1/11

2\ 9
IMAGING
DIRECTION 12
/\/1
WIRELESS |
COMMUNICATION
1A TRAVEL

/ DIRECTION
13
TRAVELING

PLANE LASER BEAM
+Z 1 1 1 L
+

_X—%L 4 I.C) :‘\ ~
10

FIG. 1




2/11

10
—
100 100A CONTROL DEVICE
)
CPU / 101
N R MEMORY —
1000 —-
™~ ACQUISITION UNIT
1001 — STORAGE M2
[ T~—EXTRACTION UNIT, | "]— ——
- M1
DETERMINATION UNIT i b @
— B
1003 ~__| SECOND N~ M3
DETERM_INATION UNIT
1004 —
~~L— ESTIMATION UNIT <—>| WIRELESS COMMUNICATION DEVICE ———103
104
1005~} L
~—— STEERING UNIT <—>| CONNECTION INTERFACE
~11
LASER SCANNER
~12
CAMERA
~13
INTERNAL FIELD SENSOR

FIG. 2




\

3/11

{ START )

Y _S01
ACQUIRE VARIOUS SENSOR DATA

Y _S02
EXTRACT VALID POINT CLOUD DATA

S03

MORE
THAN PREDETERMINED
NUMBER OF PIECES OF

YES

VALID POINT CLOUD DATA EXIST
IN EACH DIVIDED
REGION?

PREVIOUS
ESTIMATED SELF-POSITION
IS IN CAMERA-USABLE
REGION?

SELF-POSITION
ESTIMATION BASED ON DEAD
RECKONING NAVIGATION HAS CONTINUED
FOR PREDETERMINED
DISTANCE?

YES

,_S09 O sos

y S04

SELF-POSITION
ESTIMATION BASED ON
POINT CLOUD DATA

y _S06

VEHICLE STOP PROCESS

SELF-POSITION ESTIMATION
BASED ON DEAD RECKONING

NAVIGATION

SELF-POSITION
ESTIMATION BASED ON
VISUAL FIELD IMAGE

Y

—‘ !‘

END

FIG. 3



4/11

P1(P) -

Q: SCANNING RANGE



5/11

P1{P)-.

o0 0000 o

/

00 000 0000 000 000

=



6/11

9 Ol

1Sv3 1S3IM

HLYON
(EW)oEN (EW)aen (EW)eec

MOANIM 3dIS

bV <ONIN3AT> <3JNILAVA> H¥ <ONINHOW> F¥



YES

711

( START >

Y _S01
ACQUIRE VARIOUS SENSOR DATA
Y S02

SELECT VALID POINT CLOUD DATA

(EXCLUDE INVALID POINT
CLOUD DATA)

MORE
THAN PREDETERMINED
NUMBER OF PIECES OF
VALID POINT CLOUD DATA EXIST
IN EACH DIVIDED
REGION?

SELF-POSITION
ESTIMATION BASED
ON DEAD RECKONING
NAVIGATION HAS CONTINUED
FOR PREDETERMINED
DISTANCE?

YES

y S04

SELF-POSITION

ESTIMATION BASED ON
POINT CLOUD DATA

v S09 O sos vy _S06
VEHICLE STOP PROCESS | | N DEAD REGKONNG| | ESTIVATION BASED ON
NAVIGATION VISUAL FIELD IMAGE
al Y
=
END

FIG. 7




8/11

PA

/

DIVIDED IMAGE REGION

CHARACTERISTIC POINT

B S L e e

“:(>‘|5/16

FIG. 8



9/11

PA

/

DIVIDED IMAGE REGION

--=-==-=-----] " CHARACTERISTIC POINT

i e e 7 s e st A S e e b e |

B e e e N e e T PP

©
e

Lw

FIG. 9



10/11

SELF-POSITIONING BY CAMERA (VISUAL FIELD IMAGE)

COORDINATES k)

[ooog_@oj
°

AN

[ FILTERING FOR SMOOTH

v o

TRANSITION

/

( ta ﬁME

SELF-POSITIONING BY LASER
SCANNER (POINT CLOUD DATA)

FIG. 10




11/11

C2: SELF-POSITION ESTIMATION RESULTS BY CAMERA (VISUAL FIELD IMAGE)

COORDINATES A >

OO O0OOO0OO0OO0O0

C3: MIXED SELF-POSITION
ESTIMATION RESULTS

L 2R 2R 28 2% 2R 2R 2R 2

YANRVANRVANRVANRVANRVANRVANRVAN

( ‘

) TIME

C1: SELF-POSITION ESTIMATION RESULTS
BY LASER SCANNER (POINT CLOUD DATA})

FIG. 11




