






































































































































Initial Model

AR

View Planning

v

Path Planning

v

Navigation

v

Data acquisition

v

Modeling/Merging

Model
Complete?

Finished







































( Scanner ) C Camera ) ( GPS ) ( Attitude Sensor ) PTU
A
y \4 Y Y Y
| Scan | | Image | | GPS | | Attitude | Odo || Drive | PTU |
4
Localizer »{  Controller
Navigator
A A
Yvy
| Modeler |—>| ViewPIannerI P PathPlanner
A
\ 4
User <
Interface <

Images, »
Models



















reference
plane

target






State Robot View Moduleinput DataStreams Windows ShowData Options




















































true pose

-- odometry errors corrected odometry pose >
Odometry <
odometry error estimates
h(x)
Z + z.-- h(x) Kalman
Compass true orientation odometry errors > Filter
+ compass errors + + compass/GPS errors
Z
GPS true position
+ GPS errors






















base

station ~ .
AN ‘.
. . \ .
differential ..
corrections | e
radio link T
( ) .
\ .
N
~

station







%\«Actual Earth's surface

Ellipsoidal model

ﬁf the Earth


































\.
.\v
.\
R
‘\
-
'%
/
ol |
1
1
1
1
L - - -
—_—
H
N
S
R
L] /.
' ~.
H ~.
L] ~.
H
H
H
H

- ~~
-—— ==y
1 1
1 1
1 1
1 1
r !
e N 1
; (RN |
/ \
Q i
| \
// /
—_
P—
1
1
1
1
! .

| P —

7

[

T~

Pt

[ R —_—




model
center

,?

iewin
/ l VIar\i\gleg

model
reference camera

point X
yy >
















ﬂu
T

2k







3D line feature”

camera

-
center =

______ T
T Yé\s - -
=~ . -
e /,7 Tee
Ni e l’/ avl P - V\\‘
P P P.. \\a,z
- v Y
—
—~
—~
—~
... distances from
3D line endpoints
to plane formed
by edge line
~-...2D edge on
the image

world coordinate
system






























25

T T T T T |Map
I:I Planned Trajectory —<—
Actual Trajectory --------
20 |
a
15 |
10 +
Big
Planter
5 I -
0 I -
2 ’
5+ |
Small
or Planter i
S S (N S| |
20 I : ! L 1 1
-30 -20 -10 0 10 2 o 0



20

15

10

-5

-10

-15

T T T T . Mlap
77777777777777777777777777777777777777777777777777 Planned Trajectory —<—
- = Actual Trajectory --------
Big
Planter
Start &
B End |
= a
Small
B Planter 1
1 L | ) , I
-5 0 5 10 15 20 o5 30 o









e














































pesTmmmmmmmeees Start™"® fipgh T \
’ 4

























































Robot
1

Behavior

Perception
» 2-D
Mapper
> 3-D
Modeler

Hardware
— Odo
— Drive
—- GPS

Collision
Avoider


























































