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Fig. 9. The label layout calculated with the proposed method for the 3D model of a head (a) and the label layout created manually by a professional
illustrator (b). The label layout calculated with the proposed method for the illustration of the Zika virus by David S. Goodsell (CC-BY-4.0) with the id
buffer (c), and the label layout created by the professional illustrator (d). Note that the illustrator accidentally switched the labels for RNA and Capsid
proteins. In order to have better readability in the paper, the leader lines drawn by the illustrator are thickened through image editing in (b) and (d).

(@)

(b)

Fig. 10. The label layout calculated with the proposed method for the map of the Caribbean with the id buffer (a) and the label layout created
manually by the professional illustrator (b). Note that we accidentally misspelled Guadeloupe as Guadaloupe in the system. We keep the typo here

to have a fair comparison with the result created by the illustrator.

proposed method (which was created before the evaluation)
and point out and explain any insufficiencies.

For each dataset, we provided the illustrator with a
background image together with the corresponding labels
printed on transparent film cut into several small pieces.
For each labeled object, the illustrator was allowed to place
the label internally or externally with a straight leader line
based on her preference. However, all labels had to be fully
embedded within the image domain. Additional instruc-
tions regarding the context of the labels were provided and
explained on demand.

Figures 9(b), 9(d), and 10(b) show the label layouts
created by the illustrator. She created each label layout in
10 to 15 minutes. In the following, we describe rules that
we have obtained directly from the illustrator (e.g., she
explained to us that she is using such rules). Regarding the
Global Strategies, three ideas are often incorporated. These
include (G1) to first place internal labels, and then external
labels, (G2) if possible, labels should not overlap objects
that are also labeled, and (G3) identify regions without
important features for the label placement. As rules for the
Internal Labels, (I1) internal labels are often placed in the

most central part of the objects. (12) If the object is too small
to accommodate the entire internal label, then place the left
side of the internal label inside of the object. If that is not
possible, then place the right side of the internal label inside
of the object. If that is also not possible, place the center
of the internal label inside of the object. As rules for the
External Labels, (E1) a leader line is added to the target object
for labels that are overlapping with other objects. (E2) If
possible, the external labels are positioned with leader lines
such that the leader lines are short.

Once the label layouts were finished, we showed her
the results generated using our implemented method and
asked for comments from a professional perspective. She
was impressed by the results, especially being created by
an algorithm, but she also pointed out labels violating her
above-mentioned labeling rules in each result.

The 3D model of a head was considered by her as a
simple scene to embed all labels as internal labels. She
placed as many internal labels as possible, but for small and
overlapping objects, she added a leader line to specify the
exact object to be labeled. In particular, she connected the
pituitary and spinal cord labels with the target objects with
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leader lines, since the target objects are small and overlap-
ping with temporal lobe and spine, respectively. However, she
positioned these labels on top of another object and not on
the background to avoid long leader lines.

She placed the skin label outside of the head contour to
point out that the skin is a container object covering the
entire head. In the result of the proposed method, most of
the internal labels are on positions close to those chosen by
the illustrator. However, the external labels are positioned
outside of the internal area and connected with the objects
with long leader lines (violation of rule E2). Further, the
label for skin is positioned as an internal label as the pro-
posed method cannot derive contextual information such as
the skin being a tissue covering the whole head.

The illustrator considered the Zika virus as a complex
scene composed of several repetitive structures. To her,
the only structure big enough to accommodate an internal
label was the Zika virus itself. She suggested to adjust
color contrast or add semi-transparent background boxes
to differentiate the background image and text labels. One
interesting property that she mentioned for this dataset is to
add many-to-one leader lines to indicate multiple instances
with the same semantic. Again, the leader lines in the result
of our method are longer than in the label layout created
by the illustrator (violation of rule E2). The illustrator put
the label Envelope proteins such that it overlaps the Alpha-
helix protein (the green branching structure) to emphasize
Envelope proteins in both depicted Zika viruses.

For the map of the Caribbean, the illustrator placed the
labels inside of the islands (rule G1) and determined their
position based on how precise the labels can describe the
region. Since most of the islands are round, placing the label
over them is not an issue. However, some islands, such
as Guadeloupe, have a characteristic shape, and therefore
should not be covered by the label. If possible, she posi-
tioned the left or right side of the internal labels inside of the
small islands. She did not find it necessary to use leader lines
for this data set unless she would need to highlight a specific
island. The centers of most labels are positioned inside of
the small islands (violation of rule 12) in the result of our
proposed method. Further, our method does not distinguish
between round islands and islands with a characteristic
shape. She liked the result for the map of the Caribbean
the best among the three automated results overall.

In general, the proposed method positions the labels at
similar locations as the illustrator. In future work, we aim
to resolve when to apply rule I2 and when to position the
label externally. Further, we need to allow external labels to
be positioned over other objects (rule E1) and resolve when
such placement should be preferred over positioning of an
external label over the background. We believe that both
these problems are highly dependent on the context and
designers’ preferences, and therefore require more sophisti-
cated algorithms.

7 CONCLUSIONS AND FUTURE WORK

In this paper, we have presented a method capable of mixed
labeling of 2D and 3D objects, where the objects are labeled
with both internal labels placed over (parts of) the objects
and external labels placed in the space around the objects
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and connected with the labeled objects with leader lines.
The presented method determines the position and type of
each label based on the user-specified ambiguity threshold
and eliminates overlaps between the labels and between the
internal labels and the leader lines of external labels. The
method is a screen-space technique that takes two images,
where the 2D objects or projected 3D objects are encoded
as the input. In other words, we can use the algorithm
whenever we can render the objects as an image, which
makes the algorithm fit for use in many domains. The
method operates in real-time, giving the results immedi-
ately. We have presented the results of the proposed method
to a professional illustrator and asked her to evaluate the
label layouts produced with the proposed algorithm. The
feedback from the illustrator was very positive. However,
she pointed out one rule for the internal labels and one rule
for the external labels that the proposed method is not yet
considering. In the future, we would like to address the
limitations of the proposed method and add the missing
rules pointed out by the professional illustrator during the
expert evaluation.
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