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AIRCRAFT-UTILIZING DETERIORATION DIAGNOSTIC SYSTEM
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(ODeterioration Diagnostic Function: Diagnostic processing is performed and
a deteriorated portion of the target is detected based on association and comparison
between current and previous aerially-photographed images, particularly using a plane
matching method.
QODeteriorated Portion Visualization Function: Provides a screen so as to visualize
the deteriorated portion in the image plotted on a target 3D-model.
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FIG. 2
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EMBODIMENT: OVERVIEW (ASSOCIATION AND COMPARISON)
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FIG. 5
BASIC PROCESSING

START
BASIC SETTINGS

(TARGET, DIAGNOSIS DATE/TIME, ROUTE, PHOTOGRAPHING SETTINGS AND THE LIKE)

d
<«
y

A

S2

OBTAIN PHOTOGRAPHED IMAGE DATA, SENSOR DATA AND THE LIKE BY NAVIGATING
THE DRONE ALONG THE ROUTE AND AERIALLY-PHOTOGRAPHING THE TARGET AT

THE DIAGNOSIS DATE/TIME

S3 ™

INPUT DIAGNOSTIC DATA AND REFERENCE DATA

v

S4 ~

DETECT A DETERIORATED PORTION BY PERFORMING DIAGNOSTIC PROCESSING
INCLUDING ASSOCIATION AND COMPARISON (PLANE MATCHING METHOD)

v

SH~

STORE 2D-COORDINATE INFORMATION AND THE LIKE REPRESENTING THE DETERIORATED
PORTION DETECTED FROM THE IMAGE AS A PIECE OF DIAGNOSTIC RESULT INFORMATION

v

S6 ~

CONVERT 2D-COORDINATE INFORMATION REPRESENTING THE DETERIORATED PORTION
INTO 3D-COORDINATE INFORMATION ON THE TARGET 3D-MODEL

ALSO, OBTAIN A PERSPECTIVE CONVERSION MATRIX P BY RESTORING THE TARGET
3D-STRUCTURE FROM THE CONSECUTIVE IMAGES BY USING SFM PROCESSING, AND
PERFORM COORDINATE CONVERSION BY USING THE PERSPECTIVE CONVERSION MATRIX P.

v

ST~

STORE 3D-COORDINATE INFORMATION OF THE DETERIORATED PORTION AND
RESTORED 3D-STRUCTURE DATA AS A PIECE OF DIAGNOSTIC RESULT INFORMATION

v

\ N
S8 END INPUT OF DIAGNOSTIC IMAGE GROUP? /
Y

A 4

S9 ~

DISPLAY A SCREEN IN WHICH THE DETERIORATED PORTION IS PLOTTED ON THE TARGET
3D-MODEL BY PERFORMING VISUALIZATION PROCESSING OF THE DETERIORATED PORTION

END




6/25
FlG 6

DIAGNOSTIC PROCESSING: PLANE MATCHING METHOD

341 DETECT A PLANE PORTION FROM EACH IMAGE IN THE DIAGNOSTIC AND

REFERENCE IMAGE GROUPS
v

ASSOCIATE THE PLANE PORTION OF THE PREVIOUS IMAGE WITH THE PLANE

5427 PORTION OF THE CURRENT IMAGE AT A PLANE LEVEL

v

S43~ DETECT THE DETERIORATED PORTION BY COMPARING THE PLANE PORTION OF
THE PREVIOUS IMAGE AND THE PLANE PORTION OF THE CURRENT IMAGE IN
THE COMPARISON TARGET IMAGES

END
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DIAGNOSTIC PROCESSING: PLANE MATCHING METHOD

(Ex. 1) Ref. Image 602
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COORDINATE CONVERSION

S61

INPUT IMAGES (AT LEAST TWO CONSECUTIVE IMAGES) HAVING
THE DETECTED DETERIORATED PORTION

v

S62 ~

USING THE PERSPECTIVE CONVERSION MATRIX P, DETERMINE

THE CORRESPONDING 3D-COORDINATES (X1,Y1,21) BASED ON
THE 2D-COORDINATES (x1,y1) OF THE DETERIORATED PORTION IN
THE FIRST IMAGE AND THE 2D-COORDINATES (x2,y2) OF

THE DETERIORATED PORTION IN THE SECOND IMAGE

v

S63

PLOT THE 3D-COORDINATES (X1,Y1,Z1) ON THE TARGET 3D-MODEL
SET A DETERIORATED PORTION IMAGE FOR A HIGHLIGHTED DISPLAY

v

END
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COORDINATE CONVERSION
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MODIFICATION EXAMPLE:
COORDINATE CONVERSION USING PLANE CONVERSION METHOD

S71

INPUT (AT LEAST TWO) CONSECUTIVE IMAGES HAVING THE DETECTED

DETERIORATED PORTION
v
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INPUT EACH PLANE OF THE CONSECUTIVE IMAGES

v
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MAKE REFERENCE TO THE PLANE HAVING THE MINUTIA (CHANGED POINT)
OF THE DETERIORATED PORTION AND THE PLANE ASSOCIATED WITH SAID

PLANE
v

S74

DETERMINE PLANE CONVERSION COEFFICIENT

v

S75~

USING THE PLANE CONVERSION COEFFICIENT,

DETERMINE THE 2D-COORDINATES (x1,y1) OF THE MINUTIA OF

THE DETERIORATED PORTION IN THE FIRST PLANE AND

THE 2D-COORDINATES (x2,y2) OF THE MINUTIA OF THE DETERIORATED
PORTION IN THE SECOND PLANE ASSOCIATED WITH THE FIRST PLANE

v

S76 ~

USING THE PERSPECTIVE CONVERSION MATRIX P,
DETERMINE THE CORRESPONDING 3D-COORDINATES (X1,Y1,21) FROM
THE TWO 2D-COORDINATES

END
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MODIFICATION EXAMPLE:
COORDINATE CONVERSION USING PLANE CONVERSION METHOD

mermine Plane\
Conversion

First Plane Coefficient: C Second Plane
(including Det. Portion) (inc_luding Det. Portion)
0101 in First Image p102 in Second Image
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/
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DETERIORATED PORTION INFORMATION

Image File | Image Size Det. 2D-Coordinates
Portion ID (x,y) of Det.
Portion
001.pg  |6000 x 4000 — ] (120, 500
001-2 (1560, 2440)
002-1 (820, 3020)
002.jpg 6000 x 4000 002-2 (5630,400)
002-3 (5000,2600)
100jog 6000 x 4000 —2_] (22001030)
100-2 (560,1340)

@ Convert

(B) Table of 3D-Model Data

Det. 3D-Coordinates Corresponding 2D-Image File

Portion ID (X,Y,Z) of Det.
Portion

001 (100, 200,33) 001.jpg,002.jpg

002 (110,400,40) 003.jpg,004.jpg,005.jpg

003 (200,320,66) 006.jpg,007.jpg

004 (90,15,20) 008.jpg,009.jpg,010.jpg,011.jpg

005

(500,200,160)

012.jpg,013.jpg
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VISUALIZATION OF DETERIORATED PORTION (1)

. 1301
(A) Diag. Image S
1302 ‘
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Plotting (Converting) and Visualizing
from 2D-Image to Target 3D-Model

_____________________________________________________________________________________
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-Displaying zoomed

/ in/out image
(C) Screen (Details) //Operation for displaying

Details
Date: 2017/8/1
Target: sxk¥x*

Found: CraCk 1 31 3
l’l’-\\l
|: ; Functions for:
Mo -Displaying corresponding 2D-image

-Displaying related info
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VISUALIZATION OF DETERIORATED PORTION (2)

Screen (Image Comparison)
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Date: 2016/1/1 (1 year ago) Date: 2017/1/1
Degree of Deterioration: Small Degree of Deterioration; Medium
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MODIFICATION EXAMPLE: ROUTING METHOD

vAg
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A

(A) Basic Route and Photo. Setting Information
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1 Position (X,Y,Z), Imaging Point, Photo. Direction, Conditions, etc.

Correction Generation of
Calculation Suitable Route, etc.

(B) Correction Route and Photo. Setting Information

vAg
TR
Wind Direction/Speed v

’ Light

Current Diag. Date/Time

Correction of Photo. Direction, etc.

~
-
-
-~
~

Correction of Position, Imaging Point, Photo. Direction, Conditions, etc.
-Ex.: Set the diagnosis date/time to a date/time in which light is more likely to hit
Ex.: Correct the photographing direction or conditions for regions in which light is
less likely to hit
-Ex.: Correct the photographing point and intervals according to wind direction and the like
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ROUTING FUNCTION

~N

INPUT OPERATION OF ROUTING FUNCTION

-INPUT PREVIOUS REFERENCE DATA, ROUTING INFORMATION,
DIAGNOSTIC RESULT INFORMATION AND THE LIKE
(REFERENCE IMAGE GROUP, PHOTOGRAPHIC INFORMATION,

SENSOR DATA, ETC)
v

BASED ON THE INPUTTED DATA, GENERATE A SPATIALLY SUITABLE ROUTE

FOR THE CURRENT DIAGNOSIS

BASED ON THE INPUTTED DATA, GENERATE A SUITABLE PHOTOGRAPHING
SETTING INFORMATION FOR THE CURRENT DIAGNOSIS

v

BASED ON THE INPUTTED DATA, GENERATE A SUITABLE DIAGNOSIS DATE
AND TIME (RECOMMENDED DATE AND TIME) FOR THE CURRENT DIAGNOSIS

v

2

-DISPLAY THE GENERATED INFORMATION SUCH AS ROUTE,
DIAGNOSIS DATE AND TIME, PHOTOGRAPHING SETTING INFORMATION,
ETC. ON THE SCREEN

-BASED ON USER OPERATIONS, PRE-SET ROUTE,
PHOTOGRAPHING SETTING INFORMATION, DIAGNOSIS DATE AND TIME, ETC.

END
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MODIFICATION EXAMPLE: CAMERA ADJUSTMENT METHOD

During aerial photographing, photographing setting information of

the camera is adjusted per predetermined point.
(The photographing direction and the like of the camera are adjusted

to a direction in which an overlapping rate is increased such that

the current image is as close as possible to the previous image)
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MODIFICATION EXAMPLE: CAMERA ADJUSTMENT METHOD

INPUT THE DIAGNOSTIC IMAGE GROUP OF THE CONSECUTIVE
IMAGES FROM THE DRONE AND EXTRACT THE IMAGES ONE BY
ONE PER CONTROL POINT AT A PREDETERMINED TIME INTERVAL

y

BASED ON ASSOCIATION USING PHOTOGRAPHIC INFORMATION,
EXTRACT THE IMAGES ONE BY ONE FROM THE REFERENCE IMAGE
GROUP AND PERFORM ASSOCIATION BETWEEN THE EXTRACTED
DIAGNOSTIC IMAGE AND THE EXTRACTED REFERENCE IMAGE

v

2

FOR THE ASSOCIATED COMPARISON TARGET IMAGES,
DETERMINE AN OVERLAPPING RATE AND SHIFTED DIRECTION
BETWEEN THE PREVIOUS AND CURRENT IMAGES

'

CALCULATE THE ADJUSTMENT AMOUNT FOR THE PHOTOGRAPHING
SETTING INFORMATION OF THE CAMERA
-DETERMINE THE NUMBER OF PIXELS TO MOVE IN THE DIRECTION
IN WHICH THE OVERLAPPING RATE IS INCREASED
-DETERMINE THE ADJUSTMENT AMOUNT OF THE PHOTOGRAPHING
DIRECTION CORRESPONDING TO THE NUMBER OF PIXELS

v

CONTROL PHOTOGRAPHING SETTING INFORMATION OF
THE CAMERA FOR THE NEXT POINT ACCORDING TO
THE ADJUSTMENT AMOUNT

END
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MODIFICATION EXAMPLE: STEPWISE ASSOCIATION METHOD

(A) Ref. Image Group 5
/\/

Group (Image Group)

Image

G 1 \‘i i/

:7 E Thumbnail

First Association Second Association

(B) Diag. Image Group

,
H ™
H \ s S
1 \ s N
i i 1
H i i
H 11
\ it it
\ i HH
\ ] H
\., I i
“ | |
~, I 1
~ h i1
N H h
. 1 i1
. i il
'~ ol 1!
., " " 1!
2 K oo i
Ay il . 1
AANN AR
~-r N s N

OGrouping Settings:
-Group per Target 3D-Model Region
-Group by Photo. Direction, etc.
(OAssociation Processing:
First Association: Association per Group
Ex.: Using thumbnail information
Second Association: Association per Image in Group
-Plane-Level Matching, or
-Image-Level Matching (Minutiae-Based)
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MODIFICATION EXAMPLE: PARTIAL SFM PROCESSING METHOD

5
~

Zone (Ex.: Group)

E 100
E ~ -Partial SFM processing is applied to
L [ ] a selected zone (or a group)
g -Results of the SFM processing for each

zone are integrated

Diag. Image

Group
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MODIFICATION EXAMPLE: PRIORITIZED AERIAL PHOTOGRAPHING METHOD

5 Target (Ex.: Bridge)

- ‘\\ —
Position, Photo. Point \

Portion considered likely to deteriorate based on target 3D-model
and the like

— Set as priority portion/region

— During aerial photographing, the photographing direction and

the like are set and controlled such that the camera is directed to
the same priority portion at a plurality of consecutive imaging points
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DIFFERENT EMBODIMENT
TARGET: UTILITY POLES AND ELECTRIC WIRES

(A) Aerially-Photographed Image

M Tree
Pole \L’ Pole
ol . 7
‘ J‘ \ Wires / /
Road \ ]
\

2D-Coordinates (x,y) of Possible
(Estimated) Contacting Portion

@ Plotting from 2D to 3D

(B) Screen including Target 3D-Model

3D-Coordinates (X,Y,Z) of
Possible Contacting Portion

Vertical Direction (Z)

Position of Wires
/ (Estimate)
llllllll ,’-s\

-,'i n llllll"ljl/‘lllllllll

Road Pole
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COMPARATIVE EXAMPLE (1)
METHOD OF DIAGNOSING IN PERSON

Target _
5 Consecutive
~ Images
. 901
A 902 Det. Portion ) &
:\\\ J ’z’ E /\/
! A . P !
REEN PO Image Photo. Portion I AN
N R By {1
{ \‘ | I // p
N ’ ".“s?_ E i‘ 2 1I | O‘-;:‘: : i ——JI ’ !
s NP L | VA T e,
Route .\Q‘:~,_ - :\‘\ Photo. Direction _O—”'y
:7t """"" O ---"" Time Series
Drone Position and Imaging Point
ro
91 ' 92 Computer
T - ::} g Diagnostic operation
oo A, (visual confirmation, etc.) in which
Diag. Data User thefdetenﬁrated portl(_)n Is detected
Image Group (Performing rom the consecutive images

Diagnosis)
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COMPARATIVE EXAMPLE (2)
METHOD OF DIAGNOSING BY COMPUTER

(A) Previous Aerial Photographing 5 Wind and Light
Jad Conditions

. A .y 901A
A }N
[N e !
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91 |
4 e .
:T',:':'!::":"'-'. Photographed Difficult to associate and
n Ep— portions and the like [> compare, causing decrease
903 ettt ! differ, and deviations in efficiency and accuracy
Ref. Image Group occur in the image
. | \oontens Wind and Light
(B) Current Aerial s
Phot o . 5 Conditions
OLosrapning T Different)
902 901B
i I /\/
:| Eb

from the set route and the like

[ Actual route and the like are deviated }

904

iag. | G . . . .
Diag. Image roupl 92 Diagnostic processing for detecting the

1
i deteriorated portion and the like based on
e L association and comparison between

previous and current consecutive images




25/25
FlG. 25

COMPARATIVE EXAMPLE (3)

(A) Association and Comparison between Previous and Current Image Groups

Previous Ref. Image y, Same Portion —> Time Series
Data: Ref. A
Image Group 7//\*7 71\3 i\(
N J
Y

Image-Level Associate as —Diagnosis by
Matching comparison target comparing
images images
Current Diag. Image « \ —> Time Series
Data: Diag. e

Image Group DAY
(B) Previous Image Example (C) Current Image Example

Date: 2016/1/1 Date: 2017/1/1

Associate

S

Compare




