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(a) Photo. (b) Incomplete scan. (c) Leaf templates and branches reconstructed.

(d) Initial placement. (e) Global skeleton-driven reg. (f) Local skin-guided align. (g) Final reconstruction.

Figure 11: The reconstruction of a Dracaena sanderiana var. marginatum (a) using leaf templates. After scanning five selected
leaves as templates (c), the whole plant can be reconstructed by reusing the templates at multiple places. As shown in (e-f), the
global-to-local registration step can effectively adjust the template positions and shapes to fit individual leaves.

(a) Photo. (b) Scan. (c) Recon.

Figure 12: The limitation on the leaf reconstruction through
sweeping. Top row: we assume the leaf has tips on both end-
s and thus cannot handle leaves with concave shapes very
well. Bottom row: original holes on the leaf surface will be
ignored due to the sweeping reconstruction operation.

developable, our approach is able to accurately reconstruct
their shapes and register them into a complete flower model.

Finally, for plants that have a large number of leaves but

(a) Collision. (b) Correction. (c) Ground truth.

Figure 13: The limitation on the collision correction. When
collision between two stems is detected (a), it is resolved by
pulling one away from the other (b). While the reconstruc-
tion (b) looks good, it is different from the ground truth (c).

many of them have similar shapes, our approach can also
reconstruct complete models using just a few templates ob-
tained by scanning representative leaves. Figure 11 shows
how a Dracaena sanderiana var. marginatum plant with 25
leaves is reconstructed from only five leaf templates.

Limitations. Our technique still has its limitations. First of
all, the plant to be scanned need to be cut into pieces. Hence,
users may not want to apply this technique on rare or valu-
able plants. In fact, we did attempt to scan inner leaf parts
by moving away the outer ones, rather than cutting them,
similar to the way that proactive scanning [YSL� 14] does.
However, we found that, due to the limited access angles for
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(a) Scan. (b) Registration. (c) Photo.

Figure 14: The limitation on handling heavily occluded
leaves, where the initial scan data is missing significantly
(a). Although the mesh model for the leaf highlighted in the
pink box is aligned well to the partially scanned point cloud
(b), its final position and shape differ from the original one
(ground truth) shown in the photo (c).

the scanner and the usually large non-rigid leaf deformation-
s, the quality of the scan data and the following registration
are not good enough for accurate and automatic reconstruc-
tion. We plan to further study the feasibility of an intrusive
but non-destructive acquisition approach.

At technical level, our current approach assumes that the
plant leaves have a clear tip point, which can be automati-
cally identified and used as a constraint for the skeletoniza-
tion and the subsequent sweeping reconstruction. For plants
with round-shaped or heart-shaped (concave) leaves, e.g., in
Figure 12 (top row), such a constraint needs to be elevated.
Figure 12 (bottom row) also shows that holes on the leaf
surface are ignored since the sweeping reconstruction we
used assumes that there is no topology changes among the
profile curves on different slices. In addition, our approach
resolves collision through pulling the colliding parts away
from each other. Under certain scenarios, this may pull the
parts toward the wrong directions; see Figure 13. And the
presented collision detection and solving algorithm may not
converge when multiple complicate collisions occur; for in-
stance, many petals are packed in a small area. Additional
user interventions are then needed. Finally, when a leaf is
hardly visible in the whole-plant scan, our approach cannot
precisely register the corresponding leaf model, due to the
lack of reliable matching correspondences; see Figure 14.

7. Conclusion and future work

This paper presents a novel intrusive acquisition approach
that can capture highly deformable and self-occluded plants.
The results show that the full geometries and topologies of a
variety of plants can be faithfully reconstructed.

Future work. While we focused on plant scanning in this
paper, the global-to-local skeleton-to-skin non-rigid registra-

tion approach that we developed is likely applicable to other
articulate yet soft objects. For example, a possible future di-
rection is to conduct complete scans for animals when they
are put into sleep to obtain accurate 3D models and then reg-
ister the models onto the dynamic but incomplete scans ob-
tained in real-time when the animals perform actions. This
would provide us an accurate and continuous 4D model.

Besides to develop an intrusive but non-destructive acquisi-
tion approach aforementioned, another possible direction we
like to explore is to replace the manually initial placemen-
t with a quality-driven position searching scheme, making
the whole registration and reconstruction process fully au-
tomatic. If this is achievable, the proposed technique can be
utilized more easily and its applications can further broaden,
such as 3D SLAM in a complex environment.
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BERT B., MĚCH R., BENES B., DEUSSEN O.: Plastic trees:
interactive self-adapting botanical tree models. ACM Trans. on
Graphics (Proc. of SIGGRAPH) 31, 4 (2012), 50:1–50:10. 3

[QTZ∗06] QUAN L., TAN P., ZENG G., YUAN L., WANG J.,
KANG S. B.: Image-based plant modeling. ACM Trans. on
Graphics (Proc. of SIGGRAPH) 25 (2006), 599–604. 1, 2

[RCG∗01] ROCCHINI C., CIGNONI P., GANOVELLI F., MON-
TANI C., PINGI P., SCOPIGNO R.: Marching intersections: an
efficient resampling algorithm for surface management. Proc.
IEEE Int. Conf. on Shape Modeling & Applications (2001), 296–
305. 7

[RKK∗13] RAUMONEN P., KAASALAINEN M., KAASALAINEN
S., KAARTINEN H., VASTARANTA M., HOLOPAINEN M., DIS-
NEY M., LEWIS P., ET AL.: Fast automatic precision tree mod-
els from terrestrial laser scanner data. Remote Sensing 5 (2013),
491–520. 3

[RMMD04] RECHE-MARTINEZ A., MARTIN I., DRETTAKIS
G.: Volumetric reconstruction and interactive rendering of trees
from photographs. ACM Trans. on Graphics (Proc. of SIG-
GRAPH) 23, 3 (2004), 720–727. 2

[SRDT01] SHLYAKHTER I., ROZENOER M., DORSEY J.,
TELLER S.: Reconstructing 3D tree models from instrument-
ed photographs. IEEE Computer Graphics and Applications 21,
3 (2001), 53–61. 2

[TFX∗08] TAN P., FANG T., XIAO J., ZHAO P., QUAN L.: S-
ingle image tree modeling. ACM Trans. on Graphics (Proc. of
SIGGRAPH) 27, 5 (2008), 108:1–108:7. 2

[TZW∗07] TAN P., ZENG G., WANG J., KANG S. B., QUAN L.:
Image-based tree modeling. ACM Trans. on Graphics (Proc. of
SIGGRAPH) 26 (2007), 87:1–87:6. 2

[WBCG09] WITHER J., BOUDON F., CANI M.-P., GODIN C.:
Structure from silhouettes: a new paradigm for fast sketch-based
design of trees. In Computer Graphics Forum (2009), vol. 28,
pp. 541–550. 2

[WPL06] WANG W., POTTMANN H., LIU Y.: Fitting b-spline
curves to point clouds by curvature-based squared distance min-
imization. ACM Trans. on Graphics 25, 2 (2006), 214–238. 4

[XGC07] XU H., GOSSETT N., CHEN B.: Knowledge and
heuristic-based modeling of laser-scanned trees. ACM Trans. on
Graphics 26, 4 (2007), 19:1–19:13. 2

[YGCO∗14] YAN F., GONG M., COHEN-OR D., DEUSSEN O.,
CHEN B.: Flower reconstruction from a single photo. Computer
Graphics Forum (Proc. of Eurographics) 33, 2 (2014). 1, 2

[YHZ∗14] YIN K., HUANG H., ZHANG H., GONG M., COHEN-
OR D., CHEN B.: Morfit: Interactive surface reconstruction from
incomplete point clouds with curve-driven topology and geome-
try control. ACM Trans. on Graphics (Proc. of SIGGRAPH Asia)
33, 6 (2014), 41:1–41:12. 3, 4, 5

[YSL∗14] YAN F., SHARF A., LIN W., HUANG H., CHEN B.:
Proactive 3d scanning of inaccessible parts. ACM Trans. on
Graphics (Proc. of SIGGRAPH) 33, 4 (2014), 157:1–157:8. 3,
11

© 2015 The Author(s)
Computer Graphics Forum © 2015 The Eurographics Association and John Wiley & Sons Ltd.


