10

15

20

25

30

35

40

Description
TARGET DETECTION DEVICE, TARGET DETECTION METHOD, AND
TARGET DETECTION PROGRAM

Technical Field
[0001]
The present disclosure relates to a target detection device, a target

detection method, and a target detection program.

Background Art
[0002]

As a system for detecting an object from an acquired image, there is a
system for detecting an object by using a pre-trained model in which deep
learning is performed on a large number of images. Patent Document 1
describes a learning device that acquires a first calculated captured image
including an imaging object and an environment surrounding the imaging
object from a memory, the first calculated captured image including a plurality
of first pixels, acquires a captured image including the imaging object and the
environment surrounding the imaging object from the memory, the captured
image including a plurality of second pixels, acquires an identification result of
the imaging object and the environment surrounding the imaging object
included in the captured image, generates an identification model configured to
identify the first calculated captured image based on the identification result of
the captured image with reference to a correspondence relation between the
plurality of first pixels and the plurality of second pixels, and outputs the
identification model to an image identification device configured to identify a

second calculated captured image.

Citation List
Patent Literature
[0003]
Patent Document 1: JP 2019-200769 A

Summary of Invention
Technical Problem
[0004]
In a model used for deep learning, a computation amount increases as

the number of layers of an analysis model or the number of bits for
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computation increases. However, the model cannot be applied to a device that
is actually used if an available computation amount is limited due to a
restriction of the device or the like. In addition, if the number of layers of the
analysis model or the number of bits for the computation is simply reduced, a
target may not be appropriately detected. In consideration of the above, it is
desired to improve the detection accuracy of a target while suppressing an
increase in a processing amount.
[0005]

An object of at least one embodiment of the present disclosure is to
provide a target detection device, a target detection method, and a target
detection program that can detect a target with high accuracy while reducing

the processing amount.

Solution to Problem
[0006]

In addition, the present disclosure provides a target detection device
including: a storage unit configured to store a plurality of pre-trained models
using a deep learning network model for detecting a target from an image; a
camera unit configured to acquire an image; and a target detection processing
unit configured to execute parallel processing on the acquired image using the
plurality of pre-trained models and detect a target based on detection results of
the pre-trained models. Each of the pre-trained models differs from the rest of
the pre-trained models in a size of a target to be extracted.

[0007]

In addition, the present disclosure provides a target detection method
including: storing a plurality of pre-trained models using a deep learning
network model for detecting a target from an image; acquiring an image; and
detecting a target, the detecting including executing parallel processing on the
acquired image using the plurality of pre-trained models and detecting a target
based on detection results of the pre-trained models. Each of the pre-trained
models differs from the rest of the pre-trained models in a size of a target to be
extracted.

[0008]

In addition, the present disclosure provides a target detection program
configured to cause processing to be executed, the processing including: storing
a plurality of pre-trained models using a deep learning network model for
detecting a target from an image; acquiring an image; and detecting a target,

the detecting including executing parallel processing on the acquired image
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using the plurality of pre-trained models and detecting a target based on
detection results of the pre-trained models. Each of the pre-trained models
differs from the rest of the pre-trained models in a size of a target to be

extracted.

Advantageous Effects of Invention
[0009]
With the above-described configuration, it is possible to appropriately

detect a target with high accuracy while reducing the processing amount.

Brief Description of Drawings

[0010]

FIG. 1 is a block diagram illustrating an example of a target detection
device.

FIG. 2 is a flowchart illustrating an example of processing regarding a
target.

FIG. 3 is an explanatory diagram for describing an example of an image.

FIG. 4 is an explanatory diagram for describing an example of detection
processing.

FIG. 5 is an explanatory diagram for describing an example of detection
processing.

FIG. 6 is an explanatory diagram for describing an example of an image
of detection processing.

FIG. 7 is an explanatory diagram illustrating an example of a pre-trained
model.

FIG. 8 is an explanatory diagram illustrating an example of a pre-trained
model.

FIG. 9 is a block diagram illustrating an example of a target detection
device.

FIG. 10 is a flowchart illustrating an example of a method for creating a

pre-trained model.

Description of Embodiments
[0011]
Hereinafter, embodiments according to the present disclosure will be
described in detail with reference to the drawings. Note that, the invention is
not limited to the embodiments. In addition, components in the following

embodiments include components that can be easily replaced by those skilled in
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the art or components that are substantially the same. Furthermore, the
components described below can be appropriately combined, and when there
are a plurality of embodiments, the embodiments can be combined.

[0012]

Target Detection Device

FIG. 1 is a block diagram illustrating an example of a target detection
device. A target detection device 102 detects a target by using a pre-trained
model that can execute a target detection process of detecting a target from an
image using deep learning. The target detection device 102 is installed at, for
example, a mobile body such as a vehicle or a flying object, or a building. The
target is not particularly limited and can be various categories of targets such as
humans, machines, dogs, cats, vehicles, and plants. The target detection device
102 may output a detection result to a control device that controls a mechanism
at which the target detection device 102 is installed. Thus, for example, in the
case of a mobile body, when a target is detected, a process of stopping the
mobile body, a process of avoiding the target, or the like can be executed.
[0013]

The target detection device 102 includes a camera unit 112, a sensor
113, a notification unit 115, a computation unit 116, and a storage unit 118. The
camera unit 112 acquires an image of a target field of view. The camera unit
112 may successively acquire images at a predetermined frame rate or may
acquire images triggered by a predetermined operation. The sensor 113 acquires
information on surroundings including a region captured by the camera unit
112. An infrared sensor or LIDAR can be used as the sensor 113.

[0014]

The notification unit 114 gives notification to an operator. The
notification unit 114 includes a speaker, a light emitting device, a display, or
the like. When the computation unit 116 executes processing and detects a
target included in an image, the notification unit 114 notifies the operator that
there is the target. When the target is a person, the person who is the detection
target may be notified.

[0015]

The computation unit 116 includes an integrated circuit (processor) such
as a central processing unit (CPU) or a graphics processing unit (GPU), and a
memory serving as a work area, and executes various types of processing by
executing various types of programs using these hardware resources.
Specifically, the computation unit 116 executes various types of processing by

reading programs stored in the storage unit 118, loading the programs into the
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memory, and causing the processor to execute instructions included in the
programs loaded into the memory. The computation unit 116 executes a process
of detecting a target from an image by executing the programs stored in the
storage unit 118. The computation unit 116 includes a target detection
processing unit 130 and a notification processing unit 132. Each unit will be
described after the description of the storage unit 118.

[0016]

The storage unit 118 includes a non-volatile storage device such as a
magnetic storage device and a semiconductor storage device, and stores various
types of programs and data. The storage unit 118 stores setting data 134, a
target detection program 136, and pre-trained models 138 and 140. Two pre-
trained models are illustrated in FIG. 1, but the number of pre-trained models
provided is the same as the number of processes executed in parallel by the
target detection program 136.

[0017]

The data stored in the storage unit 118 includes the setting data 134. The
setting data 134 includes information such as various types of conditions for
executing the target detection program and conditions for executing the pre-
trained models.

[0018]

The programs stored in the storage unit 118 include the target detection
program 136, and the pre-trained models 138 and 140. The target detection
program 136 is a program that executes a target detection process using the pre-
trained models 138 and 140. In the target detection program 136, an image
acquisition process, a target detection process, and a determination result
output process are also set. An image data processing process may be set in the
target detection program 136. The target detection program 136 can calculate a
feature (score) serving as a learned determination criterion by causing the
computation unit performing image processing to execute the pre-trained
models 138 and 140, and executes the target detection process based on the
feature.

[0019]

The pre-trained models 138 and 140 are programs created by learning a
deep learning model obtained by inputting image data and outputting presence
or absence and a position of a target. As a deep learning model, it is possible to
use a deep learning model such as Regions with Convolutional Neural
Networks (R-CNN), You Only Look Once (YOLO), or Single Shot multibox

Detector (SSD), in which a bounding box called an anchor is set for an image
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and a feature in the anchor based on the setting is processed to detect whether a
target is included in the image.
[0020]

In the storage unit 118, the target detection program 136 and the pre-
trained models 138 and 140 may be installed by reading the target detection
program 136 and the pre-trained models 138 and 140 that are recorded in a
recording medium, or the target detection program 136 and the pre-trained
models 138 and 140 may be installed by reading the target detection program
136 and the pre-trained models 138 and 140 that are available on a network.
[0021]

The function of each unit of the computation unit 116 will be described.
Each unit of the computation unit 116 can be executed by executing a program
stored in the storage unit 118. The target detection processing unit 130
processes the pre-trained models 138 and 140 by using the target detection
program 136, and executes a process of determining whether or not a target is
included in an acquired image, that is, the target detection process. The
notification processing unit 132 uses the notification unit 114 to make a
notification about the processing result of the target detection processing unit
130.

[0022]
Target Detection Method

Next, a target detection method will be described with reference to FIG.
2. FIG. 2 is a flowchart illustrating an example of an operation of the target
detection device. The target detection device 102 executes the process of FIG. 2
by causing the computation unit 116 to process the target detection program
136. The computation unit 116 performs computation using the pre-trained
models 138 and 140 during processing of the target detection program 136. The
process of FIG. 5 will be described as a process executed by the target
detection device 102, but image data may be provided to a program creation
device 10 and a similar process may be executed by the target detection
processing unit 130.

[0023]

The target detection device 102 reads the pre-trained models (step S30).
The target detection device 102 acquires the pre-trained models created by the
program creation device 10. The target detection device 102 acquires image
data (step S32). Specifically, the target detection device 102 acquires an image
by the camera unit 112.

[0024]
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The target detection device 102 extracts a target based on each of the
pre-trained models (step S34). The target detection device 102 processes the
acquired image in parallel using the pre-trained models, and executes a target
extraction process using each of the pre-trained models.

[0025]

The target detection device 102 identifies a target based on an extraction
result of each of the pre-trained models (step S36). Upon detection of a result
that a target has been extracted by any of the pre-trained models, the target
detection device 102 determines that the target is present at a detected position.
Specifically, the target detection device 102 performs the target detection
process on each region set by each of the pre-trained models. By performing
the target detection process on each region set by each of the pre-trained
models, the target detection process is performed on all regions of a screen. A
region on which one of the pre-trained models performs the target detection
process may partially overlap with a region on which another one of the pre-
trained models performs the target detection process. When no target is
detected by any of the pre-trained models, the target detection device 102
determines that there is no target. The target detection device 102 causes the
notification unit 114 to make a notification about the identification result (step
S38).

[0026]

FIG. 3 is an explanatory diagram for describing an example of an image.
An image 150 illustrated in FIG. 3 includes two targets 152 and 154. The
targets 152 and 154 are placed at different positions on the same plane. The
target 152 is displayed on a lower side of the target 154. In the image 150, a
target located on a far side is displayed on the upper side of the image, and a
target located on a near side is displayed on the lower side of the image. Thus,
the target 152 is displayed to be larger than the target 154.

[0027]

In the target detection device 102 according to the present embodiment,
the image 150 is divided into upper and lower halves, that is, an upper region
160 and a lower region 162, and the pre-trained models 138 and 140 are
specialized for the detection of a target in the respective regions. That is, the
pre-trained models 138 and 140 differ from each other in at least one of the size
and the position of a target to be detected. For example, the pre-trained model
138 is specialized for the detection in the upper region 160 including a target
154. The pre-trained model 140 is specialized for the detection in the lower

region 162 including a target 152. Note that the method of dividing the image is
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not limited to the above, and the image may be divided into three portions, may
be divided into left and right portions, or may be divided at different positions.
The target detection device 102 divides an image into regions depending on
each position of a target and includes a plurality of pre-trained models each of
which is specialized for each region, and thereby processes the image using the
plurality of pre-trained models. Here, the plurality of pre-trained models can
use various types of deep learning models. For example, a pre-trained model
that has learned a different deep learning model is created for each region, and
the target detection process is performed on each region. Alternatively, one pre-
trained model may be created, and the pre-trained model may be modified to
reduce the processing amount depending on a characteristic to be detected so as
to obtain a different pre-trained model.

[0028]

In FIG. 3, different pre-trained models are provided depending on the
positions of the targets, but the present disclosure is not limited thereto. As one
of the plurality of pre-trained models, the target detection device 102 may
perform image processing before inputting to a pre-trained model and execute a
masking process on the same region determined. Examples of the masking
process include a process of excluding a part of an image from a processing
target and an extraction process of cutting out a region other than a region
needing masking.

[0029]

FIG. 4 is an explanatory diagram for describing an example of an image.
The image 200 illustrated in FIG. 4 includes a target 202. A wall constitutes a
large part of the image 200, and the target 202 is placed on a passage 206. In
this case, in performing processing of a corresponding pre-trained model, the
target detection device 102 cuts out a region 210, creates image data in which
regions other than the region 210 are masked, processes the image using a
corresponding pre-trained model, and extracts the target. The pre-trained model
can reduce the processing amount as compared to a case in which the image
200 is directly processed. In this way, it is also possible to include the pre-
trained model specialized for the extraction of the target in the image in which
a wall 204 or the like without including the target 202 constitutes a large part
and the target 202 is located in the region 210. The target detection device 102
can extract the target in the region 210 with high accuracy by executing an
analysis using the pre-trained model on an image obtained by extracting only
the region 210.

[0030]
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As one of the plurality of pre-trained models, the target detection device
102 may use a program including a process of setting an image region using a
result of a sensor mounted at the target detection device 102.

[0031]

FIG. 5 is an explanatory diagram for describing an example of detection
processing. FIG. 6 is an explanatory diagram for describing an example of an
image of detection processing. FIG. 5 is an explanatory diagram for describing
an example of an image. FIG. 6 is an explanatory diagram for describing a
detection result of a sensor. As illustrated in FIG. 5, the target detection device
102 causes the sensor 113 to detect a target from a starting point 300. The
target detection device 102 causes the sensor 113 to emit a detection signal 302
from the starting point 300 so as to detect the direction and the distance of a
target 304. In this case, the target detection device 102 acquires an image 320
by the camera as illustrated in FIG. 6. The image 320 includes a target 328. The
target 328 is arranged in a region irradiated with a detection signal 322. The
target detection device 102 includes, as one of the pre-trained models, a
program for detecting a target using the detection result of the sensor 113 and
the image as inputs. The target detection device 102 can detect that the image
of the target 328 is displayed in a region 326 based on the information detected
by the sensor 113.

[0032]

The target detection device 102 can detect the target by identifying the
region 326 based on the information of the sensor 113, extracting the image of
only the region 326, and performing the image processing on only the region
326. In this case, the target detection device 102 may perform the processing
using only a model corresponding to the region 326 among the plurality of pre-
trained models, or may perform analysis by inputting an image in which
regions other than the region 326 are masked to the plurality of pre-trained
models.

[0033]

As described above, the target detection device 102 includes the
plurality of pre-trained models 138 and 140 that suit the characteristics of the
respective targets in the image, and performs parallel processing by the pre-
trained models 138 and 140 using the image as an input. Accordingly, the
accuracy of target detection can be increased while the processing amount is
reduced. Specifically, since each of the plurality of pre-trained models is
specialized for the detection of a different characteristic, it is possible to detect

a target having a target characteristic with a small processing amount.
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Similarly, as described above, the pre-trained model using a partially-masked
image and the pre-trained model using a sensing result of the sensor can reduce
the load of each of the pre-trained models.

[0034]

As described above, the pre-trained models specialized for respective
characteristics can output highly accurate results with a smaller processing
amount than the pre-trained model that analyzes the entire image. Accordingly,
by selectively using a plurality of models (compressed models with a small
computation amount) for each region of an image, a result equivalent to a result
of an uncompressed model can be obtained while the overall processing load is
reduced as compared with the uncompressed model. As a result, the target
detection device 102 can maintain a detection accuracy while reducing the
overall processing amount even when the target detection device 102 performs
parallel processing using the plurality of pre-trained models.

[0035]

FIG. 7 is an explanatory diagram illustrating an example of processing
of a pre-trained model. Specifically, the target detection device 102 may use a
model obtained by pruning a deep learning network model, that is, a model in
which some of options have been eliminated. A learning model 170 includes
multi-layer nodes 172 and weights 174 each of which connects the node 172
and the node 172. A learning unit 34 executes learning processing using the
learning model 170 to calculate a coefficient of each weight 174 between the
nodes 172 of respective layers. Based on the calculated values, the learning unit
34 eliminates the nodes 172 and the weights 174 that satisfy a criterion for
determining that the influence on the analysis is small (the degree of influence
is small). Then, a model 180 in which the nodes 172 and the weights 174 are
reduced as compared with the learning model 170 is created. The model 180 is
a model with nodes 186 and weights 188 deleted. By specializing a target to be
detected by one pre-trained model for a selected characteristic, the target
detection device 102 can perform detection with high accuracy using the model
180 that has undergone pruning, that is, a model in which options having a
small degree of influence have been eliminated.

[0036]

Further, the program creation device 10 may set the number of bits of
the weight of the deep learning network model to 8 bits or less. FIG. 8 is an
explanatory diagram illustrating an example of processing of a pre-trained
model. For example, memory data 190 of FIG. 8 illustrates a case in which the

weight is 32 bits. On the other hand, memory data 192 illustrates a case in
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which the weight is 8 bits. The data amount of the memory data 192 is about
1/4 of that of the memory data 190. By providing a model having a high target
detection accuracy for each region of an image, the target detection device 102
can detect a target with high accuracy even when the resolution of data to be
processed is reduced.
[0037]

Next, creation of a pre-trained model used by the target detection device
102 will be described. FIG. 9 is a block diagram illustrating an example of a
program creation device. The program creation device 10 includes an input unit
12, an output unit 14, a computation unit 16, and a storage unit 18. The input
unit 12 includes an input device such as a keyboard and a mouse, a touch panel,
or a microphone that collects speech from an operator, and outputs a signal
corresponding to an operation performed by the operator on the input device to
the computation unit 16. The output unit 14 includes a display device such as a
display, and displays a screen including various kinds of information such as a
processing result and an image to be processed, in response to a display signal
output from the computation unit 16. The output unit 14 may include a
recording device that outputs data on a recording medium. The program
creation device 10 may include a communication unit that transmits data using
a communication interface as the input unit 12 and the output unit 14. The
communication unit transmits various types of data and programs acquired by
communicating with an external device to the storage unit 18 and stores the
data and programs. The communication unit may be connected to an external
device via a wired communication line or a wireless communication line.
[0038]

The computation unit 16 includes an integrated circuit (processor) such
as a central processing unit (CPU) or a graphics processing unit (GPU), and a
memory serving as a work area, and executes various types of processing by
executing various types of programs using these hardware resources.
Specifically, the computation unit 16 reads programs stored in the storage unit
18, loads the programs into the memory, and causes the processor to execute
instructions included in the programs loaded into the memory, and thereby
execute the various types of processing. The computation unit 16 includes a
training data creation unit 30, a setting processing unit 32, a learning unit 34,
and a target detection processing unit 36. Before describing each unit of the
computation unit 16, the storage unit 18 will be described.
[0039]
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The storage unit 18 includes a non-volatile storage device such as a
magnetic storage device or a semiconductor storage device, and stores various
types of programs and data. The storage unit 18 includes image data 40, setting
data 42, a learning execution program 44, a learning condition setting program
46, a target detection program 48, and a pre-trained model 50.

[0040]

The data stored in the storage unit 18 includes the image data 40 and the
setting data 42. The image data 40 includes training data used for learning. The
training data is data which associates data of an image and a region (bounding
box) where a target is displayed when the target is included in the image. The
image of the training data may include data used for learning and data for
evaluating the accuracy of the program after learning. In addition, the image
data may include image data in which a target needs to be detected. The setting
data 42 includes information about conditions for classifying the training data,
conditions for processing the training data, and conditions for executing the
pre-trained model, and the like.

[0041]

FIG. 3 is an explanatory diagram for describing an example of an image
of the training data. The image 150 illustrated in FIG. 3 includes two targets
152 and 154. The targets 152 and 154 are placed at different positions on the
same plane. The target 152 is arranged at a position closer to an image
capturing position than the target 154. Thus, the target 152 is displayed to be
larger than the target 154. Further, in the image 150, when the targets are
placed on the same plane at different distances from the image capturing
position, a target located on a far side is displayed on the upper side of the
image, and a target located on a near side is displayed on the lower side of the
image. Thus, the target 152 is displayed on the lower side of the target 154.
[0042]

The training data according to the present embodiment is image data in
which a region including a target is associated with an image. In addition, the
storage unit 18 may add information classified for each characteristic of the
target to the image data. The image data can be classified for each position at
which the target is located. The program creation device 10 according to the
present embodiment creates a pre-trained model specialized for detection of a
target with respect to a group of images in which the target is located in the
upper region 160 and a pre-trained model specialized for detection of a target
with respect to a group of images in which the target is located in the lower

region 162. In the present embodiment, the image 150 is divided into upper and
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lower halves, that is, the upper region 160 and the lower region 162. Note that
the method of dividing the image is not limited to the above, and the image
may be divided into three portions, may be divided into left and right portions,
or may be divided at different positions.

[0043]

The programs stored in the storage unit 18 include the learning
execution program 44, the learning condition setting program 46, the target
detection program 48, and the pre-trained model 50. The learning execution
program 44 performs deep learning processing on the training data included in
the image data 40 based on the setting of the setting data 42, and creates the
pre-trained model 50.

[0044]

The learning condition setting program 46 sets various types of
conditions according to which the learning execution program 44 executes
image processing using a deep learning model. Specifically, a process of setting
image processing conditions and a process of setting change conditions of the
deep learning model during the detection processing is executed. The learning
condition setting program 46 sets conditions for classifying training models.
The learning condition setting program 46 sets conditions for setting detection
characteristics of targets and conditions for pruning the deep learning models.
The information set by the learning condition setting program 46 is stored in
the setting data 42.

[0045]

The target detection program 48 is a program that executes a target
detection process using the plurality of pre-trained models 50. The pre-trained
model 50 is a program created by executing the learning execution program 44.
Although only one pre-trained model is shown in FIG. 9, a plurality of different
pre-trained models are stored. The target detection program 48 can calculate a
feature (score) serving as a learned determination criterion by causing the
computation unit performing image processing to execute the pre-trained model
50, and executes the target detection process based on the feature.

[0046]

In the storage unit 18, the learning execution program 44, the learning
condition setting program 46, and the target detection program 48 may be
installed by reading the learning execution program 44, the learning condition
setting program 46, and the target detection program 48 that are recorded in the
recording medium, or alternatively, the learning execution program 44, the

learning condition setting program 46, and the target detection program 48 may
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be installed by reading the learning execution program 44, the learning
condition setting program 46, and the target detection program 48 that are
available on a network.

[0047]

The function of each unit of the computation unit 16 will be described.
Each unit of the computation unit 16 can be executed by executing a program
stored in the storage unit 18. When there is a target in the image data, the
training data creation unit 30 associates frame information (bounding box)
indicating a region of the target with the image data. The frame to be set is
rectangular. The training data creation unit 30 sets frame information based on
an operation input to the input unit 12 in a state where, for example, an image
is displayed on the output unit 14. The operation input to the input unit 12 is an
operation in which an operator inputs information of a position surrounding the
position of the frame (target) while viewing the image. Further, the training
data creation unit 30 may acquire the result of the image extraction processing
executed by the target detection processing unit 36. In this case, an operation
performed by the operator to determine whether the position of the extracted
frame is correct data of the training data may be detected, and data in which the
position of the frame is determined to be correct by the operator may be
acquired as the training data.

[0048]

The setting processing unit 32 executes the processing of the learning
condition setting program 46 and sets conditions for the processing of the deep
learning model executed by the learning unit 34. The setting processing unit 32
sets training data to be processed. The setting processing unit 32 sets conditions
for processing the image data of the training data.

[0049]

The learning unit 34 executes the processing of the learning execution
program 44 using the conditions set by the setting processing unit 32 and
performs deep learning using the image data 40 as training data, and thereby
creates a pre-trained model. The processing of the learning unit 34 will be
described later.

[0050]

The target detection processing unit 36 processes the pre-trained model
50 by using the target detection program 48, and executes processing of
determining whether or not a target is included in the acquired image, that is,
the target detection process.

[0051]
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In the present embodiment, although the program creation device 10
includes the training data creation unit 30 and the target detection processing
unit 36. However, the program creation device 10 need not include the training
data creation unit 30 and the target detection processing unit 36. That is, the
training data may be created by another device. In that case, a device that
implements the function of the training data creation unit 30 serves as a
training data creation device. The target detection processing unit 36 that
executes the processing of detecting a target from an image may be provided
only in the target detection device 102.

[0052]
Pre-trained model Creation Method

FIG. 10 is a flowchart illustrating an example of a method for creating a
pre-trained model. The processing illustrated in FIG. 10 is executed by the
training data creation unit 30 and the learning unit 34 performing computation
processing on the learning execution program. In addition, FIG. 10 illustrates a
case in which pruning processing is performed. The pruning processing may be
operated by an operator.

[0053]

The training data creation unit 30 creates training data (step S112). For
example, training data including image data in which a target is present in the
upper region 160 and image data in which a target is present in the lower region
162 is created. The training data includes a plurality of units of image data in
which the image data and the information about the position of the target are
associated with each other.

[0054]

The learning unit 34 creates a pre-trained model by processing the
training data (step S114). The learning unit 34 creates the pre-trained model by
performing deep learning on a learning model using the training data.

[0055]

The learning unit 34 sets a detection characteristic of the target (step
S116). For example, the learning unit 34 sets a case in which a target is present
in the upper region 160 as the detection characteristic. The learning unit 34
executes pruning on the pre-trained model (step S118). Based on the set
detection characteristic of the target and the conditions set by the setting
processing unit 32, the learning unit 34 eliminates, from options of the deep
learning model, nodes and weights determined to be changed from the pre-
trained model created in step S114. The learning unit 34 extracts nodes and

weights that do not affect the detection of the target based on the detection
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characteristic of the target, eliminates the extracted nodes and weights, and
creates a model specialized for the detection characteristic.
[0056]

The learning unit 34 determines whether or not there is a detection
characteristic to be set (step S120). When it is determined that there is a
detection characteristic to be set (Yes in step S120), the learning unit 34 returns
to step S116. Then, for example, a case in which a target is present in the lower
region 162 is set as a different detection characteristic, and another model
specialized for the case in which the target is present in the lower region 162 is
created by performing partial pruning on the model. Note that the detection
characteristics are not limited to the case in which the target is present in each
of the upper region 160 and the lower region 162, and models corresponding to
the various types of characteristics described above can be created. When it is
determined that there is no detection characteristic to be set (No in step S120),
the learning unit 34 determines the pre-trained model of each characteristic
(step S122) and ends the processing.

[0057]

As described above, the learning unit 34 executes the deep learning
processing to create a pre-trained model. Subsequently, the learning unit 34
modifies the model based on the set detection characteristic to create the pre-
trained model that uses the model modified so as to correspond to each
detection characteristic and reduce the processing amount. As described above,
by identifying the detection characteristics and reducing the processing amount
of the model depending on each of the detection characteristics, it is possible to
reduce the processing amount of the model while maintaining portions of the
detection characteristics required for the target. Accordingly, it is possible to
execute analysis with high accuracy using the model having a small
computation amount. The above embodiment has described a case in which
pruning of a model is performed. However, a model in which the resolution of
data to be processed is reduced depending on a detection characteristic may be
used. For example, when a case of detecting a large target in an image or a case
of detecting a target exhibiting contrast is set as a detection characteristic, even
with a model in which the resolution (the number of bits) of the image is

reduced, the target can be detected with high accuracy.

Reference Signs List
[0058]

10 Program creation device
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12 Input unit

14 Output unit

16, 116 Computation unit

18, 118 Storage unit

30 Training data creation unit

32 Setting processing unit

34 Learning unit

36 Target detection processing unit
40 Image data

42, 134 Setting data

44 Learning execution program

46 Learning condition setting program
48, 136 Target detection program
50, 138, 140 Pre-trained model

102 Target detection device

112 Camera unit

113 Sensor

114 Notification unit

130 Target detection processing unit

132 Notification processing unit
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Claims

[Claim 1]

A target detection device comprising:

a storage unit configured to store a plurality of pre-trained models using
a deep learning network model, the leaned programs being configured to detect
a target from an image;

a camera unit configured to acquire an image; and

a target detection processing unit configured to execute parallel
processing on the acquired image using the plurality of pre-trained models and
detect a target based on detection results of the pre-trained models, wherein

each of the pre-trained models is different from the rest of the pre-

trained models in a size of a target to be extracted.

[Claim 2]

The target detection device according to claim 1, wherein each of the
pre-trained models is a program in which an option having a small degree of
influence is eliminated and which differs in a deep learning network model

from the rest of the pre-trained models.

[Claim 3]
The target detection device according to claim 1 or 2, wherein the deep

learning network model has a bit width of 8 bits or less.

[Claim 4]

The target detection device according to any one of claims 1 to 3,
wherein

one of the plurality of pre-trained models detects a target when the target
is included on an upper side of a dividing line of an image, and

one of the plurality of pre-trained models detects a target when the target

is included on a lower side of the dividing line of an image.

[Claim 5]

The target detection device according to any one of claims 1 to 4,
wherein the target detection processing unit performs a process of masking a
predetermined region before performing processing using one of the plurality
of pre-trained models, and detects a target by processing an image in which the

predetermined region is masked, using the one of the pre-trained models.
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[Claim 6]

The target detection device according to any one of claims 1 to 5,
wherein, in the target detection processing unit, the processing using one of the
plurality of pre-trained models is processing of data in which position
information detected by a sensor at a time of capturing the image is associated

with the image.

[Claim 7]

A target detection method comprising:

storing a plurality of pre-trained models using a deep learning network
model, the leaned programs being configured to detect a target from an image;

acquiring an image; and

detecting a target, the detecting including

executing parallel processing on the acquired image using the plurality
of pre-trained models, and

detecting the target based on detection results of the pre-trained models,
wherein

each of the pre-trained models is different from the rest of the pre-

trained models in a size of a target to be extracted.

[Claim 8]

A target detection program configured to cause processing to be
executed, the processing comprising:

storing a plurality of pre-trained models using a deep learning network
model, the pre-trained models being configured to detect a target from an
image;

acquiring an image; and

detecting a target, the detecting including

executing parallel processing on the acquired image using the plurality
of pre-trained models, and

detecting the target based on detection results of the pre-trained models,
wherein

each of the pre-trained models is different from the rest of the pre-

trained models in a size of a target to be extracted.



