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Figure 16: Motion editing application. Leftmost image shows two overlaying models, where curves represent the trajectories of petal tips.
The remaining models generated by interpolating between only two input models.

Figure 17: Animated shape editing. A synthetic two-layer Water Lily is generated using the original data in Figure 12 through copy-and-paste
editing of petals and their blooming motions.

Figure 18: Motion transfer application. A synthetic yet realistic looking blooming flower of heart-shape petals is generated by transferring
the Lily blooming trajectories (Figures 2 and 11) to a set of new petals.

thin petals is shown. Petals are insufficiently sampled due to their
narrow structure. Nevertheless, our template model tracks and fits
these petals by enforcing the shape-preservation prior.

To quantitatively evaluate the reconstruction accuracy, we measure
the error between the reconstructed surfaces and the raw input data,
and monitor how it evolves during the dynamic blooming process.
The error metric is defined as the average Euclidean distance be-
tween each data point and its closest point on the reconstructed
surface. As shown in Figure 14, the fitting error is around one mil-
limeter for all examples, which is quite small compared with the
typical size of a flower petal. (A petal is about 50 millimeters long
at the early stage and grows longer.) The fitting accuracy of the
Lily is relatively lower due to its larger size, but still maintains at
the same level as that of the pre-built template.

Influence of template. Figure 15 illustrates the impact of the given
petal templates. It is surely hard to clearly identify the number and
the shape of individual petals from the captured point clouds of an
opening Eustoma. Accordingly, we build two different sets of petal
templates by the interactive modeling method, and fit them to the
point cloud sequence. Both generated flower blooming sequences

are realistic and capture the way how an Eustoma grows and opens;
please also see the accompany video. In addition, the fitting errors
of both generated sequences, indicated by the yellow and red curves
in Figure 14, are quite small and similar.

Applications. Besides outputting a set of models, our approach
also provides motion information for different petals, which are
represented as a set of transformations. This allows users to easily
manipulate flower blooming motion for special effects. As shown
in Figure 16, using only two of the reconstructed models and the
motion trajectories in between, we can fit the trajectories using B-
Spline curves and then resample them at desired non-linear rates.
This allows us to adjust the blooming behavior of a flower (e.g. in-
troducing a smooth or sudden blooming motion) or even to adjust
the behavior of different petals independently. In both cases new
collisions may be introduced. This is addressed by using the inter-
polated positions as soft constraints and then solving for shape and
penetration avoidance to find their optimal positions.

The availability of motion information also allows us to extend
the notion of editing and perform copy-and-paste edits for both
petal models and petal motions. Specifically, we can copy animat-
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ed petals and paste them at different places inside a flower and let
them bloom there. In Figure 17 a synthesized Water Lily consisting
of two petal layers (inner and outer) is animated in a natural way.

Finally, our approach allows to decouple petal shape and motion.
The characteristics of blooming motion can be extracted and trans-
ferred to another flower. In Figure 18 we show a synthetic but yet
realistic blooming flower, generated by transferring the reconstruct-
ed blooming trajectories from Lily petals to heart-shape petals.

6. Discussion

In this work we present a novel algorithm for tracking and recon-
structing blooming flowers. We capture blooming sequences using
commercial off-the-shelf 3D scanners within a simple acquisition
setup. The main challenge is recovering parts in space and time
that are completely missed by the scanner due to self-occlusions,
petal size and overall complexity. In particular at early stages of the
blooming process, interior petals can be completely hidden in the
data, whereas at later stages, petals usually undergo large deforma-
tions of twisting and wrinkling due to decay.

We devise a template-based tracking-and-fitting algorithm, which
performs both forward and backward in time. It allows us to recover
completely missing geometry by inferring from future steps in the
blooming sequence through a constrained optimization technique.
Our results demonstrate the ability to reconstruct intricate flower
blooming sequences of various species.

Nevertheless, our method is still confined to flowers with relatively
simple shapes and configurations. Currently we cannot effectively
handle flowers with densely packed petals, such as Rose and Pe-
ony. Partly this is because the scan data of these complex flowers
are highly incomplete and hence generating a complete template is
very challenging even with interactive approaches.

We use skeletons as simple constraints to guide the deformation of
flower petals. Some species may not have a simple skeleton struc-
ture, but typically a petal has a well-defined central axis and bound-
aries, which provide sufficient controls to define naturally looking
deformations. Figure 8 illustrates our ability to approximate com-
plex petal deformations. Adding branches to the central axis will
facilitate approximating even more complex petal structures.

Limitations. A limitation of our method is the level of geomet-
ric details that we can reconstruct. While the structured light scan-
ner we used is sufficient for capturing the shape of visible exterior
petals, it does not provide sufficient geometric details for modeling
the delicate winkle movements. We expect that using high quality
laser scanner, or even X-ray for interior petals, will help to ease
the problem. Nevertheless, tracking subtle winkle movements adds
additional challenges on the algorithm.

Another limitation is temporal coherence, which is not explicitly
enforced in our optimization. As a result, when large deformation-
s arise suddenly or the captured input point clouds are vibrating
heavily, subtle flickering may occur in the generated animations.
Applying a bilateral smoothing filter on the mesh sequence could
improve the temporal consistency. It, however, might also filter out
subtle blooming developments of a flower.

Future work. We plan to extend our algorithm towards recon-
struction of complex botanic species such as bushes, foliage and
additional plants. Thus, we intend to generalize our semi-manual
technique to reconstruct a range of botanic blooming, growing and
deforming phenomena. Additionally, due to the simplicity of our
setup, we plan to create a database of various blooming flowers.
Our goal here is to analyze the statistics of the space of blooming
flowers and obtain novel insights into the process, which can guide
the physical-based simulation algorithms. Besides that, space-time
dynamic analysis [YLX∗16] and reconstruction [WXZ∗16] are al-
so very interesting directions to explore.
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