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Planning Implementation

iteration

Reduce velocity

Evaluation

Safe?

Collision experiment
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1~3 days 0.5 days 0.1 days

10 analysis / sec

?
20 days

20
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Evaluation method Description

Experiment Limitation to execute 
experiments

Finite element method 4 hours / 1 collision case

Mathematical
Model

0.2sec / 1 collision case

Experiment Limitation to execute 
experiments

Finite element method 4 hours / 1 collision case
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Tool shape

UR5 robot
Real
shape

Characterized 
shape
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1. 2.

3. 4.

Tool shape
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Force Pressure

Avg. Err +4.4% Avg. Err +18.8%

Avg. Err +5.9% Avg. Err +8.6%
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Safety 
Evaluation 
Software

Joint
angle/vel/acc

User or SI
( ) ( /

)

Teaching pendant 

Tool shape User or SI User or SI

DH parameter Maker Maker 

Inertia Maker Maker 

rec

2~4% 

: 5~10%

[Teaching pendant]
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