
FI
G

. 1

1/39



FI
G

. 2

2/39



FIG. 3

3/39



FIG. 4

4/39



FI
G

. 5

5/39



FI
G

. 6

6/39



SE
NS

OR
 U

NI
T

CO
NT

RO
L U

NI
T

DE
TE

RM
IN

AT
IO

N 
SE

CT
IO

N
FIR

ST
 R

EB
AR

 
DE

TE
RM

IN
AT

IO
N 

SE
CT

IO
N

SE
CO

ND
 R

EB
AR

 
DE

TE
RM

IN
AT

IO
N 

SE
CT

IO
N

FIR
ST

 SE
NS

OR
 

SE
CO

ND
 SE

NS
OR

 

TH
IR

D 
SE

NS
OR

 

FO
UR

TH
 SE

NS
OR

 

IN
CL

IN
AT

IO
N 

DE
TE

CT
IO

N 
SE

NS
OR

SE
NS

OR
 D

ET
EC

TIO
N 

RE
SL

T A
CQ

UI
SIT

IO
N 

SE
CT

IO
N

FIR
ST

 LI
NK

 AN
GL

E 
DE

TE
CT

IO
N 

SE
NS

OR

TR
AV

EL
IN

G 
UN

IT

FIR
ST

 TR
AV

EL
IN

G 
UN

IT 
FIR

ST
 W

HE
EL

 D
RI

VE
 

MO
TO

R

FIR
ST

 W
HE

EL
 H

EIG
HT

 
CH

AN
GE

 M
OT

OR

SE
CO

ND
 TR

AV
EL

IN
G 

UN
IT 

SE
CO

ND
 W

HE
EL

 
DR

IVE
 M

OT
OR

SE
CO

ND
 W

HE
EL

 
HE

IG
HT

 C
HA

NG
E 

MO
TO

R

(C
ON

T.)

RE
BA

R B
IN

DI
NG

 U
NI

IT

IN
TE

RS
EC

TIO
N 

PO
IN

T 
CA

LC
UL

AT
IO

N 
SE

CT
IO

N

TR
AV

EL
 C

ON
TR

OL
 

SE
CT

IO
N

RE
BA

R B
IN

DI
NG

 U
NI

T 
MO

VIN
G 

SE
CT

IO
N

RE
BA

R B
IN

DI
NG

 U
NI

T 
CO

NT
RO

L S
EC

TIO
N

10
0

16
0

13
0 13

0a

16
4

16
6

16
2

11
0

16
8m

16
8

13
0b

13
0c

13
0d

16
4a

1

13
2

13
4a

12
1

12
1a

12
4a

12
6a

12
1b

12
4b

12
6b

17
0

FI
G

. 7

7/39



IN
TE

RS
EC

TIO
N 

PO
IN

T D
ET

ER
MI

-
TIO

N 
SE

CT
IO

N

TR
AV

EL
 R

OU
TE

 
GE

NE
RA

TIO
N 

SE
CT

IO
N

RO
BO

T H
IG

HT
 

CA
LC

UL
AT

IO
N 

SE
CT

IO
N

IN
TE

RS
EC

TIO
N 

PO
IN

T M
AP

 
GE

NE
RA

TIO
N 

SE
CT

IO
N

FIR
ST

 R
EB

AR
 EN

D 
DE

TE
RM

IN
AT

IO
N 

SE
CT

IO
N

SE
CO

ND
 R

EB
AR

 
EN

D 
DE

TE
RM

IN
A-

TIO
N 

SE
CT

IO
N

PO
ST

UR
E D

ET
ER

MI
-

NA
TIO

N 
SE

CT
IO

N

OB
ST

AC
LE

 D
ET

ER
-

MI
NA

TIO
N 

SE
CT

IO
N

SE
CO

ND
 LI

NK
 

AN
GL

E D
ET

EC
TIO

N 
SE

NS
OR

TH
IRD

 LI
NK

 AN
GL

E 
DE

TE
CT

IO
N 

SE
NS

OR

FO
UR

TH
 LI

NK
 

AN
GL

E D
ET

EC
TIO

N 
SE

NS
OR

TH
IR

D T
RA

VE
LIN

G 
UN

IT 
TH

IR
D 

WH
EE

L D
RI

VE
 

MO
TO

R

TH
IR

D 
WH

EE
L H

EIG
HT

 
CH

AN
GE

 M
OT

OR

FO
UR

TH
 TR

AV
EL

IN
G 

UN
IT 

FO
UR

TH
 W

HE
EL

 
DR

IVE
 M

OT
OR

FO
UR

TH
 W

HE
EL

 
HE

IG
HT

 C
HA

NG
E 

MO
TO

R

LA
TE

RA
L M

OV
EM

EN
T 

UN
IT

FIR
ST

 LA
TE

RA
L 

MO
VE

ME
NT

 M
OT

OR

SE
CO

ND
 LA

TE
RA

L 
MO

VE
ME

NT
 M

OT
OR

(FI
G.

 7 
Co

nti
nu

ed
)

ME
MO

RY
 AP

PA
RA

TU
S

TE
MP

LA
TE

 D
B

IN
TE

RS
EC

TIO
N 

PO
IN

T M
AP

ST
OP

 C
ON

TR
OL

 
SE

CT
IO

N

PO
ST

UR
E C

ON
TR

OL
 

SE
CT

IO
N

MO
VE

ME
NT

 AM
OU

NT
 

CA
LU

CU
LA

TIO
N 

SE
CT

IO
N

FO
RE

IG
N O

BJ
EC

T 
BY

PA
SS

 CO
NT

RO
L 

SE
CT

IO
N

OD
OM

ET
RY

 IN
FO

RM
AT

IO
N 

CA
LC

UL
AT

IO
N 

SE
CT

IO
N

MO
TO

R 
CO

NT
RO

L 
SE

CT
IO

N

17
2

16
4a

2

17
8

13
4b

13
4c

13
4d 16

4c

19
2

19
4

19
8

12
1c

12
4c

12
6c

12
1d

12
4d

12
6d

14
6m

b

14
6m

a

14
6

16
4b

2

16
4b

1

16
4d

16
4e

16
4f

17
6

17
4 18

8

19
0

18
6

18
4

8/39



FI
G

. 8

9/39



FI
G

. 9

10/39



FI
G

. 1
0

11/39



FI
G

. 1
1

12/39



FIG. 12

FIG. 13A

13/39



REAR FRONT

FIG. 13B

FIG. 14A

14/39



REARFRONT

RIGHT

LEFT

FIG. 14B

FIG. 15

15/39



TE
MP

LA
TE

 IM
AG

E T
I10

SIMILARITY

THRESHHOLD

REBAR

TE
MP

LA
TE

 IM
AG

E T
I20

SIM
ILA

RI
TY

TH
RE

SH
HO

LD

RE
BA

R
SC

AN

FI
G

. 1
6

16/39



GENERATE INTERSECTION POINT MAP

GENERATE TRAVEL ROUTE

START TRAVEL ALONG TRAVEL ROUTE

TRAVEL TO INTERSECTION POINT

BIND INTERSECTION POINT

DETERMINE IN WHICH RANGE BOUND 
INTERSECTION POINT IS INCLUDED

IS OBSTACLE DETECTION 
RESULT UPDATED

END PROCESSING

YES

NO

IS INTERSECTION POINT 
DETECTED?

YES

YES

NO

IS IT END POSITION OF 
TRAVEL ROUTE?

NO

START PROCESSING 

S1702

S1704

S1706

S1712

S1714

S1716

S1710

S1718

S1708

FIG. 17
17/39



FI
G

. 1
8A

18/39



FI
G

. 1
8B

19/39



FI
G

. 1
8C

20/39



FI
G

. 1
8D

21/39



FI
G

. 1
8E

22/39



FI
G

. 1
8F

23/39



FI
G

. 1
9

24/39



ACQUIRE DETECTION RESULTS OF FIRST AND 
SECOND SENSORS

PERFORM TEMPLATE MATCHING

ESTIMATE FIRST REBAR BASED ON DETECTION 
RESULTS OF FIRST AND SECOND SENSORS

ACQUIRE DETECTION RESULTS OF THIRD AND 
FOURTH SENSORS

ESTIMATE SECOND REBAR BASED ON DETECTION 
RESULTS OF THIRD AND FOURTH SENSORS

ESTIMATE INTERSECTION POINTS BASED ON 
ESTIMATED FIRST REBAR AND ESTIMATED 

SECOND REBAR

END PROCESSING

START PROCESSING 

S2002

S2004

S2006

S2008

S2010

S2012

FIG. 20

25/39



ACQUIRE DETECTION RESULT OF FIRST SENSOR 

PERFORM TEMPLATE MATCHING

ACQUIRE DETECTION RESULT OF FOURTH 
SENSOR

PERFORM TEMPLATE MATCHING

ESTIMATE DESTINATION FIRST REBAR

CALCULATE LATERAL MOVEMENT AMOUNT

LATERAL MOVEMENT

TRAVEL ALONG FIRST REBAR AFTER MOVEMENT

IS VERTICAL REBAR 
END DETECTED?

END PROCESSING

START PROCESSING 

YES

NO

IS HORIZONTAL REBAR 
END DETECTED?

YES

NO

S2102

S2104

S2110

S2112

S2114

S2116

S2118

S2120

S2106

S2108

FIG. 21
26/39



FI
G

. 2
2A

27/39



FI
G

. 2
2B

28/39



FI
G

. 2
3A

29/39



FI
G

. 2
3B

30/39



FI
G

. 2
4A

31/39



FI
G

. 2
4B

32/39



FI
G

. 2
5A

33/39



FI
G

. 2
5B

34/39



FI
G

. 2
6A

35/39



FI
G

. 2
6B

36/39



FI
G

. 2
7A

37/39



FI
G

. 2
7B

38/39



FI
G

. 2
8

39/39


	390414-01
	390414-02
	390414-03
	390414-04
	390414-05
	390414-06
	390414-07-1
	390414-07-2
	390414-08
	390414-09
	390414-10
	390414-11
	390414-12,13A
	390414-13B,14A
	390414-14B,15
	390414-16
	390414-17
	390414-18A
	390414-18B
	390414-18C
	390414-18D
	390414-18E
	390414-18F
	390414-19
	390414-20
	390414-21
	390414-22A
	390414-22B
	390414-23A
	390414-23B
	390414-24A
	390414-24B
	390414-25A
	390414-25B
	390414-26A
	390414-26B
	390414-27A
	390414-27B
	390414-28

