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Fig. 1. Our end-to-end system for soft pneumatic objects design and fabrication. Given a rest shape and deformed shapes of a 3D heart object (a), our method
automatically computes the chamber and frame structure (b) and material distribution (c) of the frames so that the fabricated object (d) designed by our

method can reproduce the heart beating deformations with a controlled pneumatic system. The color in (c&d) indicates the material rigidity, the darker the

more rigid the material is.
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Rest shape Target shapes

Fig. 2. Geometry setup procedure, illustrated on a bending cylinder model with four target shapes. (a) The volume of the model is discretized using a
tetrahedral mesh, and segmented into regions with similar deformation behavior. (b) A pneumatic chamber is created for each region, and a directional field is
calculated along the principal Green strain directions. (c) A quad mesh is generated for each pneumatic chamber along the orientation field. (d) A frame
structure is generated along the edges of every quad mesh, which will serve to stiffen the object.
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Fig. 5. Cylinder model. From left to right: target shape, the frame structure whose color encodes the material type (for frame segments with the base soft
material, they are not rendered), the fabricated object at the rest pose, the inflated object, the color coding of geometric errors between the inflated object and

the input target shape.

o

(c) (d)

Fig. 6. A breathing frog. (a) is the rest shape of the frog and (b) is the target
shape. (c) is the fabricated object at rest pose and (d) is the inflated result.
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Fig. 10. Varying the parameters for generating different frame structures
for a vertically stretched model. 1st row: varying l¢; 2nd row: varying r.
The leftmost figures in the two rows are the same and are from our default
parameter setting.

Fig. 7. Gripper model. 1st row: the rest shape and the inflated shape with
the frame structure. 2nd row: the rest shape and the inflated shape without
the frame structure. The joint region is inflated to a ball-like shape due to
the loss of anisotropic control. 3rd row: the gripper model computed by our
method can grasp lightweight objects.

Fig. 11. Cylinder models computed by the full space method. 1st row: the
rest shapes; 2nd row: the corresponding inflated shapes. The expansion
cylinder breaks before reaching the target pose.
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Table 1. Statistics and timings for our test models. From left to right: name of model, vertex number of the tetrahedral mesh, number of tetrahedrons, vertex
number of the boundary surface, number of target shapes, number of pneumatic chambers, number of unknown material properties, iteration number, timing
for optimization, Hausdorff distance between the target shape and the simulation result (with respect to bounding box diagonal). The computational time of

geometry setup for each model is less than two minutes.
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