Navigation and Routemark Detection
of the
Bremen Autonomous Wheelchair
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A Taxonomy

Hierarchy of Elementary and Higher-Order Behaviors

Strategic Navigation

map . survey knowledge
Tactical Navigation f
route . route knowledge

Elementary Navigation Tactics

location designator .
Basic Behaviors

open and enclosed space

Landmarks
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Application to Wheelchair Experiments

Taxonomy

map

strategic navigation
survey knowledge

landmarks

open and enclosed space

basic béha iors

ork of passages

routemarks

teaching

. . routemark
basic behaviors )
constellations
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The Bremen Autonomous Wheelchairs

I camera Rolland

NS

d Control
Screen system

Sonar sensors b Sonar sensors

Bumpers

Infrared sensors




Sensor Control Subsystems

Collision

Detection
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Steering
Restriction

Navigation
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Local Obstacle Map

Short Term Memory

» stores local surroundings of m'
the wheelchair 4
\ I

e Size 4 x4 m?
 entries purged after

/

30 seconds to cope with

1
dynamic obstacles ‘
Input

e 6 narrow-angle and 2 wide-
angle ultrasonic sensors

e 6 Infrared sensors

Output

— ,—

i
E

e 4 “virtual sensors”
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Basic Behaviors

Behaviors
 wall-centering

- wall-following left/right : ; 1
e turning into left/right "'[ || D I|

door i _ ]
e direction-following *"i -5,; -5,;
forwards/backwards | |
° Stop : I !

Mode of operation
 forward until collision
* then 50 cm back | | II
 forward again 11 !




Semi-Local 3D-marks
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Artificial Routemarks
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Local Routemark Map

Short Term Memory

e stores routemarks in the
local surroundings of the
wheelchair

e radius 5 m

Symbols
(X) * routemark X

ﬁ e camera on turn-table
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Behaviors

»

 wall-centering

-

 wall-following left

.

 wall-following right

* stop

Routemarks

@

Teaching

@

e routemark X

constellation
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Autonomous Switching of Behaviors




Errors

Possible Errors
« all routemarks are missing
» behavior performed erroneously

Terminating Erroneous Behaviors
e timeout
e other routemarks are found
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Backtracking

Method

------- * no inverse behaviors

e threading: recording odometry
positions during behavior

» canceling behavior by backtracking A
recorded positions

 with “direction-following backwards”
behavior
Tactic 0

 backtracking last segment, searching A

for routemarks @ @

* repeating last segment .
 backtracking last two segments e
* repeating last two segments etc.
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Cooperation of Two Wheelchairs
Wide Corridor (220 cm)
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Summary

The Bremen Autonomous Wheelchair

e sensor control subsystems
Basic Behaviors

e local obstacle map
Routemarks

e semi-local 3D-marks

o artificial routemarks

* local routemark map
Route Navigation

e teaching

 backtracking
Cooperation

 through behaviors
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