
US 20190078966A1 
( 19 ) United States 
( 12 ) Patent Application Publication ( 10 ) Pub . No . : US 2019 / 0078966 A1 

ZHANG et al . ( 43 ) Pub . Date : Mar . 14 , 2019 

( 30 ) Foreign Application Priority Data ( 54 ) GAS LEAK POSITION ESTIMATION 
DEVICE , GAS LEAK POSITION 
ESTIMATION METHOD AND GAS LEAK 
POSITION ESTIMATION PROGRAM 

Mar . 3 , 2016 ( JP ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2016 - 041171 

( 71 ) Applicant : KONICA MINOLTA , INC . , 
Chiyoda - ku ( JP ) 

Publication Classification 
( 51 ) Int . Ci . 

GOIM 3 / 38 ( 2006 . 01 ) 
GOIN 21 / 3504 ( 2006 . 01 ) 

( 52 ) U . S . CI . 
CPC . . . . . . . GOIM 3 / 38 ( 2013 . 01 ) ; GOIN 2021 / 1795 

( 2013 . 01 ) ; GOIN 21 / 3504 ( 2013 . 01 ) 

( 72 ) Inventors : Xiaochen ZHANG , Suita - shi ( JP ) ; 
Motohiro ASANO , 
Higashisumiyoshi - ku , Osaka - shi ( JP ) ; 
Toshitsugu YAMAMOTO , 
Takatsuki - shi ( JP ) 

( 21 ) Appl . No . : 16 / 080 , 388 

( 22 ) PCT Filed : Feb . 28 , 2017 

( 57 ) ABSTRACT 
This gas leak position estimation device is provided with a 
specifying unit and a first determination unit . The specifying 
unit specifies a gas region image indicating a region in which 
the gas hangs in an image obtained by photographing a 
monitoring region . The first determination unit determines a 
pixel indicating a gas leak estimated position estimated to be 
a position at which the gas is leaking out from a plurality of 
pixels constituting an outline of the gas region image . 

PCT / JP2017 / 007951 ( 86 ) PCT No . : 
$ 371 ( c ) ( 1 ) , 
( 2 ) Date : Aug . 28 , 2018 

MONITORING TARGET EW 

1 
- 

INFRARED RAY 
INFRARED CAMERA 

- 

- 

- 

- 

- 

+ 

- 

OPTICAL SYSTEM 

FILTER H5 

TWO - DIMENSIONAL IMAGE SENSOR 6 
SIGNAL PROCESSING UNIT 

101 

GAS LEAK POSITION ESTIMATION DEVICE 

ARITHMETIC CONTROL UNIT 

DISPLAY CONTROL UNIT 

DISPLAY UNIT H 10 
INPUT UNIT H11 



Patent Application Publication Mar . 14 , 2019 Sheet 1 of 16 US 2019 / 0078966 A1 

FIG . 1 
MONITORING TARGET Y V 

INFRARED RAY 
INFRARED CAMERA 

C OPTICAL SYSTEM 

t5 FILTER 

TWO - DIMENSIONAL IMAGE SENSOR 

SIGNAL PROCESSING UNIT F 

ED1 
32 GAS LEAK POSITION ESTIMATION DEVICE 

ARITHMETIC CONTROL UNIT 

DISPLAY CONTROL UNIT H 

DISPLAY UNIT H DISPLAY UNIT 
INPUT UNIT 

10 
- 11 INPUT UNIT 



Patent Application Publication Mar . 14 , 2019 Sheet 2 of 16 US 2019 / 0078966 A1 

FIG . 2 

CSTART 

SELECT PLURALITY OF FRAMES ( INFRARED IMAGES ) por 

PERFORM BINARIZATION PROCESSING ON 
PLURALITY OF FRAMES TO GENERATE 
PLURALITY OF BINARIZED IMAGES 

GENERATE CUMULATIVE IMAGE ON 
THE BASIS OF PLURALITY OF BINARIZED IMAGES 

SPECIFY CUMULATIVE GAS REGION IMAGE 
( GAS REGION IMAGE ) INCLUDED IN CUMULATIVE IMAGE 

DETERMINE PIXEL INDICATING FEATURE POINTS OF Is S5 
CUMULATIVE GAS REGION IMAGE ( GAS REGION IMAGE ) 

DETERMINE PIXEL INDICATING 
GAS LEAK ESTIMATED POSITION 

CEND 



FIG . 3 

Im 

P1 

FIRST FRAME 

Im1 
P1 

Im1 P1 

150TH FRAME 

300TH FRAME 

Patent Application Publication 

Y WIIIIIIIIIIIIIIII 

INFRARED IMAGE 
W 

Miami 

. . . . . . . . . . . . . . . . . . . 

M 

. . . . . . . . 

! ! ! . 

. . 

. . 

- 

- 

- 1913 

Im2 P2 

Im2 P2 

Im2 P2 

BINARIZED IMAGE 

Mar . 14 , 2019 Sheet 3 of 16 

Im3 

= 

P3 

CUMULATIVE IMAGE 

US 2019 / 0078966 A1 



Patent Application Publication Mar . 14 , 2019 Sheet 4 of 16 US 2019 / 0078966 A1 

FIG . 4 
Im3 

30 P332 

FIG . 5 
d2 

Im3 

RY 

31 
www . 

30 P3 33 32 



Patent Application Publication Mar . 14 , 2019 Sheet 5 of 16 US 2019 / 0078966 A1 

FIG . 6 
Im4 

BINARIZED 
CUMULATIVE IMAGE 

FIG . 7 

Im3 

RS 

40 ( 31 ) 

41 

P3 42 ( 32 ) 



Patent Application Publication Mar . 14 , 2019 Sheet 6 of 16 US 2019 / 0078966 A1 

FIG . 8 
43 

Im3 

RYA 

40 ( 31 ) IS 
www . 

www 
. 

P3 41 42 ( 32 ) 

FIG . 9 

Im3 

50 
/ 

51 

30 P3 



Patent Application Publication Mar . 14 , 2019 Sheet 7 of 16 US 2019 / 0078966 A1 

FIG . 10 

Im3 

52 

- 53 
F 

. . . 
m 

www 

30 P3 

FIG . 11 

Im3 

55 
T . 



Patent Application Publication Mar . 14 , 2019 Sheet 8 of 16 US 2019 / 0078966 A1 

FIG . 12 
55 53 51 

Im3 

31 

32 

30 P3 

FIG . 13 

Im3 

31 - 
32 

30 P3 



Patent Application Publication Mar . 14 , 2019 Sheet 9 of 16 US 2019 / 0078966 A1 

FIG . 14 
L3 L4 

Im3 

31 

32 

30 P3 33 

FIG . 15 
P5 L5 P6 

Im3 

31 

32 
. : 

. . . 

. . . 

30 P3 33 



Patent Application Publication Mar . 14 , 2019 Sheet 10 of 16 US 2019 / 0078966 A1 

FIG . 16 

Im3 

31 semua 
24 

- 32 www 34 : 23 

1 . 

free 
60 P3 33 61 



Patent Application Publication Mar . 14 , 2019 Sheet 11 of 16 US 2019 / 0078966 A1 

FIG . 17 
START 

SELECT PLURALITY OF FRAMES ( INFRARED IMAGES ) 1551 

PERFORM BINARIZATION PROCESSING ON 
PLURALITY OF FRAMES TO GENERATE 
PLURALITY OF BINARIZED IMAGES 

GENERATE CUMULATIVE IMAGE ON 
THE BASIS OF PLURALITY OF BINARIZED IMAGES 

TS3 

SPECIFY CUMULATIVE GAS REGION IMAGE 
( GAS REGION IMAGE ) INCLUDED IN CUMULATIVE IMAGE 

Is 55 DETERMINE PIXEL INDICATING FEATURE POINTS OF 
CUMULATIVE GAS REGION IMAGE ( GAS REGION IMAGE ) 

DETERMINE PIXEL INDICATING GAS 
LEAK ESTIMATED POSITION 

< LAST PLURALITY _ 
OF FRAMES ? 

NO 

YES 

DETERMINE PIXEL INDICATING GAS 
LEAK ESTIMATED POSITION IN VIEW OF CHANGE DE 

IN WIND DIRECTION 
LS8 

END 



FIG . 18 

1ST TO 100TH FRAMES 
10TH FRAME P2 Im2 70TH FRAME P2 

| Im2 

| 

Im3 

Patent Application Publication 

70 ( 31 ) 

101ST TO 200TH FRAMES 105TH FRAME P2 Im2 180TH FRAME 

Im2 

P21 

Im3 

Mar . 14 , 2019 Sheet 12 of 16 

201ST TO 300TH FRAMES 220TH FRAME Im2 270TH FRAME 

71 ( 31 ) 
P3 

| Im2 

- 

Im3 

P2 

P2 

72 ( 32 ) 2132 ) 

Xce 

US 2019 / 0078966 A1 



Patent Application Publication Mar . 14 , 2019 Sheet 13 of 16 US 2019 / 0078966 A1 

FIG . 19 

Im3 P3 P3 

za 73 

FIG . 20 
71 70 

Awwwwww 
73 
74 



Patent Application Publication Mar . 14 , 2019 Sheet 14 of 16 US 2019 / 0078966 A1 

FIG . 21 
START 

SELECT PLURALITY OF FRAMES ( INFRARED IMAGES ) 6 - S1 

PERFORM BINARIZATION PROCESSING ON 
PLURALITY OF FRAMES TO GENERATE 
PLURALITY OF BINARIZED IMAGES 

GENERATE CUMULATIVE IMAGE ON 
THE BASIS OF PLURALITY OF BINARIZED IMAGES 

Is S3 

SPECIFY CUMULATIVE GAS REGION IMAGE 
REGION IMAGE ) INCLUDED IN CUMULATIVE IMAGE 

DETERMINE PIXEL INDICATING FEATURE POINTS OF 
CUMULATIVE GAS REGION IMAGE ( GAS REGION IMAGE ) 

LAST PLURALITY 
OF FRAMES ? 

YES 

DETERMINE PIXEL INDICATING GAS 
LEAK ESTIMATED POSITION IN VIEW OF CHANGE 

IN WIND DIRECTION 

( END 



FIG . 22 

| Im2 

1ST TO 100TH FRAMES 
10TH FRAME P2 Im2 70TH FRAME P2 

| 

Im3 

P3 

Patent Application Publication 

. D 

32a 

31? 

| Im2 

101ST TO 200TH FRAMES 105TH FRAME P2 Im2 180TH FRAME 

P21 
Im3 

326 

P3 Y 

Mar . 14 , 2019 Sheet 15 of 16 

201ST TO 300TH FRAMES 220TH FRAME Im2 270TH FRAME 

| Im2 

Im3 

P3 

P2 

P2 

32c 

0 

US 2019 / 0078966 A1 



Patent Application Publication Mar . 14 , 2019 Sheet 16 of 16 US 2019 / 0078966 A1 

FIG . 23 

310 32a 

75 32c 316 74 31a 



US 2019 / 0078966 A1 Mar . 14 , 2019 

GAS LEAK POSITION ESTIMATION 
DEVICE , GAS LEAK POSITION 

ESTIMATION METHOD AND GAS LEAK 
POSITION ESTIMATION PROGRAM 

TECHNICAL FIELD 
[ 0001 ] The present invention relates to a technique of 
remotely sensing a leakage gas from a monitoring target . 

BACKGROUND ART 
10002 ] At occurrence of a gas leak , a slight temperature 
change takes place at a location where the leakage gas 
hangs . Remote gas sensing using an infrared camera is 
known as a technique for sensing gas using this principle . 
10003 ] As gas sensing using infrared images , for example , 
Patent Literature 1 discloses a gas leak detection apparatus 
including : an infrared camera for photographing an inspec 
tion target region ; and an image processing unit for process 
ing an infrared image photographed by an infrared camera , 
in which the image processing unit includes a fluctuation 
extraction unit for extracting dynamic fluctuation due to a 
gas leak from a plurality of infrared images aligned in time 
series . 
[ 0004 ) When a gas leak is sensed in a plant or the like , an 
engineer needs to visit a gas leak position and repair the gas 
leak . In gas sensing using an infrared image , an image 
including a gas region image illustrating a region in which 
the leakage gas hangs is displayed on a display unit . The 
engineer searches for a gas leak position using the gas region 
image as a clue . Since the gas region image is a surface and 
the gas leak position is a point , specifying the gas leak 
position from the gas region image is not easy and takes 
time . Particularly in a case where the area of the gas region 
image is wide , it is difficult to specify the gas leak position 
from the gas region image . This increases a demand for a 
technique capable of estimating the gas leak position from 
the gas region image . 

BRIEF DESCRIPTION OF DRAWINGS 
[ 0009 ] FIG . 1 is a block diagram of a gas leak position 
estimation system to which a gas leak position estimation 
device according to the present embodiment is applied . 
[ 0010 ] FIG . 2 is a flowchart illustrating operation of a 
program performed by a processor of the gas leak position 
estimation device according to the present embodiment . 
[ 0011 ] FIG . 3 is an image diagram generated by image 
processing performed until generation of a cumulative 
image on the basis of moving image data indicating a 
moving image photographed by an infrared camera . 
[ 0012 ] FIG . 4 is an image diagram illustrating a relation 
ship between cumulative gas region images and pixels 
indicating feature points . 
10013 ] . FIG . 5 is an image diagram illustrating a relation 
ship between cumulative gas region images , pixels indicat 
ing feature points , and pixel - of - interests . 
[ 0014 ] FIG . 6 is an image diagram illustrating a binarized 
cumulative image . 
[ 0015 ] FIG . 7 is an image diagram illustrating a relation 
ship between a cumulative gas region image and a circum 
scribed rectangle in a first modification . 
[ 0016 ] FIG . 8 is an image diagram illustrating a relation 
ship between a cumulative gas region image and a circum 
scribed rectangle having a minimum area in the first modi 
fication . 
10017 ) FIG . 9 is an image diagram of a cumulative image 
including an outline of an image constituted by pixels 
extracted at a threshold A . 
[ 0018 ] . FIG . 10 is an image diagram of a cumulative image 
including an outline of an image constituted by pixels 
extracted at a threshold B . 
[ 0019 ) FIG . 11 is an image diagram of a cumulative image 
including an outline of an image constituted by pixels 
extracted at a threshold C . 
10020 ] FIG . 12 is an image diagram illustrating a relation 
ship between cumulative gas region images and pixels 
indicating feature points in a second modification . 
[ 0021 ] FIG . 13 is an image diagram illustrating a relation 
ship between cumulative gas region images and pixels 
indicating feature points in a third modification . 
[ 0022 ] FIG . 14 is an image diagram illustrating a relation 
ship between cumulative gas region images and pixels 
indicating feature points in a fourth modification . 
[ 0023 ] FIG . 15 is an image diagram illustrating a relation 
ship between cumulative gas region images and pixels 
indicating feature points in a fifth modification . 
10024 ] FIG . 16 is an image diagram illustrating a relation 
ship between cumulative gas region images and pixels 
indicating feature points in a sixth modification . 
0025 ] . FIG . 17 is a flowchart for illustrating operation of 

a seventh modification . 
[ 0026 ] FIG . 18 is an image diagram illustrating a relation 
ship between a binarized image and a cumulative image in 
the seventh modification . 
10027 ] FIG . 19 is an image diagram illustrating cumula 
tive images generated using the first to 300th frames illus 
trated in FIG . 18 . 
[ 0028 ] FIG . 20 is an explanatory diagram for illustrating a 
positional relationship among a plurality of pixels indicating 
gas leak estimated positions . 
[ 0029 ] FIG . 21 is a flowchart illustrating operation of an 
eighth modification . 

CITATION LIST 

Patent Literature 

[ 0005 ] Patent Literature 1 : JP 2012 - 58093 A 
SUMMARY OF INVENTION 

[ 0006 ] An object of the present invention is to provide a 
gas leak position estimation device , a gas leak position 
estimation method and a gas leak position estimation pro 
gram capable of estimating a gas leak position on the basis 
of a gas region image . 
[ 0007 ] A gas leak position estimation device according to 
a first aspect of the present invention for achieving the above 
object includes a specifying unit and a first determination 
unit . The specifying unit specifies a gas region image 
indicating a region in which the gas hangs in an image 
obtained by photographing a monitoring region . The first 
determination unit determines a pixel indicating a gas leak 
estimated position estimated to be a position at which the gas 
is leaking out from a plurality of pixels constituting an 
outline of the gas region image . 
[ 0008 ] . The above and other objects , features and advan 
tages of the present invention will become apparent from the 
following detailed description and the accompanying draw 
ings . 
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[ 0030 ] FIG . 22 is an image diagram illustrating a relation - 
ship between a binarized image and a cumulative image in 
the eighth modification . 
[ 0031 ] FIG . 23 is an explanatory diagram illustrating a 
positional relationship of pixels indicating feature points in 
the eighth modification . 

DESCRIPTION OF EMBODIMENTS 
10032 ] Hereinafter , an embodiment of the present inven 
tion will be described in detail on the basis of the drawings . 
In each of the drawings , configurations denoted by the same 
reference numerals indicate that they have the same con 
figuration , and the description already given for the con 
figuration is omitted . 
[ 0033 ] FIG . 1 is a block diagram of a gas leak position 
estimation system 1 to which a gas leak position estimation 
device 3 according to the present embodiment is applied . 
The gas leak position estimation system 1 includes an 
infrared camera 2 and the gas leak position estimation 
device 3 . 
[ 0034 ] The infrared camera 2 photographs a moving 
image , that is , an infrared image of a monitoring target W of 
gas leak ( for example , a position connecting gas transport 
pipes to each other ) and its background so as to generate 
moving image data D1 indicating a moving image . 
( 0035 ] The moving image data D1 is an example of image 
data of an infrared image . The infrared image of the gas leak 
monitoring target W and its background may be captured by 
the infrared camera 2 at a plurality of times , not limited to 
the moving image . The monitoring target W for gas leak can 
also be referred to as a monitoring region for gas leak . 
Therefore , frames constituting the moving image and infra 
red images captured at the plurality of times can be referred 
to as images indicating the monitoring region . The infrared 
camera 2 includes an optical system 4 , a filter 5 , a two 
dimensional image sensor 6 , and a signal processing unit 7 . 
[ 0036 ) . The optical system 4 forms an infrared image of a 
subject ( monitoring target W and background ) on the two 
dimensional image sensor 6 . The filter 5 is disposed between 
the optical system 4 and the two - dimensional image sensor 
6 , and transmits infrared light of a specific wavelength alone 
among the light transmitted through the optical system 4 . 
Among the infrared wavelength bands , the wavelength band 
transmitted through the filter 5 depends on the type of gas to 
be sensed . For example , in the case of methane , the filter 5 
that transmits a wavelength band of 3 . 2 um to 3 . 4 um is used . 
The two - dimensional image sensor 6 is , for example , a 
cooled indium antimony ( InSb ) image sensor , and receives 
infrared rays transmitted through the filter 5 . The signal 
processing unit 7 converts an analog signal output from the 
two - dimensional image sensor 6 into a digital signal and 
performs known image processing on the signal . This digital 
signal becomes moving image data D1 . The moving image 
data D1 generated by the infrared camera 2 is input to the gas 
leak position estimation device 3 via an interface circuit . 
[ 0037 ] The gas leak position estimation device 3 is a 
personal computer , a smartphone , a tablet terminal , or the 
like , and includes an arithmetic control unit 8 , a display 
control unit 9 , a display unit 10 , and an input unit 11 as 
functional blocks . The arithmetic control unit 8 and the 
display control unit 9 are implemented by a processor . More 
specifically , the gas leak position estimation device 3 
includes a central processing unit ( CPU ) as a processor , a 
random access memory ( RAM ) , a read only memory 

( ROM ) , and a hard disk drive ( HDD ) . The arithmetic control 
unit 8 and the display control unit 9 are implemented by 
execution of programs stored in the ROM and the HDD by 
the processor using the RAM . The display unit 10 is 
implemented by various displays such as a liquid crystal 
display and an organic electroluminescence display . The 
input unit 11 is implemented by a keyboard , a touch panel , 
or the like . 
[ 0038 ] The arithmetic control unit 8 performs various 
types of arithmetic operation and controls related to the 
operation of the gas leak position estimation device 3 . The 
arithmetic operation includes image processing for obtain 
ing a gas leak estimated position and image processing for 
sensing a gas leak , which is a premise of this processing . 
[ 0039 ] The display control unit 9 controls to display a 
predetermined image on the display unit 10 . The predeter 
mined image is , for example , a moving image indicated by 
the moving image data D1 or an infrared image of the 
monitoring target W ( in other words , the monitoring region ) 
in which the gas leak estimated position is indicated . 
[ 0040 ] Various inputs necessary for the operation of the 
gas leak position estimation device 3 are performed to the 
input unit 11 . 
[ 0041 ] Operation of the gas leak position estimation 
device 3 according to the present embodiment will be 
described . The operation of the gas leak position estimation 
device 3 includes processing of extracting a gas region 
image . The gas region image is an image that is included in 
an infrared image of the monitoring target W and indicates 
a region in which the leakage gas from the monitoring target 
W hangs . When the gas region image is successfully 
extracted , the arithmetic control unit 8 determines that gas 
leak has occurred . 
[ 0042 ] Examples of image processing for extracting a gas 
region image include a temperature threshold method and a 
moving object detection method . The temperature threshold 
method can be applied when the temperature of the leaking 
gas is higher or lower than the ambient temperature of the 
location of the monitoring target W . The temperature thresh 
old method performs predetermined calculation using a 
temperature indicated by a pixel value of a pixel and the 
ambient temperature , and determines whether a gas exists at 
a position corresponding to the pixel . In the temperature 
threshold method , determination is made for all the pixels 
constituting a frame ( infrared image ) , and a group of pixels 
corresponding to positions where gas is present is defined as 
a gas region image . 
[ 0043 ] The moving object detection method detects an 
image indicating a moving object region included in a frame 
and defines this image as a gas region image . That is , the 
moving object detection method determines a pixel having 
a difference in pixel value between pixels located at a same 
position in a frame of interest and a reference frame being 
larger than a predetermined threshold as a pixel constituting 
an image indicating a moving object region . A group of these 
pixels ( that is , an image illustrating a moving object region ) 
is a gas region image . The reference frame is a frame 
immediately before the frame of interest , a frame a prede 
termined number before the frame of interest , and an infra 
red image of a monitoring target W in a state where no gas 
leak occurs photographed in the past . 
[ 0044 ] FIG . 2 is a flowchart illustrating operation of a 
program performed by the processor of the gas leak position 
estimation device 3 . Referring to 1 and 2 , when an operator 
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operates the input unit 11 to input a command to start gas 
sensing , the gas leak position estimation device 3 receives a 
moving image data D1 transmitted from the infrared camera 
2 . The arithmetic control unit 8 selects the moving image 
data D1 as a plurality of consecutive frames ( step S1 ) . In the 
following description , 300 frames are taken as an example . 
[ 0045 ] FIG . 3 is an image diagram generated by image 
processing performed until generation of a cumulative 
image Im3 on the basis of moving image data D1 indicating 
a moving image photographed by the infrared camera 2 . The 
infrared image Iml of 300 images ( first to 300th frames ) is 
the 300 frames selected in step S1 . The 300 frames are 
moving images of 10 seconds when the frame rate of the 
moving image indicated by the moving image data D1 is 30 
fps , for example . 
[ 0046 ] Each of the 300 infrared images Im1 includes an 
instantaneous gas region image P1 . The instantaneous gas 
region image P1 is a gas region image indicating a region in 
which the leakage gas from the monitoring target W appear 
ing in the frame hangs at the time of photographing the 
frame . For example , the instantaneous gas region image P1 
of the first frame is a gas region image indicating a region 
in which gas leaking from the monitoring target W hangs at 
the time of photographing the first frame , the instantaneous 
gas region image P1 of the 150th frame is a gas region image 
indicating a region in which gas leaking from the monitoring 
target Whangs at the time of photographing the 150th frame , 
and the instantaneous gas region image P1 of the 300th 
frame is a gas region image indicating a region in which gas 
leaking from the monitoring target W hangs at the time of 
photographing the 300th frame . 
[ 0047 The instantaneous gas region image P1 is extracted 
by the arithmetic control unit 8 . That is , the arithmetic 
control unit 8 functions as a first extraction unit , and 
performs processing of extracting the instantaneous gas 
region image P1 indicating the region in which the gas hangs 
at a point of photographing each of the frames from each of 
the frames constituting the moving image data D1 ( plurality 
of images aligned in time series ) . 
[ 0048 ] The arithmetic control unit 8 performs binarization 
processing of defining pixels constituting the instantaneous 
gas region image P1 as “ 1 ” and defining the other pixels as 
“ O ” onto each of the 300 infrared images Iml including the 
instantaneous gas region image P1 , so as to generate 300 
binarized images Im2 ( step S2 ) . A group of pixels indicated 
by “ l ” corresponds to an instantaneous gas region image P2 
after binarization processing . 
[ 0049 ] The arithmetic control unit 8 performs processing 
of accumulating 300 binarized images Im2 , and generates a 
cumulative image Im3 ( step S3 ) . Specifically , in the bina 
rized image Im2 of 300 sheets , pixel values of pixels at a 
same position are added . Since the pixel value of the pixel 
constituting the binarized image Im2 is binary , that is , 1 or 
0 , the maximum value that can be the pixel value of the pixel 
constituting the cumulative image Im3 is 300 . 
[ 0050 ] The cumulative image Im3 includes a cumulative 
gas region image P3 . The cumulative gas region image P3 is 
a gas region image generated by the generation of the 
cumulative image Im3 , and a cumulative image of 300 
instantaneous gas region images P2 by processing of adding 
pixel values of pixels at a same position on the 300 instan 
taneous gas region images P2 . In this manner , the arithmetic 
control unit 8 functions as a generation unit that generates 
the cumulative gas region image P3 . That is , in a plurality of 

instantaneous gas region images P2 extracted from each of 
a plurality of images ( 300 frames ) , the generation unit 
performs processing of adding pixel values of pixels at a 
same position and generates the cumulative gas region 
image P3 as an image accumulating a plurality of instanta 
neous gas region images P2 . 
( 0051 ] The arithmetic control unit 8 may accumulate 300 
infrared images Iml to generate a cumulative image ( not 
illustrated ) without generating 300 binarized images Im2 
Since the pixel values of the pixels constituting the infrared 
image Im1 are not binary but multivalued , the maximum 
value which can be the pixel value of the pixels constituting 
this cumulative image is larger than 300 . 
[ 0052 ] FIG . 4 is an image diagram illustrating a relation 
ship between the cumulative gas region images P3 and 
pixels indicating feature points . The cumulative image Im3 
illustrated in FIG . 4 is an enlarged image of the cumulative 
gas region image P3 of the cumulative image Im3 illustrated 
in FIG . 3 and the periphery thereof . The arithmetic control 
unit 8 functions as a specifying unit . Referring to FIG . 4 , the 
arithmetic control unit 8 binarizes the cumulative image Im3 
to generate a binarized cumulative image Im4 illustrated in 
FIG . 6 , and specifies a cumulative gas region image P4 after 
binarization processing included in the binarized cumulative 
image Im4 ( step S4 ) . The threshold for binarization is , for 
example , 20 % of the number of frames used for generating 
the cumulative image Im3 . When the number of frames is 
300 , the threshold is 60 . The arithmetic control unit 8 
compares each of the pixel values of all pixels constituting 
the cumulative image Im3 with a threshold , and defines the 
pixel value larger than the threshold to “ 1 ” , the pixel value 
of the threshold or less to “ O ” . This operation generates the 
binarized cumulative image Im4 . The group of pixels indi 
cating “ 1 ” forms the cumulative gas region image P4 after 
binarization processing . In this manner , the arithmetic con 
trol unit 8 ( specifying unit ) specifies the cumulative gas 
region image P4 ( gas region image ) after the binarization 
processing in the frame ( image obtained by photographing 
the monitoring region ) . 
[ 0053 ] Hereinafter , as described with reference to FIG . 4 , 
the cumulative image Im3 signifies the binarized cumulative 
image Im4 , and the cumulative gas region image P3 signifies 
the cumulative gas region image P4 after binarization pro 
cessing . Also in the description using FIG . 5 , FIGS . 7 to 16 , 
FIG . 18 , FIG . 19 , and FIG . 22 , the cumulative image Im3 
signifies the binarized cumulative image Im4 , the cumula 
tive gas region image P3 signifies the cumulative gas region 
image P4 after binarization processing . 
[ 0054 ] The arithmetic control unit 8 specifies the cumu 
lative gas region image P3 included in the cumulative image 
Im3 as the gas region image . Alternatively , however , it is 
allowable to use a mode in which the arithmetic control unit 
8 selects one infrared image Im1 from which the instanta 
neous gas region image P1 has been extracted and an image 
in which the instantaneous gas region image P1 has been 
binarized , generated by binarization processing of the infra 
red image Im1 , is specified as a gas region image , without 
generating the cumulative image Im3 . 
10055 ] . The arithmetic control unit 8 determines a pixel 
indicating the feature point of the cumulative gas region 
image P3 ( step B5 ) . This will be described in detail with 
reference to FIG . 4 . The cumulative gas region image P3 is 
constituted with a plurality of pixels . The arithmetic control 
unit 8 functions as a first calculation unit and calculates a 
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regression line L1 indicating a relationship between the 
positions of a plurality of pixels ( all pixels ) constituting the 
cumulative gas region image P3 . The regression line L1 is 
calculated using the least squares method . That is , the 
number of pixels constituting the cumulative gas region 
image P3 is defined as N , leading to coordinate values ( xi , 
yi ) of the individual positions of the N pixels ( i = 1 , . . . , N ) . 
The arithmetic control unit 8 assigns the coordinate value 
( xi , yi ) into a linear function y = ax + b to calculate a gradient 
a and an intercept b . A linear function having the calculated 
gradient a and intercept b corresponds to the regression line 
L1 ( an example of a regression line ) . A higher order , 
specifically , a second or higher order regression curve ( an 
other example of the regression line ) may be used instead of 
the regression line L1 . 
[ 0056 ] The arithmetic control unit 8 performs processing 
of superimposing the regression line L1 on the cumulative 
gas region image P3 and obtains a pixel at which switching 
is performed from the pixel constituting the cumulative gas 
region image P3 to the pixels not constituting the cumulative 
gas region image P3 ( that is , two points at which an outline 
30 of the cumulative gas region image P3 intersects the 
regression line L1 ) among the pixels constituting the regres 
sion line L1 . The pixel indicating one of the two points is 
defined as a first pixel 31 and the pixel indicating the other 
of the two points is defined as a second pixel 32 . Each of the 
first pixel 31 and the second pixel 32 is a pixel indicating a 
feature point . Note that one of the first pixel 31 and the 
second pixel 32 may be used as a feature point . 
[ 0057 ] As described above , the arithmetic control unit 8 
functions as the first determination unit . That is , the arith 
metic control unit 8 ( first determination unit ) determines the 
pixel indicating the feature point of the cumulative gas 
region image P3 ( gas region image ) from among a plurality 
of pixels constituting the outline 30 of the cumulative gas 
region image P3 and determines the pixel indicating the gas 
leak estimated position from among the feature points . 
While the embodiment determines the pixel indicating the 
gas leak estimated position from among the pixels indicating 
the feature points , the pixel is not limited to the pixel 
indicating the feature point . That is , the arithmetic control 
unit 8 ( first determination unit ) may determine the pixel 
indicating the gas leak estimated position from among a 
plurality of pixels constituting the outline 30 of the cumu 
lative gas region image P3 ( gas region image ) . 
[ 0058 ] The arithmetic control unit 8 determines a pixel 
indicating a gas leak estimated position ( step S6 ) . Specifi 
cally , the arithmetic control unit 8 obtains a pixel - of - interest 
33 . A leakage gas hangs in a region corresponding to the 
cumulative gas region image P3 ( gas region image ) . This 
region includes a portion where the gas concentration is 
high , and the pixel corresponding to this portion is the 
pixel - of - interest 33 . The pixel - of - interest 33 is , for example , 
a pixel having a largest pixel value among a plurality of 
pixels ( all pixels ) constituting the cumulative gas region 
image P3 , or a pixel indicating a centroid of the cumulative 
gas region image P3 . Gas concentration thickness product is 
a value obtained by integrating the gas concentration along 
a depth direction of a space in which the gas hangs . The 
highest pixel value signifies the highest frequency of occur 
rence of gas . The centroid can be obtained by a known 
method . 
[ 0059 ] The arithmetic control unit 8 functions as a second 
determination unit and determines one of the first pixel 31 

and the second pixel 32 as the pixel indicating the gas leak 
estimated position . FIG . 5 is an image diagram illustrating a 
relationship between the cumulative gas region image P3 , 
pixels indicating feature points ( first pixels 31 and second 
pixels 32 ) , and the pixel - of - interest 33 . When a distance d1 
between the first pixel 31 and the pixel - of - interest 33 is 
shorter than a distance d2 between the second pixel 32 and 
the pixel - of - interest 33 , the arithmetic control unit 8 deter 
mines the first pixel 31 as the pixel indicating the gas leak 
estimated position . When the distance d2 between the sec 
ond pixel 32 and the pixel - of - interest 33 is shorter than the 
distance di between the first pixel 31 and the pixel - of 
interest 33 , the arithmetic control unit 8 determines the 
second pixel 32 as the pixel indicating the gas leak estimated 
position . 
10060 ] A location corresponding to the pixel - of - interest 33 
has high gas concentration level among the regions in which 
the leakage gas from the monitoring target W hangs . Accord 
ingly , the arithmetic control unit 8 determines one of the first 
pixel 31 and the second pixel 32 closer to the pixel - of 
interest 33 as the pixel indicating the gas leak estimated 
position . In FIG . 5 , since the distance d2 is shorter than the 
distance d1 , the second pixel 32 is determined as the gas leak 
estimated position . 
[ 0061 ] The display control unit 9 visualizes the pixel 
indicating the gas leak estimated position determined in step 
S6 as the gas leak estimated position and controls to display 
the infrared image ( not illustrated ) of the monitoring target 
W indicating the gas leak estimated position on the display 
unit 10 . 
[ 0062 ] Main effects of the present embodiment will be 
described . Since the gas region image is an image indicating 
a region in which the leakage gas hangs from the monitoring 
target W ( FIG . 1 ) , the gas region image includes the gas leak 
position . The inventors of the present invention found that 
the gas leaking from the monitoring target Wis fluctuated by 
wind or the like , and that the gas leak position is likely to be 
present in the outline of the gas region image or in the 
vicinity thereof . From this findings , the present inventors 
considered that it is appropriate to determine a certain 
position on the outline of the gas region image as the gas 
leak estimated position . 
10063 ] . Therefore , referring to FIG . 5 , the gas leak position 
estimation device 3 according to the present embodiment 
defines the cumulative gas region image P3 as a gas region 
image and determines the pixel indicating the feature point 
of the cumulative gas region image P3 , which is used for 
determining the pixel indicating the gas leak estimated 
position ( first pixel 31 and second pixel 32 ) from among the 
plurality of pixels constituting the outline 30 of the cumu 
lative gas region image P3 . Accordingly , with the gas leak 
position estimation device 3 according to the present 
embodiment , it is possible to estimate the gas leak position 
using the cumulative gas region image P3 ( gas region 
image ) . 
[ 0064 ] Moreover , referring to FIG . 4 , the regression line 
Li linearly approximates the position of each of the plurality 
of pixels constituting the cumulative gas region image P3 
( gas region image ) . The gas leak position estimation device 
3 according to the present embodiment defines pixels ( the 
first pixel 31 and the second pixel 32 ) indicating two points 
at which the regression line L1 and the outline 30 of the 
cumulative gas region image P3 intersect with each other as 
pixels indicating the feature points of the cumulative gas 
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[ 0070 ] FIG . 8 is an image diagram illustrating a relation 
ship between the cumulative gas region image P3 and the 
circumscribed rectangle R having the minimum area in the 
first modification , and corresponds to FIG . 4 . The arithmetic 
control unit 8 sets a reference rectangle ( not illustrated ) 
surrounding the cumulative gas region P3 . The arithmetic 
control unit 8 adjusts the lengths of the long side and the 
short side of the reference rectangle to obtain the circum 
scribed rectangle R and calculates the area thereof . The 
arithmetic control unit 8 rotates the reference rectangle little 
by little ( for example , rotates by one degree ) about its center 
point ( not illustrated ) and performs the same processing 
( acquisition of the circumscribed rectangle R and calculating 
the area thereof ) . The arithmetic control unit 8 repeats the 
processing until the reference rectangle is rotated by 180 
degrees . The arithmetic control unit 8 sets the circumscribed 
rectangle R having the minimum area among the circum 
scribed rectangles R obtained as the circumscribed rectangle 
R . 

region image P3 so as to narrow down the number of pixels 
serving as the feature points from among the plurality of 
pixels constituting the outline 30 of the cumulative gas 
region image P3 . 
[ 0065 ] A modification of the present embodiment will be 
described . In a first modification , the processing of step S5 
illustrated in FIG . 2 is different from the present embodi 
ment . While the present embodiment obtains the pixels 
indicating the feature points ( the first pixel 31 and the second 
pixel 32 ) using the regression line L1 illustrated in FIG . 4 , 
the first modification obtains the pixels indicating the feature 
points using a rectangle ( circumscribed rectangle ) circum 
scribing the cumulative gas region image P3 . 
[ 0066 ] FIG . 7 is an image diagram illustrating a relation 
ship between the cumulative gas region image P3 and the 
circumscribed rectangle R in the first modification , and 
corresponds to FIG . 4 . The circumscribed rectangle R is a 
rectangle having four sides being in contact with the cumu 
lative gas region image P3 ( gas region image ) and surround 
ing the cumulative gas region image P3 . In other words , the 
circumscribed rectangle R is a rectangle having four sides 
being in contact with the outline 30 of the cumulative gas 
region image P3 and surrounding the outline 30 . The cumu 
lative gas region image P3 and the four sides of the circum 
scribed rectangle R are in contact with each other at contacts 
40 , 41 , 42 , and 43 . 
[ 0067 ] The arithmetic control unit 8 functions as a setting 
unit and sets the circumscribed rectangle R . The arithmetic 
control unit 8 functions as the first determination unit . That 
is , the arithmetic control unit 8 ( first determination unit ) 
determines the first pixel 31 and the second pixel 32 respec 
tively located at two points ( contacts 40 and 42 ) where two 
short sides of the circumscribed rectangle R and the cumu 
lative gas region image P3 come in contact with each other , 
as pixels indicating the feature points . Note that one of the 
first pixel 31 and the second pixel 32 may be used as a 
feature point . 
[ 0068 ] The circumscribed rectangle R is a rectangle 
approximating the cumulative gas region image P3 ( gas 
region image ) . The gas that leaked from the monitoring 
target W tends to spread in one direction , not uniformly 
spreading in all directions while the wind direction is 
constant . Therefore , there is a high possibility that the gas 
leak position exists on one short side of the two short sides 
of the circumscribed rectangle R . The first modification 
defines pixels indicating two points at which the two short 
sides of the circumscribed rectangle R and the cumulative 
gas region image P3 ( the first pixel 31 and the second pixel 
32 ) come in contact with each other as pixels indicating the 
feature points of the cumulative gas region image P3 so as 
to narrow down the number of pixels serving as the feature 
points of the cumulative gas region image P3 from among 
the plurality of pixels constituting the outline 30 of the 
cumulative gas region image P3 . 
[ 0069 ] There is a plurality of the circumscribed rectangles 
R . It is considered preferable that the circumscribed rect 
angle R most approximate to the cumulative gas region 
image P3 ( gas region image ) among the circumscribed 
rectangles R is set as the circumscribed rectangle R . The 
circumscribed rectangle R having a minimum area is the 
circumscribed rectangle most approximate to the cumulative 
gas region image P3 ( gas region image ) . The arithmetic 
control unit 8 sets the circumscribed rectangle R having the 
minimum area as the circumscribed rectangle R . 

[ 0071 ] A second modification will be described . In a 
second modification , the processing of step S5 illustrated in 
FIG . 2 is different from the present embodiment . As illus 
trated in FIG . 4 , the present embodiment obtains the pixels 
indicating the feature points ( the first pixel 31 and the second 
pixel 32 ) using the regression line L1 indicating a relation 
ship between individual positions of the plurality of pixels 
constituting the cumulative gas region image P3 . In contrast , 
the second modification obtains the pixels indicating the 
feature points ( the first pixel 31 and the second pixel 32 ) 
using a regression line L2 ( FIG . 12 ) indicating a relationship 
between individual positions of two or more centroids . 
[ 0072 ] The arithmetic control unit 8 functions as a second 
extraction unit . The arithmetic control unit 8 ( second extrac 
tion unit ) performs extraction processing of extracting pixels 
from among a plurality of pixels ( all pixels ) constituting the 
cumulative image Im3 illustrated in FIG . 3 on the basis of 
a predetermined threshold . The arithmetic control unit 8 
performs extraction processing on the basis of each of two 
or more thresholds of different values . Here , there are three 
thresholds A , B , and C ( threshold A > threshold B > threshold 
C ) . The threshold is , for example , 70 % , 40 % , and 10 % of the 
number of frames used for generating the cumulative image 
Im3 . When the number of frames is 300 , the threshold A is 
210 , the threshold B is 120 , and the threshold C is 30 . FIG . 
9 is an image diagram of the cumulative image Im3 includ 
ing an outline 50 of the image constituted by the pixels 
extracted with the threshold A . FIG . 10 is an image diagram 
of the cumulative image Im3 including an outline 52 of the 
image constituted by the pixels extracted with the threshold 
B . FIG . 11 is an image diagram of the cumulative image Im3 
including an outline 54 of the image constituted by the pixels 
extracted with the threshold C . 
[ 0073 ] The arithmetic control unit 8 functions as the first 
calculation unit . The arithmetic control unit 8 ( first calcu 
lation unit ) performs calculation processing of calculating a 
centroid of an image constituted with the pixels extracted 
with the threshold . The arithmetic control unit 8 ( first 
calculation unit ) calculates two or more centroids by per 
forming calculation processing on images corresponding to 
each of two or more thresholds of different values . More 
specifically , referring to FIG . 9 , the arithmetic control unit 8 
extracts pixels larger than the threshold A among the plu 
rality of pixels ( all pixels ) constituting the cumulative image 
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Im3 . The arithmetic control unit 8 obtains a centroid 51 of 
the image constituted with the extracted pixels . 
[ 0074 ] Referring to FIG . 10 , arithmetic control unit 8 
extracts pixels larger than threshold B among a plurality of 
pixels ( all pixels ) constituting the cumulative image Im3 . 
The arithmetic control unit 8 obtains a centroid 53 of the 
image constituted with the extracted pixels . 
[ 0075 ] Referring to FIG . 11 , arithmetic control unit 8 
extracts pixels larger than the threshold C among a plurality 
of pixels ( all pixels ) constituting the cumulative image Im3 . 
The arithmetic control unit 8 obtains a centroid 55 of the 
image constituted with the extracted pixels . 
[ 0076 ] The arithmetic control unit 8 uses the centroids 51 , 
53 , and 55 to determine the pixels indicating the feature 
points . Specifically , FIG . 12 is an image diagram illustrating 
a relationship between the cumulative gas region image P3 
and the pixels indicating the feature points ( the first pixel 31 
and the second pixel 32 ) in the second modification . The 
arithmetic control unit 8 functions as a second calculation 
unit and calculates the regression line L2 indicating a 
relationship between positions of the three centroids 51 , 53 , 
and 55 . The regression line L2 is calculated using the least 
squares method . That is , the arithmetic control unit 8 assigns 
the coordinate values ( xi , yi ) of each of the three centroids 
51 , 53 , and 55 into the linear function y - ax + b , and calcu 
lates the gradient a and the intercept b . A linear function 
having the calculated gradient a and intercept b is the 
regression line L2 . 
[ 0077 ] The arithmetic control unit 8 functions as the first 
determination unit . The arithmetic control unit 8 ( first deter 
mination unit ) performs processing of superimposing the 
regression line L2 on the cumulative gas region image P3 
and obtains two points at which the outline 30 of the 
cumulative gas region image P3 and the regression line L2 
intersect with each other . The pixel indicating one of the two 
points is defined as a first pixel 31 and the pixel indicating 
the other of the two points is defined as a second pixel 32 . 
Each of the first pixel 31 and the second pixel 32 is a pixel 
indicating a feature point . 
[ 0078 ] Similarly to the arithmetic control unit 8 according 
to the present embodiment , the arithmetic control unit 8 
determines a gas leak estimated position ( step S6 in FIG . 2 ) . 
A pixel indicating the centroid 51 may be used as the 
pixel - of - interest 33 ( FIG . 5 ) used for this determination . 
Among the pixel indicating the centroid 51 , the pixel indi 
cating the centroid 53 , and the pixel indicating the centroid 
55 , the pixels having the largest pixel value are the pixel 
indicating the centroid 51 . Since the pixel - of - interest 33 is a 
pixel corresponding to a position where gas appears at a high 
frequency , the pixel indicating the centroid 51 is the pixel 
of - interest 33 . 
10079 ] The second modification defines pixels indicating 
two points at which the outline 30 of the cumulative gas 
region image P3 and the regression line L2 intersect with 
each other ( the first pixel 31 and the second pixel 32 ) as 
pixels indicating the feature points of the cumulative gas 
region image P3 so as to narrow down the number of pixels 
serving as the feature points of the cumulative gas region 
image P3 from among the plurality of pixels constituting the 
outline 30 of the cumulative gas region image P3 . As 
described with reference to FIG . 4 , while there is the 
regression line L1 ( that is , the regression line L1 indicating 
a relationship between individual positions of the plurality 
of pixels constituting the cumulative gas region image P3 

( gas region image ) calculated on the basis of the cumulative 
gas region image P3 , the second modification calculates the 
regression line L2 on the basis of the cumulative image Im3 . 
[ 0080 ] A third modification will be described . In the third 
modification , the processing of step S6 is different from the 
present embodiment . In the present embodiment , as illus 
trated in FIG . 5 , a pixel closer to the pixel - of - interest 33 
among the first pixel 31 or the second pixel 32 is determined 
as the pixel indicating the gas leak estimated position . In 
contrast , in third modification , one of the first pixel 31 and 
the second pixel 32 is determined as the pixel indicating the 
gas leak estimated position on the basis of the density of the 
gas . 
[ 0081 ] FIG . 13 is an image diagram illustrating a relation 
ship between the cumulative gas region image P3 and pixels 
indicating the feature points ( the first pixel 31 and the second 
pixel 32 ) in third modification , and corresponds to FIG . 5 . 
The first pixel 31 or the second pixel 32 is pixel indicating 
the gas leak estimated position . When the density of the gas 
is lower than the density of the air ( for example , methane 
gas ) , the gas leaking from the monitoring target W ( FIG . 1 ) 
flows from the bottom to the top . In contrast , when the 
density of the gas is higher than the density of the air ( for 
example , chlorofluorocarbons ) , the gas leaking from the 
monitoring target W ( FIG . 1 ) flows from the top to the 
bottom . 
10082 ] The arithmetic control unit 8 functions as the 
second determination unit . When the density of the gas is 
lower than the density of the air , the arithmetic control unit 
8 ( second determination unit ) determines a pixel located at 
a lower position among the first pixel 31 and the second 
pixel 32 as the pixel indicating the gas leak estimated 
position . When the density of the gas is higher than the 
density of the air , the arithmetic control unit 8 determines the 
pixel located at a higher position among the first pixel 31 and 
the second pixel 32 as the pixel indicating the gas leak 
estimated position . 
[ 0083 ] In FIG . 13 , the position of the first pixel 31 is 
higher than the position of the second pixel 32 . When the 
density of the gas is lower than the density of the air , the 
arithmetic control unit 8 determines the second pixel 32 as 
a pixel indicating the gas leak estimated position . When the 
density of the gas is higher than the density of the air , the 
arithmetic control unit 8 determines the first pixel 31 as the 
pixel indicating the gas leak estimated position . 
[ 0084 ] Fourth to sixth modifications will be described . In 
these modifications , the processing of step S6 illustrated in 
FIG . 2 is different from the present embodiment . The 
leakage gas hangs so as to spread . On the basis of this , the 
fourth to sixth modifications determine one pixel among the 
first pixel 31 or the second pixel 32 as a pixel indicating the 
gas leak estimated position . 
[ 0085 ] In the fourth modification , the spread of the leak 
age gas is judged by two line segments . FIG . 14 is an image 
diagram illustrating a relationship between the cumulative 
gas region image P3 and pixels indicating the feature points 
( first pixel 31 , second pixel 32 ) in the fourth modification , 
and corresponds to FIG . 5 . 
100861 A first line segment L3 is one of two line segments 
intersecting with a line ( not illustrated ) connecting the first 
pixel 31 and the second pixel 32 and having both ends 
located on the outline 30 . The first line segment L3 is located 
between the first pixel 31 and the pixel - of - interest 33 . A 
second line segment L4 is the other of the two line segments 
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intersecting with the above - described line ( not illustrated ) 
and having both ends located on the outline 30 . The second 
line segment L4 is located between the second pixel 32 and 
the pixel - of - interest 33 . The first line segment L3 and the 
second line segment L4 are parallel to each other . The first 
line segment L3 and the second line segment L4 pass the 
vicinity of the pixel - of - interest 33 . For example , the first line 
segment L3 and the second line segment L4 pass through a 
position two pixels away from the pixel - of - interest 33 . 
[ 0087 ] The cumulative gas region image P3 ( gas region 
image ) is shorter in the y direction than in the x direction . 
The directions of the first line segment L3 and the second 
line segment L4 are the y directions . Note that the directions 
of the first line segment L3 and the second line segment L4 
may be the direction of the short side of the circumscribed 
rectangle R ( FIGS . 7 and 8 ) . 
[ 0088 ] Gas that has leaked from the monitoring target W 
( FIG . 1 ) hangs so as to spread . The arithmetic control unit 
8 functions as the second determination unit . When the first 
line segment L3 is shorter than the second line segment L4 , 
the arithmetic control unit 8 ( second determination unit ) 
regards the gas to be spreading from the first line segment L3 
side toward the second line segment L4 side and determines 
the first pixel 31 positioned on the first line segment L3 side 
as a pixel indicating the gas leak estimated position . When 
the second line segment L4 is shorter than the first line 
segment L3 , the arithmetic control unit 8 regards the gas to 
be spreading from the second line segment L4 side toward 
the first line segment L3 side and determines the second 
pixel 32 positioned on the second line segment L4 side as the 
pixel indicating the gas leak estimated position . In FIG . 14 , 
since the second line segment L4 is shorter than the first line 
segment L3 , the second pixel 32 is defined as the pixel 
indicating the gas leak estimated position . 
[ 0089 ] In the fifth modification , the spread of the leakage 
gas is judged by the area of the two divided images . FIG . 15 
is an image diagram illustrating a relationship between the 
cumulative gas region image P3 and pixels indicating the 
feature points ( first pixel 31 , second pixel 32 ) in the fifth 
modification , and corresponds to FIG . 5 . 
[ 0090 ] A dividing line L5 intersects with a line ( not 
illustrated ) connecting the first pixel 31 and the second pixel 
32 and passes through the pixel - of - interest 33 . The cumu 
lative gas region image P3 ( gas region image ) is shorter in 
the y direction than in the x direction . The direction of the 
dividing line L5 is the y direction . The direction of the 
dividing line 15 may be the short side direction of the 
circumscribed rectangle R ( FIGS . 7 and 8 ) . A first divided 
image P5 is one of the two divided images formed by 
dividing the cumulative gas region image P3 ( gas region 
image ) into two by the dividing line L5 and includes the first 
pixel 31 . A second divided image P6 is the other of the two 
divided images formed by dividing the cumulative gas 
region image P3 ( gas region image ) into two by the dividing 
line L5 and includes the second pixel 32 . 
[ 0091 ] Gas that has leaked from the monitoring target W 
( FIG . 1 ) hangs so as to spread . The arithmetic control unit 
8 functions as the second determination unit . When the area 
of the first divided image P5 is smaller than the area of the 
second divided image P6 , the arithmetic control unit 8 
( second determination unit ) regards the gas to be spreading 
from the first divided image P5 side to the second divided 
image P6 side and determines that first pixel 31 included in 
the first divided image P5 as a pixel indicating the gas leak 

estimated position . When the area of the second divided 
image P6 is smaller than the area of the first divided image 
P5 , the arithmetic control unit 8 regards the gas to be 
spreading from the second divided image P6 side toward the 
first divided image P5 side and determines the second pixel 
32 included in the second divided image P6 as the pixel 
indicating the gas leak estimated position . In FIG . 15 , since 
the area of the second divided image P6 is smaller than the 
area of the first divided image P5 , the second pixel 32 is 
defines as the pixel indicating the gas leak estimated posi 
tion . 
[ 0092 ] In the sixth modification , the spread of the gas that 
has leaked from the monitoring target W ( FIG . 1 ) is judged 
by the length of the outline of the two divided images . FIG . 
16 is an image diagram illustrating a relationship between 
the cumulative gas region image P3 and pixels indicating the 
feature points ( first pixel 31 , second pixel 32 ) in the sixth 
modification , and corresponds to FIG . 5 . FIG . 16 is different 
from FIG . 15 in that an outline 60 of the first divided image 
P5 and an outline 61 of the second divided image P6 are 
illustrated instead of the outline 30 of the cumulative gas 
region image P3 . This is because the outline 30 ( FIG . 15 ) of 
the cumulative gas region image P3 overlaps with the 
outline 60 of the first divided image P5 and the outline 61 of 
the second divided image P6 . 
[ 0093 ] Gas that has leaked from the monitoring target W 
( FIG . 1 ) hangs so as to spread . The arithmetic control unit 
8 functions as the second determination unit . When the 
outline 60 of the first divided image P5 is smaller than the 
outline 61 of the second divided image P6 , the arithmetic 
control unit 8 ( second determination unit ) regards the gas to 
be spreading from the first divided image P5 side to the 
second divided image P6 side and determines that first pixel 
31 included in the outline 60 of the first divided image P5 as 
a pixel indicating the gas leak estimated position . When the 
outline 61 of the second divided image P6 is smaller than the 
outline 60 of the first divided image P5 , the arithmetic 
control unit 8 regards the gas to be spreading from the 
second divided image P6 side toward the first divided image 
P5 side and determines the second pixel 32 included in the 
outline 61 of the second divided image P6 as the pixel 
indicating the gas leak estimated position . In FIG . 16 , since 
the outline 61 of the second divided image P6 is smaller than 
the outline 60 of the first divided image P5 , the second pixel 
32 is defined as the pixel indicating the gas leak estimated 
position . 
[ 0094 ] A seventh modification will be described . Refer 
ring to FIG . 5 , in the present embodiment and the first to 
sixth modifications , the pixel indicating the gas leak esti 
mated position is assumed to be located in a plurality of 
pixels constituting the outline 30 of the cumulative gas 
region image P3 ( gas region image ) and determines the 
pixels indicating the feature points ( the first pixel 31 and the 
second pixel 32 ) among the plurality of pixels constituting 
the outline 30 , and then determines the first pixel 31 or the 
second pixel 32 as the pixel indicating the gas leak estimated 
position . 
[ 0095 ] The cumulative gas region image P3 is included in 
the cumulative image Im3 . As illustrated in FIG . 3 , the 
cumulative image Im3 is generated by using a plurality of 
frames aligned in time series , that is , a frame group of a 
predetermined period . When the wind direction changes 
during a predetermined period , there is a possibility that the 
pixel indicating the gas leak estimated position is not 
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included in the plurality of pixels constituting the outline 30 
of the cumulative gas region image P3 ( gas region image ) . 
As a result , the gas leak estimated position might be sepa 
rated from the gas leak position . 
10096 ) . Therefore , the seventh modification determines the 
pixel indicating the gas leak estimated position in consid 
eration of the change in the wind direction . Operation of the 
seventh modification will be described with reference to 
FIGS . 17 and 18 . FIG . 17 is a flowchart illustrating operation 
of the seventh modification . FIG . 18 is an image diagram 
illustrating a relationship between the binarized image Im2 
and the cumulative image Im3 in the seventh modification . 
[ 0097 ] Step S1 is the same as step S1 illustrated in FIG . 2 , 
and thus , description thereof is omitted . In the case of the 
present embodiment and the first to sixth modifications , the 
arithmetic control unit 8 selects 300 frames in step S1 . In the 
case of the seventh modification , however , the arithmetic 
control unit 8 equally divides 300 frames into three and 
initially selects first to 100th frames ( step S1 ) . This will be 
described in detail with reference to FIG . 18 . 
[ 0098 ] In the present embodiment and the first to sixth 
modifications , the cumulative image Im3 is generated using 
a frame group of 10 seconds assuming that the predeter 
mined period is 10 seconds . In the seventh modification , the 
predetermined period is divided into a plurality of periods , 
and in each of the plurality of divided periods , the cumula 
tive image Im3 is generated using the frame group in the 
divided period . When the frame rate is 30 fps , the frame 
group of 10 seconds is constituted with 300 frames . For 
example , when 10 seconds are equally divided into three , 
300 frames are divided into 1st to 100th frames ( 100 
frames ) , 101st to 200th frames ( 100 frames ) , and 201st to 
300th frames ( 100 frames ) . 
[ 0099 ] The arithmetic control unit 8 performs steps S2 to 
S6 using the first to 100th frames selected in step S1 to 
determine a pixel 70 indicating a gas leak estimated position . 
Steps S2 to S6 are the same as steps S2 to S6 illustrated in 
FIG . 2 , and thus , the description thereof will be omitted . The 
pixel 70 indicating the gas leak estimated position is selected 
from the first pixel 31 or the second pixel ( not illustrated ) , 
and herein , it is assumed that the first pixel 31 is selected . 
[ 0100 ] The arithmetic control unit 8 judges whether the 
plurality of frames selected in step S1 are the last ( step S7 ) . 
The last plurality of frames corresponds to the 201st to 300th 
frames . In step S1 , the first to 100th frames are selected . The 
arithmetic control unit 8 judges that the plurality of frames 
selected in step S1 is not the last ( No in step S7 ) , and the 
arithmetic control unit 8 returns to step S1 and selects the 
101st to 200th frames . 
[ 0101 ] The arithmetic control unit 8 performs steps S2 to 
S6 using the 101st to 200th frames selected in step S1 to 
determine a pixel 71 indicating a gas leak estimated position . 
The pixel 71 indicating the gas leak estimated position is 
selected from the first pixel 31 or the second pixel ( not 
illustrated ) , and herein , it is assumed that the first pixel 31 
is selected . 
[ 0102 ] The arithmetic control unit 8 judges whether the 
plurality of frames selected in step S1 are the last ( step S7 ) . 
In step Si , the 101st to 200th frames are selected . The 
arithmetic control unit 8 judges that the plurality of frames 
selected in step Si is not the last ( No in step S7 ) , and the 
arithmetic control unit 8 returns to step S1 and selects the 
201st to 300th frames . 

[ 0103 ] The arithmetic control unit 8 performs steps S2 to 
S6 using the 201st to 300th frames selected in step S1 to 
determine a pixel 72 indicating the gas leak estimated 
position . The pixel 72 indicating the gas leak estimated 
position is selected from the first pixel ( not illustrated ) or the 
second pixel 32 , and herein , it is assumed that the second 
pixel 32 is selected . 
[ 0104 ] Since the wind direction has changed in 10 sec 
onds , the shapes and positions of the cumulative gas region 
images P3 are different from each other among the cumu 
lative image Im3 generated using the 1st to 100th frames , the 
cumulative image Im3 generated using the 101st to 200th 
frames , and the cumulative image Im3 generated using the 
201st to 300th frames . 
[ 0105 ] The arithmetic control unit 8 judges that the plu 
rality of frames selected in step S1 is the last ( Yes in step S7 ) 
and performs step S8 . This processing will be described in 
detail . FIG . 19 is an image diagram illustrating the cumu 
lative image Im3 generated using the first to 300th frames 
illustrated in FIG . 18 . FIG . 19 illustrates a pixel 73 indicat 
ing a gas leak estimated position determined using the 
cumulative image Im3 . FIG . 20 is an explanatory diagram 
illustrating a positional relationship between the pixels 70 , 
71 , 72 , and 73 indicating the gas leak estimated positions . 
The pixels 70 , 71 , 72 indicating the gas leak estimated 
position are close to each other . Since the cumulative image 
Im3 used for determining each of these pixels is generated 
using a relatively small number ( 100 ) of frames , that is , 
generated using a frame group of a relatively short period 
( about 3 . 3 seconds ) , leading to a small influence of a change 
in the wind direction . 
[ 0106 ] In contrast , the pixel 73 indicating the gas leak 
estimated position is separated away from the pixels 70 , 71 , 
and 72 indicating the gas leak estimated positions . Since the 
cumulative image Im3 used for determining this pixel is 
generated using a relatively large number ( 300 ) of frames , 
that is , it is generated using a frame group of a relatively 
long period ( 10 seconds ) , leading to a great influence of a 
change in the wind direction . 
[ 0107 ] Therefore , the gas leak estimated position indicated 
by the pixel 73 is separated away from the gas leak position , 
and it is reasonable to consider that the gas leak estimated 
positions indicated by the pixels 70 , 71 , and 72 are close to 
the gas leak position . Therefore , the seventh modification 
determines a pixel 74 indicating a gas leak estimated posi 
tion in consideration of the change in the wind direction on 
the basis of the pixels 70 , 71 , and 72 indicating the gas leak 
estimated positions ( step S8 ) . 
[ 0108 ] Specifically , the arithmetic control unit 8 functions 
as the second determination unit . The arithmetic control unit 
8 ( second determination unit ) determines the pixels indicat 
ing the gas leak estimated positions ( pixel 70 , pixel 71 , and 
pixel 72 ) for each of the three cumulative gas region images 
P3 ( plurality of gas region images aligned in time series ) 
illustrated in FIG . 18 ( step S6 ) . The arithmetic control unit 
8 sets the pixels indicating the plurality of gas leak estimated 
positions determined in step S6 ( pixel 70 , pixel 71 , and pixel 
72 ) as the pixels indicating a plurality of first gas leak 
estimated positions , then , sets each of coordinate values of 
the pixels indicating the plurality of first gas leak estimated 
positions as a population , and determines a pixel indicating 
a coordinate value of an average value or a median value of 
the population as a pixel indicating a second gas leak 
estimated position . The pixel indicating the second gas leak 
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estimated position is the pixel 74 indicating the gas leak 
estimated position in consideration of the change in the wind 
direction . 
[ 0109 ] As described above , the pixel 74 indicating the 
second gas leak estimated position is determined on the 
basis of the pixels indicating the plurality of first gas leak 
estimated positions 70 , 71 , and 72 . The pixels 70 , 71 and 72 
indicating the plurality of first gas leak estimated positions 
are pixels indicating gas leak estimated positions obtained 
from each of the plurality of cumulative gas region images 
P3 ( gas region images ) aligned in time series . Therefore , the 
second gas leak estimated position is a gas leak estimated 
position with little influence of change in the wind direction . 
That is , the second gas leak estimated position is a gas leak 
estimated position that is not separated away from the gas 
leak position even with the change in the wind direction . 
Therefore , according to the seventh modification , it is pos 
sible to prevent deterioration of accuracy of the gas leak 
estimated position even with the change in the wind direc 
tion . 
[ 0110 ] The coordinate value that is the average value of 
the population and the coordinate value that is the median 
value of the population will be specifically described . The 
coordinate value of the pixel 70 indicating the first gas leak 
estimated position is defined as ( x1 , yl ) , the coordinate 
value of the pixel 71 indicating the first gas leak estimated 
position is defined as ( x2 , y2 ) , the coordinate value of the 
pixel 72 indicating the first gas leak estimated position is 
defined as ( x3 , y3 ) , in which x2 < x3 < x1 , and yl < y2 < y3 are 
established . The coordinate values that are the average 
values of the population are obtained by : ( ( x1 + x2 + x3 ) / 3 , 
( y1 + y2 + y3 ) / 3 ) . The coordinate value that is the median 
value of the population is ( x3 , y2 ) . 
[ 0111 ] An eighth modification will be described . As illus 
trated in FIG . 17 , the seventh modification determines a 
pixel indicating a gas leak estimated position in consider 
ation of the change in the wind direction on the basis of the 
pixels indicating the plurality of gas leak estimated positions 
determined in step S6 ( step S8 ) . In contrast , the eighth 
modification determines a pixel indicating a gas leak esti 
mated position in consideration of the change in the wind 
direction on the basis of the pixels indicating the plurality of 
feature points determined in step S5 ( step S8 ) . 
[ 0112 ] Operation of the eighth modification will be 
described with reference to FIGS . 21 and 22 . FIG . 21 is a 
flowchart illustrating operation of the eighth modification . 
FIG . 22 an image diagram illustrating a relationship between 
the binarized image Im2 and the cumulative image Im3 in 
the eighth modification . 
[ 0113 ] Step S1 is the same as step S1 illustrated in FIG . 2 , 
and thus , description thereof is omitted . The arithmetic 
control unit 8 selects the first to 100th frames similarly to the 
seventh modification ( step S1 ) . 
10114 ] . The arithmetic control unit 8 performs steps S2 to 
S5 using the first to 100th frames selected in step Si to 
determine pixels indicating feature points ( a first pixel 31a 
and a second pixel 32a ) . Steps S2 to 55 are the same as steps 
S2 to S5 illustrated in FIG . 2 , and description thereof will be 
omitted . 
[ 0115 ] The arithmetic control unit 8 judges whether the 
plurality of frames selected in step S1 are the last ( step S7 ) . 
The last plurality of frames corresponds to the 201st to 300th 
frames . In step Si , the first to 100th frames are selected . The 
arithmetic control unit 8 judges that the plurality of frames 

selected in step S1 is not the last ( No in step S7 ) , and the 
arithmetic control unit 8 returns to step S1 and selects the 
101st to 200th frames . 
[ 0116 ] The arithmetic control unit 8 performs steps S2 to 
S5 using the 101st to 200th frames selected in step S1 to 
determine pixels indicating feature points ( a first pixel 31b 
and a second pixel 32b ) . 
[ 0117 ] The arithmetic control unit 8 judges whether the 
plurality of frames selected in step S1 are the last ( step S7 ) . 
In step S1 , the 101st to 200th frames are selected . The 
arithmetic control unit 8 judges that the plurality of frames 
selected in step S1 is not the last ( No in step S7 ) , and the 
arithmetic control unit 8 returns to step S1 and selects the 
201st to 300th frames . 
[ 0118 ] The arithmetic control unit 8 performs steps S2 to 
S5 using the 201st to 300th frames selected in step Si to 
determine pixels indicating feature points ( a first pixel 310 
and a second pixel 32c ) . 
[ 0119 ] The arithmetic control unit 8 judges that the plu 
rality of frames selected in step S1 is the last ( Yes in step S7 ) 
and performs step S8 . This processing will be described in 
detail . FIG . 23 is an explanatory diagram illustrating a 
positional relationship of pixels indicating feature points . 
Among the six pixels indicating feature points ( the first pixel 
31a , the second pixel 32a , the first pixel 31b , the second 
pixel 32b , the first pixel 31c , and second pixel 32c ) , the first 
pixel 31a , the first pixel 31b , and the second pixel 32c are 
close to each other . The second pixel 32a , the second pixel 
32b , and the first pixel 31c are located at isolated positions . 
Therefore , accuracy of the gas leak estimated position is 
considered to be higher in a case where the pixel indicating 
the gas leak estimated position in consideration of the 
change in the wind direction is determined on the basis of 
the first pixel 31a , the first pixel 31b , and the second pixel 
32c located close to each other rather than in a case where 
the pixels indicating the gas leak estimated position in 
consideration of the change in the wind direction is deter 
mined on the basis of the six pixels indicating the feature 
points . 
( 0120 ) Accordingly , the eighth modification defines the 
first pixel 31a , the first pixel 31b , and the second pixel 32c 
positioned close to each other as pixels within a range in 
which feature points concentrate , and determines the pixel 
74 indicating the gas leak estimated position in consider 
ation of the change in the wind direction on the basis of these 
pixels ( step S8 ) . The arithmetic control unit 8 functions as 
the second determination unit . The arithmetic control unit 8 
( second determination unit ) specifies the pixels within the 
predetermined range 75 ( the first pixel 31a , the first pixel 
31b , and the second pixel 32c ) from among the pixels 
indicating the plurality of feature points determined in step 
S5 ( the first pixel 31a , the second pixel 32a , the first pixel 
31b , the second pixel 32b , the first pixel 31c , and the second 
pixel 32c ) . The arithmetic control unit 8 sets each of 
coordinate values of the specified pixels as a population and 
determines the pixel indicating the average value or the 
median value of the population as the pixel indicating the 
gas leak estimated position . This pixel is the pixel 74 
indicating the gas leak estimated position in consideration of 
the change in the wind direction . Therefore , according to the 
eighth modification , it is possible to prevent deterioration of 
accuracy of the gas leak estimated position even with the 
change in the wind direction . 
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[ 0121 ] The seventh modification and the eighth modifica 
tion use an example of dividing 300 frames into three . 
Alternatively , however , the frames may be divided into two 
or may be divided finer than three divisions with upper limit 
of 300 divisions . In the case of 300 division , the seventh 
modification would determine a pixel indicating the gas leak 
estimated position for each of the frames , and the eighth 
modification would determine the pixel indicating the fea 
ture point for each of the frames . 
[ 0122 ] Combinations of modifications are also possible . 
For example , it is allowable to use a combination in which 
the second modification illustrated in FIG . 12 determines the 
pixels indicating the feature points ( the first pixel 31 and the 
second pixel 32 ) and the third modification illustrated in 
FIG . 13 determines the pixel indicating the gas leak esti 
mated position . 

Summary of Embodiments 
[ 0123 ] A gas leak position estimation device according to 
a first aspect of the embodiment includes : a specifying unit 
that specifies a gas region image indicating a region in which 
gas hangs within an image obtained by photographing a 
monitoring region ; and a first determination unit that deter 
mines a pixel indicating a gas leak estimated position 
estimated as a position of gas leak from among a plurality of 
pixels constituting an outline of the gas region image . 
[ 0124 ] Since the gas region image is an image indicating 
a region in which the gas hangs , the gas region image 
includes the gas leak position . The inventors of the present 
invention found that the gas leaking from the monitoring 
region ( also referred to as a monitoring target ) is fluctuated 
by wind or the like , and that the gas leak position is likely 
to be present in the outline of the gas region image or in the 
vicinity thereof . From this findings , the present inventors 
considered that it is appropriate to determine a certain 
position on the outline of the gas region image as the gas 
leak estimated position . Therefore , the gas leak position 
estimation device according to the first aspect of the embodi 
ment determines the pixel indicating the gas leak estimated 
position from among the plurality of pixels constituting the 
outline of the gas region image . Accordingly , with the gas 
leak position estimation device according to the first aspect 
of the present embodiment , it is possible to estimate the gas 
leak position using the gas region image . 
[ 0125 ] In the above - described configuration , the first 
determination unit determines a pixel indicating a feature 
point of the gas region image from among a plurality of 
pixels constituting the outline of the gas region image , and 
determines a pixel indicating the gas leak estimated position 
from among the feature points . 
[ 0126 ] The inventors of the present invention consider that 
the pixel indicating the feature point of the gas region image 
among the plurality of pixels constituting the outline of the 
gas region image has a higher possibility of being the pixel 
indicating the gas leak estimated position rather than the 
pixel indicating other than the future point . Therefore , in this 
configuration , a pixel indicating the gas leak estimated 
position is determined from among the feature points . 
101271 . The above - described configuration further includes 
a first calculation unit that calculates a regression line 
indicating a relationship between individual positions of a 
plurality of pixels constituting the gas region image , in 
which the first determination unit determines at least one of 
a first pixel and a second pixel positioned at two points at 

which the regression line and the outline intersect with each 
other as the pixel indicating the feature point . 
[ 0128 ] The regression line is a line approximating the 
position of each of the plurality of pixels constituting the gas 
region image . This configuration defines at least one of the 
pixels indicating two points at which the regression line 
intersects with the outline of the gas region image ( the first 
pixel and the second pixel ) as a pixel indicating the feature 
point of the gas region image so as to narrow down the 
number of pixels serving as the feature points of the gas 
region image from among the plurality of pixels constituting 
the outline of the gas region image . 
0129 ] The above - described configuration further includes 
a setting unit that sets a circumscribed rectangle that is a 
rectangle having four sides being in contact with the gas 
region image and surrounding the gas region image , in 
which the first determination unit determines at least one of 
the first pixel and the second pixel located at two points 
where two short sides of the circumscribed rectangle and the 
gas region image come in contact with each other as the 
pixel indicating the feature point . 
[ 0130 ] The circumscribed rectangle is a rectangle approxi 
mating a gas region image . Gas that has leaked from the 
monitoring region ( monitoring target ) tends to spread in one 
direction , not uniformly spreading in all directions while the 
wind direction is constant . Therefore , there is a high possi 
bility that the gas leak position exists on one short side of the 
two short sides of the circumscribed rectangle . This con 
figuration defines at least one of the pixels indicating two 
points at which the two short sides of the circumscribed 
rectangle and the gas region image come in contact with 
each other ( first pixel and second pixel ) as a pixel indicating 
the feature point of the gas region image so as to narrow 
down the number of pixels serving as the feature points of 
the gas region image from among the plurality of pixels 
constituting the outline of the gas region image . 
[ 0131 ] In the above - described configuration , the setting 
unit sets the circumscribed rectangle having the minimum 
area among the circumscribed rectangles as the circum 
scribed rectangle . 
[ 0132 ] It is considered preferable that the circumscribed 
rectangle most approximate to the gas region image among 
the circumscribed rectangles be set as the circumscribed 
rectangle . The circumscribed rectangle having the minimum 
area is the circumscribed rectangle most approximate to the 
gas region image . In this configuration , the circumscribed 
rectangle having the minimum area is set as the circum 
scribed rectangle . 
[ 0133 ] The above - described configuration further 
includes : a first extraction unit that extracts an instantaneous 
gas region image indicating a region in which the gas hangs 
at a point of photographing each of images from among each 
of a plurality of the images aligned in time series ; and a 
generation unit that performs processing of adding pixel 
values of pixels at a same position in a plurality of instan 
taneous gas region images extracted from each of the 
plurality of images so as to generate a cumulative gas region 
image which is an image obtained by accumulating the 
plurality of instantaneous gas region images , in which the 
specifying unit specifies the cumulative gas region image 
after the binarization processing as the gas region image . 
[ 0134 ] In this configuration , an outline is specified by 
using a cumulative gas region image which is a type of gas 
region image . The pixel value may be binary or multivalued . 
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[ 0135 ] The above - described configuration further 
includes : a first extraction unit that extracts an instantaneous 
gas region image indicating a region in which the gas hangs 
at a point of photographing each of images from among each 
of a plurality of the images aligned in time series ; a 
generation unit that performs processing of adding pixel 
values of pixels at a same position in a plurality of instan 
taneous gas region images extracted from each of the 
plurality of images so as to generate a cumulative image 
including a cumulative gas region image which is an image 
obtained by accumulating the plurality of instantaneous gas 
region images ; a second extraction unit that performs extrac 
tion processing of extracting a pixel from a plurality of 
pixels constituting the cumulative image on the basis of a 
predetermined threshold ; and a first calculation unit that 
performs calculation processing of calculating a centroid of 
an image constituted with the pixels extracted with the 
threshold , in which the second extraction unit performs the 
extraction processing on the basis of each of the two or more 
thresholds of different values , the first calculation unit 
calculates two or more centroids by performing the calcu 
lation processing on the images each corresponding to two 
or more of the thresholds of different values , and the gas leak 
position estimation device further includes a second calcu 
lation unit that calculates a regression line indicating a 
relationship between the individual positions of the two or 
more centroids , the specifying unit specifies the cumulative 
gas region image after the binarization processing as the gas 
region image , and the first determination unit determines at 
least one of the first pixel and the second pixel located at two 
points at which the regression line and the outline intersect 
with each other as the pixel indicating the feature point . 
[ 0136 ] This configuration defines at least one of the pixels 
indicating two points at which the regression line intersects 
with the outline of the gas region image ( the first pixel and 
the second pixel ) as a pixel indicating the feature point of the 
gas region image so as to narrow down the number of pixels 
serving as the feature points of the gas region image from 
among the plurality of pixels constituting the outline of the 
gas region image . As described above , while there is a 
regression line calculated on the basis of the gas region 
image ( that is , a regression line indicating a relationship 
between the positions of a plurality of pixels constituting the 
gas region image ) , this configuration calculates the regres 
sion line on the basis of the cumulative image . 
[ 0137 ] The above - described configuration further includes 
a second determination unit that sets a pixel having a largest 
pixel value or a pixel indicating the centroid of the gas 
region image among the plurality of pixels constituting the 
gas region image as a pixel - of - interest , determines the first 
pixel as a pixel indicating the gas leak estimated position 
when a distance between the first pixel and the pixel - of 
interest is shorter than a distance between the second pixel 
and the pixel - of - interest , and determines the second pixel as 
a pixel indicating the gas leak estimated position when a 
distance between the second pixel and the pixel - of - interest 
is shorter than a distance between the first pixel and the 
pixel - of - interest . 
[ 0138 ] . The pixel - of - interest is the pixel having a largest 
pixel value among the plurality of pixels constituting the gas 
region image , or the pixel indicating the centroid of the gas 
region image . Therefore , the gas concentration is high in a 
region corresponding to the pixel - of - interest among regions 
in which the gas leaking from the monitoring target hangs . 

This configuration determines a pixel closer to the pixel - of 
interest among the first pixel or the second pixel as the pixel 
indicating the gas leak estimated position . 
[ 0139 ] The above - described configuration further includes 
a second determination unit that determines a pixel located 
at a lower position among the first pixel and the second pixel 
as the pixel indicating the gas leak estimated position when 
the density of the gas is lower than the density of the air , and 
that determines the pixel located at a higher position among 
the first pixel and the second pixel as the pixel indicating the 
gas leak estimated position when the density of the gas is 
higher than the density of the air . 
[ 0140 ] When the density of the gas is lower than the 
density of the air ( methane gas , for example ) , the gas leaking 
from the monitoring target goes from the bottom to the top . 
When the density of the gas is higher than the density of the 
air ( for example , chlorofluorocarbons ) , the leakage gas from 
the monitoring target moves down from the top . This con 
figuration determines the pixel indicating the gas leak esti 
mated position on the basis of such characteristics of the gas . 
[ 0141 ] The above - described configuration further includes 
a second determination unit that sets a pixel having a largest 
pixel value or a pixel indicating the centroid of the gas 
region image among the plurality of pixels constituting the 
gas region image as a pixel - of - interest , and determines the 
first pixel as the pixel indicating the gas leak estimated 
position when a first line segment intersecting with a line 
connecting the first pixel and the second pixel and having 
both ends located on the outline and located between the first 
pixel and the pixel - of - interest is shorter than a second line 
segment intersecting with a line connecting the first pixel 
and the second pixel and having both ends located on the 
outline and located between the second pixel and the pixel 
of - interest , and determines the second pixel as the pixel 
indicating the gas leak estimated position when the second 
line segment is shorter than the first line segment . 

( 0142 ] Gas that has leaked from the monitoring target 
hangs so as to spread . When the first line segment is shorter 
than the second line segment , this configuration regards the 
gas to be spreading from the first line segment side toward 
the second line segment side and determines the first pixel 
positioned on the first line segment side as the pixel indi 
cating the gas leak estimated position . When the second line 
segment is shorter than the first line segment , this configu 
ration regards the gas to be spreading from the second line 
segment side toward the first line segment side and deter 
mines the second pixel positioned on the second line seg 
ment side as the pixel indicating the gas leak estimated 
position . 
10143 ] The above - described configuration further includes 
a second determination unit that sets a pixel having a largest 
pixel value or a pixel indicating the centroid of the gas 
region image among the plurality of pixels constituting the 
gas region image as a pixel - of - interest , divides the gas 
region image into a first divided image including the first 
pixel and a second divided image including the second pixel 
by a dividing line intersecting with a line connecting the first 
pixel and the second pixel and passing through the pixel 
of - interest , determines the first pixel as the pixel indicating 
the gas leak estimated position when the area of the first 
divided image is smaller than the area of the second divided 
image , and determines the second pixel as the pixel indi 
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cating the gas leak estimated position when the area of the 
second divided image is smaller than the area of the first 
divided image . 
0144 ] Gas that has leaked from the monitoring target 
hangs so as to spread . When the area of the first divided 
image is smaller than the area of the second divided image , 
this configuration regards the gas to be spreading from the 
first divided image side to the second divided image side and 
determines that first pixel included in the first divided image 
as the pixel indicating the gas leak estimated position . When 
the area of the second divided image is smaller than the area 
of the first divided image , the configuration regards the gas 
to be spreading from the second divided image side toward 
the first divided image side and determines the second pixel 
included in the second divided image as the pixel indicating 
the gas leak estimated position . 
10145 ] The above - described configuration further includes 
a second determination unit that sets a pixel having a largest 
pixel value or a pixel indicating the centroid of the gas 
region image among the plurality of pixels constituting the 
gas region image as a pixel - of - interest , divides the gas 
region image into a first divided image including the first 
pixel and a second divided image including the second pixel 
by a dividing line intersecting with a line connecting the first 
pixel and the second pixel and passing through the pixel 
of - interest , determines the first pixel as the pixel indicating 
the gas leak estimated position when the outline of the first 
divided image is smaller than the outline of the second 
divided image , and determines the second pixel as the pixel 
indicating the gas leak estimated position when the outline 
of the second divided image is smaller than the outline of the 
first divided image . 
[ 0146 ] Gas that has leaked from the monitoring target 
hangs so as to spread . When the outline of the first divided 
image is smaller than the outline of the second divided 
image , this configuration regards the gas to be spreading 
from the first divided image side to the second divided image 
side and determines that first pixel included in the outline of 
the first divided image as the pixel indicating the gas leak 
estimated position . When the outline of the second divided 
image is smaller than the outline of the first divided image , 
the configuration regards the gas to be spreading from the 
second divided image side toward the first divided image 
side and determines the second pixel included in the outline 
of the second divided image as the pixel indicating the gas 
leak estimated position . 
[ 0147 ] In the above - described configuration , the second 
determination unit determines a pixel indicating the gas leak 
estimated position for each of the plurality of gas region 
images aligned in time series , and sets the determined pixel 
indicating the plurality of gas leak estimated positions as a 
pixel indicating a plurality of first gas leak estimated posi 
tions and sets each of coordinate values of pixels indicating 
the plurality of first gas leak estimated positions as a 
population , and determines a pixel indicating a coordinate 
value of an average value or a median value of the popu 
lation as a pixel indicating a second gas leak estimated 
position . 
10148 ] The pixel indicating the second gas leak estimated 
position is determined on the basis of a plurality of pixels 
indicating the first gas leak estimated positions . The pixels 
indicating the plurality of first gas leak estimated positions 
are pixels indicating gas leak estimated positions obtained 
from each of the plurality of gas region images aligned in 

time series . Therefore , the second gas leak estimated posi 
tion is a gas leak estimated position with little influence of 
change in the wind direction . That is , the second gas leak 
estimated position is a gas leak estimated position that is not 
separated away from the gas leak position even with the 
change in the wind direction . Therefore , according to this 
configuration , it is possible to prevent deterioration of accu 
racy of the gas leak estimated position even with the change 
in the wind direction . 
[ 0149 ] In the above - described configuration , the first 
determination unit determines the first pixel and the second 
pixel for each of the plurality of gas region images aligned 
in time series , and the second determination unit sets coor 
dinate values of individual pixels within a range in which the 
feature points concentrate from among the plurality of first 
pixels and the plurality of second pixels determined by the 
first determination unit as a population , and determines a 
pixel indicating a coordinate value of an average value or a 
median value of the population as the pixel indicating the 
gas leak estimated position . 
[ 0150 ] This configuration determines the pixel indicating 
the gas leak estimated position on the basis of pixels 
indicating feature points ( first pixels and second pixels ) 
obtained from each of the plurality of gas region images 
aligned in time series . Therefore , the gas leak estimated 
position is a gas leak estimated position that is not separated 
away from the gas leak position even with the change in the 
wind direction . Therefore , according to this configuration , it 
is possible to prevent deterioration of accuracy of the gas 
leak estimated position even with the change in the wind 
direction . 
[ 0151 ] The configuration further includes a display control 
unit that controls to display the image of the monitoring 
region in which the gas leak estimated position is indicated , 
on a display unit . 
[ 0152 ] According to this configuration , the positional rela 
tionship between the gas leak estimated position and the 
monitoring region can be grasped . 
[ 0153 ] A gas leak position estimation method according to 
a second aspect of the embodiment includes : a first step of 
specifying a gas region image indicating a region in which 
gas hangs within an image obtained by photographing a 
monitoring region ; and a second step of determining a pixel 
indicating a gas leak estimated position estimated as a 
position of gas leak from among a plurality of pixels 
constituting an outline of the gas region image . 
[ 0154 ] With the gas leak position estimation method 
according to the second aspect of the embodiment , it is 
possible to achieve a same operational effect as the gas leak 
position estimation device according to the first aspect of the 
embodiment . 
[ 0155 ] A gas leak position estimation program according 
to a third aspect of the embodiment causes a computer to 
perform : a first step of specifying a gas region image 
indicating a region in which gas hangs within an image 
obtained by photographing a monitoring region ; and a 
second step of determining a pixel indicating a gas leak 
estimated position estimated as a position of gas leak from 
among a plurality of pixels constituting an outline of the gas 
region image . 
[ 0156 ] With the gas leak position estimation program 
according to the third aspect of the embodiment , it is 
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possible to achieve a same operational effect as the gas leak 
position estimation device according to the first aspect of the 
embodiment . 
[ 0157 ] A gas leak position estimation device according to 
a fourth aspect of the embodiment includes : an arithmetic 
control unit that specifies a gas region image indicating a 
region in which gas hangs within an image obtained by 
photographing a monitoring region and that determines a 
pixel indicating a gas leak estimated position estimated as a 
position of gas leak from among a plurality of pixels 
constituting the outline of the gas region image ; and a 
display unit that displays the image of the monitoring region 
in which the gas leak estimated position is indicated . 
[ 0158 ] With the gas leak position estimation device 
according to the fourth aspect of the embodiment , it is 
possible to achieve a same operational effect as the gas leak 
position estimation device according to the first aspect of the 
embodiment . In addition to this , with the gas leak position 
estimation device according to the fourth aspect of the 
embodiment , the positional relationship between the gas 
leak estimated position and the monitoring region can be 
grasped . 
[ 0159 ] This application claims the benefit of Japanese 
Patent Application No . 2016 - 41171 , filed Mar . 3 , 2016 , 
which is hereby incorporated by reference herein in its 
entirety . 
[ 0160 ] While the present invention has been appropriately 
and fully described in connection with the embodiments 
thereof with reference to the accompanying drawings , it is to 
be noted that various changes and / or modifications are 
apparent to those skilled in the art . Accordingly , such 
changes and modifications carried out by those skilled in the 
art are to be understood as included within the scope of the 
present invention as defined by the appended claims , unless 
they depart the scope of the claims described herein . 

4 . The gas leak position estimation device according to 
claim 2 , further comprising 

a setter that sets a circumscribed rectangle that is a 
rectangle having four sides being in contact with the 
gas region image and surrounding the gas region 
image , 

wherein the first determiner determines at least one of the 
first pixel and the second pixel located at two points 
where two short sides of the circumscribed rectangle 
and the gas region image come in contact with each 
other as the pixel indicating the feature point . 

5 . The gas leak position estimation device according to 
claim 4 , wherein the setter sets the circumscribed rectangle 
having a minimum area among the circumscribed rectangles 
as the circumscribed rectangle . 

6 . The gas leak position estimation device according to 
claim 3 , further comprising : 

a first extractor that extracts an instantaneous gas region 
image indicating a region in which the gas hangs at a 
point of photographing each of images from among 
each of a plurality of the images aligned in time series ; 
and 

INDUSTRIAL APPLICABILITY 
[ 0161 ] According to the present invention , it is possible to 
provide a gas leak position estimation device , a gas leak 
position estimation method , and a gas leak position estima 
tion program . 

1 . A gas leak position estimation device comprising : 
a specifier that specifies a gas region image indicating a 

region in which gas hangs within an image obtained by 
photographing a monitoring region ; and 

a first determiner that determines a pixel indicating a gas 
leak estimated position estimated as a position of gas 
leak from among a plurality of pixels constituting an 
outline of the gas region image . 

2 . The gas leak position estimation device according to 
claim 1 , wherein the first determiner determines a pixel 
indicating a feature point of the gas region image from 
among a plurality of pixels constituting the outline of the gas 
region image , and determines the pixel indicating the gas 
leak estimated position from among the feature points . 

3 . The gas leak position estimation device according to 
claim 2 , further comprising 

a first calculator that calculates a regression line indicat 
ing a relationship between individual positions of a 
plurality of pixels constituting the gas region image , 

wherein the first determiner determines at least one of a 
first pixel and a second pixel positioned at two points 
at which the regression line and the outline intersect 
with each other as the pixel indicating the feature point . 

a generator that performs processing of adding pixel 
values of pixels at a same position in the plurality of 
instantaneous gas region images extracted from each of 
the plurality of images so as to generate a cumulative 
gas region image which is an image obtained by 
accumulating the plurality of instantaneous gas region 
images , 

wherein the specifier specifies the cumulative gas region 
image after the binarization processing as the gas 
region image . 

7 . The gas leak position estimation device according to 
claim 2 , further comprising : 

a first extractor that extracts an instantaneous gas region 
image indicating a region in which the gas hangs at a 
point of photographing each of images from among 
each of a plurality of the images aligned in time series ; 

a generator that performs processing of adding pixel 
values of pixels at a same position in the plurality of 
instantaneous gas region images extracted from each of 
the plurality of images so as to generate a cumulative 
image including a cumulative gas region image which 
is an image obtained by accumulating the plurality of 
instantaneous gas region images ; 

a second extractor that performs extraction processing of 
extracting a pixel from a plurality of pixels constituting 
the cumulative image on the basis of a predetermined 
threshold ; and 

a first calculator that performs calculation processing of 
calculating a centroid of an image constituted with the 
pixels extracted with the threshold , 

wherein the second extractor performs the extraction 
processing on the basis of each of the two or more 
thresholds of different values , 

the first calculator calculates two or more centroids by 
performing the calculation processing on the images 
corresponding to each of two or more of the thresholds 
of different values , 

the gas leak position estimation device further includes a 
second calculator that calculates a regression line indi 
cating a relationship between the individual positions 
of the two or more centroids , 
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the specifier specifies the cumulative gas region image 
after the binarization processing as the gas region 
image , and 

the first determiner determines at least one of the first 
pixel and the second pixel located at two points at 
which the regression line and the outline intersect with 
each other as the pixel indicating the feature point . 

8 . The gas leak position estimation device according to 
claim 3 , further comprising a second determiner that sets a 
pixel having a largest pixel value or a pixel indicating the 
centroid of the gas region image among the plurality of 
pixels constituting the gas region image as a pixel - of 
interest , determines the first pixel as the pixel indicating the 
gas leak estimated position when a distance between the first 
pixel and the pixel - of - interest is shorter than a distance 
between the second pixel and the pixel - of - interest , and 
determines the second pixel as the pixel indicating the gas 
leak estimated position when a distance between the second 
pixel and the pixel - of - interest is shorter than a distance 
between the first pixel and the pixel - of - interest . 

9 . The gas leak position estimation device according to 
claim 3 , further comprising a second determiner that deter 
mines a pixel located at a lower position among the first 
pixel and the second pixel as the pixel indicating the gas leak 
estimated position when the density of the gas is lower than 
the density of the air , and that determines the pixel located 
at a higher position among the first pixel and the second 
pixel as the pixel indicating the gas leak estimated position 
when the density of the gas is higher than the density of the 
air . 

10 . The gas leak position estimation device according to 
claim 3 , further comprising 

a second determiner that 
sets a pixel having a largest pixel value or a pixel 

indicating the centroid of the gas region image among 
the plurality of pixels constituting the gas region image 
as a pixel - of - interest , 

determines the first pixel as the pixel indicating the gas 
leak estimated position when a first line segment inter 
secting with a line connecting the first pixel and the 
second pixel and having both ends located on the 
outline and located between the first pixel and the 
pixel - of - interest is shorter than a second line segment 
intersecting with a line connecting the first pixel and 
the second pixel and having both ends located on the 
outline and located between the second pixel and the 
pixel - of - interest , and determines the second pixel as the 
pixel indicating the gas leak estimated position when 
the second line segment is shorter than the first line 
segment . 

11 . The gas leak position estimation device according to 
claim 3 , further comprising 

a second determiner that 
sets a pixel having a largest pixel value or a pixel 

indicating the centroid of the gas region image among 
the plurality of pixels constituting the gas region image 
as a pixel - of - interest , divides the gas region image into 
a first divided image including the first pixel and a 
second divided image including the second pixel by a 
dividing line intersecting with a line connecting the first 
pixel and the second pixel and passing through the 
pixel - of - interest , 

determines the first pixel as the pixel indicating the gas 
leak estimated position when the area of the first 

divided image is smaller than the area of the second 
divided image , and determines the second pixel as the 
pixel indicating the gas leak estimated position when 
the area of the second divided image is smaller than the 
area of the first divided image . 

12 . The gas leak position estimation device according to 
claim 3 , further comprising 

a second determiner that 
sets a pixel having a largest pixel value or a pixel 

indicating the centroid of the gas region image among 
the plurality of pixels constituting the gas region image 
as a pixel - of - interest , 

divides the gas region image into a first divided image 
including the first pixel and a second divided image 
including the second pixel by a dividing line intersect 
ing with a line connecting the first pixel and the second 
pixel and passing through the pixel - of - interest , 

determines the first pixel as the pixel indicating the gas 
leak estimated position when the outline of the first 
divided image is smaller than the outline of the second 
divided image , and determines the second pixel as the 
pixel indicating the gas leak estimated position when 
the outline of the second divided image is smaller than 
the outline of the first divided image . 

13 . The gas leak position estimation device according to 
claim 8 , 

wherein the second determiner determines the pixel indi 
cating the gas leak estimated position for each of the 
plurality of gas region images aligned in time series , 
and sets the determined pixel indicating the plurality of 
gas leak estimated positions as a pixel indicating a 
plurality of first gas leak estimated positions , 

sets each of coordinate values of pixels indicating the 
plurality of first gas leak estimated positions as a 
population , and 

determines a pixel indicating a coordinate value of an 
average value or a median value of the population as a 
pixel indicating a second gas leak estimated position . 

14 . The gas leak position estimation device according to 
claim 8 , 

wherein the first determiner determines the first pixel and 
the second pixel for each of the plurality of gas region 
images aligned in time series , and 

the second determiner sets coordinate values of individual 
pixels within a range in which the feature points 
concentrate from among the plurality of first pixels and 
the plurality of second pixels determined by the first 
determiner as a population , and determines a pixel 
indicating a coordinate value of an average value or a 
median value of the population as the pixel indicating 
the gas leak estimated position . 

15 . The gas leak position estimation device according to 
claim 1 , further comprising a display controller that controls 
to display the image of the monitoring region in which the 
gas leak estimated position is indicated , on a display part . 

16 . A gas leak position estimation method comprising : 
specifying a gas region image indicating a region in which 

gas hangs within an image obtained by photographing 
a monitoring region ; and 

determining a pixel indicating a gas leak estimated posi 
tion estimated as a position of gas leak from among a 
plurality of pixels constituting an outline of the gas 
region image . 
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17 . A non - transitory recording medium storing a com 
puter readable gas leak position estimation program causing 
a computer to perform : 

specifying a gas region image indicating a region in which 
gas hangs within an image obtained by photographing 
a monitoring region ; and 

determining a pixel indicating a gas leak estimated posi 
tion estimated as a position of gas leak from among a 
plurality of pixels constituting an outline of the gas 
region image . 

18 . A gas leak position estimation device comprising : 
an arithmetic controller that specifies a gas region image 

indicating a region in which gas hangs within an image 
obtained by photographing a monitoring region and 
that determines a pixel indicating a gas leak estimated 
position estimated as a position of gas leak from among 
a plurality of pixels constituting the outline of the gas 
region image ; and 

a display part that displays the image of the monitoring 
region in which the gas leak estimated position is 
indicated . 

19 . The gas leak position estimation device according to 
claim 2 , further comprising a display controller that controls 
to display the image of the monitoring region in which the 
gas leak estimated position is indicated , on a display part . 

20 . The gas leak position estimation device according to 
claim 3 , further comprising a display controller that controls 
to display the image of the monitoring region in which the 
gas leak estimated position is indicated , on a display part . 


