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700A

Determine, within a joint space of a robot arm, a start point and an end point of one or
more end effector for a complete movement of the robot arm to transfer a substrate
lying on the one or more end effector, the robot arm comprising multiple joints and the
one or more end effector. 710

A

Identify, from a grid of joint positions within joint ranges of the multiple joints and using
a first granularity, multiple reachable positions by the multiple joints and the one or
more end effector, the grid being within the joint space and including the start point

and the end point. 715

¥

Build a graph that includes nodes to represent the plurality of reachable positions that
also satisfy Cartesian limits of the robot arm within the joint space. 720

i

Adding, to the graph, edges that interpolate between nearest neighbor nodes of the
nodes that complete multiple paths between the start point and the end point, wherein
the edges also satisfy the Cartesian limits. 725

W

Calculate distances of the edges of the graph. 730

¥

Execute a graph optimization algorithm on the graph to determine one of multiple
shortest paths or lowest cost paths through the nodes between the start point and the
end point. 735

FIG. 7A
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700B

Select a path, of the multiple shortest paths, between the start point and the end point
that minimizes move time of the primary end effector between the start point and the
end point. 755

I i
¥ ¥
Randomly vary velocity limits and acceleration limits for velocity profiles of each
move of a joint, of the multiple joints, between the nearest neighbor nodes and
through the multiple shortest paths. 760

k:
Verify that torque limits on one or more motors that move the robot arm are
satisfied in view of the velocity limits and the acceleration limits that are varied.
165

¥

Verify that a maximum acceleration limit of the one or more end effector is
satisfied. 770

FIG. 7B
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800

Determine, within a joint space of the robot arm, a start point and an end point of the
one or more end effector for a complete movement of the robot arm to transfer the
substrate. 810

¥

Build, with respect to the joint space for the multiple joints and the one or more end
effector, a graph of reachable positions and sub-paths between the reachable
positions, wherein the reachable positions and the sub-paths satisfy Cartesian limits
within the joint space, and the reachable positions are identified at a granularity that
divides the complete movement into multiple sub-movements of the robot arm. 815

%

Determine, by executing a graph optimization algorithm on the graph, multiple paths,
each made up of a group of the sub-paths, that have one of shortest distances or
lowest costs between the start point and the end point. 820

4

Select a path, of the multiple paths, through the graph that minimizes move time of the
one or more end effector between the start point and the end point while satisfying
torque limits on the multiple joints and an acceleration limit on the one or more end

effector. 825

i
¥

Direct the robot arm to transfer the substrate using the path
through the joint space. 830

FIG. 8




