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Abstract. Museums are attracted by new technologies, for example tracking 
systems and multitouch displays. They try to include them into their concepts, 
to expand the access to the artifacts. The intention of this work appears out of 
the image geometry of a linear perspective painting. We assume that the 
position of the perspective painting on the wall should depend on the observer’s 
viewpoint. To prove this hypothesis we undertook an experiment with 20 
participants and four perspective paintings. We detected a relevant connection 
between observer and the image geometry of the painting. Accordingly the 
observer, the room in front of the painting and the image itself are related 
together. Therefor this relation of the parameters is part of the research field of 
embodied interaction.  
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1 Introduction 

Over the past years the research field of human computer interaction (HCI) has 
considered the role of body movement [1 - 5]. Our aim is to identify parameter for 
HCI research. The term observer movement is used as a synonym for walking in front 
of the image. We want to take an approach on integrating this movement in the social 
environment museum – a panel-painting exhibition. The International Council of 
Museums defines the term museum as “a non-profit, permanent institution in the 
service of society and its development, open to the public, which acquires, conserves, 
researches, communicates and exhibits the tangible and intangible heritage of 
humanity and its environment for the purposes of education, study and enjoyment” 
[6]. To support this task the audience has to be considered by the conception of an 
exhibition.  

With the rediscovery of the perspective in the 15th century, the artist takes  
the observer in consideration [7]. The creation process includes the construction of the 
perspective system – the image geometry. The relation between observer and image 
operates in both directions. This viewpoint describes the place, where the depiction 
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seems to look coherent [11]. Therefore the observer seeks this point while viewing at 
the painting. This search intends to match the image geometry with the environment 
geometry of the observer. The image geometry is explained in the part below. 

Beside an historical excursion the next section introduce contemporary research in 
the field of body movement in human computer interaction. Afterwards we present 
the experiment with the evaluated parameters. The interpretation of the collected date 
takes place in the followed section. The next section discusses the choice of the 
observer position. The conclusion and an introduction of future work complete this 
paper. 

In 1435/36, Leon Battista Alberti wrote his “della pittura” (on painting). This treaty 
about “the technical principles of linear perspective” [9] summarizes the knowledge 
of perspective geometry of the 15th century [7]. It is the “first written account of a 
method of constructing pictures in correct perspective” [7]. Alberti characterizes how 
to draw a picture of a chequerboard floor. The conformity of this chequerboard 
enables the usage as a reference grid. This grid is used to proportion other items in the 
picture [10].  

Based on the knowledge about linear perspective, optics and the observation of 
pictures, Alberti concludes, that its’ a natural habit of the observer to seek the 
viewpoint while observing the picture [11] (see Fig. 1).  

 

Fig. 1. Giacomo Barozzi da Vignola: Depiction out of “Two rules of practical perspective” [8] 
with denotations by the author 

Fig. 1 describes the image geometry. The picture plane includes the principle 
vanishing point as the center of the construction. The horizon line and the principle 
ray cross in this point. Opposite of the principle vanishing point lays the viewpoint. 
These two points set the distance of the observer to the picture plane. The object is 
projected as the image on the picture plane. The outcome of this construction is the 
relation between observer viewpoint and image geometry.  

An artist chooses the location of the principle vanishing point of a perspective 
construction at the beginning of his work. In contrast, the camera used by 
photographers always defines the location of this vanishing point in the center of the 
image. Due to the ubiquity of photographic images, observers are used to view images 
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from a centered position to get the best impression [11]. Our experiment investigates 
if this habit can be influenced when viewing paintings with an off-centered principle 
vanishing point. If this is the case, the image geometry motivates the observer to 
move laterally in front of the image.  

Contemporary research in interaction design integrates a “wide scope of systems 
relying on embodies interaction, body movement, tangible manipulation, and physical 
embodiment of date, being embedded in real space and digitally augmenting physical 
space” [2]. People have skills and experience to manipulate objects in the physical 
environment. By designing (tangible) user interfaces it is necessary to understand and 
translate these common skills [12]. In our case we expand Ishiis’ statement out of the 
tangibility into the physicality of the body. 

Hornecker confirms this idea by pointing out that the “physicality of our bodies is 
tightly linked with our experience of the physicality of our surroundings” [2]. 
Physicality is a parameter for interactive applications. With this parameter a new 
ranges of research emerge, for example “design for bodily experience [and] for the 
moving and feeling body” [2]. Movement and perception are linked together. In this 
case the design of interaction integrates the enclosed space – the spatiality [2]. 

Authors like Kortbek and Grønbæk, Fogtmann et al. and Fatah gen. Schieck and 
Moutinho discuss the role of the whole body as an interaction device [3], in 
interaction design [4] and for the purpose to design responsive environments [5]. 

2 Investigation of the Observer’s Viewpoint 

We want to investigate the physicality in the environment museum. This means to 
analyze, if the relation between observer and image geometry comes to the fore. Both 
elements of this relation have to be considered, first the different body height of the 
audience and second the representation of the artifacts. Currently it is not possible to 
offer everyone the opportunity to immerse in the painting. To assure a consistency of 
the observation, the painting has to “know” about the presence of the audience. By 
using tracking technology it is possible to offer an optimal view, depending on the 
observers viewpoint.  

Due to this intention we express the hypothesis, that the image geometry of linear 
perspective paintings guides the observer. Furthermore it encourages the observer to 
move in front of the painting. We propose observer moves with the intention to find 
the place, which gives the best impression of the painting. We assume that this place 
correspond with the viewpoint.  

To examine, if the perspective geometrical construction – the image geometry – 
really influences the observer, it is necessary to use pictures with an off-center 
principle vanishing point, and therefore an off-center viewpoint. The observer is 
forced to move towards the viewpoint and tries to adopt the image geometry of the 
picture to his own.  



16 F. Hannß and R. Groh 

 

2.1 Parameter 

Important parameters we want to discuss in this paper occur out of the mathematic 
rules of perspective, the social environment museum and the artifacts as well as the 
experimental installation itself. The parameters depend on the choice of the observer 
position – viewpoint. The parameter referring to the observer is his chosen position. 

Parameter referring to the artifact – image: 

• image content 
• image impression 
• image size 
• image perspective 

Parameter referring to the environment: 

• experimental room 
• size of the projection plane 
• distance of the observer to the projection plan 

2.2 Installation 

To prove the hypothesis we carry out an experiment. 20 participants attended and it 
took place in a separate room with a rear projection plane at one side. The proportions 
of the experimental cube are two meter each side (see Fig. 2). A chequerboard floor in 
the experimental room helped identifying the position of the participant.  

 

Fig. 2. Projected images, image width and principle vanishing point (top); chequerboard floor 
of the experimental room with the identified viewpoints, including the distance to the 
projection plane (bottom) 

Four perspective paintings, three Renaissance and one postmodern painting, were 
the objects of investigation and projected in real size (see Fig. 3): 
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• El Greco: Christ Healing the Blind, about 1570 
• Gerrit Adriaenszoon Berckheyde: Interior of St. Bavokerk at Haarlem, 1665 
• Dutch Master: Holy Family in the chamber with Anna and Joachim, 15th c. 
• Ben Willikens: Room 389, 20th c. 

 

Fig. 3. Paintings and their image geometry: horizon line, sagittal line and principle vanishing 
point 

All paintings have different principle vanishing points as well as different sizes. 
The artist integrated the auxiliary construction in the painting – the chequerboard 
floor. This can be used as a reference grid to relate the items of the picture to each 
other. To reconstruct the perspective of the picture such a reference grid is helpful. 
Fig. 2 shows the identified principle vanishing point in each painting. The principle 
vanishing point of Greco and Willikens are vertical close to the center and horizontal 
Greco has an off center point. The paintings of Berckheyde and the Dutch Master 
have off center principle vanishing points vertical as well as horizontal. Out of  
the image geometry it is possible to reconstruct the distance to the image plane (see 
Fig. 2). 

The image planes of the paintings with their principle vanishing points are shown 
in the top area of Fig. 3. The viewpoints of all four paintings are represented in Fig. 3 
bottom. 

2.3 Process 

Each participant entered the room. The task was to detect the ideal position, which 
gives the best perception of the painting. This place had to be in front of the picture 
plane and inside the experimental room. Afterwards they had to evaluate the referred 
parameter from major to minor influence. 14 of these 20 participants were male and 
six female. The average age was 32. 14 are computer scientists, three engineers, one 
architect and two business economists. 
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3 Outcome 

The results of the experiment are multifarious. Fig. 4 shows the entire viewpoints 
matched according to the calculated viewpoints (point of origin) of the four 
perspective paintings. At first sight there is no common pattern recognizable.  

We separate the compiled data respective viewpoints on the principle ray and 
distance line. The intersection of principle ray (also called sagittal line) and horizontal 
line form the principle vanishing point (see Fig. 1). The distance line runs parallel to 
the horizontal line and contains the calculated viewpoint.  

 

Fig. 4. Observer viewpoints corresponding to the identified viewpoints (point of origin) 

In total 80 observer viewpoints have to been analyzed. We examine the positions 
of the observer viewpoint according to the sagittal plane (see Fig. 5 left). 27 
viewpoints are located in this area. This are 33,75 %. The accumulation of the 
viewpoints on the principle ray is conspicuous. Therefor is a relation between 
observer viewpoint and geometrical system identifiable. Six up to nine viewpoints 
have been located on parallels of the principle ray. 

 

Fig. 5. Observer viewpoints according to the sagittal plane (left) Observer viewpoint according 
to the distance (right) 



 Understanding the Influence of Viewpoint and Image Geometry 19 

 

A closer examination of the viewpoints on the parallels to the distance line shows 
different patterns (see Fig.6). Fig. 6 splits the viewpoints referring to the painting 
itself. The paintings with a larger distance at 124 cm, Greco and Willikens, form one 
group. The detected observer viewpoints are grouped around the calculated 
viewpoint. The Dutch Master has a shorter distance of the calculated viewpoint. It 
looks like it has been moved backwards. The “main distance line” seems to be moved 
by three squares backward. This might be due to the projector solution. Many 
participants complained about the solution. The painting of Berckheyde has a very 
short distance of 41 cm. It shows a wide spread range of observer viewpoints. 
Therefore must be a more specific analysis of the raised data. 

 

Fig. 6. Observer viewpoint according to each projected image and referring to its viewpoint 

Furthermore we want to discuss the relation between the observer position, the 
artifact – painting and the environment with the named parameter (see 3.1). We 
divided the parameter into two sections. Size, geometry, impression and content refer 
to the image. Distance to the projection plane, the size of the projection plane and the 
experimental room refer to the installation. Very important factors by choosing  
the observer position has been the image geometry, second the image impression and 
the image size. The content of the painting has not been named as an important 
parameter (see Fig. 7 left). 

 

Fig. 7. Chart of the named parameters according to the choice of the observer position image 
related parameter (left) and installation related parameter (right) 

The parameters referring to the environment are not so important. The distance of 
the projection plane has no influence. The experimental room has been valued with no 
influence as well. Just the size of the projection plane has a negative impact on the 
observer. 
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4 Conclusion and Future Work 

In this paper we discussed the influence of linear perspective paintings on the 
observer position. We assume, that the image geometry encourages the observer 
movement. Our approach takes the artifact painting as the basis of the research. We 
analyzed if the audience of a panel-painting exhibition is animated by the paintings 
and there structure. This approach is located in the contemporary interest of 
movement research in the field of human computer interaction.  

The image geometry turned out to have an influence to the observer position. Most 
participants chose a position on the principle ray of the image. To expand this result 
we examine the raised data more detailed. Further experiments will take place with 
printed pictures to avoid the influence of the projector solution. The paintings of 
Greco, Berckheyde and the Dutch Master are located in the Gemäldegalerie Alte 
Meister (Old Masters Picture Gallery) in Dresden. An interview with the audience of 
the Picture Gallery is planed as well.  

Another planed experiment is the “moving viewpoint”. The projection of the 
painting knows about the observer. It reacts by adjusting the image perspective 
according to the observer viewpoint. Based on these four perspective painting we 
interview our participants about level of the impression. 
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