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The Bremen Autonomous Wheelchairs
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Safety in Robotics

Industrial robotics Service robotics Rehabilitation robotics

Increasing safety demands>




Formal Design Approach

Hazard Analysis
Fault tree analysis
Specification of undesired system behavior
Derivation of Safety Requirements
Specification of the environment
Specification of safety properties
Definition of Safety Mechanisms
Controller ensuring system safety

Potential introduction of new hazards caused by the controller

Verification of Safety Properties
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Fault Tree Segment (Problems of External Sensors)

Fault Tree Based Hazard Analysis

X Failure of external sensors

X. 1 Measuring error that may cause a collision

& X. 1.1 Too | arge val ues neasured by sensors
| X.1.1.1 Too | arge val ues neasured up
to n consecutive tines.
| X.1.1.2 Too | arge val ues neasured nore
than n consecutive tines #

& X. 1.2 bstacl e di stances overesti nat ed.
X. 2 Disastrous breakdown of external sensors

& X. 2.1 No distances neasured #
& X. 2.2 Breakdown not det ect ed.

X. 3 bstacl e not detectable by external sensors #
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Specification of the Environment

Fault Tree Leaves:

Safety Requirenents of the system not satisfied
| 1 Collision (at sensor |evel)

| 1.1 Passive collision #

| 1.2 Active collision

| 2 Crash (not at sensor |evel) #
| 3 #

Requirements Imposed on the Environment:

No active obstacles

Maximum horizontal extent of every obstacle at sensor level
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Architecture

Real-time
applications

Asynchronous
applications
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Sense & Act Module J

(SAM)

Wheelchair
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Local Obstacle Map

Stores the local surroun-
dings of the wheelchair

Is shifted analogously to the

movement of the system

Aging of measurements
Cell size 3 x 3 cmt
Resolution 1207t cells
Update <3 ms

Virtual Sensors

Depending on rotation,
direction, and steering

Anticipation of collisions
Distance calculation <75 s

SAM
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Applications

Basic behaviors

Route navigation

Local metrical
navigation

Obstacle avoidance

Adaptive speed
Sense & Act Module control

(SAM)
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Obstacle Avoidance




Local Metrical Navigation

180 ) ) 1 1 ) ) ) ) ) )

160

140

120

100

80

60

40

20

0 20 40 60 80 100 120 140 160 180 200 220

UNIVERSITAT

BREMEN ﬂ

w
|



Forwards and
Backwards
Corridor-following

Wall-following
left/right

Only Forwards

Turning into the
left/right door

Automatically
Turning round

Miscellaneous
Stop

Basic Behaviors
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Route Navigation

Behaviors

"1 Wall-following left H I
— ] Wall-following right

] Turning into right door /
® Stop
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Route Descriptions

w7

=2

] Correct

A Corridor-following
Wall-following left

A wall-following right \,
Turning into right door 4
A stop |
/ Wrong
e

224cm, 75 , 799cm, -83 , 880cm, -87 , 260cm

1Zi e
3 | _
0

Sma"



Results

o

e
Example b-c " b

1963 cm [right from O cm, left from 1517 cm], 108°,
5474 cm [right from 2453 cm, left from 4748 cm], 102°,
3215 cm [right from 647 cm, left from 2895 cm], 98°,
2983 cm [right from 539 cm], 83°,

516 cm [stop at 448 cm]




