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Why safety evaluation?

Chancellor Gerhard Schr•oder meets the DLR-LWRIII
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The DLR Lightweightrobot III

DLR LWRIII :
7DOF - Torque-controlled - LWR=1
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The DLR Humanoid Justin

Justin :
43DOF - Torque-controlled

Based on DLR-LWRIII & DLR-HandII
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Motivation

Asimov's 1st law:
More than just science �ction novels

safe pHRI is absolutely crucial

"Awareness" of human presence

Intended or unintended physical interaction

Ensure safety to the userand the robot

Various factors: Biomechanics, robot,
environment...
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Injury in Robotics: A Synopsis
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Possible Injuries: Synopsis
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Possible Injuries: Synopsis

Dynamic loading

With clamping
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Without clamping
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Crash-Testing in Robotics
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Crash-tests at the German Automobile Club (ADAC)
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Investigated robots
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Collision Detection & Reaction
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Collision detection
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Collision detection
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Collision reaction

1 Stop, e.g. � d = � or � d = � sign( _� )� max

2 � d = �g(� ); KP = 0
3 Admittance controlqd = �

R
Kv � r̂ dt

4 M ; B-Shaping: Scaling motorand link inertia

Baseline for comparison:
Continue to follow the reference trajectory� d(t), where � d is the
desired motor position (as computed from the desired link position
qd in case of joint elasticity).
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Collision Detection
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Core messages

All (head, neck & chest) ADAC tests were subcritical

Even: no robot is life threatening by means of HIC at 2m/s

New/other criteria necessary, since HIC, etc... are not relevant
for pHRI due to low impact speed

However, this will be fundamentally di�erent for \competitive
Robotics"

Any physical collision detection is useless at fast & hard
impacts!
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What about sharp tools?

What happens if the robot is
equipped with a dangerous tool?
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What about sharp tools?
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Soft-tissue injuries caused by sharp
violence
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Common soft-tissue injuries

Abrasion Laceration (cuts, gashes, contused wounds)

Contusion (bruises, crushes) Stab wounds
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Investigated tools

1O 2O 3O 4O 5O

Blade
�xture

Mounting

Figure: Investigated tools.
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Stabbing - silicone block
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Figure: Stabbing tests with a silicone block and the kitchen knife
mounted on the robot.
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Stabbing setup

F/T-Sensor

Tool

Swine

Haddadin, Albu-Sch•a�er & Hirzinger @ 2008 Stanford AI/Robotics Lab, Ma y, 16. 2008 Stanford, USA



Motivation Injury in Robotics: A Synopsis Crash tests Collision detection & reaction Soft-tissue injuries Conclusion

Stabbing
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Stabbing results
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Stabbing results

The instant of penetration is characterized by a signi�cant
force discontinuity (drop)

A very low resistance is found after the instant in which the
tool penetrates the subcutaneous tissue

Force reduction by Strategy 2 is signi�cantly slower compared
to Strategy 1

After the initial penetration the contact force increases very
slowly compared to the elastic force of the skin
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Cutting

Object

� 1

� 2

b b

Figure: Cutting trajectories for a �xed subject.� 1 is the tool
orientation and� 2 the cutting direction. The tool is positioned such that
the blade origin contacts the subject.
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Cutting
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Cutting results

Steak knife
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Kitchen knife
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Figure: Resulting injury due to cutting.
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Volunteer experiment
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Volunteer experiments results
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Figure: Stabbing tests in free space with human volunteer.
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Conclusion
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Conclusion

Experimental evaluation of soft-tissue injuries in robotics

Veri�cations of possible countermeasures by means of control

Fundamental to robotics: robots will carry out complex
tasks which involve usage of sharp tools in human proximity

Focus on stab and puncture wounds due to their lethality
Surprising at a �rst glance:

It is not possible to counterbalance rigid blunt robot-human
impacts, which are de�nitely not life-threatening.
Very dangerous or even lethal contacts with sharp tools on soft
tissuesseem handable to a certain extent.
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Thank you very much!
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Asimov's 1st Law

"A robot may not harm a human being, or, through inaction,
allow a human being to come to harm."

Isaac Asimov - The Caves Of Steel, p. 177-179, 1942
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Collision detection
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