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(RMSE)
0.107 0.211

3-26 ( 3 )

( )

( )  
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( ) 3.18
3 Canon 5D Mark II (
6.4µm) 20 mm 300
80% 35% 3-27

3-12

3-27 ( )

3-12 ( )

( )

106/5/18

41.77

( 29°C
10%)

/ /

/ 200 /800

0.22

UAS

106 5 18 1500
1530

UAV
3-28 40 1624

4 313
(GSD) 22 3-29



106  

| 59

3-28 ( )

3-29 ( )

( )  

UAS

3-30 3-13 25
3-31
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3-30 ( )

3-13 ( )

X Y

( )

(mean) 0.020 0.050
(Sigma) 0.132 0.155

(RMSE)
0.134 0.163

3-31 ( )

( )

( )
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( )

( ) 0.18
40 Canon 5D Mark II (
6.4µm) 20 mm 376
80% 35% 3-32

3-14

3-32 ( )

3-14 ( )

( )

106/5/18

51.03

( 30°C 0%)

/ /

/ 376 /1000

0.13

UAS

106 5 18 1200
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1250
UAV 3-

33 50 1353

2 117
(GSD) 13 3-34

3-33 ( )

3-34 ( )
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( )

UAS

3-35 3-15 25
3-36

3-35 ( )

3-15 ( )

X Y

( )

(mean) 0.009 -0.059
(Sigma) 0.170 0.134

(RMSE)
0.170 0.147
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3-36 ( )

( )

( )

( ) 4.69
30 Canon 5D SR (

4.1µm) 20 mm 560
80% 35% 3-37

3-16

3-37 ( )
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3-16 ( )

( )

106/6/6

49.11

( 33°C 0%)

/ /

/ 560 /1000

0.10

UAS

106 6 6 1100
1130

UAV
3-38 50 1257

4 233
(GSD) 10 3-39

3-38 ( )
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3-39 ( )

( )

UAS

3-40 3-17 25
3-41

3-40 ( )
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3-17 ( )

X Y

( )

(mean) -0.060 -0.020
(Sigma) 0.380 0.322

(RMSE)
0.385 0.322

3-41 ( )

( 68 )

( )  

( 68 ) 2.15
2 Canon 5D Mark II (
6.4µm) 20 mm 400
80% 35% 3-37

3-18
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3-42 ( 68 )

3-18 ( 68 )

( 68 )

106/8/17

25.32

( 32°C
20%)

/ /

/ 400 /900

0.13

UAS

106 8 17 1145
1210

UAV
3-43 30 1245

4 266
(GSD) 13 3-44
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3-43 ( 68 )

3-44 ( 68 )

( )  

UAS

3-45 3-19 25
3-46
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3-45 ( 68 )

3-19 ( 68 )

X Y

( 68 )

(mean) -0.001 0.009
(Sigma) 0.081 0.200

(RMSE)
0.081 0.200

 

3-46 ( 68 )
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( )

( )  

( ) 0.64
22 Canon 5DSR (

4.1µm) 20 mm 650
80% 35% 3-47

3-20

 

3-47 ( )

3-20 ( )

( )

106/10/2

9

( 30°C
10%)

/ /

/ 650 /1000

0.13

UAS
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106 10 2 1200
1220

UAV
3-48 30 1300

3 48
(GSD) 13 3-49

3-48 ( )

3-49 ( )
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( )

UAS

3-50 3-21 25
3-51

 

3-50 ( )

3-21 ( )

X Y

( )

(mean) -0.001 0.015
(Sigma) 0.122 0.121

(RMSE)
0.122 0.122
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3-51 ( )

( )

( )  

( ) 6
205 Canon 5DSR (

4.1µm) 20 mm 600
80% 35% 3-52

3-22
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3-52 ( )

3-22 ( )

( )

106/10/18

30

( 30°C
10%)

/ /

/ 800 /1000

0.12

UAS

106 10 18 1200
1220

UAV
3-53 60 1330

3 171
(GSD) 12 3-54
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3-53 ( )

3-54 ( )

( )  

UAS

3-55 3-23 25
3-56
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3-55 ( )

3-23 ( )

X Y

( )

(mean) 0.077 -0.044
(Sigma) 0.152 0.272

(RMSE)
0.170 0.276

3-56 ( )
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( )

 

( )  

( ) 0.8
560 Sony A7 ( 6µm)

20 mm 900 80%
35% 3-57

3-24

3-57 ( )

3-24 ( )

( )

106/6/22

8.22

( 31°C
30%)

/ /

/ 900 /1200

0.09

UAS
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106 6 22 1200
1220

UAV
3-58 3

7 8 1310

6 291 (GSD) 9
3-59

3-58 ( )

3-59 ( )  
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( )  

UAS

3-60 3-25 25
3-61

 

3-60 ( )

3-25 ( )

X Y

( )

(mean) 0.161 -0.237
(Sigma) 0.503 0.568

(RMSE)
0.528 0.615
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3-61 ( )

 

( )  

( ) 0.8
712 Sony A7 ( 6µm)

20 mm 1000 80%
35% 3-62

3-26

3-62 ( )
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3-26 ( )

( )

106/6/22

11.47

( 31°C
10%)

/ /

/ 1000 /1200

0.09

UAS

106 6 22 0900
0920

UAV
3-63 4 7

8 1040

6 363 (GSD) 9
3-64

3-63 ( )
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3-64 ( )

( )  

UAS

3-65 3-27 25
3-66

 

3-65 ( )
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3-27 ( )

X Y

( )

(mean) -1.039 -0.628
(Sigma) 0.663 0.101

(RMSE)
1.232 0.636

3-66 ( )

 

( )  

( ) 0.8
872 Sony A7 ( 6µm)

20 mm 1000 80%
35% 3-67

3-28
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3-67 ( )

3-28 ( )

( )

106/6/22

5.68

( 31°C
10%)

/ /

/ 1000 /1200

0.05

UAS

106 6 22 0700
0720

UAV
3-68 4

7 8 0830

6 284 (GSD) 5
3-69  
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3-68 ( )

3-69 ( )

( )  

UAS

3-70 3-29 25
3-71
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3-70 ( )

3-29 ( )

X Y

( )

(mean) 0.184 0.017
(Sigma) 0.266 0.224

(RMSE)
0.324 0.225

3-71 ( )
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( )

( )

( ) 1
670 Sony A7 ( 6µm)

20 mm 250 80%
35% 3-72

3-30

3-72 ( )

3-30 ( )

( )

106/7/4

13.65

( 31°C
20%)

/ /

/ 250 /900

0.06

UAS
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106 7 4 0630
0700

UAV
3-73 7

8-9 0900 5 2
2 0945

3 642 (GSD) 6
3-74

3-73 ( )

3-74 ( )
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( )

UAS

3-75 3-31 25
3-76

3-75 ( )

3-31 ( )

X Y

( )

(mean) 0.004 -0.005
(Sigma) 0.025 0.087

(RMSE)
0.026 0.087
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3-76 ( )

 ( )  

15.18 530
Sony A7R ( 4.9µm)

21 mm 1600 80%
35% 3-77

3-32

3-77
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3-32

106/8/11

102

( 30°C 10%)

/ /

/ 1600 /2000

0.24

UAS SkyArrow 55

106 8 11 0600
0630

0700
UAV

2 3-78
80 0930 1052

12
830 (GSD) 24

3-79

3-78
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3-79

( )

UAS

3-80 3-33 25
3-81

 

3-80
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3-33

X Y
(mean) -0.168 -0.073
(Sigma) 0.206 0.304

(RMSE)
0.266 0.313

 

3-81

( )

 

( )  

0.04 50
UAS Sony A7

6µm 20mm 200
80% 35% 3-82
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3-34

 

3-82

3-34

106/5/18

1.03

( 28°C
30%)

/ /

/ 200 /800

0.05

UAS

106 5 18 1230
1250

UAV
1 3-83

7 1350

2 28 (GSD)
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5 3-84  

3-83

3-84

( )  

UAS

3-85 3-86
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3-35

3-85

3-86

3-35

0.830 0.3
2.8 m 10 m
2.8 m 12 m
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10
3-87

 

3-87

 

( )  

0.03 200
UAS Sony A7

6µm 20mm 365
80% 35% 3-88

3-36

 

3-88
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3-36

106/5/18

0.84

( 28°C
30%)

/ /

/ 365 /800

0.05

UAS

106 5 18 1430
1455

UAV
1 3-89

6 1530

2 23 (GSD)
5 3-90  

3-89
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3-90

( )  

UAS

3-91 3-92
3-37

 

3-91
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3-92

3-37

0.304 0.3
3.8 m 10 m
7.5 m 12 m

10
3-93

3-93
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( )  

0.1 16
UAS Sony A7

6µm 20mm 200
80% 35% 3-94

3-38

 

3-94

3-38

106/5/18

2.83

( 28°C
30%)

/ /

/ 200 /800

0.05

UAS
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106 5 18 1310
38

1330
UAV 1

3-95 8 1350

2
44 (GSD) 5 3-96  

3-95

3-96
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( )  

UAS

3-97 3-98
3-39

 

3-97

3-98
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3-39

0.758 0.3
3.1 m 10 m
3.0 m 12 m

10
3-99  

 

3-99

106 4 25
105

UAS ( 3-100 ( 3-101
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3-100 UAS

3-101

36
UAS UAS 3D

( 3-102 3D 1:6.5
3-103
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3-102 3D 3-103

106 8 28 106
UAS UAS

3-104 3-105

3-104 106 UAS

3-105 106 UAS
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UAS Ricoh Theta S 360

3-106 3-107 3-
108

3-106

3-107
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3-108
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106 4 13 11 21 4
220

2

UAS 10 6445

8 1875

UAS
UAS

UAS 360

10 8
8320

UAS( )
100% 1

UAS

25 10 2
10

25 25
Pix4DMapper

10 ISAT
OrthoPro

106 UAS 6446
UAS 10

5



106  

| 111

UAS
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1.P.3 1-1 P.3

2.P.15 2-9 2 8mm P.15

3.P.19 2-20 P.19
4.P.33 13

10
P.34

5.P.36

3-1 3-2

P.37 3-1

6.P.108~109

7.P.110 P.109

8.P.111

25
Pix4DMapper

9.
10.
(1)P.11 5060
(2)P.110
(3)P.111 9
(4) 1

(1) P.11
(2) P.109
(3) P.110
(4)
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1. P.8 2 360
P.34

?

P.8 360
UAS UAS

360 P3.4

P.8 360

2.P.11 2-7 2-6 P.11 P.12 P.13
3.P.11-13 Canon 5DSR

2-12

20

P.11-16

4.P.13 UAS P.17

5.P.19 Phase One IXU150 P.10 P.24

6.P.20 2-19 P.25

7.P.20-21 O (
)

P.26 O

8.P.31
30

P.36

9.P.40 7 …

…

P.42

10.P.44-45

11.P.49
UAS 360

Pix4D 6-1

P.49

12.P.52-53 P.55
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4

13.
14.
(1)
(2)

(3)P.12
(4)P.25

(5)P.31 8 …

(1)
(2)
(3) P.15
(4) P.30
(5) P.36
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21mm  



106

126 |



106  

| 127



106

128 |



106  

| 129



106

130 |

Canon 5D Mark II 50 mm  
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Canon 5D Mark II 20 mm  
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Canon 5DSR 50 mm  
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Canon 5D Mark II 20 mm  
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