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for the changes made to the respective joints between
neighboring intermediate points on the path, the amount of time

for the first joint is the largest.
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A robot’s motion speed can be boosted up to the limit using an
alternating cycle of acceleration maximization through motion
parameter optimization and inertia minimization through path
correction. What follows in this subsection shows the results of
the evaluation we performed. The experiment cases were the
five patterns of motion shown in Fig. 11, in which the robot’s
end-effector exited one container and entered another during a
180° movement of the robot’s first joint. A comparison was
made of the motion times before and after the application of the

motion acceleration technology.
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Fig. 11 Evaluation patterns for the motion acceleration technology

The motion times before and after the technology’s
application were compared as follows to minimize the influence
of the variation in the actual robot motion: the motion was
performed 1,000 times before and after the technology’s
application, respectively; for each run, the motion time was
measured; the motion time before the technology’s application
was evaluated by the minimum value in the results from the
1,000 runs; the motion time after the technology’ application
was evaluated similarly but by the maximum value. For path
calculation and motion optimization calculation, we used the
same computer as used to evaluate the existing path planning
algorithms. Table 4 shows the motion-time improvement ratio

and the computational time, including path planning.
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Table 4 Evaluation results for accelerated robot motion

Motion-time

Maximum computational

Experiment case

improvement ratio (%) time (ms)
A-a 247 95.1
B—b 19.4 97.1
C—c 28.1 96.5
D-d 283 853
E—e 233 90.0

The above confirms that a motion-time improvement ratio of
approximately 20 percent was achieved with a computational

time of 100 ms or below.

5. Demonstration system implemented

5.1 System overview

We combined the automatic robot motion generation technology
developed for the present study with a 3D sensor to develop
a bin-picking demonstration system. The robot used was
OMRON'’s Viper 650, while the sensor used for recognition
processing was the robot-mountable 3D sensor earlier used
for development target estimation. Fig. 12 shows the external

appearance of the demonstration system.

Fig. 12 Demonstration system developed

The demonstration system served the bin-picking application
without needing prior teaching or parameter adjustment except
registering a prescribed set of data via the GUI. The data

required to be registered were as follows:

* Sensor position

* Position of the tray containing randomly piled workpieces
* Position of the tray for aligned placement of workpieces

» Coordinates data for aligned placement of workpieces

* CAD shape of the workpiece to be picked

* Robot hand’s shape and specifications
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These data are only those necessary for the equipment
design. No special data are required for robot motion

generation.

5.2 Performance evaluation

We evaluated the takt times achieved by the demonstration
system when it performed bin picking of the six types of
electronic parts. These takt times were each obtained by
averaging 20 measurements of time that the system took to
perform the Pick and Place motions pair shown in Fig. 3. The
time from sensing to motion generation during the initial run
was excluded from the evaluation. Table 5 shows the evaluation

results.

Table 5 Demonstration system’s takt time

Workpiece (dimensions in cm) ‘ Takt time (s)

A (2x3x1) 29
B (3x3x2) 2.7
C (15x1x0.5) 29
D (1x1x1) 29
E (1x0.5x1) 29
F (1x1x0.5) 3.0

These results were achieved with all the required steps, from
sensing to motion generation, completing within the Place
motion’s duration and without the robot stopped for
computational processing purposes. The above confirms that the
demonstration system successfully performed the picking task at

a takt time equivalent to that achievable by a human operator.

6. Conclusions

We addressed solving the problem of the difficulty in motion
generation for vertically articulated robots, one of the
introductory impediments of robots into production sites. We
have developed an automatic robot motion generation
technology that automates the position-posture setting and
motion parameter adjustment tasks for robots. The automation
of the former task enabled context-specific algorithm selection
and efficient collision detection processing, resulting in the
ability to perform motion generation in a shorter time. The
latter’s automation has produced the ability to maximize the
robot motion speed through the repetitive cycle of acceleration
parameter optimization, highly effective on the robot’s motion
time, and path correction for inertia reduction. These
automation technologies are compatible with high-speed
processing and hence applicable to the bin picking that requires
much teaching. The bin-picking demonstration system built this
time achieved a takt time equivalent to that achievable by a

human operator. The development results obtained will be
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commercialized as bin-picking applications or robot teaching
tools.

For the future, we are considering an upgrade to the
automatic generation of simultaneous and collaborative motions

among multiple robots to support more complex robot systems.
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