
1/19

24
b 20
 

22
 

26
b 

24
a 

30
 

26
a 

10
 

18
 

16
 

12
 

14
FI

G
. 1



FI
G

. 2
 

12
4c12

4d
12

4a 12
4b

20
 

22

10
2 2/19

13
4a

13
4b

 

13
2a

13
2b



TR
AN

SC
EI

VE
R

 

C
O

N
TR

O
L 

ST
AT

IO
N

 

O
N

- B
O

AR
D

 
C

O
M

PU
TE

R
 

SY
ST

EM
 

D
IS

PL
AY

 
M

O
N

IT
O

R
 

 

LA
SE

R
 P

O
IN

TE
R

S 
M

O
TO

R
 

C
O

N
TR

O
LL

ER
S 

M
O

TO
R

S 

VI
D

EO
 

C
AM

ER
A 

FI
G

. 3

20
 

14
8 

16
8 

13
0 

16
2 

16
0 15

0 

15
2 

13
2 

U
AV

 

3/19



d 

nPx 

maxPx 

D 

FoV 

α 

FIG. 4A 

FIG. 4B 

L1
132a 

130 

132b 

102 

102' 

70 

4/19

108

106



FI
G

. 5
 

w
 

h 

1 
FT

 

76
 

70
 

72
 

74
 

5/19



FI
G

. 6
 

12
4c12

4d
12

4a 12
4b

20
 

22

10
2

6/19

13
4a

13
4b

 

13
2a

13
2b

13
4b

' 13
4a

' 



D 
FoV 

α 

L0 β 

nPx 

maxPx 

FIG. 7A 

FIG. 7B 

L1

d 

132a 

130 

132b 

102 

102' 

70 

7/19

108

106



FI
G

. 8
 

12
4c12

4d
12

4a 12
4b

20
 

22

10
2

8/19

13
4a

13
4c

 

13
2a

13
2b

13
4b

13
2c



maxPx 

FoV 

α 

d

nPx2

FIG. 9A 

FIG. 9B 
nPx1

L1

L1

D β 

132a 

130 

132c 

102 

102' 

70 

9/19

108

106

107

132b 



T 
= 

0.
00

 
La

se
rs

 O
FF

 

T 
= 

0.
01

 
La

se
rs

 O
N

 

T 
= 

0.
02

 
La

se
rs

 O
FF

 

T 
= 

0.
03

 
La

se
rs

 O
N

 

nP
ix

el
s 

S
ub

tra
ct

io
n 

Im
ag

e 

S
ub

tra
ct

io
n 

Im
ag

e 

FI
G

. 1
0 

nP
ix

el
s 

10/19

14
2a

14
2b

14
0c

70
10

6

14
0b

14
0a

70
10

6

14
0d

10
8

7010
8

70



S
ub

tra
ct

io
n 

Im
ag

e 

FI
G

. 1
1 

nP
ix

el
s 

14
4b

10
614

4a

10
8

14
6

11/19



FI
G

. 1
2 

12
4c12

4d
12

4a 12
4b

20
 

22

10
2 12/19

13
4a

13
4b

 

13
8a

13
8b



CONTROL UAV TO FLY TOWARD STRUCTURE 

USE LASER RANGE METERS TO MEASURE DISTANCES 
TO RESPECTIVE SPOTS ON STRUCTURE SURFACE 

CONTROL UAV TO MAINTAIN SPECIFIED 
SEPARATION DISTANCE RELATIVE TO STRUCTURE 

CONTROL UAV TO REORIENT SO THAT THE CAMERA 
FOCAL AXIS IS NORMAL TO STRUCTURE SURFACE 

CAPTURE IMAGE OF STRUCTURE 

CALCULATE SCALE FACTOR FOR IMAGE 

DISPLAY SCALE INDICATOR OVERLAID ON IMAGE 

40 

42 

44 

46 

50 

52 

54 

56 

FIG. 13 

NO 

YES 

COMPUTE FIRST AND SECOND ORIENTATION ANGLES OF 
CAMERA FOCAL AXIS RELATIVE TO STRUCTURE SURFACE 

CONTINUE 
FEEDBACK CONTROL 

MODE? 

CALCULATE SEPARATION DISTANCE 
BETWEEN UAV AND STRUCTURE 

RESUME PRIOR UAV FLIGHT MODE 

48 

62 

60 

58 

13/19



FI
G

. 1
4 * 

* 

.
20

 12
4c

12
812

4d

12
4a

12
4b

13
0

13
8

13
4

22

12
6

10
0

14/19
10

4

12
0 

38

11
0 

11
8 

11
2 

11
4 

11
6 



TR
AN

SC
EI

VE
R

 

C
O

N
TR

O
L

 ST
AT

IO
N

O
N

-B
O

AR
D

 
C

O
M

PU
TE

R
 

SY
ST

EM
 

D
IS

PL
AY

 M
O

N
IT

O
R

 

PA
N

-T
IL

T
M

E C
H

AN
IS

M
 

M
O

TO
R

 
C

O
N

TR
O

LL
ER

S 

M
O

TO
R

S 

IM
U

 

FI
G

. 1
5 

 V
ID

EO
C

AM
ER

A

LA
SE

R
R

AN
G

E
M

ET
ER

  

16
6 

16
2 

13
0 12

0 

13
8 

16
0 15

0 

15
2 

14
8 

16
8 

15/19
U

AV
20

 

admin
Rectangle



FI
G

.1
6 

12
4c12

4d
12

4a 12
4b

20
 

22

10
2

16/19

13
4

*
10

4

13
6 

13
8

13
0

an
g



17/19
CONTROL UAV TO HOVER AT FIRST LOCATION 
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