and the environmental information as its axes. The environmental information illustrated
in FIG. 17 uses the accumulated value of the soil temperature, but it may use the accumulated values of other environ-
mental factors (e.g., the ambient temperature or the amount of solar radiation). Generally, a crop is known to be preferably
bred within the range of optimum environmental information in each growth stage to harvest a crop having a high
evaluation value. For example, as illustrated in FIG. 17, a crop having a high evaluation value is harvested at accumulated
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soil temperatures around 2,300°C. The lower the accumulated soil temperature from 2,300°C, the lower the evaluation
value of a harvested crop, and the higher the accumulated soil temperature from 2,300°C, the lower the evaluation value
of a harvested crop again.
[0115] Letting xi be the accumulated soil temperature, yi be the evaluation value, and X and Y be the averages of xi
and yi, the coefficient of correlation Rxy is given by equation (1) where n is the number of data of the environmental
information history D.
[Mathematical 1] 

[0116] A regression line is given by equation (2).
[Mathematical 2] 

[0117] In this case, a and b are given by equations (3) and (4), respectively.
[Mathematical 3] 

[Mathematical 4] 

[0118] The standard deviation Se of estimated value of the evaluation value y is given by equation (5).
[Mathematical 5] 

[0119] Referring back to FIG. 16, in step S905, the specifying unit 538 calculates a regression line describing a positive
correlation and a regression line describing a negative correlation between the evaluation value and the environmental
information and determines that the evaluation value and the environmental information have a specific correlation
between them when the absolute value of the coefficient of correlation Rxy according to the calculated regression line
is 0.8 or more.
[0120] When the specifying unit 538 determines that the evaluation value and the environmental information have no
specific correlation between them (No in step S905), it advances the process to step S907.
[0121] When the specifying unit 538 determines that the evaluation value and the environmental information have a
specific correlation between them (Yes in step S905), it calculates a lower limit for the environmental information corre-
sponding to each evaluation value in accordance with the regression line describing a positive correlation and also
calculates an upper limit for the environmental information corresponding to each evaluation value in accordance with
the regression line describing a negative correlation. The specifying unit 538 updates and stores the calculated lower
and upper limits corresponding to each evaluation value as the range information of the environmental information in
the range management table stored in the server storage unit 52 (step S906).



EP 3 351 089 B1

15

5

10

15

20

25

30

35

40

45

50

55

[0122] The screen creation unit 533 creates management screen display data for displaying a management screen
including a notification indicating that the range information of the environmental information in the range management
table has been updated (step S907). The screen creation unit 533 passes the created management screen display data
to the server transmission unit 534 and ends a series of steps.
[0123] The specifying unit 538 may determine whether the first principal component score in principal component
analysis performed in step S904 and the evaluation value have a specific correlation between them. First, the specifying
unit 538 performs principal component analysis using the pieces of environmental information of the environmental
information histories D as variables to calculate a first principal component score corresponding to each variable (envi-
ronmental information). The specifying unit 538 calculates a coefficient of correlation Rxy upon defining the first principal
component score as xi, the evaluation value associated with a variable (environmental information) corresponding to
the first principal component score as yi, and the averages of xi and yi as X and Y in equation (1). The specifying unit
538 calculates a regression line describing a positive correlation and a regression line describing a negative correlation
between the evaluation value and the first principal component score in accordance with equations (2) to (5), and
determines that the evaluation value and the first principal component score have a specific correlation between them
when the absolute value of the coefficient of correlation Rxy according to the calculated regression line is 0.8 or more.
When the specifying unit 538 determines that the evaluation value and the first principal component score have a specific
correlation between them, it calculates a lower limit for the first principal component score corresponding to each eval-
uation value in accordance with the regression line describing a positive correlation and also calculates an upper limit
for the first principal component score corresponding to each evaluation value in accordance with the regression line
describing a negative correlation. The specifying unit 538 multiplies the calculated lower and upper limits corresponding
to each evaluation value by a matrix inverse to an eigenvector calculated by principal component analysis and updates
and stores the upper and lower limits corresponding to each variable (environmental information) selected in step S904
as the range information of each piece of environmental information in the range management table stored in the server
storage unit 52. This can calculate range information for pieces of environmental information which influence the eval-
uation value of a harvested crop.
[0124] As described above, with the agricultural management system 1, the server 5 can provide management infor-
mation for a crop suited to each agricultural field, based on the outcome value and the environmental information history
of a crop harvested in the past, in this agricultural field. Therefore, the server 5 can manage an environment suitable for
crop breeding for each agricultural field.
[0125] The screen creation unit 533 of the server 5 may create display data for displaying a screen including agricultural
field environment characteristic curves obtained by plotting the accumulated values of the soil temperature and the
amount of solar radiation of each record stored in the sensor management table onto a two-dimensional plane having
the accumulated soil temperature and the accumulated amount of solar radiation as its axes, and the server transmission
unit 534 may transmit the display data to the portable terminal 4 via the server communication unit 51.
[0126] FIG. 18 is a schematic graph illustrating agricultural field environment characteristic curves indicated on a two-
dimensional plane having the accumulated soil temperature and the accumulated amount of solar radiation as its axes.
FIG. 18 represents an agricultural field environment characteristic curve in laboratory X in which a crop having a specific
evaluation value of 5 has been harvested, and an agricultural field environment characteristic curve in agricultural field
Z of town Y in which a specific crop is bred. This allows visual observation of the discrepancy between the current
agricultural field environment characteristic curve in agricultural field Z of town Y and the agricultural field environment
characteristic curve in laboratory X.
[0127] The use of agricultural field environment characteristic curves allows determination of a type and species
currently optimum in agricultural field Z of town Y and multidimensional analysis of flowering and harvest dates.
[0128] FIG. 19 is a chart illustrating still another exemplary operation sequence associated with the agricultural man-
agement system 1. The operation sequence illustrated in FIG. 19 exemplifies image evaluation processing shared
between the portable terminal 4 and the server 5. The agricultural management system 1 that executes the operation
sequence illustrated in FIG. 19 exemplifies an image evaluation system which executes an image evaluation method.
[0129] The following operation sequence is executed mainly by the terminal processing unit 47 and the server process-
ing unit 53 in cooperation with the elements of the portable terminal 4 and the server 5, based on the programs stored
in the terminal storage unit 43 and the server storage unit 52 in advance. The server storage unit 52 stores a disease
and insect damage image management table which stores, e.g., disease or insect damage images, the name of disease
or insect damage, the name of a crop, an occurrence site, and occurrence environmental information in association with
each other, for each type of disease or insect damage. The name of a crop means the name of a crop suffering from
disease or insect damage. Disease or insect damage images are stored in association with each type of disease or
insect damage, but only one disease or insect damage image may be stored in association with each type of disease
or insect damage. The occurrence site means a crop site suffering from disease or insect damage. The occurrence
environmental information means data representing the range of environmental information or the conditions of an
agricultural field, in which disease or insect damage easily occurs. One or more types of environmental information may
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be used for the occurrence environmental information.
[0130] First, the acquisition unit 472 acquires a captured image of disease or insect damage obtained by image
capturing of the image capture unit 46 in accordance with operation using the operation unit 44 by the user of the portable
terminal 4 (step S1001). The captured disease or insect damage includes, e.g., an insect inhabiting an agricultural field
run by the user who owns the portable terminal 4, or symptoms of a disease of a crop bred in the agricultural field.
[0131] The terminal transmission unit 473 of the portable terminal 4 transmits an image evaluate request including
the captured image of disease or insect damage obtained by image capturing of the image capture unit 46 of the portable
terminal 4 and the user ID of the user who owns the portable terminal 4 to the server 5 via the second wireless commu-
nication unit 42 (step S1002).
[0132] When the server reception unit 531 of the server 5 receives via the server communication unit 51, the image
evaluate request transmitted from the portable terminal 4, the image evaluation unit 539 and the screen creation unit
533 perform captured image evaluation processing (step S1003). The captured image evaluation processing will be
described in detail later.
[0133] When captured image evaluation processing is performed by the image evaluation unit 539 and the screen
creation unit 533, the server transmission unit 534 receives evaluation result screen display data from the screen creation
unit 533 and transmits the evaluation result screen display data to the portable terminal 4 (step S1004).
[0134] The browsing execution unit 471 of the portable terminal 4 displays an evaluation result screen (not illustrated)
including an evaluation result name, based on the evaluation result screen display data received via the second wireless
communication unit 42 (step S1005).
[0135] FIG. 20 is a flowchart illustrating an exemplary operation sequence of captured image evaluation processing
by the image evaluation unit 539 and the screen creation unit 533. The captured image evaluation processing illustrated
in FIG. 20 is performed in step S1003 of FIG. 19.
[0136] First, the image evaluation unit 539 acquires disease or insect damage images stored in the disease and insect
damage image management table and extracts feature points for each acquired disease or insect damage image, using
a local feature amount extraction method such as the SURF method, to calculate a local feature amount for each feature
point (step S1101). The local feature amount extraction method is not limited to the SURF method, and the SIFT (Scale-
Invariant Feature Transform) method, for example, may also be used. The local feature amount calculated by the local
feature amount extraction method has 128 dimensions, but it may also have 64 dimensions or a different number of
dimensions without being limited to this example.
[0137] The image evaluation unit 539 represents each disease or insect damage image using feature vectors, based
on the local feature amounts calculated for each disease or insect damage image (step S1102). The processing for
representing a disease or insect damage image using feature vectors is performed using a method for representation
by feature vectors such as Fisher vectors. When the code book size in the Fisher vector is 10 and the local feature
amount has 128 dimensions, the number of elements of the Fisher vector is (2 3 128) 3 10 - 1 = 2559.
[0138] The image evaluation unit 539 generates a classification model based on the feature vectors representing each
disease or insect damage image (step S1103). The classification model uses, e.g., decision trees in Random Forest.
The classification model may be expressed by an objective function introducing a slack variable ξ when feature vectors
representing each disease or insect damage image are used as learning data in Soft Margin Support Vector Machine.
[0139] The image evaluation unit 539 extracts feature points using a local feature amount extraction method for a
captured image included in the image evaluate request received by the server reception unit 531 to calculate a local
feature amount for each feature point (step S1104).
[0140] The image evaluation unit 539 represents the captured image using feature vectors, based on the local feature
amounts calculated for the captured image (step S1105).
[0141] The image evaluation unit 539 assigns points in association with the name of disease or insect damage similar
to the feature vectors representing the captured image, based on the generated classification model (step S1106). The
point means, e.g., the number of votes for the name of disease or insect damage corresponding to a disease or insect
damage image decided for each decision tree in Random Forest. The point also acts as a parameter for controlling the
penalty of the slack variable ξ and the distribution of the margin size in Soft Margin Support Vector Machine.
[0142] The image evaluation unit 539 weights any point associated with the name of disease or insect damage (step
S1107). The weighting processing will be described hereinafter. First, the image evaluation unit 539 looks up the user
management table to acquire a sensor ID associated with a user ID included in the image evaluate request received by
the server reception unit 531. The image evaluation unit 539 then looks up the sensor management table to acquire
environmental information and a crop ID of a record in a predetermined duration associated with the acquired sensor
ID. The predetermined duration is defined as one year, but it may be defined as the growth duration of a crop corresponding
to the crop ID associated with the sensor ID. The image evaluation unit 539 then looks up the disease and insect damage
image management table to extract occurrence environmental information associated with the acquired crop ID to
determine whether the acquired environmental information is included in the extracted occurrence environmental infor-
mation. When the image evaluation unit 539 determines that the acquired environmental information is included in the
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extracted occurrence environmental information, it looks up the disease and insect damage image management table
to specify the name of disease or insect damage associated with the occurrence environmental information determined
to include the acquired environmental information and weights the point of the specified name of disease or insect
damage. Examples of the processing for weighting the point may include processing for multiplying the point by 1.2.
[0143] The image evaluation unit 539 compares the points associated with the names of respective types of disease
or insect damage to determine the name of disease or insect damage assigned with the highest point as an evaluation
result name (step S1108).
[0144] The screen creation unit 533 creates evaluation result screen display data including the evaluation result name
determined by the image evaluation unit 539 (step S1109), passes the created evaluation result screen display data to
the server transmission unit 534, and ends a series of steps.
[0145] As described above, with the image evaluation system, the server 5 can search for not only image information
of disease or insect damage accumulated in advance, but also disease or insect damage based on environmental
information in an agricultural field. Therefore, the server 5 can improve the accuracy of evaluation of a captured image
of disease or insect damage.
[0146] A captured image of disease or insect damage obtained by image capturing of the image capture unit 46 in
accordance with operation using the operation unit 44 by the user of the portable terminal 4 may be provided by cutting
only part of disease or insect damage in accordance with operation using the operation unit 44 by this user. When the
portable terminal 4 transmits an image evaluate request including an image of only part of disease or insect damage to
the server 5, and the server 5 performs image evaluation processing using the image, since the image has a relatively
small partial region other than the disease or insect damage, the accuracy of the image evaluation processing can be
improved.
[0147] When the portable terminal 4 transmits an image evaluate request including a captured image of disease or
insect damage to the server 5, the name of a crop and an occurrence site of disease or insect damage input in accordance
with operation using the operation unit 44 by the user of the portable terminal 4, for example, may be included in the
image evaluate request. In this case, in step S1101, disease or insect damage images acquired from the disease and
insect damage image management table are determined as disease or insect damage images corresponding to the
name of a crop and/or the occurrence site included in the image evaluate request. This can determine disease or insect
damage images corresponding to a crop and/or an occurrence site suffering from disease or insect damage as objects
to be evaluated, thus improving the accuracy of image evaluation processing.
[0148] In the weighting processing, a sensor ID is acquired from the user management table using, as a key, a user
ID included in the image evaluate request received by the server reception unit 531, but it may also be acquired based
on the position of the portable terminal 4 having transmitted the image evaluate request. In this case, the portable terminal
4 includes a GPS unit (not illustrated) which detects the position (e.g., the latitude, the longitude, and the altitude) of the
portable terminal 4. First, in step S1001 of FIG. 19, the acquisition unit 472 of the portable terminal 4 acquires the position
(e.g., the latitude, the longitude, and the altitude) detected by the GPS unit as an image capture position upon acquiring
a captured image of disease or insect damage by image capturing of the image capture unit 46 in accordance with
operation using the operation unit 44 by the user of the portable terminal 4. In step S1002 of FIG. 19, the terminal
transmission unit 473 of the portable terminal 4 transmits to the server 5 via the second wireless communication unit
42, an image evaluate request including the captured image of disease or insect damage obtained by image capturing
of the image capture unit 46 of the portable terminal 4, the image capture position, and the user ID of the user who owns
the portable terminal 4. In step S1107 of FIG. 20, the image evaluation unit 539 looks up the sensor management table
to acquire a sensor ID associated with a sensor position near the image capture position received by the server reception
unit 531. Thus, the user can evaluate an image even in an area other than an agricultural field run by him or her.
[0149] Further, in the weighting processing, the server 5 may acquire from the portable terminal 4 having transmitted
the image evaluate request, a sensor ID directly acquired from the sensor terminal 2 by the portable terminal 4. In this
case, the portable terminal 4 having transmitted the image evaluate request establishes communication with a sensor
terminal 2 located within the radio propagation range by short-range wireless communication between terminals such
as Bluetooth® to directly acquire a sensor ID from the sensor terminal 2 having established communication. The portable
terminal 4 includes a short-range wireless communication unit 48, in addition to the units illustrated in FIG. 5. The short-
range wireless communication unit 48 includes an interface circuit for performing short-range wireless communication
in accordance with a communication scheme such as Bluetooth®. The acquisition unit 472 of the portable terminal 4
specifies a sensor terminal 2 located within a predetermined range communicable via the short-range wireless commu-
nication unit 48 and transmits a sensor ID request signal to the sensor terminal 2. Upon receiving the sensor ID request
signal from the portable terminal 4, the sensor terminal processing unit 26 of the sensor terminal 2 acquires its own
sensor ID stored in the sensor terminal storage unit 22 and transmits the acquired sensor ID to the portable terminal 4
having transmitted the sensor ID request signal. The terminal transmission unit 473 of the portable terminal 4 further
includes the received sensor ID in the image evaluate request and transmits the image evaluate request to the server
5. Thus, even when the accuracy of a positioning system using, e.g., GPS mounted in the portable terminal 4 is poor,
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the sensor ID of a sensor terminal 2 located around the portable terminal 4 can be acquired.
[0150] In the weighting processing, image evaluation processing may be performed based on the information of
currently occurring disease or insect damage. In this case, the server reception unit 531 of the server 5 receives the
name of disease or insect damage recognized to have occurred in each agricultural field from each user running this
agricultural field, and the acquisition unit 472 of the server 5 stores in the server storage unit 52, a disease and insect
damage occurrence table which stores this name of disease or insect damage in association with the agricultural field
ID of an agricultural field suffering from disease or insect damage. In step S1107 of FIG. 20, the image evaluation unit
539 looks up the sensor management table to acquire an agricultural field ID associated with a sensor position near the
image capture position received by the server reception unit 531. The image evaluation unit 539 looks up the disease
and insect damage occurrence table to acquire the name of disease or insect damage associated with the agricultural
field ID and weights the point of the acquired name of disease or insect damage. This allows image evaluation based
on disease or insect damage occurring in an agricultural field around an agricultural field run by the user himself or
herself, thus improving the accuracy of evaluation of a captured image of disease or insect damage.
[0151] As the information of currently occurring disease or insect damage, occurring disease or insect damage data
acquired from an external server, or occurring disease or insect damage data registered by the server administrator of
the image evaluation system may be used. In this case, the server storage unit 52 associates the name of occurring
disease or insect damage recognized to be currently occurring and the occurrence position information of the position
where disease or insect damage is occurring with each other and stores them. The portable terminal 4 includes a GPS
unit (not illustrated) which detects the position (e.g., the latitude, the longitude, and the altitude) of the portable terminal
4. First, in step S1001 of FIG. 19, the acquisition unit 472 of the portable terminal 4 acquires the position (e.g., the
latitude, the longitude, and the altitude) detected by the GPS unit as an image capture position upon acquiring a captured
image of disease or insect damage by image capturing of the image capture unit 46 in accordance with operation using
the operation unit 44 by the user of the portable terminal 4. In step S1002 of FIG. 19, the terminal transmission unit 473
of the portable terminal 4 transmits to the server 5 via the second wireless communication unit 42, an image evaluate
request including the captured image of disease or insect damage obtained by image capturing of the image capture
unit 46 of the portable terminal 4, the image capture position, and the user ID of the user who owns the portable terminal
4. In step S1107 of FIG. 20, the image evaluation unit 539 determines whether the acquired image capture position falls
within a predetermined range having the occurrence position information stored in the server storage unit 52 as its center.
When the image evaluation unit 539 determines that the image capture position falls within the predetermined range, it
specifies the name of occurring disease or insect damage corresponding to the occurrence position information and
weights the point of the specified name of disease or insect damage. Thus, the user can evaluate an image based on
occurring disease or insect damage data currently occurring all over the country.
[0152] The image evaluation processing by the image evaluation system may also be used to evaluate an animal or
plant species other than disease or insect damage. Examples of the animal or plant species may include a plant, an
animal, and an insect. In this case, first, the server 5 stores animal or plant species images corresponding to respective
animal or plant species, and occurrence environmental information representing the range of environmental information
in which this animal or plant species easily occurs. The server 5 receives a captured image transmitted from the portable
terminal 4. The server 5 searches for an animal or plant species image similar to the captured image received from the
portable terminal 4 among the stored animal or plant species images and assigns a point to the name of each animal
or plant species based on the found animal or plant species image. A point is assigned by the image evaluation unit
539. The server 5 receives environmental information measured by the sensor terminal 2 from the sensor terminal 2.
The server 5 specifies the environmental information in any agricultural field received from the sensor terminal 2 to
evaluate occurrence environmental information including the specified environmental information. The server 5 extracts
the name of an animal or plant species associated with the occurrence environmental information determined to include
the specified environmental information and weights a point corresponding to the extracted name of an animal or plant
species. The server 5 may store positional information in which an animal or plant species easily inhabits and weight a
point corresponding to the name of an animal or plant species based on the positional information and the image capture
position. The server 5 transmits the name of an animal or plant species corresponding to the highest point among points
corresponding to the name of each animal or plant species to the portable terminal 4 as an evaluation result name. Thus,
the user can know, as an evaluation result name, the name of an animal or plant species based on image classification
using an image of the animal or plant species captured by the portable terminal 4, simply by transmitting the captured
image of the animal or plant species to the server 5.

Reference Signs List

[0153]

1 agricultural management system
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2 sensor terminal

21 sensor terminal communication unit

22 sensor terminal storage unit

23 GPS unit

24 sensor connection unit

25 sensor unit

26 sensor terminal processing unit

261 measured information acquisition unit

262 measured information transmission unit

3 sensor base station

31 first base station communication unit

32 second base station communication unit

33 base station storage unit

34 GPS unit

35 sensor connection unit

36 sensor unit

37 base station processing unit

371 measured information acquisition unit

372 environmental information reception unit

373 environmental information transmission unit

4 portable terminal

41 first wireless communication unit

42 second wireless communication unit

43 terminal storage unit

44 operation unit

45 display unit

46 image capture unit

47 terminal processing unit

471 browsing execution unit
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472 acquisition unit

473 terminal transmission unit

5 server

51 server communication unit

52 server storage unit

53 server processing unit

531 server reception unit

532 registration unit

533 screen creation unit

534 server transmission unit

535 storage processing unit

536 warning unit

537 correction unit

538 specifying unit

539 image evaluation unit

Claims

1. An image evaluation method using a server for communicating with a portable terminal and a sensor terminal located
in an agricultural field, the server including a storage unit, the method comprising the steps of, by the server:

for each of animal or plant species, storing in the storage unit, animal or plant species images corresponding
to respective animal or plant species, and occurrence environmental information representing the range of
environmental information in which respective animal or plant species easily occurs;
storing in the storage unit, crop information corresponding to a crop cultivated in the agricultural field and
environmental information transmitted from the sensor terminal, the crop information and the environmental
information associated with the sensor terminal;
receiving a captured image transmitted from the portable terminal;
receiving the environmental information measured by the sensor terminal from the sensor terminal;
for each of animal or plant species images, generating a classification model for a feature vector corresponding
to a local image feature amount for each feature point in each of animal or plant species images, and generating
a feature vector corresponding to the local image feature amount for the captured image;
assigning a point to a name of a type of disease or insect damage for each animal or plant species based on
the classification model for corresponding animal or plant species images and the feature vector for the captured
image;
extracting the crop information corresponding to the crop cultivated in the agricultural field, the crop information
associated with the sensor terminal;
extracting the occurrence environmental information associated with the extracted crop information;
determining whether or not the extracted occurrence environmental information includes the received environ-
mental information from the sensor terminal;
when it is determined that the extracted occurrence environmental information includes the received environ-
mental information from the sensor terminal, extracting the_ name of the disease or insect damage for the
animal or plant species corresponding to the extracted occurrence environmental information, and weighting
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the point of the extracted name according to the environmental information ; and
transmitting a name having a highest point of the points to the portable terminal having transmitted the captured
image as an evaluation result name.

2. The image evaluation method according to claim 1, wherein in the step of weighting, the server extracts the names
of the animal or plant species, associated with the occurrence environmental information comprising the environ-
mental information received from a sensor terminal near an image capture position of the portable terminal when
the animal or plant species is captured by the portable terminal.

3. The image evaluation method according to claim 2, further comprising the step of, by the server:

storing in the storage unit, the names of the animal or plant species, in association with an agricultural field
recognized to have the animal or plant species,
wherein in the step of weighting, the server extracts the names of the animal or plant species recognized in a
different agricultural field around the agricultural field in which the sensor terminal near the image capture
position is located, and further weights the points of the extracted names.

Patentansprüche

1. Bildauswertungsverfahren unter Verwendung eines Servers zur Kommunikation mit einem mobilen Terminal und
einem Sensorterminal, die sich in einem landwirtschaftlichen Bereich befinden, wobei der Server eine Speicherein-
heit aufweist, das Verfahren umfassend die Schritte mit dem Server:

für jede Tier- oder Pflanzenspezies in der Speichereinheit Speichern von Tier- oder Pflanzenspeziesbildern,
die zugehörigen Tier- oder Pflanzenspezies entsprechen, und von Auftritts-Umgebungsinformationen, die den
Bereich von Umgebungsinformationen darstellen, in dem die zugehörige Tier- oder Pflanzenspezies leicht
auftritt;
in der Speichereinheit Speichern von Kulturpflanzeninformationen, die einer in dem landwirtschaftlichen Bereich
kultivierten Kulturpflanze entsprechen, und von Umgebungsinformationen, die vom Sensorterminal übertragen
werden, wobei die Kulturpflanzeninformationen und die Umgebungsinformationen dem Sensorterminal zuge-
ordnet sind;
Empfangen eines aufgenommenen Bildes, das vom mobilen Terminal übertragen wird;
Empfangen der Umgebungsinformationen, die vom Sensorterminal gemessen wurden, vom Sensorterminal;
für jedes Tier- oder Pflanzenspeziesbild Erzeugen eines Klassifikationsmodells für einen Merkmalsvektor, der
einer lokalen Bildmerkmalszahl für jeden Merkmalspunkt in jedem Tier- oder Pflanzenspeziesbild entspricht,
und Erzeugen eines Merkmalsvektors, der der lokalen Bildmerkmalszahl für das aufgenommene Bild entspricht;
Zuweisen eines Punkts zu einem Namen eines Typs von Erkrankung oder Insektenschaden für jede Tier- oder
Pflanzenspezies auf Basis vom Klassifikationsmodell für entsprechende Tier- oder Pflanzenspeziesbilder und
dem Merkmalsvektor für das aufgenommene Bild;
Gewinnen der Kulturpflanzeninformationen, die der in dem landwirtschaftlichen Bereich kultivierten Kulturpflan-
ze entsprechen, wobei die Kulturpflanzeninformationen dem Sensorterminal zugeordnet sind;
Gewinnen der Auftritts-Umgebungsinformationen, die den gewonnenen Kulturpflanzeninformationen zugeord-
net sind;
Bestimmen, ob die gewonnenen Auftritts-Umgebungsinformationen die empfangenen Umgebungsinformatio-
nen vom Sensorterminal enthalten oder nicht;
wenn bestimmt ist, dass die gewonnenen Auftritts-Umgebungsinformationen die empfangenen Umgebungsin-
formationen vom Sensorterminal enthalten, Gewinnen des Namens der Erkrankung oder des Insektenschadens
für die Tier- oder Pflanzenspezies, die den gewonnenen Auftritts-Umgebungsinformationen entspricht, und
Bewerten des Punkts des gewonnenen Namens gemäß den Umgebungsinformationen; und
Übertragen eines Namens mit einem höchsten Punkt der Punkte an das mobile Terminal, das das aufgenom-
mene Bild übertragen hat, als Auswertungsergebnisname.

2. Bildauswertungsverfahren nach Anspruch 1, wobei im Schritt zur Bewertung der Server die Namen von Tier- oder
Pflanzenspezies gewinnt, die den Auftritts-Umgebungsinformationen zugeordnet sind, die die Umgebungsinforma-
tionen umfassen, die von einem Sensorterminal nahe einer Bildaufnahmeposition des mobilen Terminals empfangen
sind, wenn die Tier- oder Pflanzenspezies vom mobilen Terminal aufgenommen ist.
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3. Bildauswertungsverfahren nach Anspruch 2, weiter umfassend den Schritt mit dem Server:

in der Speichereinheit Speichern der Namen von Tier- oder Pflanzenspezies in Zusammenhang mit einem
landwirtschaftlichen Bereich, von dem erkannt ist, dass er die Tier- oder Pflanzenspezies aufweist,
wobei im Schritt zur Bewertung der Server die Namen der Tier- oder Pflanzenspezies gewinnt, die in einem
anderen landwirtschaftlichen Bereich im Umfeld des landwirtschaftlichen Bereichs, in dem das Sensorterminal
nahe der Bildaufnahmeposition gelegen ist, erkannt sind, und weiter die Punkte der gewonnenen Namen be-
wertet.

Revendications

1. Procédé d’évaluation d’image utilisant un serveur pour communiquer avec un terminal portable et un terminal de
capteur situés dans un champ agricole, le serveur incluant une unité de stockage, le procédé comprenant les étapes
ci-dessous, mises en oeuvre par le serveur, consistant à :

pour chacune parmi des espèces animales ou végétales, stocker dans l’unité de stockage, des images d’espèces
animales ou végétales correspondant à des espèces animales ou végétales respectives, et des informations
environnementales d’occurrence représentant la gamme d’informations environnementales dans lesquelles
des espèces animales ou végétales respectives sont facilement rencontrées ;
stocker dans l’unité de stockage des informations de culture correspondant à une culture cultivée dans le champ
agricole, et des informations environnementales transmises à partir du terminal de capteur, les informations de
culture et les informations environnementales étant associées au terminal de capteur ;
recevoir une image capturée transmise à partir du terminal portable ;
recevoir les informations environnementales mesurées par le terminal de capteur, en provenance du terminal
de capteur ;
pour chacune parmi des images d’espèces animales ou végétales, générer un modèle de classification pour
un vecteur de caractéristique correspondant à une quantité de caractéristiques d’image locale, pour chaque
point de caractéristique dans chacune parmi des images d’espèces animales ou végétales, et générer un
vecteur de caractéristique correspondant à la quantité de caractéristiques d’image locale pour l’image capturée ;
affecter un point à un nom de type de maladie ou de dommage causé par des insectes, pour chaque espèce
animale ou végétale, sur la base du modèle de classification pour des images d’espèces animales ou végétales
correspondantes, et du vecteur de caractéristique de l’image capturée ;
extraire les informations de culture correspondant à la culture cultivée dans le champ agricole, les informations
de culture étant associées au terminal de capteur ;
extraire les informations environnementales d’occurrence associées aux informations de culture extraites ;
déterminer si les informations environnementales d’occurrence extraites incluent ou non les informations en-
vironnementales reçues en provenance du terminal de capteur ;
lorsqu’il est déterminé que les informations environnementales d’occurrence extraites incluent les informations
environnementales reçues en provenance du terminal de capteur, extraire le nom de la maladie ou du dommage
causé par les insectes pour l’espèce animale ou végétale correspondant aux informations environnementales
d’occurrence extraites, et pondérer le point du nom extrait selon les informations environnementales ; et
transmettre un nom présentant un point le plus élevé parmi les points, au terminal portable ayant transmis
l’image capturée, en tant que nom de résultat d’évaluation.

2. Procédé d’évaluation d’image selon la revendication 1, dans lequel, à l’étape de pondération, le serveur extrait les
noms des espèces animales ou végétales, associés aux informations environnementales d’occurrence comprenant
les informations environnementales reçues en provenance d’un terminal de capteur à proximité d’une position de
capture d’image du terminal portable, lorsque l’espèce animale ou végétale est capturée par le terminal portable.

3. Procédé d’évaluation d’image selon la revendication 2, comprenant en outre l’étape ci-dessous, mise en oeuvre
par le serveur, consistant à :

stocker dans l’unité de stockage les noms des espèces animales ou végétales, en association avec un champ
agricole reconnu comme présentant les espèces animales ou végétales ;
dans lequel, à l’étape de pondération, le serveur extrait les noms des espèces animales ou végétales reconnues
dans un champ agricole différent autour du champ agricole dans lequel se situe le terminal de capteur à proximité
de la position de capture d’image, et pondère ensuite les points des noms extraits.
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