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The NREC ARM-S team has been working on a The Hill Climbing [1] algorithm was used to generate the sequence of moves to
software to allow a robot play the Make N’ Break build the pattern. Hill Climbing is a local-search algorithm trying to minimize or
ﬁangﬁif:;:gﬁ %r?;thson'a" Alr & Space museum in maximize a target function. It implements a loop that replaces the current state

L with the best neighbor (based on the target function) for each iteration, until it
cannot improve the solution anymore.

Figure 4. The number on each block shows its position in the
sequence. The algorithm will proceed from (a) to (b) to
minimize the target function. Target function value for (a) is
high because it is trying to put the red block on top of nothing.
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The state is defined as a complete sequence of moves that will put all the blocks
in place, potentially in wrong order/hand configuration.
The Target function is computed based on the following criteria:

- Number of steps which will lead to an unstable structure.

- Space left between blocks for the robot’s hand.

- Special cases to handle two-handed moves.

Figure 1. The robot playing Make N’ Break. Note the robot needs to
use both hands simultaneously, because putting either of green or
blue block before the other one, will make the tower to fall over.

Figure 5. Snapshot of Make
N’ Break App during design
stage. Users build a pattern
by dragging blocks into the
grid. A simulation of their pat-
tern on the bottom shows if
the pattern is stable or not.

Make N’ Break is a game played with rectangular
blocks that get stacked into patterns. Players are

I I Figure 2. A sample pattern

for Make N’ Break.

Neighbors were defined in a way to minimize local maxima while keeping the
neighbors’ size small enough for efficiency issues. Neighbors are computed by

- Design an algorithm to generate a sequence of swapping two steps, changing the operative hand, merging two one-handed

robotic manipulation moves for building a pattern. moves, and separating a two-handed move.

- Create a graphical user interface to let the museum

visitors design patterns that are later built by the robot The stability check of structures uses Box2D Physics Engine [2], and graphical

. The interface also displays robot telemetry during user interface was implemented using Qt [3].

the building phase. The sequence sent to the robot includes the final position, orientation, and color of

block(s), as well as which hand(s) to use.

Make N' Break Apy OCS )

Figure 6. Snapshot of Make
N’ Break App while the robot
is building the pattern. A live
model of the robot is in the
center, and the sequence of
moves is shown in steps on
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the bottom.

Figure 3. Make N’ Break App and robot state

diagram.
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