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Fig. 1. We decompose general 3D geometries into height-field blocks (left), enabling their fabrication using single pass 3-axis CNC machining (right).
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Fig. 2. From height-field segmentations to height-field solid blocks: (a) two alternative height-field segmentations defined on the boundary of a simple shape.
Top one uses arbitrary directions, the bottom is constrained to the global axes; (b) the resulting minimal solid blocks with flat base defined by each height-field
segment. Note that raising any of the bases would leave a portion of the boundary uncovered; (c) some blocks overlap in the interior of the shape (red extent);
(d) overlaps are resolved by splitting the blocks along their supporting lines, thus increasing the number of blocks; (e) the split operation produces 4 invalid
blocks out of 5 for the non axis aligned case (top right, red ovals). Inner blocks, in grey, are ignored as they are not strictly necessary to reproduce the input
boundary. Constraining the height-field directions to the global axes we can always guarantee a valid solution (proof in Appendix B)
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Fig. 3. Segmenting the input surface into height-field charts (a) [Herholz
et al. 2015] does not account for possible intersections between the height
blocks they induce. Resulting pairwise intersections visualized in (b,c). Com-
bined intersection volume shown in (d,e).
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Axis-Aligned Height-Field Block Decomposition of 3D Shapes « 1:5
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Fig. 4. Overview: (a) input; (b) dense set of axis aligned maximal height height-field blocks (height-field blocks along the horizontal direction in green, blocks
along the vertical direction in blue); (c) minimal block covering of the shape; (d) final blocks after overlap removal (with boundaries of original intersections

demarcated); (e) resulting blocks, laid for fabrication.

4.2 Partition into Overlapping Height-Field Blocks
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Fig. 5. Example scalar fields for maximal height-field block computation.
Left column: The field is infinite next to triangles with normal opposite to
the selected axis direction, negative in the areas whose coverage we seek
to maximize, and zero elsewhere. Middle column: Defining maximal block
height (distance from surface to block base) translates into specifying an
infeasible (infinite field value) region inside the model, where the distance to
the surface is above this maximal height value. Note that the infeasible inner
region is computed using an isotropic distance field, hence it is computed
once and used for all axis directions. Right column: by relaxing the height-
field criterion (i.e., testing against  °+ overhang instead of ~ °) we can
generate quasi height-field blocks with controlled overhang angles, useful
for 3D printing.
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Fig. 6. Users can balance block count with the amount of material necessary
for fabrication. If height is unconstrained (top) blocks are free to expand and
cover the whole volume. If height is constrained (bottom-left) blocks become
thinner, leaving a void in the interior and requiring less time and material
to be fabricated. Specifically, the 2 height-field blocks on top require
more material than the 6 at the bottom-left model on bottom left to be
fabricated. Bottom-Right: a decomposition with height constraints and with
no heuristic pruning. The difference in quality is negligible, but the pruning
reduces the computation cost from 47 to 2 minutes.
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Fig. 7. Different block processing orders result in different decompositions: (a) independently on the processing order, two valid height blocks are produced;
(b) processing the block by before the block b produces two valid height-fields, inverting the order one block is not a height-field; (c) no valid solution exists,
independently on the processing order. In the latter case, splitting one of the boxes allows for a valid processing order.

|
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b,
N b,
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Z

Fig. 8. Our cycle splitting strategy may produce sub-optimal height-field
decompositions containing more pieces than necessary. Left: a set of axis-
aligned boxes jointly covering the surface. Middle: the resulting conflict
graph encoding pathological subtraction orders. A loop is present, meaning
that at least one box will be split to produce a DAG (Section 4.3). Right: a
valid decomposition into four height-field blocks. This solution does not
correspond to any box subtraction order, and therefore cannot be produced
by our algorithm.
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Fig. 9. Conflicts between intersecting blocks are encoded in a directed
graph. Anedge b; — b; means that b; \ b; is not a height-field. If the graph
is acyclic we are guaranteed that, without splitting any box, subtracting
blocks using an inverse topological order would produce a valid height-field
block decomposition. If the graph contains cycles, we reduce it to a DAG by
iteratively removing edges (and splitting the blocks accordingly). Among all
the possible inverse topological orders, we select the one that maximizes
the size of the smallest height-field block.
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Fig. 10. Left: a portion of surface is covered with three blocks: b , b1, b .
Note that any processing order would produce three valid height blocks.

Right: processing by after b , b produces a narrow feature (top). We detect
such configurations and locally modify the processing order: giving higher
priority to by produces a better height block decomposition (bottom).
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Fig. 11. To keep the number of height-field blocks low we trade faithfulness
for complexity. Specifically, given a detailed model we run our method on
a pre-filtered version with no high frequencies (left). We then maximally
restore the details while preserving the height-field property everywhere
(middle, right). This strategy allowed us to reduce the number of height-field
blocks from 14 to 7.
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Fig. 12. A gallery of decompositions computed with our algorithm and fabricated in wood using a 3-axis milling machine.
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Fig. 13. Our method produces valid, compact decompositions for complex
models containing: non-trivial topology (e.g., Fertility), thin features (e.g.,
the ears of the Kitten) and large portions not aligned with the global frame
(e.g., the Chinese Lion’s body) for which manual decomposition is highly
challenging to compute, resulting in 27 blocks for the Chinese Lion, 25 for
Kitten and 63 for Fertility.
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Table 1. Model statistics: computation time (split into Maximal Height-Field
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used (as percentage of model diagonal, co means no height limit).
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Fig. 14. By relaxing the height-field constraint we can decompose an object into blocks whose top surface contains overhangs that are strictly smaller than a
printer-specific threshold. Here we show an example of a decomposition with a maximal overhang of 30 degrees for the Lion Vase dataset (left, middle). Notice
from the side view that the lion mouth contains a considerable amount of overhangs. Since the threshold we set is compatible with that of common FDM
printers, we safely printed each block without using support structures, saving time and material, and achieving better surface quality (right).
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Fig. 15. Comparison with [Hu et al. 2014]: pyramidal decomposition (middle)
produces ten blocks, six of which violate the height-field condition (see red
ovals). Our method (right) decomposes the shape into seven valid height-
field blocks, one more than the optimal decomposition (left). Note that
we re-oriented the model before running our method, according to the
strategy described in Section 4. For the sake of better visual comparison all
the models are shown in the same position.
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Fig. 16. Our canonical orientation algorithm is not guaranteed to produce
decompositions with minimal number of height blocks. A failure example is
illustrated here: with automatic orientation the BU statue is decomposed in
16 blocks (top); with manual orientation the number of blocks goes down to
9 (bottom). Finding the orientation that minimizes the number of blocks in
the decomposition is a challenging problem that we plan to tackle in future
work.
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Fig. 17. Additional results generated using our method.
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A BOX-INTEGRATION OF A TRICUBIC SCALAR FIELD.
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