
[Document Name] DESCRIPTION 

BIRD DETECTION DEVICE, BIRD DETECTION SYSTEM, 

BIRD DETECTION METHOD, AND PROGRAM 

[Techni cal Field] 

5 [0001] 

The present invention relates to a bird detection device, a 

bird detection system, a bird detection method, and a program. 

[Background Art] 

[0002] 

1 0 Bird detection is needed in order to effectively take 

measures against collision between a bird and an airplane or the 

like, what is called a bird strike. For example, detecting a 

bird in an airport makes it possible to take countermeasures 

such as repelling birds with a blank shot sound and preventive 

15 measures such as identifying birds' range of activities to 

remove their feeding ground. 

[0003] 

Regarding detection of birds, PTL 1 discloses a flying 

obj ect detection system for detecting an object f 1 ving from the 

2 0 windward side of a wind generator device which includes: a 

tower erected on the ground, a nacelle fixed to the tower, and a 

p 1 u r a 1 i ty of blades rotatab 1 y fixed to the nacelle through a hub. 

The flying object detection system includes: i m a ge 

capturing means which is provided behind the blades in the 

25 nacelle and limits an image capturing region to the wi.ndward 

side; image capturing control means which controls to allow the 

image capturing means to capture image at a timing when 

turning blades do not obstruct the image capturing region; data 

processing means which processes data to make the data 



2 
suitable for detecting a flying object by using the captured 

image data obtained by the image capturing means; detection 

means which detects a flying object based on the data processed 

by the data processing means; and detection result output means 

5 which outputs a detection result provided by the detection 

means to the wind generator device. 

PTL 1 states that the flying object detection system 

efficiently reduces bird strikes in a wind generator device. 

[0004] 

10 PTL 2 discloses a bird threatening device which includes: 

an image capturing device which continuously takes captured 

images of a predetermined spatial region; a bird detection 

device which uses the optical flow method to calculate the 

speed of a flying object in an image based on a mode change 

15 among a plurality of pieces of image data taken by the image 

capturing device and determines that the flying object is a bird 

if the calculated speed of the f 1 ving obj ect is equal to or greater 

than a predetermined speed and reasonably corresponds to a 

bird's speed; and a threatening device which outputs a 

20 threatening output toward a predetermined spatial region when 

the bird detection device detects a bird. 

PTL 2 states that the bird threatening device increases 

the probability of avoiding bird strikes by calculating the speed 

of a flying object in real time, determining that the flying 

25 object is a bird, and effectively threatening birds, without 

using a high-performance computer. 

[0005] 
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PTL 3 describes using the particle image velocimetry or 

the optical flow method for a bird detection algorithm for 

detecting birds. 

More specifically, according to PTL 3, when the particle 

5 image velocimetry is used, birds are regarded as particles and 

are detected on the basis of how the particles are moving in 

images taken by an imaging unit. 

According to PTL 3, when the optical f 1 ow method is used, 

a bird is detected by calculating the velocity vector at the 

10 individual position coordinates in an image taken by the 

imaging unit and determining that the velocity vector is 

attributable to a bird if the velocity vector in terms of size or 

direction exceeds a predetermined reference value. 

[Citation Li st] 

15 [Patent Literature] 

[0006] 

[PTL 1 ] Japanese Unexamined Patent Application 

Publication No. 2009-203 873 

[PTL 2] Japanese Unexamined Patent Application 

20 Publication No. 2010- 1 93 768 

[PTL 3 ] Japanese Unexamined Patent Application 

Publication No. 201 1 -229453 

[Summary of InventionJ 

[Technical Problem] 

25 [0007] 

A method involving a velocity field or optical flow as 

described in PTL 1 to 3 needs to detect a distance between the 

imaging device and the flying object in order to calculate the 

speed of the flying object. Accordingly, such method requires 
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a mechanism for detecting a distance between the imaging 

device and the flying object, such as a device or program which 

calculates the distance between a stereo camera or stereo image 

and a subject to be captured, resulting in an increase in the cost 

5 of equipment. 

[0008] 

Additionally, regarding the method for detecting a bird 

by using the particle image velocimetry, PTL 3 does not show 

how a bird is detected from the motion of particles in images. 

10 Thus, the method for detecting a bird by using the particle 

image velocimetry cannot be achieved. 

Another problem is that not only birds but also airplanes 

are captured at an airport. When detecting a bird from the 

motion of particles in images, a misjudgment may occur due to 

15 the failure in distinguishing between a bird and an airplane. 

[0009] 

An object of the present invention is to provide a bird 

detection device, a bird detection system, a bird detection 

method, and a program, all of which provide solutions to the 

20 above-described problems. 

[Solution to Problem] 

[0010] 

The present invention, having been designed in order to 

solve the above-described problems, provides a bird detection 

2 5 device including: a captured image acquisition unit which 

obtains a captured image; a bird candidate image extraction 

unit which extracts a bird candidate image, which is a candidate 

for a bird image, from the captured image; and a bird detection 

determination unit which determines whether a bird has been 
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detected, based on a time required for the bird candidate image 

to move in accordance with a size of the bird candidate image in 

the captured image. 

[0011] 

5 In addition, the present invention provides a bird 

detection system including: an image capturing device which 

takes a captured image; and a bird detection device, wherein the 

bird detection device includes: a captured image acquisition 

unit which, obtains a captured image; a bird candidate image 

10 extraction unit which extracts a bird candidate image, which is 

a candidate for a bird image, from the captured image; and a 

bird detection determination unit which determines whether a 

bird has been detected, based on a time required for the bird 

candidate image to move in accordance with a size of the bird 

15 candidate image in the captured image. 

[0012] 

In addition, the present invention provides a method for 

detecting a bird, the method being implemented by a bird 

detection device and including: a captured image acquisition 

20 step which obtains a captured image; a bird candidate image 

extraction step which extracts a bird candidate image, which is 

a candidate for a bird image, from the captured image; and a 

bird detection determination step which determines whether a 

bird has been detected, based on a time required for the bird 

25 candidate image to move in accordance with a size of the bird 

candidate image in the captured image. 

[0013] 

In addition, the present invention provides a program for 

causing a computer as a bird detection device to execute: a 
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captured image acquisition step which obtains a captured 

image; a bird candidate image extraction step which extracts a 

bird candidate image, which is a candidate for a bird image, 

from the captured image; and a bird detection determination 

5 step which determines whether a bird has been detected, based 

on a time required for the bird candidate image to move in 

accordance with a size of the bird candidate image in the 

captured image. 

[Advantageous Effect of Invention] 

10 [0014] 

According to the present invention, birds can be detected 

more accurately without the need for a mechanism for detecting 

a distance to a flying object. 

[Brief Description of Drawings] 

15 [0015] 

Fig. 1 is a schematic block diagram illustrating a 

functional configuration of a bird detection system according 

to one exemplary embodiment of the present invention. 

Fig. 2 is an explanatory diagram illustrating swiveling of 

20 an image capturing unit 121 according to the exemplary 

embodiment. 

Fig. 3 is an explanatory diagram illustrating 

relationships between images obtained by a difference 

extraction unit 114 according to the exemplary embodiment. 

25 Fig. 4 is an explanatory diagram illustrating an example 

mask for removing an isolated point used by a filter processing 

unit 115 according to the exemplary embodiment. 

Fig. 5 is an explanatory diagram illustrating learning of 

distinction reference data performed by a bird shape 



determination unit 116 according to the exemplary embodiment. 

Fig. 6 is an explanatory diagram illustrating distinction 

reference data obtained by the bird shape determination unit 

116 according to the exemplary embodiment. 

5 Fig. 7 is an explanatory diagram illustrating narrowing 

down bird candidate images performed by the bird shape 

determination unit 116 according to the exemplary embodiment. 

Fig. 8 is an explanatory diagram illustrating example 

amounts of movement in accordance with the sizes of bird 

10 candidate images in captured images according to the 

exemplary embodiment. 

Fig. 9 is an explanatory diagram illustrating example 

time -series bird images according to the exemplary 

embodiment. 

15 Fig. 10 is an explanatory diagram illustrating example 

time-series airplane images according to the exemplary 

embodiment. 

Fig. 11 is an explanatory diagram showing a procedure 

for detecting a bird carried out by a bird detection device 110 

20 according to the exemplary embodiment. 

Fig. 1 2 is a schematic block diagram illustrating a 

minimum configuration of a bird detection device according to 

the present invention. 

Fig. 13 is a schematic block diagram illustrating a 

25 minimum configuration of a bird detection system according to 

the present invention. 

[Description of Embodiments] 

[0016] 
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Exemplary embodiments of the present invention will 

now be described with reference to the drawings. 

Fig. 1 is a schematic block diagram illustrating a 

functional configuration of a bird detection system according 

5 to one exemplary embodiment of the present invention. 

With reference to Fig. 1, a bird detection system. 100 

includes a bird detection device 110 and an image capturing 

device 120. 

The bird detection device 110 includes a captured image 

10 acquisition unit 111, an image storage unit 112, a bird 

candidate image extraction unit 113, a bird detection 

determination unit 117, and an alarm notification unit 118. 

The bird candidate image extraction unit 113 includes a 

difference extraction unit 114, a filter processing unit 115, and 

15 a bird shape determination unit 116. 

The image capturing device 120 includes an image 

capturing unit 121, a drive unit 122, a drive control unit 123, an 

image processing unit 124, and a captured image transmission 

un.it 125. 

20 [0017] 

It should be noted that the number of devices included in 

the bird detection system 100 is not limited to two as shown in 

Fig. 1. For example, one device may be comprised of the bird 

detection device 110 and the image capturing device 120, and 

25 the bird detection system 1 00 mav include such one device. 

Alternatively, the bird detection system 1 00 may include 

three or more devices in such a way that, for example, the image 

storage unit 1 1 2 is conf i gured as a storage device external to 

the bird detection device 110. 
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[0018] 

The bird detection system 100 is a system which detects a 

bird by taking images in or around an airport. 

The image capturing device 120 is installed at, for 

5 example, the end of a runway to take images in or around the 

airport by, for example, taking images in various directions 

including the direction of the runway. In particular, the 

image capturing device 120 detects a bird by taking images in a 

relatively low-altitude area, such as on the ground surface or 

10 around the sea surface. 

Radars can be used to detect a bird in a relatively 

high-altitude area, but, in a low-altitude area, bird detection 

based on radars encounters lower accuracy under the influence 

of clutters (unwanted radio waves generated by radar radio 

15 waves reflected from sea surface, rain, or the like). For this 

reason, the bird detection system 100 detects a bird by 

detecting a bird from captured images under no influence of 

radar clutters. 

[0019] 

20 The image capturing unit 121, which has an image pickup 

device, takes images by transforming incident light coming 

from outside the image capturing device 120 into image data. 

The image capturing unit 1 2 1 takes images at predetermined 

image capturing intervals, such as at 100 millisecond intervals. 

2 5 The drive unit 1 2 2 drives the image capturing unit 1 2 1 to 

cause the image capturing unit 121 to swivel horizontally, to 

oscillate vertically, to zoom in/out, and the like. In particular, 

the drive unit 122 drives the image capturing unit 121 to swivel 

horizontally as an image capturing direction at a constant speed. 
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Additionally, the drive unit 122 drives the image capturing unit 

121 to change its image capturing direction to a vertical 

direction following a user operation. Furthermore, the drive 

unit 122 drives the image capturing unit 121 to change its zoom 

5 state following a user operation. 

[0020] 

Fig. 2 is an explanatory diagram illustrating swiveling of 

the image capturing unit 121. Fig. 2 shows a camera as the 

image capturing unit 121 and an image capturing area All 

10 covered by the image capturing unit 121. 

The drive unit 1 22 causes the image capturing area All 

covered by the image capturing unit 121 to revolve at a certain 

cycle by driving the image capturing unit 121 to swivel at a 

constant speed, for example, by driving the image capturing 

15 unit 121 to rotate 360 degrees at a cycle of 5 minutes. In this 

way, the bird detection system 100 can monitor a large area 

using a single camera as the image capturing unit 121. 

[0021] 

It should be noted, however, that swiveling of the image 

20 capturing unit 121 is not essential for the present invention. 

For example, the image capturing unit 121 may take images in a 

fixed direction in such a way that a fixed camera captured 

images in a direction along the runway. Alternatively, the 

image capturing unit 121 may have a plurality of fixed cameras 

25 to monitor a large area by detecting a bird in images obtained 

by the individual cameras. 

[0022] 

The drive control unit 123 controls the drive unit 122 so 

as to control operations of the image capturing unit 121. 
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The image processing unit 124 processes captured images 

taken by the image capturing unit 121, such as correcting an 

image which suffered the rolling shutter phenomenon caused by 

swiveling of the image capturing unit 121 (a phenomenon 

5 occurring when an object moves faster than the speed of 

scanning across an image taken by a camera). 

The captured image transmission unit 1 25 sends captured 

images which underwent image processing made by the image 

processing unit 124 to the bird detection device 110 in the form 

10 of image data. 

[0023] 

The bird detection device 110 detects a bird based on 

captured images taken by the image capturing device 120 

(image capturing unit 121). The bird detection device 110 is 

15 comprised of a computer, for example. 

The captured image acquisition unit 111 obtains captured 

images which were taken by the image capturing unit 121 and 

underwent image processing made by the image processing unit 

124, by receiving the image data transmitted from the image 

20 capturing device 120. 

[0024] 

The image storage unit 1 1 2 stores the captured images 

obtained by the captured image acquisition unit 111. 

The i.mage capturing unit 12 1 takes images at 

2 5 predetermined image capturing intervals, a s described above, 

and the captured image acquisition unit 1 1 1 obtains captured 

images at the image capturing intervals. The image storage 

unit 1 1 2 stores the captured images obtained by the captured 

image acquisition unit 1 1 1 e q u i v a 1 ent to a predetermined period 
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(for example, ten sequential images starting from the current 

one). 

[0025] 

The bird candidate image extraction unit 113 extracts a 

5 part representing a candidate for a bird image (hereinafter 

called "bird candidate image") from captured images obtained 

by the captured image acquisition unit 111. 

The difference extraction unit 114 in the bird candidate 

image extraction unit 113 extracts a difference between the 

10 current captured image obtained by the captured image 

acquisition unit 111 and the captured image immediately before 

the current captured image. More specifically, the difference 

extraction unit 114 obtains the current captured image from the 

captured image acquisition unit 111, while obtaining (reading) 

15 the captured image immediately before the current captured 

image from the image storage unit 112. 

Then, the difference extraction unit 114 detects a 

movement of an object in captured images by calculating the 

amount of shift in an. image caused by swiveling of the image 

20 capturing unit 121, correcting images by the calculated amount 

of shift, and extracting a difference between corrected images. 

[0026] 

Various methods may be used for the diff erence 

extraction unit 1 1 4 to calculate the a m o u n t of s h i ft between two 

2 5 images P 1 1 and P 1 2 . For example, the difference extraction 

unit 114 m a y obtain the rotating angle (amoun t of swiveling) of 

the image capturing unit 121 per image capturing interval and 

calculate the amount of shift based on the rotating angle. 
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In particular, if the image capturing unit 121. swivels at a 

constant speed, the difference extraction unit may store an 

amount of shift between images in advance. Alternatively, the 

difference extraction unit 114 may detect the position of a 

5 stationary object (an object not moving its position relative to 

the ground) like a terminal building in each of the images Pll 

and P12 and then calculate the amount of shift between the 

images Pll and P12 based on the obtained positional difference 

between the images. 

10 [0027] 

The difference extraction unit 114 removes a shift 

between captured images caused under the influence of 

swiveling of the image capturing unit 121 by correcting 

horizontal positions of the images Pll and P12 relative to one 

15 another based on the obtained amount of shift. Then, the 

difference extraction unit 114 detects a candidate for a moving 

o bj e c t image (hereinafter called " moving object candidate 

image") in captured images by extracting a difference 

(obtaining a differential image) between corrected images Pll 

20 and P12 . 

In addition, the difference extraction unit 114 removes 

noise by determining the product of the current differential 

image obtained this time and the differential image obtained 

last time. 

25 [0028] 

Fig. 3 is an exp 1 anatorv diagram illustrating 

relationships between images obtained by the di fference 

extraction unit 114. In Fig. 3, the image n represents the 

current captured image obtained by the captured image 
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acquisition unit 111. The image n-1 represents the captured 

image immediately before the current captured image. The 

image n-2 represents the second captured image previous to the 

current captured image. 

5 [0029] 

The difference extraction unit 1 1 4 extracts a difference 

between the current captured image (image n) and the 

immediately previous captured image (image n-1) to obtain a 

differential image m. During the last difference extraction, 

10 the difference extraction unit 114 extracted a difference 

between the immediately previous captured image (image n-1) 

and the second captured image (image n-2) previous to the 

current captured image to obtain a differential image m-1 . 

[0030] 

1 5 Then, the difference extraction unit 1 1 4 determines the 

product of the differential image m and the differenti a 1 i.mage 

m-1 (image of the product in Fig. 3). 

Specifically, similarly to the processing on captured 

images, the difference extraction unit 114 corrects differential 

20 images by calculating the amount of shift on the differential 

image m and on the differential image m-1 to remove the shift 

in differential images caused under the influence of swiveling 

of the image capturing unit 121. Then, the difference 

extraction unit 114 compares the corrected differential image m 

25 with the corrected differential image m-1 on a pixel-by-pixel 

basis and selects the smaller pixel value (namely the smaller 

differential value) as a value of the corresponding pixel in the 

image of the product. In this way, the smaller differential 

va 1 ue of the current and last differential images is selected, 
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which makes it possible to remove a differential portion 

momentarily appearing and disappearing as noise during 

extraction of an image of a moving object, such as sunlight 

reflected from ripples on the surface of water. 

5 [003 1] 

The filter processing unit 115 in the bird candidate image 

extraction unit 1 1 3 narrows down moving object candidate 

images by filtering the noise-removed differential images 

(images of products) as calculated by the difference extraction 

10 unit 114. For example, the filter processing unit 115 removes 

an isolated point from a differential image. 

[0032] 

Fig. 4 is an explanatory diagram illustrating an example 

mask for removing an isolated point used by the filter 

15 processing unit 115. 

With reference to the mask of 4 x 4 pixels shown in Fig. 4, 

if each of the surrounding 1 2 pixels except 2 x 2 pixels in the 

middle has no difference (that is, having a pixel value of 0), the 

filter processing unit 115 assigns a pixel value of 0 to each of 

20 the 16 pixels with the mask applied. In this way, the filter 

processing unit 115 removes an isolated point as noise where 

the difference is 2 x 2 pixels or less in size and its surrounding 

pixels have no difference. 

[0033] 

25 The fi 11er processing unit 1 1 5 removes isolated points by 

applying the mask to each part of the differential image that has 

been subjected to the filtering that is based on the size of a 

difference. 
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It should be noted, however, that the filtering performed 

by the fi Iter processing unit 1 1 5 is not limited to the filtering 

based on the size of a difference or removal of isolated points 

and may include various filtering techniques that narrow down 

5 moving object candidate images. 

[0034] 

The bird shape determination unit 116 in the bird 

candidate image extraction unit 113 recognizes a shape on each 

of the moving object candidate images (each set of partial 

10 images in differential images) that have been obtained as a 

result of narrowing down by the filter processing unit 115 to 

extract a bird candidate image from the moving object 

candidate images. 

For example, the bird shape determination unit 1 1 6 

1 5 divides the moving obj ect candidate images into bird candidate 

images and others by machine learning that uses a support 

vector machine (SVM). 

[0035] 

Fig. 5 is an explanatory diagram illustrating learning of 

20 distinction reference data performed by the bird shape 

determination unit 116. The bird shape determination unit 

1 1 6 calculates the amount of a Histograms of Oriented 

Gradients (HOG) feature on each of positive samples (correct 

examples) E 1 1 and negative samples (incorrect examples) E12 

25 of bird images, and carries out off-line learning by SVM of the 

distinction reference data for H O G feature amounts based on 

the calculated amounts of HOG features. 

[0036] 
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Fig. 6 is an explanatory diagram illustrating the 

distinction reference data obtained by the bird shape 

determination unit 116. In Fig. 6, a line L21, which 

represents the distinction reference data, divides the space of 

5 HOG feature amounts into a positive area A21 and a negative 

are A22. 

[0037] 

Fig. 7 is an explanatory d i a g r a m illustrating n a r r o w i n g 

down bird candidate images performed by the bird shape 

1 0 determination unit 116. The bird shape determination unit 

1 1 6 obtains on-line moving obj ect candidate images provided 

through narrowing down by the filter processing unit 115, 

calculates their HOG feature amounts, and compares the 

calculated HOG feature amounts with the distinction reference 

15 data to determine whether each image falls within the positive 

area or the negative area. In this way, the bird shape 

determination unit 1 1 6 extracts a bird candidate image by 

determining whether a shape represents a bird or not on each of 

the moving obj ect candidate images that have been obtained as 

20 a result of narrowing down by the f iIter processing unit 115. 

It should be noted, however, that extraction of bird 

candidate i.mages carried out by the bird shape determi nation 

unit 1 1 6 is not limited to the extraction based on SVM and HOG 

feature amounts. Various pattern matching techniques for 

25 bird shapes mav be used as techniques for the bird shape 

determination unit 1 1 6 to extract a bird candidate image. 

[0038] 
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The bird detection determination unit 1 1 7 determines 

whether a bird has been detected based on the bird candidate 

images extracted by the bird shape determination unit 116. 

Specifically, the bird detection determination unit 1 1 7 

5 determines whether a bird has been detected based on the time 

required for a bird candidate image to move in accordance with 

the size of the candidate bird image in a captured image. 

Moreover, the bird detection determination unit 117 determines 

whether a bird has been detected based on the degree of change 

10 in the shape of a bird candidate image per predetermined time. 

[003 9] 

Fig. 8 is an explanatory diagram illustrating example 

amounts of movement in accordance with the sizes of bird 

candidate images in captured images. Fig. 8 illustrates the 

15 sizes in a horizontal direction of bird candidate images as 

example amounts of movement in accordance with the sizes of 

bird candidate images. Specifically, the length Dll 

represents the size in a horizontal direction of an image of an 

airplane. The length D12 represents the size in a horizontal 

20 direction of an image of a bird. These images have been 

extracted as bird candidate images. 

For example, the bird detection determination unit 117 

compares the time required for a bird candidate image to move 

horizontally along the size in a horizontal direction of the bird 

2 5 candidate i mage with a predetermined threshold value (500 

milliseconds, for example) and determines that a bird has been 

detected if the time required for moving along the size is equal 

to or less than the threshold value. 

[0040] 
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Generally, it is not possible to detect a distance between 

the subj ect to be captured (flying obj ect) and the image 

capturing device 120 from captured images taken by the image 

capturing device 120. Accord ing 1 y, it is impossible to 

5 calculate the speed of the subj ect to be captured. 

On the other hand, given that a bird is smaller than an 

airplane, comparing the ratio of the f 1 ight speed of a bird 

(flight distance per unit time) to the size of the bird with the 

ratio of the flight speed of an airplane to the size of the 

1 0 airplane leads to the assumption that the ratio of the flight 

speed of a bird to the size of the bird is higher. 

Thus, the bird detection determination unit 1 1 7 

determines whether the subj ect to be captured is a bird or 

airplane, based on the time required for a bird candidate image 

15 to move along the amount of movement in accordance with the 

size of the bird candidate image in a captured image. 

[0041] 

Various index values can be used for the determination, to 

be made by the bird detection determination unit 1 1 7 based on 

20 the time required for a bird candidate image to move along the 

amount of movement in accordance with the size of the bird 

candidate image. 

For example, the determination mav be made based on the 

time required for a bird candidate image to move along the 

25 distance in accordance with the size of the bird candidate image. 

In this case, the bird detection determination unit 1 1 7.detects a 

time required for a bird candidate image to move along the 

distance in accordance with the size of the bird candidate image, 
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and determines that a bird has been detected if the obtained 

time is equal to or less than a predetermined threshold time. 

Alternatively, the determination may be made based on 

what is called a relative speed of a bird candidate image, which 

5 is given by dividing the amount of movement of the candidate 

bird image per unit time by the distance in accordance with the 

size of the bird candidate image. In this case, the bird 

detection determination unit 117 calculates the relative speed 

of a bird candidate image, and determines that a bird has been 

10 detected if the obtained relative speed is equal to or greater 

than a predetermined threshold speed. 

[0042] 

During the above-described determination, if the time 

required for a bird candidate image to move along the amount of 

15 movement in accordance with the size of the bird candidate 

image exceeds an aforementioned threshold value, the bird 

detection determination unit 117 does not determine that a bird 

has been detected. 

Even when this is true, however, a bird might be flying in 

20 a direction of the imaging axis of the image capturing device 

12 0. That is, when the f 1 ying object is flying toward or awav 

from the image capturing device 120, the amount of movement 

of the flying object image in a captured image is relatively 

small. Thus, failure in detection of a bird image may occur 

2 5 when the determination is made based on the tim e required for a 

bird candidate image to move along the amount of movement in 

accordance with the size of the bird candidate image in a 

captured image. 

[0043] 
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For this reason, the bird detection determination unit 117 

further determines whether a bird has been detected based on 

whether an evaluation value of the degree of change in the 

shape of a bird candidate image per predetermined time is 

5 greater than a predetermined threshold value. 

More specifically, the bird detection determination unit 

1 1 7 performs pattern matching where a similarity of shapes is 

determined between bird candidate images in the current 

captured image and the previous captured image, and 

1 0 determines that a bird has been detected if the similarity is 

smaller than a predetermined threshold value. 

[0044] 

Fig. 9 is an explanatory diagram illustrating an example 

of time-series bird images. The diagram shows that the 

15 flapping bird has caused a greater temporal change in the shape 

of the bird images. 

Fig. 10 is an exp 1 anatorv diagram illustrating an example 

of time-series airplane images. A temporal change in the 

shape of the airplane images is smaller than that of bird images. 

20 Hence, the bird detection determination unit 1 1 7 

determines whether a bird has been detected, based on whether 

an evaluation value of the degree of change in the shape of a 

bird candidate image per predetermined time is greater than a 

predetermined threshold va 1 ue . As a result, even when the 

25 bird detection determination unit 1 1 7 has fai 1 ed in detecting a 

bird during the determination based on the time required for a 

bird candidate image to move along the amount of movement in 

accordance with the size of the bird candidate image, it is 

possible for the bird detection determination unit to detect a 
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bird by using the determination based on the degree of change 

in the shape of a bird candidate image per predetermined time. 

[0045] 

When the bird detection determination unit 117 

5 determines that a bird has been detected, the alarm notification 

unit 118 outputs an alarm of bird detection, notifying an 

operator engaged in counter measures against bird strikes of the 

detection. The notification allows the operator engaged in 

counter measures against bird strikes to recognize appearance of 

10 a bird, know where the bird has appeared referring to captured 

images or the like, take counteractive actions such as repelling 

birds with a blank shot sound, and take preventive measures 

such as identifying birds' range of activities to remove their 

feeding ground. 

15 [0046] 

The alarm notification unit 118 can use various methods 

for notifying of the detection with an alarm. For example, the 

alarm, noti fication unit 1 1 8 may give no t i fi cat i on of the 

detection by turning on an alarm lamp or by displaying an alarm 

20 message on a display screen. Alternatively, the alarm 

noti fication unit 118 may give notification of the detection by 

outputting an alarm sound or a voice message. Furthermore, 

the alarm notification unit I 1 8 may give notification of the 

detection by using a combination of these methods. 

25 [0047] 

Operations of the bird detection device 1 1 0 will now be 

described with reference to Fig. 11. 
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Fig. 11 is an explanatory diagram showing a procedure 

for detecting a bird carried out by the bird detection device 

1 10. 

In the processing shown in Fig. 11, the captured image 

5 acquisition unit 111 starts with obtaining captured images 

cyclically (Step S 1 0 1). 

Specifically, in the image capturing device 120, the drive 

control unit 123 controls the drive unit 122 so as to cause the 

image capturing unit 121 to keep swiveling and to take images 

10 at predetermined image capturing intervals. When the image 

capturing unit 121 takes an image and outputs its image data, 

the image processing unit 124 carries out image processing such 

as correcting an image which suffered the rolling shutter 

phenomenon, and then the captured image transmission unit 125 

15 sends the captured image which underwent image processing in 

the form of image data. The captured image acquisition unit 

111 then obtains the captured image by receiving the image data 

transmitted from the captured image transmission unit 125. 

[0048] 

20 Next, the difference extraction unit 114 calculates the 

amount of shift between the current captured image obtained by 

the captured image a c q u i s i t i o n unit 111 and the captured image 

immediate 1 y before the current captured image (Step S102). 

The difference extraction unit 114 removes a result of the 

2 5 influence of s wi ve 1 ing of the image capturing unit 1 2 1 by 

correcting the horizontal position of a captured image based on 

the amount of shift as obtained in Step S102, and then extracts 

a moving object candidate image from captured images by 

extracting a difference between the current captured image and 
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the captured image immediately before the current captured 

image (Step S103). 

In addition, the difference extraction unit 1 1 4 removes 

noise by determining the product of the current differential 

5 image obtained this time and the differential image obtained 

last time, as described earlier with reference to Fig. 3 (Step 

S 1 04). 

[0049] 

Next, the filter processing unit 115 narrows down moving 

10 object candidate images by carrying out a filtering process on 

the noise-removed differential image (image of the product) as 

calculated by the difference extraction unit 114 (Step S105). 

For example, the filter processing unit 115 removes an isolated 

point as described earlier with reference to Fig. 4. 

15 [0050] 

Next, the bird shape determination unit 116 extracts a 

bird candidate image from moving object candidate images by 

recognizing a shape on each of the moving object candidate 

images that have been obtained as a result of narrowing down 

20 by the filter processing unit 1 1 5 (Step S 106). For example, 

the bird shape determination unit 1 1 6 extracts a bird candidate 

image by machine learning that uses a support vector m ach i ne 

(SVM), as described earlier with reference to Figs. 5 to 7. 

[0051] 

25 The bird detection determination unit 1 1 7 then 

determines whether there is a bird candidate image in the result 

of extraction performed in Step S 1 06 (Step S 1 07). 

If it is determined that there is no bird candidate image 

(Step S 1 07: NO), the control returns to Step S 1 0 1 . 
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On the other hand, if it is determined that there exists a 

bird candidate image (Step S107: YES), the bird detection 

determination unit 1 1 7 detects the time required for a bird 

candidate i in age to move in accordance with the size of the bird 

5 candidate image in a captured image (Step Sill), and 

determines whether the obtained time is equal to or less than a 

predetermined threshold time (Step S 1 1 2 ). 

[0052] 

If it is determined that a bird has been detected in Step 

1 0 S 1 1 2 (Step SI 12: YES), the alarm notification unit 118 outputs 

an alarm notifying that a bird has been detected (Step S 1 3 1 ). 

Then, the control returns to Step S 1 0 1 . 

On the other hand, if it is determined that no bird has 

been detected in Step SI 12 (Step SI 12: NO), the bird detection 

15 determination unit 117 evaluates the degree of change in the 

shape of a bird candidate image per predetermined time (Step 

S 1 2 1), and determines whether the degree of change in the 

shape is relatively large or not (Step SI 22), For example, the 

bird detection determination unit 117 calculates an evaluation 

20 value of the degree of change in the shape of a bird candidate 

image per predetermined time, and then determines whether the 

obtained e va 1 uati on va 1 ue is greater than a predetermined 

th.resho Id value . 

[0053] 

25 If it is determined that the degree of change in the shape 

is not relatively large (Step S122: NO), the control returns to 

Step S10 1 . 
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On the other hand, if it is determined that the degree of 

change in the shape is relatively large (Step S 1 22: YES), the 

control goes to Step S 1 3 1 . 

[0054] 

5 As described above, the bird candidate image extraction 

unit 113 extracts a bird candidate image, which, is a candidate 

for a bird image, from captured images taken by the image 

capturing device 120. Then, the bird detection determi nation 

unit 117 determines whether a bird has been detected, based on 

10 the time required for a bird candidate image to move along the 

amount of movement in accordance with the size of the bird 

candidate image in a captured image taken by the image 

capturing device 120. 

As a result, the bird detection determination unit 117 can 

15 determine whether a bird has been detected by determining 

whether the bird candidate image is an image of a bird or 

airplane, without the need for detecting a distance to the flying 

object, that is to say the subj ect to be captured. In this 

respect, the bird detection device 110 can detect a bird more 

20 accurately without the need for a mechanism for detecting a 

distance to the flying o b j ect. 

[0055] 

Additionally, the bird detection determination unit 1 1 7 

determines whether a bird has been detected, based on whether 

25 an eva 1 uati.on value of the degree of change in the shape of a 

bird candidate image per predetermined time is greater than a 

predetermined threshold value. 

As a result, even in the case of failure in detecting a bird 

during the determination based on the time required for a bird 
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candidate image to move along the amount of movement in 

accordance with the size of the bird candidate image due to the 

fact, for example, that the flying object was flying toward or 

away from the image capturing device 120, it is still possible 

5 for the bird detection device 110 (the bird detection 

. determination unit 117) to detect a bird by using the 

determination based on the degree of change in the shape of a 

bird candidate image per predetermined time. 

[0056] 

10 A minimum configuration according to the present 

invention will now be described with reference to Figs. 12 and 

13. 

Fig. 12 is a schematic block diagram illustrating a 

minimum configuration of a bird detection device according to 

15 the present invention. 

With reference to Fig. 12, a bird detection device 10 

includes a captured image acquisition unit 11, a bird candidate 

image extraction unit 12, and a bird detection determination 

unit 13. 

20 [0057] 

The captured image acquisition unit 11 obtains captured 

images. The bird candidate image extraction unit 12 extracts 

a bird candidate image from captured images obtained by the 

captured image acquisition unit 11. The bird detection. 

25 determination unit 13 determines whether a bird has been 

detected, based on the time required for a bird candidate image 

extracted by the bird candidate image extraction unit 12 to 

move along the amount of movement in accordance with the size 
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of the bird candidate image in a captured image obtained by the 

captured image acquisition unit 11. 

In such configuration, similarly to the bird detection 

device 110 (Fig. 1), the bird detection device 10 can detect a 

5 bird more accurately without the need for a mechanism for 

detecting a distance to a flying object. 

[0058] 

Fig. 13 is a schematic block diagram illustrating a 

minimum configuration of a bird detection system according to 

10 the present invention. With reference to Fig. 13, a bird 

detection system 1 includes a bird detection device 10 and an 

image capturing device 20. The bird detection device 10 

includes a captured image acquisition unit 11, a bird candidate 

image extraction unit 12, and a bird detection determination 

1 5 unit 1 3 . 

[00 5 9] 

In Fig. 13, identical reference numbers (10, 11, 12, and 

13) represent corresponding units in Fig. 12 and their 

descriptions are omitted here. 

20 The image capturing device 20 takes captured images and 

outputs the captured images to the bird detection device. 

In such configuration, similarly to the configuration in 

Fig. 12, the bird detection device 10 can detect a bird more 

accurately without the need for a mechanism for detecting a 

25 distance to a flying object. 

[0060] 

A program for implementing all or part of the functions 

of the bird detection system 1 or 100 may be recorded into a 

computer-readable recording medium, and then the program 



29 
recorded in the recording medium may be loaded into, and 

executed on, a computer system to carry out the processes 

handled by the individual units. The term "computer system" 

as used herein includes an OS and hardware such as peripheral 

5 devices. 

The term "computer system" also includes an environment 

for providing (or for displaying) home pages if a WWW system 

is used. 

The term "computer -readable recording medium" includes 

10 a portable medium such as a flexible disk, magneto-optical disk, 

ROM, and CD-ROM and a storage device such as a hard disk 

built into the computer system. 

The term "computer-readable recording medium" further 

includes a medium which dynamically retains a program for a 

15 short time, such as a communication line which transmits a 

program via a network like the Internet or via a communication 

line like a telephone line and, in this case, the term also 

includes a medium which retains a program for a certain time, 

such as volatile memory located inside a computer system 

20 which acts as a server or a client. 

The above-mentioned program may be a program 

implementing p a r t of the above-described functions, or m a y be 

a program implementing the above-described functions in 

combination with another program that is already recorded in 

25 the computer system. 

[0061] 

While an exemplary embodiment of the present invention 

has been described in detail with reference to the drawings, 

specific configurations are not limited to the exemplary 
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embodiment and include design changes and the like that do not 

depart from, the gist of the present invention. 

[0062] 

This application claims priority based on Japanese Patent 

5 App I i cati on No. 2013-068915 filed on March 28, 20 1 3, the 

entire disclosure of which is herein incorporated. 

According to the present invention, birds can be detected 

10 more accurately without the need for a mechanism for detecting 

a distance to a flying object. 

[Reference signs List] 

[0064] 

I, 100 Bird detection system 

15 10, 110 Bird detection device 

II, 111 Captured image acquisition unit 

112 Image storage unit 

12, 113 Bird candidate image extraction unit 

114 Difference extraction unit 

20 1 1 5 Filter processing unit 

1 1 6 Bird shape determination unit 

13, 117 Bird detection determination unit 

118 Alarm noti fi cati.on unit 

20, 120 Image capturing device 

2 5 121 Image capturing unit 

1 22 Drive unit 

1 2 3 Drive control unit 

1 24 Image processing unit 

125 Captured image transmission unit 

30 
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[Document Name] CLAIMS 

[Claim 1 ] 

A bird detection device comprising: 

a captured image acquisition unit that obtains a captured 

5 image; 

a bird candidate image extraction unit that extracts a bird 

candidate image, the bird candidate image being a candidate for 

a bird image, from the captured image; and 

a bird detection determination unit that determines 

10 whether a bird has been detected, based on a time required for 

the bird candidate image to move in accordance with a size of 

the bird candidate image in the captured image. 

[Claim 2] 

The bird detection device according to claim 1, wherein 

15 the bird detection determination unit determines whether a bird 

has been detected, based on a degree of change in a shape of the 

bird candidate image per predetermined time. 

[Claim 3 ] 

The bird detection device according to claim 1 or 2, 

20 further comprising: 

an alarm notification unit that outputs an alarm notifying 

that a bird has been detected, 

wherein the alarm notification unit outputs the alarm 

when the bird detection determination unit detects a bird. 

25 [Claim 4] 

The bird detection device according to any one of claims 

1 to 3, 

wherein the bird candidate image extraction unit 
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a difference extraction unit that extracts a difference 

between a first captured image and a second captured image that 

was earlier obtained to obtain a first differential image, as well 

as extracting a difference between the second captured image 

5 and a third image that had been earlier obtained to obtain a 

second differential image, and obtains an image of a product of 

the first differential image and the second differential image; 

and 

a bird shape determination unit which extracts the bird 

10 candidate image based on the image of the product obtained by 

the difference extraction unit. 

[Claim 5] 

A bird detection system comprising: 

an image capturing device which takes a captured image; 

15 and 

a bird detection device, 

wherein the bird detection device comprises: 

a captured image acquisition unit that obtains a captured 

image; 

20 a bird candidate image extraction unit that extracts a bird 

candidate image, the bird candidate image being a candidate for 

a bird image, from the captured image; and 

a bird detection determination unit that determines 

whether a bird has been detected, based on a time required for 

25 the bird candidate image to move in accordance with a size of 

the bird candidate image in the captured image. 

[Claim 6] 

A method for detecting a bird implemented by a bird 

detection device, the method comprising: 
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a captured image acquisition step for obtaining a 

captured image; 

a bird candidate image extraction step for extracting a 

bird candidate image, the bird candidate image being a 

5 candidate for a bird image, from the captured image; and 

a bird detection determination step for determining 

whether a bird has been detected, based on a time required for 

the bird candidate image to move in accordance with a size of 

the bird candidate image in the captured image. 

10 [Claim 7] 

A program for causing a computer as a bird detection 

device to execute: 

a captured image acquisition step for obtaining a 

captured image; 

15 a bird candidate image extraction step for extracting a 

bird candidate image, the bird candidate image being a 

candidate for a bird image, from the captured image; and 

a bird detection determination step for determining 

whether a bird has been detected, based on a time required for 

20 the bird candidate image to move in accordance with a size of 

the bird candidate image in the captured image. 


