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Abstract. In cartography and computational geometry, concepts and tech-
niques for automated label placement have been developed for two-
dimensional maps. Less is known whether these methods can be applied to an-
notate geovirtual 3D environments. In this paper we discuss the application of 
these methods within geovirtual 3D environments and investigate the effects 
that can possibly harm the information transfer. To achieve high quality label-
ing readability, visibility, and the unambiguous correlation to the reference 
have to be ensured. Illustrated by examples, we show that perspective attrib-
utes inherently encoded in a depiction have to be considered as well. In par-
ticular, we focus on overriding occlusion information by added annotations 
and the impact on the complexity of the cognition process. A user test verifies 
our hypothesis that this disturbance is actually noticeable by users.  
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1 Introduction 

The access to geo-information continuously becomes easier and ubiquitous (e.g., 
Google Earth, NASA Worldwind, Microsoft Virtual Earth) and effective user in-
terfaces to geo-information are required for a growing number appliances and IT 
applications. Besides traditional 2D maps, geovirtual 3D environments establish 
themselves as flexible and effective platforms to communicate geo-information. 
Additionally, the wide range of available geo-data (e.g., satellite images, aerial 
photographs, cadastral data, and city models) and their increasing quality have 
created a market for geo-services. Applications can be found in the areas of urban 
and landscape planning (e.g., interactive presentation of planning alternatives, 
support for civil participation), environmental protection and nature conservation 
(e.g., simulation of noise emissions based on 3D city models), or location based 
services (e.g., virtual city maps, bus and underground timetables, recommenda-
tions for restaurant, hotel, and sights). Even non-expert users can configure and 
compose geo-information, e.g., to combine personal GPS-tagged data such as 
holiday pictures, cycling tours, and jogging paths with geodata over the Internet. 
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The wish to recapitulate own experiences in a spatial context, present them to 
friends, or to plan new activities leads to a wide approval of these services. 

IT applications and systems progressively make use of interactive 3D geovisu-
alization based on perspective views. There are several reasons for using 3D geo-
data, models, and visualization:  

• 3D is required for a growing number of applications that represent 3D objects 
and 3D processes (e.g., radio-network planning, noise emission determination). 

• Spatial 3D data becomes part of standard geo-data (e.g., 3D data for navigation 
systems or 3D city models).  

• 3D technology and concepts benefit from an extensive body of scientific work 
in disciplines such as Virtual Reality, Computer Graphics, Gaming, and 
CAD/CAM. Furthermore, implementations can fall back on reliable, standardi-
zed software APIs and a broad variety of inexpensive 3D hardware.  

The use of geovirtual 3D environments and perspective views can also be moti-
vated by usability issues. By imitating a human observer’s view, applications us-
ing interactive 3D geovisualization offer a more intuitive access, better compre-
hension of the content and improved virtual re-experience, e.g., in the case of 
recreational activities done in reality before.  

Annotations play an essential role for geovirtual 3D environments: They pro-
vide meta information or detailed information about the presented objects by inte-
grating texts or symbols in perspective views. This raises the question if tech-
niques developed for automated label placement on cartographic maps can be used 
for perspective views without adaptations. To find an answer, we compare the 
kind of information inherently encoded in two-dimensional maps and perspective 
views (without annotations) and analyze whether existing annotation techniques 
consider the differences. Because we did not found techniques that explicitly use 
this as a criterion, we constructed a user test to validate the existence of an influ-
ence to the human perception. In this contribution we focus on overriding occlu-
sion information by added annotations, the aspect for which we assume the 
strongest impact. 

2 Related Work 

2.1 3D Cartography 

Various scientific disciplines offer theoretical work arguing that 3D can enhance 
the information transfer between systems and users. For example, in the scope of 
cartography, communication sciences generally focus on the understanding of 
content [12]. One indispensable requisite for a successful transmission of informa-
tion is that both partners, the sender and the receiver, understand the content, thus 
the partners do have an intense overlapping of their knowledge base due to similar 
experiences, development environments or social influences [3]. For the field of 



cartography this fact supports the use of 3D, because the highly coded information 
of traditional maps, especially in case of topographic situations, calls for a mas-
sive cognitive load in the decoding process. Contrary, 3D presentations can de-
liver a more intuitive environment, in which the user has the possibility to behave 
like in the real world, which is the main environment of human development [5, 
13]. 

The experience of the virtual world via its 3D presentation is highly related 
with the underlying human-computer interface, which enables the user to experi-
ence the surrounding – in the best case with the same impact as in the real world. 
Therefore several graduations of user-interface classes have to be defined, accord-
ing to their support of intuitive information transfer. Although all kind of senses 
should be considered for the classification of user-interfaces, the main importance 
for this contribution lies in the transmission of geovirtual 3D environments via the 
visual mode. An interface with real 3D transmission uses all kinds of depth cues, 
psychological as well as physiological ones. Examples of this class of visual inter-
faces are holograms or light emitting volumes. Parallax 3D interfaces make use of 
autostereoscopic methods for an intuitive 3D impression. All psychological and a 
small selection of physiological depth cues are used for the transmission of the 
third dimension. Examples for Parallax 3D are lenticular lenses or autostereo-
scopic screens. The most widely spread interface-class for 3D environments is 
pseudo 3D, which is represented by computer displays. This class only uses psy-
chological depth cues for information transmission, which can be synthetically 
generated in this 2D plane, the surface of the display, generally by using geomet-
ric rules and proportions [1]. The investigation shows that the impact for an intui-
tive spatial transmission of psychological depth cues can be damaged by the use of 
non-appropriate annotation techniques, which cause inhomogeneous transfer of 
depth. Therefore it becomes important that the role of occlusion information be-
comes classified in context with psychological depth cues.  

2.2 Annotations 

Independent of presentation media, depictions of geo-data become more informa-
tive by integrating annotations, such as text labels or symbols. Typical applica-
tions include: 

• Naming of point, line, or area features for the mutual reference between positi-
ons in the virtual representation and the real world (e.g., cities, streets, or la-
kes). 

• Support of orientation by providing names or symbolic depictions of land 
marks, e.g., churches, power supply lines, or rails. 

• Spatial visualization of thematic attributes with symbols, e.g., amount of in-
vestments, occurrence of mineral resources, population density, election results, 
as a basis for policy makers. 

• Collaboration support for geovirtual 3D environments (e.g., comments from ci-
vil participation processes). 



Since amount, extensions, and positions of annotations in interactive applica-
tions can be influenced and configured by the user, there is a need of techniques 
supporting an automatic selection, scaling, and placement of annotations. Besides 
visibility of annotations, their readability and unambiguous correlation to their 
references has to be considered to achieve a visual aesthetic and understandable 
appearance. Taking all these criteria simultaneously into account is a complex task 
[17]; as result the annotation process is typically the last step in visualization ap-
plications. 

2.3 Evaluation of Existing Annotation Techniques 

A number of annotation techniques can be found in cartography [6,8,9], virtual re-
ality environments [4,14,15,16], and virtual illustrations [2,10,11,19,20,21]. In 
general, two fundamental approaches are used: annotating in screen space and an-
notating in object space (Fig. 1). 

The annotation in screen space is a classical approach used in cartography or 
book illustrations and is based on pictorial information as input. Here the place-
ment can be understood as taking place in a separate layer lying over the depic-
tion. Annotating perspective views of geovirtual 3D environments in this way can 
be seen as an annotation of an image of that view. 

Fig. 1. Two different approaches to annotate virtual scenes with symbols or text: 
a) screen space annotation and b) object space annotation. 

Annotation in object space means that the annotations are modeled as elements 
of the scene and become a part of it. This approach rather suits the expectations 
from users that are familiar with the modeling process of virtual environments. 
For them, it is more intuitive to place labels as banners on poles in a scene under-
going the perspective view transformation, than thinking of annotating a depiction 
for a specific viewpoint. 

Both approaches aim at the identical objective: enabling the communication of 
information in a complete, fast and correct manner. Screen space placement tech-



niques support the visibility criterion by concept. Here, visibility conflicts among 
annotations or among annotations and important parts of the depiction can be 
solved effectively, because the whole problem is reduced to the two dimensional 
space. Additionally, readability is supported by the fact that annotations are ori-
ented parallel to the screen, whereby character deformation is avoided. 

However, in the following sections we point out why screen space techniques 
applied natively to perspective views evoke visual conflicts that can harm the in-
formation communication. Being aware of this possible influence could help to 
extend known annotation techniques or to develop new, specialized ones. 

3.  3D Information in Perspective Depictions 

Generating a 2D image for a perspective view of a 3D scene implies a loss of in-
formation, which represents a characteristic property of pseudo-3D depictions 
compared to 2D representations. This disadvantage results primarily from occlu-
sion, which impedes information transfer due to hidden objects and complicates 
the comparison of geometric objects from one part of the image with the same ob-
ject in another part of the image. Additionally, perspective views combine an infi-
nite quantity of scales within a single image, which demands for generalization. 

Despite these characteristics, perspective views offer information that allows 
users to mentally reconstruct depicted geovirtual 3D environments. These attrib-
utes are known as psychological depth cues. The main components include occlu-
sion, shadowing, linear perspective, texture gradients and aerial perspective [7, 
18,22]. 
• Occlusion represents the most primitive psychological depth cue. Objects are 

hidden by objects that are closer to the viewer. The effects of occlusions are 
counteracted by the process of completion performed for partly hidden objects 
and represents an integral part of the human perception. 

• Shadowing/Shading allows observers to estimate the direction of light, the 
vertical shape of objects, and distances between objects casting and receiving 
shadows. Additionally these attributes carry further information about the sur-
face structure of receiving objects, e.g., polished, corrugated, or bumpy surface. 
Shadowing results in the combined perceptional processing of all listed aspects, 
which help to perceive object forms that are not explicitly visible. 

• Due to linear perspective objects of constant size seem to grow with decrea-
sing distance. The human perception process does generally not result in the si-
ze change of the objects but combines the perspective influence with distance 
dependency. The perspective influence is defined by the geometric situation 
that parallel lines join at one or more vanishing points. 

• Texture gradients support the perception of surface characteristics. Texture 
gradients can be in form of size, density, and brightness gradients. For instance 
the brightness gradient enhances the perception of surface characteristics with 
the help of light-to-dark transitions depending on directional light sources.  



• The effect of Arial (or atmospheric) perspective refers to differences in clar-
ity, colour, and contrast of objects seen from a point far away. These differ-
ences are caused by a growing number of scattering light particles in the at-
mosphere. As classical example, this effect can often be studied on 
photographs, where tree-covered mountains show a bluish tint with an increas-
ing distance. 

Psychological depth cues play an important role for the intuitive transmission 
and perception of virtual 3D environments. The impact on effectiveness of the in-
terface depends on the particular depth cue parameter as well as all possible com-
binations of these. Therefore it is important to ask for a possible influence on per-
spective information by adding annotations in various ways. 

3.1 Perspective Information Impairment by 2D Annotation 

The deliberate disturbance of perspective information is a widely used technique 
in art and design. For example, M.C. Escher applied these effects to create his fa-
mous depictions of impossible buildings and objects. Historical depictions of 
townscapes often communicate information about the town in a pleasing manner 
instead of presenting a correct view of a human observer. Furthermore, commer-
cials use this kind of confusion to attract consumer’s attention. 

Human designers or illustrators intuitively avoid a placement that strongly im-
pairs the perspective impression when they add annotations by hand. For auto-
mated annotation we cannot find a screen space technique considering the 
properties of perspective view transformation. In contrast, we discovered some 
examples, where an automated placement disturbs that impression. One is concep-
tually illustrated in Fig. 2. 

 
Fig. 2. Impairment of the perspective impression caused by annotations infringing 
occlusion information. 

Here, the lines that connect the labels with the reference violate occlusion in-
formation. The conflict increases the complexity of the cognition process with an 
impact at the quality and speed of the information transfer. Other examples of an-
notations impairing the perspective impression include: 

• Integration of annotations with different (font-) sizes, inconsistent to the scaling 
of the perspective view transformation. 



• Simulation of object-embedded annotations that violate occlusion information 
e.g., embedded street names that overlay buildings or vegetation elements, self 
occluding the street within the annotation area. 

• Adding information in a (3D) speech balloon that cast a fake shadow at a 2D 
top view of a map. 

4  User Test 

4.1 Experimental Setup 

Our user test verifies whether annotations placed in the screen space can affect 
human cognition of perspective views. Provided with the evidence of an influence, 
additional tests can study the quantitative aspects.  

The test described in this paper focuses on overriding occlusion information by 
annotations that overlay a perspective depiction. To avoid the influence of other 
depth cues, we use depictions of a virtual 3D city model, containing simple build-
ings without textures and rendered with approximated global illumination. 

We first experimented with tests where users have to rank the single or overall 
placement quality of an annotated depiction or have to compare different possible 
placements against each other. Unfortunately, more attributes than expected can 
affect a user judgment about the quality of annotations. For example, some people 
rate annotations more important than others if they reference a larger area of the 
virtual scene (e.g., a place) and associate this fact with a high screen presence of 
the annotation. Furthermore, on depictions containing multiple annotations the 
overall layout, e.g., in form of symmetry or alignment, has an effect on the aes-
thetic integration of each single annotation.  

For this reason, we can hardly create depictions that allow us an isolate test of 
the effect we want to examine. To solve this conflict we changed the way of test-
ing to a setting that is effective for validation although unusual for annotations: 
We placed two external annotations on a depiction referencing two different 
points. The function of the first annotation is to provoke the effect we are looking 
for. For this, the line connecting this annotation and its reference point crosses an 
object closer to the observer. The second annotation is placed to create a depth 
reference. Its line crosses the line of the first annotation. Because occlusion infor-
mation allows observers only an interpretation at an ordinal scale [22], the refer-
encing lines were designed in a way that the participants can decide which line 
overdraws the other. We use this setup with the following hypotheses: 
• H1: If both annotations and their referencing lines do not overlay a scene object 

that is closer than their anchor points, the line referencing a position closer to 
the observer will be rated as the front line (Fig. 3, left). 

• H2: If the line of an annotation crosses an scene object that is closer than its 
anchor point, this line will be interpreted as coming closer to the observer be-
cause the depth information is continuously interpreted along this line. As a 



consequence it could be rated as being in front of an annotation with an anchor 
point closer to the observer. (Fig. 3, middle) 

• H3: Assume the situation described in hypothesis H2: If the annotation line that 
breaks the perspective is partially overlaid by the closer object that is crossed, 
the effect described in hypothesis H1 becomes valid again. (Fig. 3, right) 

Fig. 2. User test examples for H1 (left), H2 (middle), and H3 (right) 

4.2 Procedure 

For each of these annotated depictions we created a variant that only differs in the 
way which line overdraws the other. We created a slide presentation showing 
these variants side by side and ask our participants with which depiction they feel 
more comfortable. Valid answers were: left, right, or both. 
For each hypothesis we created four tests resulting in 24 annotated depictions 
(three hypotheses, four test depictions, two variants). To avoid the influence of 
learning effects they where presented in randomized order. 

4.3 Participants 

We had a group of 58 participants for our user test, 39 male and 19 female. The 
majority were students or staff members experienced with virtual environments, 
such as scientific 3D visualizations or computer games. All participants had nor-
mal or corrected to normal vision. 

4.4 Results and Discussion 

Table 1 shows the results for our first hypothesis, stating that an annotation with a 
closer reference point is judged nearer that an annotation with a reference point far 
away. The columns contain the values for each depiction and their average value. 
As expected a majority agrees with us in this point. 



  
 

  Test 1 Test 2 Test 3 Test 4 Average
Agreements 56,9% 60,3% 82,8% 67,2% 66,8%
Undecided 13,8% 6,9% 5,2% 19,0% 11,2%
Rejections 29,3% 32,8% 12,0% 13,8% 22,0%

Table 1. Results for hypothesis H1. 

The following table shows that our participants do not follow our hypothesis 
H2. In most cases they choose again the annotation with the anchor point closer to 
the observer as the one in front. However, an interesting point here is the differ-
ence to the results in table 1. The evidence for hypothesis H1 here is not as strong 
as in the tests where the reference line does not cross a scene object in front. Addi-
tionally the number of people who were undecided increased in the tests for H2. 
This could be interpreted as the effect we wanted to verify, but with a smaller in-
fluence than expected. 
 

  Test 1 Test 2 Test 3 Test 4 Average 
Agreements 15,5% 48,3% 20,7% 32,8% 29,3% 
Undecided 24,1% 13,8% 20,7% 27,6% 21,6% 
Rejections 60,3% 37,9% 58,6% 39,7% 49,1% 

Table 2. Results for hypothesis H2. 

Table 3 shows the results for the hypothesis H3 tests. As expected the line ref-
erencing a point farer away is voted as the back line. The number of participants 
that were undecided or reject this hypothesis decreased compared to the test for 
H1. A reason could be the strengthening of the depth cue of the line that is discon-
nected for a perspective more pleasing integration. 
 

  Test 1 Test 2 Test 3 Test 4 Average
Agreements 84,5% 75,9% 84,5% 89,7% 83,6%
Undecided 3,4% 8,6% 10,3% 6,9% 7,3%
Rejections 12,1% 15,5% 5,2% 3,4% 9,1%

Table 3. Results for hypothesis H3. 

5 Summary and Conclusions 

In this paper we work out how 2D annotation techniques, operating only in screen 
space, can influence the human cognition if they are applied to a perspective view. 
We exposed different kinds of depth cues that are commonly not considered in the 
most 2D annotation techniques. For one of them, the occlusion information, we 
developed a user test to verify a possible influence to the interpretation of a human 
observer. 



Even if our tests gave only a small hint for such an influence, we are still con-
vinced that considering depth information can improve the quality of annotation 
placement techniques. We take our motivation for this thesis from the depictions 
below. Fig. 4a demonstrates the ability of humans to correct their interpretation of 
an annotated image until it fits the accustomed rules of perception and become 
plausible. Despite the lines of the right and lower annotation, overdrawing closer 
scene objects, most people are still able to interpret this as a 3D scene. 

On the other side, Fig. 4b shows that annotations can strongly harm the per-
spective impression of a picture. Here another placement for the annotations re-
solving this conflict will be suggested by the most observers. Again, changing the 
annotation positions go along with varying a high number of parameters like the 
length of the reference lines, the selection of areas overlaid by the annotations, or 
the overall symmetry of the picture. This makes it hard to construct user tests 
proving the influence of only one attribute on the overall quality of the labeling. 

 

a)   b)  

Fig. 3. Examples of annotations infringing occlusion information. 

As a conclusion, we suggest the introduction of another parameter for the anno-
tation of perspective views that includes all psychological depth cues. This pa-
rameter should be defined by the degree of perceivable impairment of the perspec-
tive attributes that are encoded in a perspective view of a 3D scene. Annotation 
placement techniques can additionally consider this parameter to make a decision 
among different positions candidates or to optimize the selection of visible annota-
tions. Thereby situations as shown in Fig. 4b can be avoided or improved. 

6 Future Work 

In this contribution we focused on how annotations impair the perspective impres-
sion by violating occlusion information. For our future work we plan to extend our 
work to other perspective attributes and to study the influence of annotations on 
shading information, shadows, and linear perspective of a depiction. 

Additionally, measurements for a perceivable perspective disturbance have to 
be developed and approved for different applications. One of our assumptions here 



is that the influence of harmed occlusion information to the overall information 
transfer depends on the depth complexity of the scene. This means it has a higher 
impact for geovirtual 3D environments such as wide area city models than for the 
labeling of single objects, e.g., a single 3D object centered in the screen. After we 
are able to weight this parameter to others, we plan to design new annotation 
strategies that additional minimize perceivable perspective disturbance in the op-
timization strategy, try to avoid it at all, or use it for a controlled communication 
of information. 

Another field of interest is raised by the possibility of interaction in geovirtual 
3D environments. Instead of handling the annotation process as an extra step, i.e., 
labels and symbols fade in shortly after the interaction has stopped, they can be 
dynamically placed for each frame. Here, we are planning to verify our hypothesis 
that this would increase the influence of a perceptible disturbing. 
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